POLYURETHANES MADE FEOM HYDROXY- METHYL CONTAI NI NG FATTY ACI DS OR ALKYL
ESTERS OF SUCH FATTYACI DS This application clains benefit of United States
Provi si onab 20gmpl4v43at i on No. 60/ 622, 220, filed October 2PCTAROEDS/0I42MB

i nvention relates to pol yurethane polynmers and nethods for making such

pol ymers. Pol yurethanes are produced by the reaction of polyisocyanates and
polyols. The first |arge scale commercial production of pol yurethanes arose
usi ng pol yester polyols fromthe ester condensation reaction of diols or

pol yol s and di carboxylic acids to make flexible foans. The polyester
pol yol s weF®L 5@H§@ﬂ§K§E AARESRGN By IRRXhMEBRN L SONTANE §§ their | ower

cost and the abili txcmswmﬁ@%mrmesgt}pmmgcrﬂgl yethers are nade
by pol yneri zing epoxi des (oxiranes) derived from petrol eum f eedst ocks in

the presence of initiator conpounds that contain active hydrogen starting

conpounds, Supfs 89pliQMoAPLLEAY BénehE o lﬁmﬂgl yates PRFRALY AR atioi NG, d
polyurethane foans have been made with castor oil or castor oil byproducts.

At t enpt s6HB2%229eEled Mstrber 85804 pol yol s from vegetabl e or renewabl e

feedst ocks suglis asvehtlOs SeldieaGh BYaRESIyREYs Sfnddhethbds for SnaRaiRichNOS.
4,423,162, 4, 496, 4§7 ande4 543 qﬁ 9. 5@e?ﬁgn e? al . %escrlbe 2

hydroforh@ﬁ@?ﬁng and reducing esters of fatty acids as are obtained from

veget abl e oi |1So1y1ﬁ@ﬂ1a59g Mero@ide8 b t rebon &%Mlﬁéo@&d&i’éira%%ﬁ?&g makerial s

with a polyol or polyam ne. However, Peerman et al. specifically describe
pr obl ensfitst lepse |sp=ﬂg commiertialprogucsion efipelyutehangs 9e0sg rusEediolY Ripr Rolyplee of

the hydr g¥yngk Qxdeﬁfc@&hemtﬁfnl Rh R of At &aﬁcﬁms Qhd aﬁbmkymrma@ ky adHikae.
Consequentl , Peer man et al S esters are | ow equl val ent g ht materials
£

that havBexblerfoampun The privessert ralyolnwere larapki prplented @mml&@d 5 gplyols

pol yur et BARES: of'REE 1dvRe ©BL Hnd thB %Bﬁt}hﬁ)vﬁapéEQ RvigleV:Rlce BPHOI!}B]Q hepolyethers
functionality polyester polyol matierials that are derived fromfatty

aci ds. Asregeady bpealyiperizipe epgxidys $airagem) dwmﬁr@g@smleumnfé%stﬁekwsﬁhé
pol yol s ﬁfe%eﬂ@%?uﬁﬁat@? @&ﬁﬁ&ﬂd@tmlcyﬂXQrMJa hidRgdd $t3HMe Whdpbunds, such

15 as low molecular weight polyols and polyamines. Rigid polyurethane foams have been
made with castor oil or castor oil byproducts.

Attempts have been made to make polyols from vegetable ox renewable
feedstocks such as those disclosed by Peerman et al. in U.S. Patent Nos. 4,423,162,
4,496,487 and 4,543,369. Peerman et al. describe hydroformylating and reducing

20 esters of fatty acids as are obtained from vegetable oils, and forming esters of the
resulting hydroxylated materials with a polyol or polyamine. However, Peerman et al.
specifically describe problems of gelling, which he avoided by using no greater than 1
mole of the hydroxymethylated material per equivalent of polyol or polyamine.
Consequently, Peerman et al’s esters are low equivalent weight materials that have

25  been shown to be useful only in making crosslinked rigid polyurethanes.

More recently, there have been developed higher functionality polyester polyol
matierials that are derived from fatty acids. As described in WO 04/096882 and WO
04/096883, these polyester polyols are made by reacting a polyhydroxyl imitiator with
certain hydroxymethylated fatty acids. These polyols are finding applications in foam

30 and other polyurethane applications.

It would in certain cases be desirable to provide a lower viscosity material for

use in making polyurethanes, as lower viscosity makes processing easier in certain

applications.
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certain hydroxynethylated fatty acids. These polyols are finding
applications in foam and ot her pol yurethane applications. It would in
certai n cweasodnaraesi rable to provide a | ower viscositypgatuseeodlosg2or use in
maki ng pol yuret hanes, as |ower viscosity makes processing easier in certain
applications. 63888 1This invention is in one aspect a process for
preparing a pol yurethane, conprising formng a reaction m xture conprising
at | east one polyisocyanate, an nnsubstituted or inertly substituted alkyl
ester of a fatty, acid having an average of at_least 0.8 hydroxyrret hyl group
per nol ecul eLhisraventions ik in opre 38Parh|a DIAtepS FORPEPAERAE nd B UBHSEha88mmound,

and CUbbhprishey E&&ﬁﬁg @Nre¥chibnl rxﬁu&x&efdaﬁiprﬁldgohﬂ Ue£dthame p@Eis%ESlﬁhateThﬁl
hydr oxynet hyl group- contai ni.n fattﬁ aeid ester is generally

funct i gsppsttuied: e ingrtly substifuted alyliesien of § (AtEY agid) lb'wm& %e&erﬁ&% ef%@fm s are
nost t ydddtag. Bmﬂreﬂynﬁ%kﬂagrﬂu% pef mieduled Ginld 04t BéaHUnBCRHIRS, b@ymgleaoxsl ngl e

hydr oxynmet hyl grou Thus ese materials tend to react mai nl

monbf uﬁemns#a?w %mpﬁu%fi pﬂ@.cgeegéhatr@actm xbwEn e Iy @H]WWE‘(%%RG

quant i biopsm&{ nonofunctional materials in a polyurethanefornm ng fornulation
Is normal |y expected to limt the nplecul ar weight and crosslink density,

t hereby degriifi hyd f%msthyél TP HIUHERE datip ?leihésﬁﬁif otfu&enerally p2 lofngl v,

howev e Funttiéhali®d t¥atemhl €8 Qischissed aRGR! M9 bRBIANHBE: mkhtdrials are most
t xansesterification/transam di zation reacfion to formester or_ an de

| i nkag&¥PifRtnVilheeyseiproprasirathiop shimpleculpe bpdesiadngle bydiorpygethyberoup.

polyur AN ehéR! Mhitgial L BMAI RNredkt WA Sﬁﬁh%ﬁﬁiéﬁﬂﬁxaﬂ?&hﬂ? @r f)dlﬁs&ryﬁﬂate-rh' S
provi des an addit | onal,_nmechani sm far buil ding pol ecul ar wei

cross| irie prssenceyef signdficsat gpaatitdesf IEﬁPgFlfW%%} wateis fe e ongwde hBP%]oar ed

despi t eobhiigPoAHAREEn @ nbaliyésglebtod b liit SHeARldOGIdTBY8EhPASd clddsiksecond
aspect this invention is. a process for preparlngha polyurethane conpr|5|ng

for mi ngleRsiteatherghy segreding thamphysralgpreperties spf he RIBAYSts o SpuprAtiEelya fatty
aci d hadwgen awner agattPf atidl easter0. 8shydapatyret hufl  amgHgnper inol gcul e,

and at | east |
transesterification/transamidization reaction to form ester or amide linkages with the
polyol or polyamine, respectively, during the polyurethane-forming reaction or in a
subsequent post-curing step. This provides an additional mechanism for building
molecular weight and crosslink density, and permits good quality polyurethanes to be
prepared despite the presence of low functionality startimg materials.

20 In a second aspect this invention is a process for preparing a polyurethane,
comprising forming a reaction mixture comprising at least one polyisocyanate, a fatty
acid having an average of at least 0.8 hydroxymethyl gxroup per molecule, and at least
one polyol, polyamine or aminoalcohol compound, and curing the reaction mixture to
form a polyurethane polymer.

25 The fatty acid component used in this aspect of the invention is capable of
reacting at least difunctionally with a polyisocyanate, at least once through a
hydroxymethyl group on the fatty acid backbone and once through the terminal
carboxylic acid group. In addition, the fatty acid group can react with the polyol or
polyamine component as before to further build molecular weight and crosslink density.

30  The use of the fatty acid material allows one to simplify the preparation of at least some
starting materials, by eliminating a previous reaction of the hydroxymethyl-containing

fatty acid with a polyol initiator.
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one pol yol, polyam ne or am noal cohol compound, and curing the reaction

m xture to forma pol yurethane polyner. The fatty acid conponent used in

t hi s aspew0 2006/4331 nventi on i s capabl e of reacting at Ipeaats2aisinsszet i onal |y
wi th a polyisocyanate, at |east once through a hydroxymethyl group on the
fatty acid backbone and once through the termnal carboxylic acid group. In
addition, the fatty acid group can react with the polyol or polyam ne
conponent as before to further build nol ecul ar weight and crosslink
density. The use of the fatty acid material allows one to sinplify the
prepar ati on'18¢ hydoggaethgl mrow-covtpyngatadis Acid yspfud| imithi itAEPHESR evi ous
reacti @av&ita é?ﬁsf%%@h%ﬂérﬁ{)ﬂly 12 €0DBAdIbEW atdthd, YarACalavérhe of ROlU& 0.8
initiator. 63888The hydroxynethyl group-containin fa%é acjd useful in
this i Avereybrethrhapimprdndesple ohbsiesters a%ﬁﬁsi?f%a?ee f/Yb%ﬂF{Satvowac nd an

aver agenhdles@t dro@sls sh SnBysbiRusd Bl br GAAYY RDEiRIELIKYE grolipl ETESEELI S are

esters of these fatty acids, in which the ester group is an unsubstituted
al ¥yl dwdroremethyl-sontaining faity agidg g mdysters carrhe BECPRRY B RYABETRFPR BI9RR 8§ ni ng

fatty @ndSerBihlEst flihalAls Mt RIRAM 66k br'mdreBakldn-aHRAR dOuBRDosdSinf HHM
vegetable or aninal fats that contajn one or nore carbon-carbon double

bonds ilepsh ope cepsitugidatiy aed; halht Suiteple fats trcluds; for exgpplgpehuckenifat; nc) ude,

for exanRhig oilCBitl@Bed &, cofdNltRRr Olbm &, lcbttsnee@dil Abtd, 15:066a%iDWhEE 811, COrn
oil, cottonseed oil, lard, |linseed oil, oat oil, olive oil, palmoil

peanut obve oily paliaenily nepput’ pil. rapgserd gl rice drap filesaffioper sils se@mSi Pl soybean

0i{p SUBIHANRLL Qidfiowef oib@ebedfahlisn. The vegetable or animal fat is
conveni ent | é] first subjected to a transerterif cation reaction with a

| ower al kandlhe ewegelablsl | nimaholfabr ivt KaneRientlyo fshgguectedkyfo est ers of

the congdisbMeRticdtiht dad§dndSith™D 16wReF talllvarivl Dsdpledibillye thekIMRI o kil €N al so

be used in this step. The resulting al kyl esters_nmay be hydrolyzed o tlhe
cor r es pEodica Lk eptgrafithe copsbitient iggtyd'ébdisr e %“}Yr%?éﬁféfé‘t%{?/hwer aliano}

hydr oxyaBRtNyd pearbRiinitAG §t8) ! Yhe&GultihBealR)K¥dter@Shay e (BdrdlpdcdytodtThsls) are
conveniently hydrofornylated by reaction wth car lﬂon nonoxi de and, hydr ogen.
This i sevserpnding fatiy @crl@ﬁjygegr} s tdesired to produce a ydroxymethyl-containimg

fatty acid. The alkyl esters (or fatty acids) are conveniently hydroformylated by
reaction with carbon monoxide and hy drogen. This introduces —CHO groups onto the
fatty acid chain at the site of carbon-carbon unsaturation. Suitable hydroformylation
methods are described in U. S. Patent INos. 4,731,486 and 4,633,021, for example, and in

20 WO 04/096744. Some fatty acid groaps contain multiple carbon-carbon double bomd
sites. In such cases, the hydroformyla tion reaction may not introduce —-CHO groups at
all of the double bond sites. A subsequent hydrogenation step converts the —-CHIO
groups to hydroxymethyl ((CH2OH) groups while hydrogenating residual carbon-carbon
bonds to remove essentially all carbon-carbon unsaturation.

25 Hydroxymethyl-containing fatty  acids and esters made in the foregoing process
tend to be a mixture of materials having no hydroxymethyl groups, and materials
having 1, 2 or 3 hydroxymethyl groups. The proportion of materials having 2 and. 3
hydroxymethyl groups is typically somewhat lower than the proportion of starting fatty
acids (or alkyl esters) containing 2 and 3 carbon-carbon double bonds, as the

30 hydroformylation reaction often does not take place across all the carbon-carbon double
boncis unless stringent reaction conditions are used. Carbon-carbon double bonds that

are not hydroformylated generally become hydrogenated.
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fatty acid chain at the site of carbon-carbon unsaturation. Suitable

hydr of ormyl ati on nmet hods are described in U S. Patent |Nos. 4,731,486 and
4, 633, 021wofwes/@xsapl e, and in WD 04/ 096744 Sonme fatty a&cirdisgeosopeiTont ai n
mul ti pl e carbon-carbon double bond sites. In such cases, the

hydr of ormyl ati on reaction may not introduce -CHO groups at all of the
doubl e bond sites. A subsequent hydrogenation step converts the -CH O
groups to hydroxynmet hyl (-CH2OH) groups whil e hydrogenating residual

car bon-carbon bonds to renove essentially all carbon-carbon unsaturation.
Hydr oxymet hliethads o making F%Vda@w&seﬂs}ﬂﬁo%%?g fakp @cids arp dessibag ot ng
proceswotefdoémuabe a m xture of material s having no hydroxynet hyl groups,
and materials having 1, 2 or 3 hydroxynethyl groups. The proportign of
materi al s hBRe rydsoxxmethy-cotarming fattnacids, srdfor | %St%rﬁ p*‘i“i?aF‘E né2geEUHYEL | over
than tQ8npProREmdteRalhadingdlstiueairt AL AL, 28] AlS 2 bArARdJGBlIoRSAGRS) containing 2
and 3 carbon-carbon doubl € bonds, as tlie hydr of ornmyl ati on reaction often
doés not take place Hcross all the carbon-carbon doubl e bonds unl ess
stringent reaction cpnditions are used. Carbon-carbon doubl e bonds th. at
are not hydr of orRP-aCed Cibher4lHyWEcoMEl hydr ogenat®d. Met hods of maki ng
such hydroxynethyl-containing|fatty acids are described in WO 04/ 096744 The
hydr oxynet hyl - cont ai ni ng f at t {CH%)iCH3 and/ or esters are advant ageously
rﬁydures of materials having structures Al, A2, A3, A4 and A5 as follow Al

-OH. (] erein i dro al k |nertly
subst |‘?’ Sﬁé Eﬁlﬁé‘%mﬁ?]? sa]%ﬂr%érse"éy\é\glfsé&wieﬁ%%‘y; 5% %g’reg ﬁé;tt%gﬂ of equal
t 0 zerig goaxtemthamon &yufall €zedo taad 22+ reis [feen alid R 2f emﬁlﬂytfmim tAP9.i 42 O CH20OH
RO G (CH2)v-CH (CH2)r-CHCH 2-CH Q) (CH 2)8CH 3 wherein Ris as before, v
is a rinber greater than 3, r and s are each nunbers greater

15
0) CH-0OH
RO—C—(CH32)v—CH—(CH32)—CH—CH>—OH an

20 (CHz)sCH3

wherein R is as before, v is a number greater than 3, r and s are each numbers greater

than or equal to zero with v + r + s being from 6 to 20, especially 10 to 18. A3 is:

0] CH:0H

25

RO ———C——(CHz)v—CH—(CHz)r—ICH———(CHz)L—CHCHzOH (418))

CH:0H (CH?2)sCHj3

30 wherein R, v, each r and s are as defined before, t is a number greater than or equal to
zero, and the sum of v, r, s and t is from 5 to 18, especially from 10 to 18. A4 is
0)

RO—C—(CHz)w—CHjs av)
35

where R is as before and w is from 10-24, and A5 is
0]

RO —C—FR’ V)
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than o r equal to zero with v + r + s being from6 to 20, especially 10 to
18. A3 is: ROQT) wherein R, v, each r and s are as defined before, t is
a nxi mberwgnreatm@r43Bhan or equal to zero, and the sum of PCI/US200583%@nT t iS
from5 to 18, especially from1l0 to 18. A4 is where Ris as before and wis
from10-24, and A5 is 0 BOCR (V) 63888 4where E is as before and R is a
| i near or branched al kyl group that is substituted with at |east one cyclic
et her group and optionally one or nore hydroxyl groups or other ether
groups. The cyclic ether group may be saturated or unsaturated and nay
contain other inert substitution. The hydroxyl groups may be on the al kyl

chain QheRNRLS ﬁs Byt £ndeR h@ra meay& brahcl@tdlcyllBdup thy is GubstRutBWwitRCl ude a
second term nal - O Qgroup through whjch_ it may bond to anot her

i ni ti apbleagpmecyslie etfasaf %%mﬁ%d ?mlogélhé?%q oraﬂl%rq hydrerd grqups Pb rethet yr at ed

Or unsgidipal e ‘é&’&ﬂc'eﬂn&tglﬂ&fpgm@? b&kdtafated batnadttrdtod HRE naS dofiHdh bite®s dur i ng
t he manufacture of the dr oxyl nmet hy I-groug contalnlng fatfty acid or ester.
-

A5 Sgr otpsEt ﬁégﬂtlé'&mnau?hefhyéﬁexykg%pwaz he s thapdpd chaporegths cxchic ather st er

i's prebpi@bloy WBtHBTSE i Akyl Prodd erah ink 4R a s’écgh&ttblﬁﬁmﬁf —oavyerdralqoph-t he Al
and A2 types, a mxture of materials of the Al _and A4 types, a mxture of

mat er | SF&IPGthreygh which iomay, hondsto ynther initiater molecyle. nAPPMSingenerad A A2

and A3 aty RRols, Qhictndd] ¥dtiFRe®br (RdaBirabddScyefic fBerflor dimérs that aRdfofthed yPES, N
each case optlonally contalnlng a ﬁﬁﬁntlt of A5. Mxtures of Al .and A2

pr ef er &bPPPrRGEHesd iy the mpnafactyre of |lydr%i%leﬁhylfeowowlwgéat%%ﬁl@. cularly
friem 6@r dQet. OAQ%ollg nﬂg%&ﬁbﬁﬁﬁﬁ‘&ﬁ 180 S0earbdn RR&LEr ably contain Al and A4 in

anmle ratiog o 1 to. 70: 30, esp eC|aIg¥ in a ratio of ,ron199.9:0.1

to 85:15. MUke fpidE agid oy esten isypreferably 7 apateripl of tha Adi BPer o ixBBEf 10 to 95

ol & PeLAeRLIsA thé AIlOaxﬁpABQ&ﬁééma Mt @R b initdrinlf BPte AD pArA£ lﬂﬁpeé\4a Nor e
preferred n1xtures of and A4 contain from 25 to70 qgle % Al ., from 15
f

to 409@pstuasQt aoﬁtwl%eﬁ/éwl M2angd 44 tyges, g mixgure of materialsol theyA), A2nt ai n
from 3@nl APBH AR R-a mixture of materials of the Al, A2, A3 and A4 types, in each case

15 optionally containing a quantity of A5. Mixtures of A1 and A2 preferably contain Al
and A2 in a mole ratio of 10:90 to 95:5, particularly from 60:40 to 90:10. Mixtures of Al
and A4 preferably contain Al and A4 in a mole ratio of 99.9:0.1 to 70:30, especially in a
ratio of from 99.9:0.1 to 85:15. Mixtures of Al, A2 and A4 preferably contain from about
10 to 95 mole percent Al, 5 to 90 percent A2 and up to about 30 percent A4. More
20 preferred mixtures of Al, A2 and A4 contain from 25 to70 mole-% Al, from 15 to 40%
A2 and up to 30% A4. Mixtures of Al, A2 and A3 preferably contain from 30 to 80 mole-
% Al, from 10 to 60% A2 and from 0.1 to 10% A3. Mixtures of Al, A2, A3 and A4
groups preferably contain from 20 to 50 mole percent Al, 1 to about 65 percent A2, from

0.1 to about 10 percent A3 and up to 30 percent A4. Especially preferred fatty acids and
25 esters contain a mixture of from 20 to 50% Al, from 20 to 50% A2, from 0.5 to 4% A3
and from 15 to 30% A4. In all cases, A5 groups advantageously constitute from 0 to 7%,
especially from 0 to 5%, of the total weight of the fatty acid or ester material.
Preferred mixtures of A groups conveniently contain an average of about 0.8 to
about 1.5 —CH20H or —CH:20B groups/A group, such as from about 0.9 to about 1.3
30 —CH:0H and/or —CH20B groups/A group or from about 0.95 to about 1.2 —CH20H
and/or —CH20B groups/A group.
“Inertly substituted” groups are groups that do not react with an isocyanate

groups and which do not otherwise engage in side reactions during the preparation of
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%A, from10 to 60% A2 and fromO0.1 to 10% A3. M xtures of A, A2, A3 and
A4 groups preferably contain from20 to 50 nole percent A, 1 to about 65
percent ARQ 2000331 to about 10 percent A3 and up to 3@CpArse@sin3sr47
Especially preferred fatty acids and esters contain a m xture of from20 to
50% A, from20 to 50% A2, fromO0.5 to 4% A3 and from 15 to 30% A4. In all
cases, A5 groups advantageously constitute fromO to 7% especially fromO
to 5% of the total weight of the fatty acid or ester naterial. Preferred
m xtures of A groups conveniently cont a| n an aver?;%e of abgut 0.8 to about

1.5 - ciberPysroymabayt exeup, SATANRG Bty a6tk eF esben r divamples oh sych dnemout 1.3

- CH2OH sapethi9knts Ghid bl 6 QYRS cRRIANGUDsIR, Ad@¥hale3pstiall: Aforke, 3ARkne br2 - CH20H
and/ or -CH2OB groups/ A group. "l nertly substituted" groups are groups that

do not bremEme. e, ekhen g%, aAd ke Woups and which do not ot herwi se engage in
si de reacti QDprefiidfdd mgd&&@n&&magwptc@ﬁtaﬁﬁm@%ﬁ% aeld i@ dtdy0¥Yy By NY{109T OUp
i

cont ai n| ng fatty ac arrp es such inert substituents include
as &ry/hydsrymsilivisiearaty, which jssforged by dgtelarmnylgting gad ihydrosepating elgicor

br omi Nelkig, R ol Rty HcltBbn oS RlintuR\@ntdiRidgidide 20idPAEE RS ¢4l pRpd F@xnnmkhy |
group-containing fatty acjd i.s methyl- or ethyl 9(10)-

hydr oxAbeYsigessribed tppsestgrificptionrendiondbd by hydr of or nyl ati ng and

hydr ogenat i mtheOk&icGiveCinthtufy Bnfaddst Yat Afdalt UneSUtRér Poklol! PolsaRimd irNg ol €i ¢
acid (such as |fe§eepared i.n_the above-described transesterification

react i d¥yinoglaho}. ymeng; thensuitahlecrelipht arempolythes pelyolsandopeleesteropalmls.

pO'mamey&Bex%&ﬁ%bmhéﬂfor ARGe, b & Bﬁh’o yléﬁla )6§1|d§ AhfleROLMEE, hez“ pol yol s
and pol yester p yol s. Pol yet her o on ) |nc for exanpl e, poI yners of

pr opy| &evlgne e e’é?‘H?’InéWé( eFRiogide bl r)}laéﬁ@mo%??ﬂ]é(mef%f}}eé‘?%ﬁﬁﬂi ¥ge oxi de,
bl ock apg/ or Orapsh@ituee P dty¥set Sarkh ﬁ@fmpymé tda@debl K6modlymavs! | eulah

I nterest are po %(propyl ene oxi de random copol yners of
propy| &RBokywe PEieRg (o0gide AR ¢faviepe wmde hing Wénﬁboﬂgﬂ( RelR(Pt e RridR)

cont enteohfent fi Qrfoﬁéﬁdméle frbiBoaP U abohitO3@P BRI waidHe, Rsthyrehd Bkide-2hfpeliene

oxi de- capped pol ro Iene oxi de ol.yners. and et hyl ene oxi de-capped random
coﬁél y 7 mpgleng poqu ¥ polymers an3 e‘i?hyl}e/ne oxide-capped yrandom copolymerg pof

propylene oxide and ethylene oxide. For slabstock foam applications, such polyethers
preferably contain from 2 to 4, especially from 2 to 3, mainly secondary hydroxyl groups
per molecule and have an equivalent weight per hydroxyl group of from about 400 to
about 3000, especially from about 800 to about 1750. For high resiliency slabstock and
20 molded foam applications, such polyethers preferably contain from 2 to 4, especially
from 2 to 3, mainly primary hydroxyl groups per molecule and have an equivalent
weight per hydroxyl group of from about 1000 to about 3000, especially from about 1200
to about 2000. The polyether polyols may contain low terminal unsaturation (for
example, less than 0.02 meq/g or less than 0.01 meq/g), such as those made using so-
25 called double metal cyanide (DMC) catalysts, as descxibed for example in US Patent
Nos. 3,278,457, 3,278,458, 3,278,459, 3,404,109, 3,427,256, 3,427,334, 3,427,335,
5,470,813 and 5,627,120. Polyester polyols typically contain about 2 hydroxyl groups
per molecule and have an equivalent weight per hydroxyl group of from 400 to 1500.
Suitable polyesters include reaction products of polyols, preferably diols, with
30 polycarboxylic acids or their anhydrides, preferably dicarboxylic acids or dicarboxylic
acid anhydrides. Other suitable polyesters include polymers of cyclic lactones such as

polycaprolactone.
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propyl ene oxi de and et hyl ene oxide. For slabstock foam applications, such
pol yethers preferably contain from2 to 4, especially from2 to 3, mainly
secondar ywbydeanay433gr oups per nol ecul e and have an equi walrarstoosmssent per
hydr oxyl group of from about 400 to about 3000, especially from about 800
to about 1750. For high resiliency slabstock and nol ded foam applications,
such polyethers preferably contain from2 to 4, especially from2 to 3,
mai nly primary hydroxyl groups per nolecul e and have an equival ent wei ght
per hydroxyl group of from about 1000 to about 3000, especjally from about
1200 to abodmipetrrmipied melyy@xeh%PrepaquYs cpRRPriinm terHnp by drewhigreyps

unsat ug ﬂtthg @or@é&ﬁg BAIGOTER and ﬁ é’lgﬁblyQ)lspgo R Ly OF sé&%ﬁa n@ gfblipa®a/ g) ,

such as those nade usi ng socal bl e metal cyanid catal ysts, as
descri lsa® flsp ‘&(Mﬁ@e »Amlestqﬂafﬂe#@d m%yethlegsrsﬂ%qom%el? agaﬂ'@ e2718 459,

3, 404, 1@8amnhA3.4005D- 2806121740%341@ P.5680 frase Hudtsh{fh éiémﬁaﬁ 5, 627, 120.

Pol yester pol yols t |ca contai n about 2 hydroxyl groups per nolecul e
ancd have an Qthen v%ﬂl als) gnclyder aRlpolyr delyasines oth 4gkarArmmgo.

Sui tablcemaeﬁa{&%%énmgcﬁmez 116 C lekiRialy AFRT 8 f 4 PYLM §1prﬁﬁ§1§reéfxﬁiﬁ|ey diols,
with polycarboxylic acids or their anhydrides, prefera di car boxylic

aci ds emdier carpeRm FBingcITauREIEFdRolerade angl thaving 71 gerizals Bﬁy yeghkeliromc| ude

pol ynergy @f afit! 200, |RFEPNESHEMCED 35 185 ycg&aﬂb%tanﬁmﬁma%ﬁafg HcRaeed
pol yet hers prepared by converting term nal hydroxyl gﬁoups on the foregoing

pol yet iagthanel qs@myesﬂpé?etbw}@ln@n% txiephangh ramige. mepemdia oy tatseRERASlps can
al ¢ b%n&iﬁ@dg e - {rfhdth ?Fﬂ 4;9.1% ,Y%Bﬁt%ﬁgﬁuﬁ{)le SRPNRE cdidol, Ydi@dldnabl e as

Jeffam ne(r) 400, D- 200 and from Hunt snan Chem cal . O her

sui t abledyosht b3-prapglenn alysab deropyere elyenly Grprpylese glyoeh fihulsra élaérﬁ%ounds

cont ai YHRGyIhO Widming, ﬁls(ﬁan&%lﬁidamoﬁﬁ&m)%n&aa&e myéroamn,edﬁﬁéma{oy a2f1 ne
and/ or secondaré am ne roups ecul] e and. aV|ng an ZgU|vaIent wei ght

of frord-Bdiamyng &cfiletiub luense chpoawberﬁ hawimg) ap sapbglentweightaf ugrto
mat er i %&ﬁt éﬂcﬂrl&pﬁ‘e(@bfﬁmﬂﬂﬁhﬁé@@%f tli@ﬂﬂ?é&lﬁ@@zjm AH P& usdd’ | €t hanoL ami ne,

nono- di- or tri( |sop23£anol am ne, cerJlne, trlnethylol pr opane,
peht aer yt hr ifhg|seleghion ofdhe rgriycadsr polyp PH‘;’P@?@GQF?%‘P% lephol willfisymadedng| ycol |
di pr opYhRRGcHbY %Rtk thE ihtBARAY Jxﬁﬂﬁatﬁlny o is &FIY kBHEn LRI of increasing

amounts of lower equivalent weight materials and higher functionality materials tends

to form a more rigid polymer, whereas the use of higher equivalent weight materials

and lower functionality materials tends to favor the formation of more elastomeric
20 polylurethanes.

Any of the foregoing isocyanate reactive materials (including the hydroxymethyl-
containing fatty acid or ester) may contain dispersed polymer particles, such as
dispersed polyurea, polyurethane or vinyl polymer particles. These materials are
described in a large number of references, of which US 4,242,249, 4,350,780, 4,390,645,

25 4,460,715, 4,745,153, 4,381,076, 5,494,957 and WO 98/52988 are examples.

The hydroxymethyl-containing fatty acid or ester may constitute from 10 to
about 50 mole-% of the isocyanate-reactive materials other than water that are present
in the reaction mixture. Preferably, the hydroxymethyl-containing polyester polyol
constitutes at least 15%, more preferably at least 20 mole-%, up to about 40 and more

30  preferably up to about 30 mole-% of the isocyanate-reactive materials in the reaction
mixture, again exclusive of any water that is present in the reaction mixture.

The reaction mixture further contains at least one polyisocyanate compound.

Suitable polyisocyanates include aromatic, cycloaliphatic and aliphatic isocyanates.
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phenyl ene di am ne, bis(3-chl oro-4-am nophenyl)rnet hane,

cycl ohexanedi net hanol and 2, 4-di am no- 3, 5-di et hyl tol uene. Pol yethers

havi ng arwequicvmalsat wei ght of up to 400 that are prepared/usgooalobseryl ati ng
any of the foregoing can also be used. The selection of the particul ar

pol yol , pol yam ne or am noal cohol will be nmade in conjunction with the

I ntended application. As i s well known, the use of increasing anmounts of

| ower equival ent weight materials and higher functionality nmaterials tends

to forma nore rigid polymer, whereas the use o f higher equjval ent wei ght

mat er i dxempiaty| onelyispeyanntesnainciuge rraPeIﬂP%Hﬂelieend@S?“daP‘at\?or ]lfiﬂé’fnfﬁ erdrati on of

mor e e'@é&?&ﬁa{tbc ﬂaﬁhéﬂe% 6Hﬁ§d&§§natér1yso?fm}m fdRis6GahRG, | $8CYAMAe 1[£act i ve

materi a I ncl udi ng hydroxynet hyl contai ning fatty acid or ester) may
cont ai rblsﬂlssqyen%@éleﬁ@ﬂlywé?he&am i éllné]é‘dmguc §isas oFi stﬁé?%lé‘amﬁ’fﬂ y o egither),

pol yur | S ri.bed in a
Do o EbRAB etV 1B MAEL PRI en 1R ofodaeatl 0],

4, 460, PiiSocyanstes hepsahydsotglyleny7diisosyapsie, 95Wethﬂ@nv@19@¥@@%8neaﬁ°éyaé%ﬁ}pl es.
The hyg%l%@%t hyl - cORL Ay ARG §-alido¥yfatdd OF eShethokfheAPINE LidliscPardak @M 10 to

about % of the |socyanate reactive materials ot her. than water that
are pr akelanylmethiee-t.d5diisopanaiex t4f divbppylenesdiispeyanage, 3,3"-dimethoxy-4,4'

hydr oxg,g@&é;!&i d 9&&%&%@ 39@15)@@§§1qr4vwh>é94y1 Qﬁ@&tyaay@ee% mldl&aﬂulpiaé&gn mor e

pref er eas -% ‘up to a bout 40 and nore preferably up to
about 3get n«e4% @wsogmates o‘b?ﬁi évehqr@h@aﬁﬂ@%tw1>maﬁen 2 pelypsthyiengn

m i((y ur 310 3%%@1‘1}‘]1553%&15&3’ ve (PMD?PY V‘@Jlﬁénet-haéi6 b3isBdy@agRt 1 n thedreagl.on

e reaction mxture further contains at_ |east qne polylsocyanate

corrpounﬁme’glﬂdlanréfllp@lh?n%g@y%ﬁ'é?@glsp%fépaﬂ% Brefomablyc the ypolyiseaypriie i € and
al i phatd; 6y, dSREKARAL- 83 dés%%%%aiﬁaﬁ;mhﬁ%tngﬁezz %O&EYS%@ﬁnﬁﬁe iDL €slylene-

m pl aeny ene di 1 socyanate, tolylene-2,4- diisocyanate
tolyl er?e4 iigpcpanate ciphfienest-6idiistsrenatn er i Bess dhgrest Riphenylpmghgne-4,41
bi s(1i sqf ﬁ&e}%%etd I h G RARAR Rk HThHY BB Ghistured tﬁér@élsaﬂesg,félﬁ@ﬁ&]}s’rf

ei t her), amet hyl ene- 1, 6-di'i socyanate, tetranethyl ene- 4- dsocyanat e,

cy&$ ohexfereed] totas iMDIo @pd nall ean Hex asgldr oTelvipmenved- é?ﬁ%%l?é‘i’aaftob’ engry| ene
bi s( Cy%ﬂb%ﬁ%‘ SERF YARRALE) thereof are generically referred to as TDI, and all can be

used.

Derivatives of any of the foregoing polyisocyanate groups that contain biuret,

urea, carbodiimide, allophonate and/or isocyanurate groups can also be used. These
20 derivatives often have increased isocyanate functionalities and are desirably used when
a more highly crosslinked product is desired.

The reaction mixture may contain a wide variety of other additives as are
conventionally used in making polyurethanes of various types. These include, for
example, catalysts, blowing agents, surfactants, cell openers; fillers such as calcium

25 carbonate; pigments and/or colorants such as titanium dioxide, iron oxide, chromium
oxide, azo/diazo dyes, phthalocyanines, dioxazimes and carbon black; reinforcing agents
such as fiber glass, carbon fibers, flaked glass, mica, talc and the like; biocides;
preservatives; antioxidants; flame retardants; and the like. Catalysts are particularly
preferred additives, as are blowing agents and surfactants in cases where a cellular

30 polyurethane is desired.

A catalyst is often used to promote the polyurethane-forming reaction. The
selection of a particular catalyst package will vary somewhat with the particular
application, the particular polymer polyol or dispersion that is used, and the other
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(H12MDI), napht hyl ene- 1, 5-diisocyanate, nethoxyphenyl -2, 4-diisocyanate,
di phenyl net hane- 4, 4' -di i socyanate, 4,4'-biphen.ylene diisocyanate,

3, 3' - di mewbanys/047483- bi phenyl diisocyanate, 3, 3'-di nmet hpcaArsdooshsghenyl
di i socyanate, 3, 3'-dinethyldi phenyl nethane-4,4'-diisocyanate,

4, 4"  4"-triphenyl nethane triisocyanate, a pol ynet hyl ene

pol yphenyli socyanate (PMDI), tolylene-2,4,6-triisocyanate and 4, 4' -

di et hyl di phenyl net hane-2,2',5,5" -tetrai socyan. ate. Preferably the

pol yi socyanate is_diphenyl net hane-4,4'-d socyanate, = )

di phenyinastisatecinthe forpiulaginey Bhmeasalysimay cabilysedhe “edling” gpaction pefeen,
tolyl engg %bl@b@&!a%ﬁ‘%ﬁ@ BiyRoSanFehnd/6S ih REMGYPolyub RERE YaRElbatRtifn @), -

di i socyanat &, di phenyhnét hane-2, 4" -dii socyanate and m xtures thereof are
gener i cik|wateepdyisesganae {blowing) repgtion [Whigh sprerglesdurea linkages and free

Tol yl ert%-rﬁmgigaaé&%@aﬁ& Ehe fohY IR @ﬁagiﬁg'wﬂbf-ﬁﬁ%ﬁ%ﬁh@, BRdypleailty ugS at her eof

are generie y referred to as TDI, all can be used. rivatives of any
of tshe mistengef atleast gresensylastatbat fveupshe blawingovepstion srdplleast png gther
carbodgﬁ@}gﬁwmqhéQgﬁg@g&@ﬁaﬂd/or i socyanurate groups can al so be used.
These derivatives often have increased isocyanate functionalities and are
desi rabl y udedvidperrrigtyrof emptegialsy age okBewn Kied caalyge crolywethase (fagninghe
react| %amoﬁ,%,%@luﬁmg &Qﬂ?&,g! diniRedVtELti¥ AT pRIsPhidbs, AabRls ActdAl dh\éﬁ%esﬂﬁciﬁr e

conventional |y used 1 n making pol yurethanes of various types. These
i ncl udemetabpaléss ghrphe basest wrrions setdl slgohefatey dvrdphenplatesand; petal salis of
openger Sérgéflﬁib &4s. @H&E&s@sso%s@ Eﬂﬂaﬁéﬁwﬁtﬁﬁiﬁbgﬁﬁﬁé §at§1}g{sqund%?é£foﬁﬁt s such

as tltanIUﬁlhIOXIde, I ron oxide, chrom um oxide, azo/diazo dyes, .
pht hal owjalnitmeExamplox aberdary amtincemindystoingkide: rupethslogming thgfanlaminech as
fiber ghasahyIGRRRMnt DerRuetfIAleth HRSS, NNAimbblheandahie, | | keN.

bi oci des; preservatives; antioxidants; flane retardants; and the like.
Cat al ystimethsdethandlaminear | y pRbNSY T¥utedepmethyleh4-bytangdiamipg i ng Bt s an_d

surf aCt@iﬂIe%hygﬂ 6ARS, WhalL4idzdblydibl 20 onRtard! et halginksthfgsidRthyléneat al yst
is often use Pp promot e’ the pol yurethane-formng. reaction, Tge sel ection
of ¥ patrietisienediaming apd tdnp@téxﬁg@ agpoines,hsre dherallprh gramet antaigs B toul ar

18 carbon atoms. Mixtures of these tertiary amine catalysts are often used. Examples

of suitably commercially available  surfactants include Niax™ Al
(bis(dimethylaminoethyl)ether in propylene glycol available from GE OSi Silicones),
Niax™ B9 (N,N-dimethylpiperazine and N-N-dimethylhexadecylamine in a polyalkylene
20 oxide polyol, available from GE OSi Silicones), Dabco™ 8264 (a mixture of
bis(dimethylaminocethyl)ether, triethylemediamine and dimethylhydroxyethyl amine in
dipropylene glycol, available from Air Products and Chemicals), and Dabco™ 33LV
(triethylene diamine in dipropylene glycol, available from Air Products and Chemicals),
Niax™ A-400 (a proprietary tertiary amine/carboxylic salt and bis (2-
25  dimethylaminoethy)ether in water and a proprietary hydroxyl compound, available
from GE OSi Silicones); Niax™ A-300 (a proprietary tertiary amine/carboxylic salt and
triethylenediamine in water, available from GE OSi Specialties Co.); Polycat™ 58 (a
proprietary amine catalyst available from Air Products and Chemicals), Polycat™ 5
(pentamethyl diethylene triamine, available from Air Products and Chemicals) and
30 Polycat™ 8 (N,N-dimethyl cyclohexylamine, available from Air Products and
Chemicals).
Examples of organotin catalysts are stannic chloride, stannous chloride,

stannous octoate, stannous oleate, dimnethyltin dilaurate, dibutyltin dilaurate, other
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application, the particular polyner polyol or dispersion that is used, and
the other 63888 8ingredients in the formulation. The catal yst nay catal yze
t he "gel IwoQooarmasBi on bet ween the pol yol (s) and t he polpgiraseyoanat2er
ancL/or, in many pol yurethane foam fornul ation(s), the water/polyisocyanate
(bl owi ng) reaction which generates urea |inkages and free carbon dioxide to
expand the foam In nmaking water-blown foans, it is typical to use a

m xture of at |east one catal yst that favors the blomﬁng reaction and at

| east one other that favors the gelling reactiaon, wi de vari ety

o | argmatin RS 6 P aryils SUBH IR Ye RO IR i kY18 2EXOHS b Priel Ui ng

tertianydand GBS CoffbicRily RRID bﬁﬁﬁo’u\ﬁ%’c%s BEindre&tigtiali€PabatiTdg Net al
salts, strqﬁg bases, various netal al cohol ates and. phenal ates and net al

salts @nddr¥neatalysisilenth S@&”&‘Fﬁ/@‘tt%at%PoPP@%ltlp%%Yatﬂé‘h@eﬂ%éut%‘i"fl}“éﬁ ¢ ne
cat al ygiend@ds)or ganotin catal ysts. Exanples of tertiary amne catalysts
I ncl ude: trlnethylanlne triethylamne, N nethylnorpholine,

N- eBhy| nor pRatalysie arq\tymcellwemmowﬂyhaam%s fof seneRle HRpch catalvst heinse,
N, N, N o Mpidyel mmﬁw g 0d 18+ AoRNSA) b@navaght o ehel h@té&)ﬁxﬁﬂ&@%@hﬂﬁolyol

|, 4- dl&ZObI%{C 0-2 -octane, bhis(dinmethyl am noet hyl ) et her

tri et hyl enediomevete fa%ﬂa'?l?ﬁ,ﬂt HY Vg [Ehenhyirexsiprthil- qonéala!nsyfaﬁyrw% Bont ai ns

from4 p&&eﬁﬁmgefrstaaeuaafeg Q&qulwsdﬁe%a&f gﬁem§ SnloBht bAdaXal9tl pertcaladlykst s are
of ten used. Exanples of SU|ta { comercial |y available surfactants include

Ni ax(t i sapinesatalytnge HA B3N reastevith fopamppe w@halye) tpcdsereasaitbabl e
frag GhcRty. Sith h&&%ﬁ) addlblht%f %ﬁ@hy@%}é}\buhgl SRR RAY Agidnad Anertia

N- N- di net hyl hexadecylamne in_a ene oxi de pol yol, avallagfe from

GE OSi agip¢ eyplysh camg]eqrﬁi '@g@qa‘%néxﬁ;p € funclipn as a delayed action or heat-

bi s(di %ﬁb&%@@&t&%ﬁ ﬂ]ydﬁﬁhgﬁmyufe&ha%fe bigmed. am ne and di met hyl hydr oxyet hyl
amne in dl%ﬂlpy ene ¢l yco avai | e fromA r. Products and, Chem cal s),

and Dabco( t Nyhepsfoyxieg isedonpeibiae draghione of thai prlsisgrvanategryd dhe BRI¥All abl e
from AlghmpbagiGl %oxﬁﬂﬂte@lﬁrﬂhg quéaencd\kﬂ(Emnng £L20t.( SuRhPRIHIGHAE hgbREt i ary

am ne/ carboxylic salt and bis (2- _dinethylamnoethy)ether in water and. a
prépri drdprde mhypisady blovang cigapts aWdy B varipns dewbodisie chloraflyarosgrbong ax (t m
A-300 (fRioRdceiohs ! B/d¥ochfoht 30 tBiRE/ Fhiedarbors Sl hyd@B&hrbons having low

or zero global warming and ozone-depletion potentials are preferred among the physical
blowing agents. Chemical blowing agents that decompose or react under the conditions
of the polyurethane-forming reaction are also useful. By far the most preferred

20 chemical blowing agent is water, which reacts with isocyanate groups to liberate carbon
dioxide and form urea linkages. Water is preferably used as the sole blowing agent, in
which case about 1 to about 7, especially from 2.5 to 5 parts by weight water are
typically used per 100 parts by weight of isocyanate-reactive materials. Water may also
be used in combination with a physical blowing agent, particularly a fluorocarbon or

25  hydrocarbon blowing agent. In addition, a gas such as carbon dioxide, air, nitrogen or
argon may be used as the blowing agent in a frothing process.

A surfactant is also used when a polyurethane foam is prepared. A wide variety
of silicone surfactants as are commonly used in making polyurethane foams can be used
in making the foams in accordance with this invention. Examples of such silicone

30 surfactants are commercially available under the tradenames Tegostab™ (Th.
Goldschmidt and Co.), Niax™ (GE OSi Silicones) and Dabco™ (Air Products and
Chemicals). A preferred type of silicone suxfactant for slabstock foam formulations has

a siloxane backbone containing a mixture of high atomic mass polyoxyalkylene pendant
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triethylenediamne in water, available from GE OSi Specialties Co.);
Polycat (tn) 58 (a proprietary am ne catal yst available fromAr Products
and Chemwal28()6/04PsBycat (tn) 5 (pentanethyl diethyl ene tpcamise®s/oaseat | abl e
fromAir Products and Chemicals) and Polycat(tm 8 (N, N-di net hyl

cycl ohexyl am ne, available fromAir Products and Chem cal s). Exanples of
organotin catalysts are stannic chloride, stannous chloride, stannous
octoate, stannous oleate, dinmethyltin dilaurate, dibutyltin dilaurate

ot her 63888 9organotin conpounds of the fornmula SnRn(OR) 4 rein Ris
al kyl doupsyhavgn averageatomis mast (pf frppaborh AR 9 abquf 0 Tho?of c@Lganot i n
cat al y3fa3kifthe! pYefir 8} alddClonefindaRGO4iomlic Tnals %ﬁronaEiﬁyl@ﬁé @Eﬂfﬁf&lﬁ geipish

st annous octoate conpositions ayailable fromAir Prod iCtS and Chem cal s).
Cat al yshaying & ayerpeapiopic &ags ohirem apboutnifithtosaboup 75@y dhin moreyeferred; ) yst

bei ng eppi weegmtsmﬂgwe SridAS Bthahek tan@ %y MBI naeE pbi P@xy'ﬁll@kbne
equi val ent wei ght pol yol. However, fornulations in which 't
hy dfox yreetagl erouns Fbithn tplenttogether.dhave 39} avesage Atoprie Mase ohfemy WYQitoe a

sonmewhaiood! &3b&hNA BN 10070 A80@! YHe, siR@hidustdbdht Yre¥éraBly Rflald fahabyst, as
the fatty acid can react with an anmine catalyst to decreagf I.ts act|V|ty

I n additei3$h; espaeiably &omy 94 19260y silisQpaEenseing yRitaimpleryler Krefprakly. from §

tertiarg, svhRe sael %megﬁ rEFiatig lﬁﬁﬁﬁ)%f)@ﬁm Thesfiaat i sr G atdniict R as a
del ayed action or heatactivated cataly i n maki ng. poléurethane pﬁlyners

Wien f droyorgelkyiene srouph eSyréagianty @fo#he%mﬁélaﬁ derayibrds for srmplReinhHby

conpoNefi4s, s7o-audide hed 21384 BRELIRh $865p6ra0id By Rifeh&Y BIAN to GSEfeIféﬂabEr bl owi ng
agents include physical blow ng agents such a s, various |ow boil

chl or ofﬁrmr%&farlbwgs by mmﬁh&&ér%mssmweﬂmé% 8Fh SHdakiR drspd @er 1R ) parts b

FIuorocg&?gpﬁgg@Qh@g@ﬁp@@gggﬁ%mMav|ng | ow or zero gl obal warm ng and
ozone-dep eti

on potentials are preferred anngg@lhe phyS|c%g %f agents.
Cheni cal bl oWherryetegted: slicon srigeigitp deehigh waterhich hydrowmet PPléS of the
pol yur egl&@s@&kffemlapghaaﬁaﬁé éaqlrbeafesr@sleﬁﬁbdtb@ecfhu lfornMa MED.DEWVE wiesdin:pr ef er r ed

chen1ca| bl owi hg age IS _water ich reacts with i socyanate groups to
| i b&r atach M g epe%dently (CH3)3S1012 o R(CH3)2§101/2, y g P
D is (CHs)2SiO1s2;

D’ is R(CH3)SiOzr;
x is 40-220, especially 85-220
y is 5-40, especially 8-40, with x/y<10; and
20 each R is independently a high atomic mass polyether group or a low atomic mass
polyether group, provided that a sufficient number of R groups are high atomic mass
polyether groups that the average atoxnic mass of all polyether groups is at least 1000,
especially at least 1100. High atomic mass polyether groups R preferably have the
structure —(CHz)n(C2H40)o(CH2CH(CH 3)O)R’, in which n is about 3 to 10, a and b are
25 such that that ethylene oxide residues (i.e., —C2H4O- groups) constitute from 30 to
100%, especially 30-50% by weight of the R group and the atomic mass of the R group is
about from1400 to 6000, especially from 3500 to 5000, and R’ is hydrogen, alkyl,
—C(O)R”, —C(O)OR”, or —C(O)NHR”, where R” is a monofunctional alkyl or aryl
group. Low atomic mass polyether groups R preferably have the structure
30 —(CH2)u(C2H40)-(CH:CH(CH3)O)R, in. which n is about 3 to 10, a and b are such that
that ethylene oxide residues constitute from 30 to 100% by weight of the R group, the
atomic mass of the R group is from 300 to 750, and R’ is as defined before.
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dioxide and formurea |linkages. Water is preferably used as the sole

bl owi ng agent, in which case about 1 to about 7, especially from2.5to 5
parts by weigéwosnsBer are typically used per 100 parts PgTWSR@S03%2107

I socyanate-reactive materials. Water nmay al so be used in conbination with a
physi cal bl owi ng agent, particularly a fluorocarbon or hydrocarbon bl ow ng
agent. In addition, a . gas such as carbon dioxide, air, nitrogen or argon
may be used as the blowing agent in a frothing process. A surfactant is

al so used when a pol yurethane foamis prepared. A wi de variety of sjlicone

|
sur f act ant s Thgsegyuatae W yhighey apd YraRinagtaHatly bighHEHED $03hE Valig 8’le used

i n makigBthrt Higrel ARANS yIvALRCHY SaRES e Wh tthe ERluStuird MBSVE) B9hd BANPES Kglsuch
silicone surfactants are commercially avail abl e under the traga anes

Tegost abieesiyiey Fnd theypigte: Mgy dpizg REownH n)to R IYPAHYNG egoResents; 9f; 0y feR ™ ang
Dabco( tghmd14ién. PTREYSbS et n B bv¢radiid by ﬁnﬂhﬁfgeﬂh'é edriyiaat @iths dileone
surfactant for sl abstock foam fornmul ati ons has si|.ox C @H{é

confai fupkyasapakirhatic hydrogarhen. srematic Hﬁ‘%@cﬁbe?cﬂy F%n‘gleﬁg]n %3888

| Qgr oupzniaNe p%@eﬁié?fﬁﬂ%l aHi%%?yl@ﬁésglﬁ&l f £:0MtBH qQile. 1@@&&@ta@m&t 6@90. The
silicone backbone preferab so contains | %w atom.c rra§$ Ig b%( @/al kyl ene
pendantPreferahhsusesp hﬂn&f'hea‘(}%%o%‘@ of thasurfactand bismdstp Selrwing 8622 6>-about

750. It is mQye aﬁ&fn@r rsﬁfkaétbﬁ%st be phdticanne 19&@&1@0&6 Qg awaﬁerbomigml gh and
| ow atom ¢ nmass pol a kyl ene pendant groups wh takf\g ?Eet her, have

an averhydeoxamethyda é‘fo"lF sl o uiagiond gae I‘é‘%’beé[f %ﬁq gng 1105814 1800.

The ¢si ls'u?ﬁ@taﬁkg fb@ﬁlt:?v@ﬁaﬂé efoftl €l VSE SNIBhES THRE nthreridls 3R0higR $¥Rendht Yy from
90 to 260, silicone repeating units/nolecule. Preferably, from®6 to 30% of

such siveighirsilicope seifargrniftipentc Blendsn a pendant high or | ow atomic nmass

pol yoxyal kylse élgG{ Phthe iSUbnAEl BPUrikkihe URESAnSotRAES G tBe d6Stioh iBitwutOr
exanple, in 879 and EP 0 712 884 Bl, both ncora r at eg by

r ef er erfegethey pader QOBaIBIOH%FWeth%I xpact. apd formga polyyrethang potgpght Agv g ch

sur f actanfedy 8f Bo i‘ettﬁ’sm&fofﬁﬁg PRIceskld cRRNeSuded, Y&ﬁ:llﬂﬁﬁg 8- Gﬂlleﬂcﬂlzhbé%ﬁﬂt
wei ght pol yol s. e preferre silicon surfactants for hi gh wat er/ hi

hy difox yiaemhpTosesses: paeided feam arqsessesoEacteihIipeeony RRol¢ing Tyacesies, é’?éﬁt ed by
the fordiliemdOxPostMes\MIShflation processes, frothed foam process, carpet backing

processes, and the like. Curing conditions may vary somewhat depending on whether a

hydroxymethyl-containing fatty acid or fatty ester material is used. The polyurethane

products will be in most instances elastomeric materials that may be non-cellular,
20  microcellular or foam.

A hydroxymethyl-containing fatty acid contains both hydroxyl and carboxylic
acid groups, both of which can react with isocyanate groups to form a covalent bond and
thereby build molecular weight. These reactions usually occur simultaneously with the
reaction of the polyisocyanate with the polyol, polyamine or aminoalcohol compound,

25 and simultaneously with that of the polyisocyanate with water, if water is present.
Accordingly, no special conditions are needed in most cases to form a high molecular
weight polyurethane having good properties. In this case, the amount of polyisocyan ate
used is sufficient to provide an isocyanate index, i.e. 100 times the ratio of NCO groups
to isocyanate-reactive groups in the reaction mixture (including those provided by water

30  if used as a blowing agent), of from 85 to 150, especially from 95 to 115. If it is desired
to form isocyanurate groups in the polymer, a higher isocyanate index can be used.

A hydroxymethyl-containing fatty acid ester reacts with the polyisocyanate only
through its hydroxyl groups. However, the ester group can engage in transesterification
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each Mis independently (CH3)3SiG /2 or R(CH3)2Si0i/ 2; Dis (CHs)2Si Omn x
I s 40-220, especially 85-220 yv is 5-40, especially 8-40, with x/y<10; and
each R i swondepangant|y a high atom c mass pol yet her gr @gp/useooa/oBsrar at omi ¢
nmass pol yether group, provided that a sufficient nunber of R groups are

hi gh atom ¢ nmass pol yet her groups that the average atom c mass of all

pol yether groups is at |east 1000, especially at |east 1100. Hi gh atomc
mass pol yet her groups R preferably have the structure

- <CH2) n( C2H4q) a( CH2CH(Cr13) O hR ., in which n_is about 10, d b
such t gad orwgﬂ)tld(@%% éefﬁ‘étl‘&?i) &’)ét the ﬁ‘ﬁ&l %‘ﬁ@l{llmgsé?wm %miigkjm&??f?t % ut ear ©

from 3?h%tﬁar1& ¥Ben® 30 €Kd ﬁ%ﬁﬁ’%{oﬁ?ﬂﬁ@%em 43%&!@823%% iﬁocﬁahat&?iliwwfﬂhmhﬂéﬁ atom c
mass of the roup is abou ro 0, to , especia i m 3500 to
5000, &fith tre fﬁéyﬁ [e8tsE Broum sl react ity k’y‘,lmz‘@(oé’)) © eypps é%}%%@’% ere R
IR Sp? ][T%stllﬂ Baﬁh&m{ og%%{ldal@?h&@&ﬁlf@fﬂé ;;t- is é%%?&?a@%ﬁwmcﬁ %bgieivsilﬁt gr oups
ef erably have the structure - y a R, in. which
n i§ abewar ﬁoqyén%,méexaﬁdthtfsércé‘s%gﬁh%shgio“fsh%‘funé?t Oér%g'f;g%'gérW@i Bues
const i thGin 4vAMBIE 103 QR% With¥ie Fhity abidteBRr Bralipe Ul mbdi@pplicdtioss, ses of the

R group is from300 . to 750, and I's, as defined fore.. 83888 11Those

sur f actiepsyanate, ingex el fypasadisy rapnes gbey 509'tl°>?bﬂ1‘b£?e5( §iﬂ?ﬁ‘aﬁ§ %’é?ﬁl Y ue of
85 or more.pift 9.y value of 8 or nore in the structure above) tend to have
very high viscosities and therefore y oorly. intg the renaining

conponent s dYhamha hybarmesthyl-sentaipingr ?f*atym;frxcbg (e85 CEnu¥5% o BEBHE- By

t hiRni NGefh@d 34 fchfde Atatal S tindthdirbal@idh Siteidte dBatitombiep M tecligitisfaciar bon,
aromat i ¢ hydrocarbon, ethyoxyl ated phenal, al_k%/ll gne benzen
&

| e, | yet her
pol yol ,esteF FrEp P &Re qngen pmbeereRs. | A REe Saiety At SHED ¢t %‘ﬁtarg g“ﬁ?"é’r erabl y
used t Qardafi®etdied KbR0prdwaded thikethsydbakt atbribleatith tik brtimeIRAEP at 25C
Two silicone surfactants of particular intere

hydr oxyReetiepeat B8 of StaptclRapshRPYBIREREMN ﬁﬁgﬁ}é Iear‘]rﬁih‘lg : Wa‘hg{ angrl%gd
N ax(t Mxalmipddldf Subhf @418 Sareb@ddriBaBind ANS EPAteatN5d9B,665iandi UiSC Pagsnt These
materials are high nol ecuQar, . ) .

15 5,547,984, the disclosures of which are incorporated herein by reference.

Illustrative examples of classes of tin compounds that may be used in the
invention include monoalkyltin hydroxide oxides, monoalkyltinchloride dihydroxid es,
dialkyltin oxides, bistriallkkyltin oxides, monoalkyltin trisalkoxides, dialkyltin
dialkoxides, trialkyltin alkoxides and the like. It will be recognized that in many cases

20  organotin catalysts are also useful polyurethane catalysts. In a preferred embodiment
of the invention, the reactiom mixture contains at least one organotin catalyst canw is
active as both a urethane catalyst and a transesterification or amidization catalyst.

The urethane-forming reactions (as well as the water-isocyanate reaction) often
proceed well even at room temmperature, and are usually exothermic enough to drive the

25  polyurethane-forming reactions nearly to completion. The transesterification and
amidization reactions, on thie other hand, tend to require elevated temperatures to
proceed. In some applications, such as the formation of slabstock foam and high
resilience slabstock foam, the heat generated in the polyurethane-forming reaction can
generate temperatures sufficiently high to drive the transesterification and/or

30 amidization reactions. In these cases, the generally large size of the foam buns that are
produced limits the escape of heat and therefore creates internal temperatures that

remain high for significant periods of time. In other applications, such as molded foa ms

and elastomer production, the polymer may be postcured for a period of minutes to
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wei ght silicone surfactant/diluent blends. A polyurethane is forned by
bringing the conponents of the reaction m xture together under conditions

t hat t heywoea@to4243d f or m a pol yur et hane pol ymer. A w dePcanisedos/ 068217

pol yur et hane-form ng processes can be used, including so-called slabstock

f oam processes, nol ded foam processes, reaction injection nolding
processes, east elastoner processes, |am nation processes, frothed foam
process, carpet backing processes, and the like. Curing conditions may vary

somewhat dependi ng on whet her a_hydroxynet | -containing fatty. acj.d
fatty dopesatisndeyaigd feqpgeatyrre vﬁ@omw%ﬂéﬁ %ﬁémﬁﬂ‘ib‘ﬂg‘f* %%m%tte st

} nst an%@%ngh%ﬁ&{%t hi:tii‘on[@e?ﬁl:h% {ét;etdit];aﬁseteﬁyiﬁb@témah&ﬁhidﬁﬂi%ﬁonhﬁ%@ﬁeﬁgw?uI a& or

oam r oxyme -containiiig fatfty acid contajns_bot 0X an

car boxﬂW‘i“%@F’cﬁ%‘@ib&'?“@Bﬁ% 1hmaghectesirahle te 1erpovg; ﬁap‘é‘aelfé"r%‘td{@nﬂ%/l}hps to

form a geuabeRlp B8RIheRGANES BhWarBbgletBhecul ar wei ght. These reactions

usual |y occur sinultaneously with -the reaction qof the O,|%i socyanaje with
welys x@aaé

t he 5pol yol , Ipdeperh fepdyurgihiarmioagnis Peamss g 1 929 t h

ts gat _ OrichQQ%d%?&ydcﬁQ&Yﬁﬂﬁhﬁ%jsW;jﬁah thet ﬁi{eseﬂc@ wttﬁé fmszgeﬁgmH- sAﬁml fhtngl Y, EO
eclal conditions are needed I nN_nDS cases O rtorma. ni C rwei t

pol yur eataly(shapd mheyomdioptlo pegrefients ps, desiyed. under pfiontSucR AL the )

POl Vi SQRYALRYEnHS 8Hd lisocpthtd-Fbaiive lBateEals Mact?fd fosaGY BolphRthaekndbe. 100
times the ratio of NCO grou;is to isocyanate-reactive groups.in tlge
react i GiPlrRa mPlymer miilgdhe FLowmeagsnb graratasy? g thet eg?a dhSateaghPg oni ng

agent ) , mBkude! OMedoarh TalaR, foHie8 biydhé Ko-t410A fHepdlPmdrl@ethbll (dsddseribediiied to
oups in the polyner, @a higher isocyanate ingg%hgan be

form i socyanurate %r : )

used. Ni%d?ﬁx%t 39064t 9rnergmplsht ip Jdigh o siqichigmetric GxeeRs,

pol yi SOSYARRYEnROiY Hrly flasled HELINYEE WigH eGhiRbIRE: WIBNEiRIyol()h€oeHi@ra gr oup
can engage .in transesterificatjon 63888 12and or, am di zati reactions with

the polBr8POIYIREY. yefthis Mind seRtoslieR gRRTted BfiifbRfaRIn FitASF BRHPESEHET ' t he
react ! ofgrflthk lHe@ire(ﬁ%ﬁﬂsFrJtﬁQn%%{&Hﬁéa@g dgs@ihRes M E. Patedse 3Wss)21dhe fatty

o e BHeuDL 1 5 s L S TP DR SEER, § .
a SOMeWshéH as described in U.S. Pat. No. 2,866,744) are preferred. In such one-shot methods,
the polyisocyanate and all polyisocyanate-reactive components are simultaneously
brought together and caused to react. Three widely used one-shot methods which are
suitable for use in this invemntion include slabstock foam processes, high resiliency
20  slabstock foam processes, and molded foam methods.

Slabstock foam is conveniently prepared by mixing the foam ingredients and
dispensing them into a trough or other region where the reaction mixture reacts, rises
freely against the atmosphere (sometimes under a film or other flexible covering) and
cures. In common commercial scale slabstock foam production, the foam ingredients (or

25  various mixtures thereof) are pumped independently to a mixing head where they are
mixed and dispenseci onto a conveyor that is lined with paper or plastic. Foaming and
curing occurs on the conveyor to form a foam bun. The resulting foams are typically
from about 1 to about 5 ﬁounds per cubic foot (pef) (16-80 kg/m3) in density, especially
from about 1.2 to about 2.0 pef (19.2-32 kg/m3).

30 High resilience slabstock (HR slabstock) foam is made in methods similar to
those used to make conventional slabstock foam. HR slabstock foams are chaxacterized
in exhibiting a rebound score of 55% or higher, per ASTM 3574-03. These foarms tend to

be prepared using somewhat higher catalyst levels, compared to conventional slabstock
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| ower isocyanate index in these cases. This allows am no and/or hydroxyl
groups to remain available for reaction with the fatty acid ester groups.
| n nost appl2@auraas, the isocyanate index will typical lpgTrisegs/oBs2om about
50 to about 125, especially fromabout 70 to about 95. Wen a

hydr oxynet byl -containing fatty acid ester is used, it is generally
preferred to include a catalyst in the reaction mxture that pronotes the
reaction of the ester with hydroxyl and/or am no groups. A wide variety of

such catal ysts are known and can b sed herein, proviged .that. they do not
e or T G ton TEdHEe | PRERYN SRR (BalPPoRE Tl SPELTEiaiars. 5

pol yererf&rAﬁnat@dhscmbah%sﬁls} ith Gfatparibhd Ubatsd DdveireRtels Fofawplees thin sloch

catal ysts are described in U S Patent 5,6498, 651. and.U. S.. Pate 5,547, 984,
Che -l Sersatie SAARE AR GRne Grlorie S oRu R R RaS PrPhcr s attve
ex alrrplj%at@iﬁ 1&%1&&?&5@% %-‘bm agummgha)ohhais, améf(iblny &Bﬁﬁal.ﬁdilt Bbelad ab@intd on

I ncl ude nonoa tin r OX| oxi , 0 I n oride.di r oxi cLes,
U 2Pl e RR 1 BB PR IeRT HoiEht Re3oBairih ASPPEER 207 PRATRI RS

di al kylabiit Hicddeas §esE2t ol S0l keyint)| Bspabikhy ifkasatntl 21 e abokte pef (38i6k48 be
recogni.zed that in many cases organotin catalysts are al so useful

polyuréﬁﬁgﬁe catalysts. In a preferred enbodi nent of the invention, the
reaction m ¥Mdded €At @hAS bat mhé@SlcecdrtgOtqahOtihventiah By Stanefering #et i ve as

both a urethane catal yst and a transesterification or 1 di zat.i op ,cat al yst.
The ur SPMARRS ﬁ%ﬁﬁ‘ﬁ?ﬂaﬁeg%‘fﬁlﬁn?afeita%\éf‘a“ g‘gtth% OQ@‘?@%?VQM% gaﬁ‘%'t i on)

of t1gn ) &&:mqg%{éte\i\ﬁ bblyR¥&anake, blswing aghe| atdiserfacedid) dlacclased alold veheot tier ni c
enough to drive

t he pol yurethane-form reactio nearly t ampl,etion.
The t r dPRIBOESTERFHEL F3RSH lg‘ﬁe AR RIPIUE; %r?rﬁ’gg%fﬁ?‘?aé‘hs Tﬁg}?rt%.sé'c%ﬁﬁ‘ir Qﬁ%’nd, t end
t 0 requhsllin®® Qredkesy] ihewResAthe @fold ds piod GRreHeattd sinifitantlplaboes i anbientsuch as
the formation of sl agpstoc

e o, e Wit ol oAm.A0d B ok 561 LL B 5L AU5Acek soam, e
t enper ahiRsusedf fGotd-apidivng Hirglested deiprefeifRa tb paches high fdstiahicomadell or
U  Hama Hlen 6B e iFi4 oo ferdns 1Ed 6 Bt HERe Ak B OB F e Pt cs
| Nt er nadublcFPRESABVELEs). | | at

The invention is also useful in making foam via a mechanical frothing process.

In such processes, air, mitrogen or other gas is whipped into a reacting mixture
containing the isocyanate reactive materials, a polyisocyanate, and optionally catalysts,

20 surfactants as described before, and other components. The frothed reaction mmixture is
then typically applied to a substrate where it is permitted to cure to form an adherent
cellular layer. A frothing application of particular importance is the formation of carpet
with an attached polyurethane cushion. Such carpet-backing processes are described,
for example, in U. S. Patent Nos. 6,372,810 and 5,908,701. Another frothing application

25  is in the manufacture of microcellular elastomers, such as for shoe soles.

Polyurethane foam made in accordance with the invention is useful as furniture
cushioning, automotive seating, automotive dashboards, packaging applications, other
cushioning and energy management applications, carpet backing, gasketing, and other
applications for which conventional polyurethane foams are used. Polyurethane

30 elastomers are useful as furniture and vehicle wheels, casters, automotive fascia, and

other synthetic rubber applications.
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remain high for significant periods of tine. In other applications, such as
nol ded foa-nis and el astoner production, tlie polynmer nmay be postcured for
a period wb 2manm4t3 to 63888 13hours at an el evated temperatsasos/osd21f r om 50
tol 50C to conplete the transesterification or amdization reaction. Because
the transesterification and am diziation reactions wll produce an al kanol
by-product, it may be desirable to renove the alkanol as it forms in order
to help drive the reactions toward conpletion. In general, a pol yurethane
foamis prepared by m xing the polyi socyanate and i socyanate-reactive

mat er | Bxamples 1 apd Br esence of the bl owing agent, s arfactant, catalyst(s)

and ot her offei RMBlvih HsEhE N Dcdirdasi 4Rl toURARE £ AP drsdASOS ¥BReridaat t he
pol yi socyanat e and | socyanate-reactive materials react to forma

pol yur aarilamisrilepdrisicles an metkydhystspypmpatbyliteaatene bl owi ng agent generates a

gas that expands.f-hes r5erddted €31 b Candl RBadg@MvitRY abie ihitialre¢haiye tdfe
so-cal |l ed i)repol ynmer nethod (as_described in U S. Q,.645, for

Pat. .No 4,g
exanp| wythylhydwsyerethyk stsrese GRELVSY apdca stabilizer 1famBaT s oL FIARNZEL £ j ¢ st

react eg, WdtRq id'e 81060115000 ¥ahBek aVehghncReUMPWeizht boletidirpolyobhapiaky mer ,
which I's’in a second step reacted with a chain gﬁiender anclggr wat er to
f or m t nduerds¢thelanie arsatpraion sl free MEAOXYLERRS hergace 1§ then pgpted\yg.

3, 755, ﬁ%%r vaeRidhPto 1054 %%ﬁuﬂa&@lvefig Ehe@XA0¥Rd, OpsulBh@inhIResuid Ablde.

So- cal one-shot net hods (such as descrjbed in U S. Paglﬁlg'\% %%%6 744)
are pr tfecreactdr of about 9. bhar sfbe comopemers EhEensory) agriom '3

POl yi SQeMAPaLGeE)eaGhL v emBQAPORRRT Sadiifiorll MNHMEB;OUBdeyy hraditght ihitigedrher and
caused t 0 react. Three w dely used one-shot nethods Lvhich are, sul t abl e
for usézpbististeylbataanitele); m(f/ d?f@céﬂleéb@{'og%sf WIARSmEE JagEere i f58, 1P¥si | i ency
sl abst %kfe%amm QS SGBof 60D HRNERMyinARh etiiREhe Hadlcit eipefaars its

conveniently prepared by m xing the foam. ngredientg and di sg&nsi ng. t hem

into als€ugh Afferot kis rcempBImehhlend hadditig i i%Hn°IMBE R e & RETE™ [ flses

freely a?t?)ﬂ(ﬂéﬁhyiﬂi‘ﬁ:y?&ﬂiﬁﬁ@}”&?ﬂcﬁl\dﬁﬁﬂsﬁé FddEiS 10 ihE @8actor dvkiMe030 piifete pekiedi bl e
coverin and cureS. In common comrerci al (f(ﬁal e abstgck fg ni]ioprg ucti on,

t hasf odhe reagkiewl mawture(is thapdield at 137°C for avaddiional b‘%’?b‘ Nodlis] ependent | y
to a mxhog.Lead s&’ﬁﬁfl@isttlaﬁéh f% @ree monomer analysis and filtration. The remainder

is stripped to remove residual monomers and then further analyzed. Results are as

indicated in Table 1.
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m xed and di spensed onto a conveyor that is lined with paper or plastic.
Foam ng and curing occurs on the conveyor t o forma foam bun. The

resul t i ngwbaass4a43e typically fromabout 1 to about 5 peomds2@sn3s2ubi c f oot
(pcf) (16-80 kg/nB) in density, especially fromabout 1.2 to about 2.0 pcf
(19.2-32 kg/nB). H gh resilience slabstock (HR sl abstock) foamis nade in
met hods simlar to those used to nake conventional slabstock foam HR

sl abst ock foans are characterized in exhibiting a rebound score o f 55% or
hi gher, per ASTM 3574-03. These foarns tend to be prepared using sonmewhat
hi gher catal yst | evels, conpared to conventional slabstock 63888 14foans,
to reduce energy requirenents to gypr £ he foam HR sl abstock foam
formilations bl own only with water—tend to use lower |evels of water than
do cQungredie : ions and thus produce slightly higher
densij fma 2833082 ] els tend to be fromabout 2 to about 3.5,

espe( &ﬂblhzélrdm about 2.|973t56n ahout 3 parts per 100 parts hi gh equival ent
wei ghMBMSol s. Foam densi20i5ds are typically fromabout 2 to about 5 pcf
(32 t Coifborkmperiblendespecijal |y from about 2.1 to about 3 pcf (33.6-48 kg/ nB).
Mol de&tyeam can _be nmade |[#@80ording to the invention by transferring the

r eact| Ari~glopiteideyanat e- r dak20i ve materijal s (including the

hydr ¢g:aniBNy| - contai ning f.é2ty acid of ester), polyisocyanate, blow ng
agent| Dodiidasdthiohct ant) tjo4.85 cl osed noj d where the foam ng reaction takes
pl ace MEMsoduce a shapedigoom Either a so-called "col dnol di ng" process,

i n WhipgBtIhshorddh Bledng NOt| preheated sipnificantly above anbi ent

t enpaTAENeS, Of a " hot -npb@i ng” process, in which the nold is heated to
driveprausur €, can be usgyl. Col d-nol ding processes are preferred to

pr oduGg, g Sofidd lod ence gy ded foam nsities for nolded foans tend to be
in t NRJFHTA rehie Ot % 2POPE 5. 0 p ouhds per cubic foot (32-80 kg/nB). The
i nveMg G343 AIRn ISR | 644K ng Topmvia a mechani cal frothing process.
In su%}p}vocesses alr, pitrogen or otfher gas is whipped into a reacting

m xt ié‘fé'ﬁlﬁwl'%gglhngod fgyanate reagtive materials, a polyisocyanate, and

opt i ary decg,t
V1s0031ty, 25°C, | 5000
Cone/cup 100 s, mPa.s
Particle size D[4,3] 1.7

Polyurethane foams are prepared using this dispersion in a formulation as set

5 out in Table 2.

Table 2
Ingredient Parts By Weight
Example 1 Example 2

[EO-capped Polyether polyol 18.75 0
Dispersion from above 18.75 37.5
Polyether polyol 62.5 62.5
Diethanol amine 1.6 ' 1.6
Amine catalyst 0.35 0.35
Organotin catalyst 0.08 0.08
Water 4.2 4.2
Surfactant 1.2 1.2

Both formulations foam well to form good quality polyurethane foam. Physical
10 properties of the foams are measured and are as reported in Table 3. Compression sets,

resiliency, tear strength, tensile strength, elongation, modulus, density and airflow are

63888 17



surfactants as descri bed before, and other

mxture is then typically applied to a substrate where it

cure to fwormamn4asher ent cel lul ar | ayer.
pol yur et hane cushi on.
exanple, in U S. Patent Nos.

shoe sol es. Pol yurethane foam made in acc

usef ul measyrad mcearfimeciosAP B H3794R % onery
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usef ul

car pet backi ng, gasketing,

is permtted to
A frot hi ng applpccatseas/os$217

particular inportance is the formation of carpet with an attached
Such car pet - backi ng processes are descri bed,

for

6,372,810 and 5,908, 701. Anot her frothing
application is in the manufacture of mcrocellul ar el astomers,

Bt deli

such as for
the inventio

FAFols P& eEhboar ds,

is

and ot her applications for which
pol yur et hane foans are used. Pol yurethane el astonmers are

as furniture and vehicl e wheelfgplegsters, autonotive fascia, and

other synthetic rubber applications. 63888 gg&%%me fol | owi ng
gener alPregpetivedure is used to nmake a disperlsion of st ]ﬁlg?]eﬂr‘ry! enrHrile
partichles in nethyl hydroxynmethyl stearate | A ' to 600C
and ch@0tpeCbmprespicmSatnét | 1 > ( VHVB)
and a $0¥IhmileAgecCrmpression Sete%st abi lizer fonpodAd is a8 08b-15 D00 nunber
aver ag5ulamrbssiondatght pol vet her pol yol havi n§2i nduckd etHylenit

unsat ul7ati BamiahAlge CeepleyseroSet] %gr oups. Thel reac®br is fhen $eat ed| under
vacuumiResilit®&C% The vacuum valve is then closed38resulting #9n a pressure

i nsi de [Rlbwzakienat Brealf %about 0.1 bar. The cpnono®lrs (styrened and

acryl ofiféht Shreéngh Ioi/3) wei ght rati o) are| miXxeWgie)h hddis0i@Hd) MHVS, free
r adi callTenBild Staéth, (1 @Pa3 (et hyl but yronitr| | e)lp (308} dofdeca3d®®i ol | This
CONDNOMEa otk Wit 85%DdfRetidnN M) he react or pved2h(GP8Y i o of25885@)0 i nut es
whi |l e tdH Modilag the reactor tenperature pat 1258 After thids compnoner

bl end itdre€l8 %S conplete, a mxture of agobis@fethylput §onitygile) and
VHVS i pérely, fef (kgfi® reactor over a 30 mi nptelPeBo.dd. [The2.t &8cAi op mi xture
i s t henaibmdvl f@tmia2BE) for an addi tional 30 i nL2®€,.61000| ed.18(0560C
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and stored. A sanple is taken for free nononer analysis and filtration. The
remai nder is stripped to renove residual nononers and then further

anal yzed.wBesal(4343are as indicated in Table 1. 63888 16Pallus2dosPss2yur et hane
foanms are prepared using this dispersion in a fornmulation as set out in
Table 2. Table 2 Both formulations foamwell to formgood quality

pol yur et hane foam Physical properties of the foans are neasured and are as
reported in Table 3. Conpression sets, resiliency, tear strength, tensile
strength, elonoatlon nDdqus density and airflow are 63888 17neasured
accordi ng t QVIAST AR IS pan | oad at 65% defl ection is neasured
according to |1SO 243 97 Table 3 [rest of page intentionally blank! 63888
18WHATI S CLAIMED I'S: 1. A process for preparlng ol yur et hane, co rising
form ngl-a r deptoress fon RWBP@WPW hpng corapds! %W%r%’ T 3 fatty

aci d hac%h%&sﬁ;@ aﬁ\’l@is@gﬁe q;olﬁsl)cylaﬁ@t%t a Ga ity RYHr RXEE A Yher@ 5O biPa B Géadﬂﬂ gcul e,
and at | east one polyol, polyam ne_or_ anai noalc hobanggpound

Che o edirrommetiyl grasibrsrr Blsalenshd at lafarRe RAYCbRA e padaeer o "

claim Jcom\@/eeﬁf laRd b8nd el YesREibA it ioorm @ doBuséihesy pdymat ons. 3. The
process of claim1 or 2, wherein the fatty acid is a mixture of materials
;elected frommaterials having structures A, A2, A3, A4 and A5, wherein AL
Is: O HOC (1% pgacegh of%uxgl'l whivefd the fét%ﬂ' @ﬁaiﬁ'@ﬂom P26 farben RWeEr great er

than 3, nis greater than or equal to zero arxd m+ n is

10 3. The process of claim 1 or 2, wherein the fatty acid is a mixture of materials

selected from materials having structures A1, A2, A3, A4 and A5, wherein Al is:

]
HO—C—(CHg2)m—CH—CH:>—OH 1y
15
(CH32).CH3
wherein m is number greater than 3, n is greater than or equal to zero and m + n is
from 8 to 22, especially from 11 to 19, A2 is:
20
0 ?HzOH
HO—C—(CHs)y—CH—(CH2),—CH—CH>—OH an
25
(CHz)sCH3
wherein v is a number greater than 3, r and s are each numbers greater than or equal
to zero with v + r + s being from 6 to 20, especially 10 to 18, A3 is:
30 0 CH:0H
HO —C—(CHZ)V—CH—(CHZ)r—CH——(CHZ)t—CHCH2OH (III)
CH:0H (CHz)sCHs
35

wherein v, each r and s are as defined before, t is a number greater than or equal to

zero, and the sum of v, r, s and t is from 5 to 19, especially from 10 to 19, A4 is
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from8 to 22, especially from1l to 19, A2 is: OCH2ZOHHOC I | -(CH 2)v-C
| H(CH2)r-CHCH 2-OH QI) (CH2)8CH3 wherein v is a nunber greater than 3, r
and s ar eweaodv/mamsbers greater than or equal to zero w POTNS2005/038237 bei ng
from6 to 20, especially 10 to 18, A3 is: HOQIl) wherein v, each r and s
are as defined before, t is a nunber greater than or equal to zero, and the
sumof v, r , sandt is from5 to 19, especially from1l0t o 19, A4 i s
63888 190 Il HOC(CH 2) - CH3 (TV) where wi s from10 to 24, and A5 is O
HO -G R (V) where R is a linear or branched al kyl group that is
substituted w tTu at | east one cyclic ether group and optionally one or nore
hydr oxyl groups| or other ether groups. 4. Tlie process of any of clains
1- 3, wher eFHO-hE-+€EH)vorCHs xt ure contai ns an adddEV) of a tertiary am ne
catal yst and at least a portion of the fatty acid, which adduct is a

del ayed action or heat-activated catalyst. 5. A process for preparing a

pol yyrehh:&ne;isﬁmnplﬂ)thah@Aﬁiimg a reaction mxture conprising at |east one
pol yi socyanate, jan unsubstituted or inertly substituted alkyl ester of
fatty acid havi ﬁg an average of at |east 0.8 hydroxynefchyl group per

nol ecul e, HO —C—R’ )

10 where R’ is a linear or branched alkyl group that is substituted with at least one cyclic
ether group and optionally one or more hydroxyl groups or other ether groups.

4. The process of any of claims 1-3, wherein the reaction mixture contains an
adduct of a tertiary amine catalyst and at least a portion of the fatty acid, which adduct

15 isadelayed action or heat-activated catalyst.

5. A process for preparing a polyurethane, comprising forming a reaction mixture
comprising at least one polyisocyanate, an unsubstituted or imertly substituted alkyl
ester of fatty acid having an average of at least 0.8 hydroxymethyl group per molecule,
20  and at least one polyol or polyamine compound, and curing the reaction mixture to form

a polyurethane polymer.

6. T'he process of claim 5, wherein the ester is of a hydroxymethyl containing fatty

acid having 12 to 26 carbon atoms.

25
7. The process of claim 5 or 6, wherein the fatty acid is a mixture of materials
selected from materials having structures Al, A2, A3, A4 and A5, wherein Al is:
0
30 RO—C—(CHg)m—CH—CH;—OH @
(CH2).CHs

wherein R is an unsubstituted or inertly substituted alkyl group, m is number greater
35  than 3, m is greater than or equal to zero and m + n is from 8 to 22, especially from 11 to
19, A2 is:
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and at | east one polyol or polyam ne conpound, and curing the reaction
m xture to forma pol yurethane polyner. 6. The process of claimb5, wherein
t he est erwDo@fo42438ydr oxymet hyl containing fatty acid haeirng2@2/0852126
carbon atons. 7. The process of claim5 or 6, wherein the fatty acid is a
m xture of materials selected frommaterials having structures A, A2, A3,
A4 and A5, wherein Al is: ORO CGC(CH2)mCHCH2-OH Q (CH2)nCH3 wherein. R
is an unsubstituted or inertly substituted al kyl group, mis nunber greater
than 3, nis greater than or equal to zero and m+ nis from8 to 22,
especially from11l to 19, A2 is: 63888 200 CH2ZCH5 RO-C Il -(CH 2)V-C |
H(CH 2)I-CHCH 2-OH (I1) (CH 2)SCH3 wherein Ris as before, v is a nunber
greater than 3, r and s are each nunbers greater -L 0 than or equal to zero
with v +r + s bei ngofrom6 t I'&3@,Hespeci ally 10 to 18, A3 is: wherein R
v, each r and s are aﬂs defined before, t is a nunber greater than or equal
to zero, and t heROCoft(CHa)r—CH-at(tH)+EHroaHs—QH18, Bspecial |y from 10
to 18, A4 is where Ris as before and WIiS from10-24, and A5 is 0 RO C 11|
(CHg2)sCHs

wherein R is as before, v is a number greater than 3, r and s are each numbers greater
10 than or equal to zero with v + r + s being from 6 to 20, especially 10 to 18, A3 is:
0] CH:0H

RO —C—(CHz)v—CH—(CHz)r—ICH—(CI-Iz)r—CHCHzOH (I1II)

15 CH:0H ((3I12)S(3I13

wherein R, v, each r and s are as defined before, t is a number greater than or equal to
zero, and the sum of v, r, s and t is from 5 to 18, e specially from 10 to 18, A4 is

o)
20
RO—C—(CHz)w—CHs aw

where R is as before and w is from 10-24, and A5 is

0)
25

RO—C—R "))
where R is as before and R’ is a linear or branched alkyl group that is substituted with
at least one cyclic ether group and optionally one or more hydroxyl groups or other ether

30  groups.

8. The process of any of claims 1-7, wherein the polyol, polyamine or aminoalcohol

includes a polyether or polyester polyol having an equivalent weight of at least 400.

35 9. The process of any of claims 1-8, wherein. the polyol, polyamine or aminoalcohol

includes at least one material having an equivalent weight of from 30 to 200.
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-R (V) where Ris as before and R is a linear or branched al kyl group
that is substituted with at | east one cyclic ether group and optionally one
or nore hyodnoosyl47gsoups or other ether 3 0 groups. 8. TireTmsowms®ss2of any of
clainms 1-7, wherein the polyol, polyam ne or am noal cohol includes a

pol yet her or polyester polyol having an equival ent weight of at |east 400.
3 5 9. The process of any of clains 1-8, wherein the polyol, polyamne or
anm noal cohol includes at |east one material having an equi val ent vvei ght of
from30 to 200. 63888 2110. The prcqess of any .of cla % tel n the
reacti & ni Keaprsorssef apnef ‘é%m}%é'ﬁt Vﬂ’rﬁ’éeleéP%lF‘if’ﬁm’i‘ H‘Hf‘tué%lf’oé’l 3ipg gt leas

ur et haggs E&faipsfl@ha{te@a%ly% £ Rde thdreABSEISE Slehétichahhd B BhnaBilesifizationotr
reaction. process of any of clainms 1-10, wherein the reaction

m xt ur ém@bmtmnrma‘étonl east one organotin catalyst. 12. The process of any of
clainms 5-7 or 10, wherein the pol yurethane polyner is post cured at an

el evated tenperature t o formester and/or am de groups between.th ester
grofip 1. t hBhhpreeesppharngf daime Lilf Wbeqeg’cftbs‘? rgagt H’ngg’txg“'eé s aﬁrlﬁ

hydr oxyle %{gQH&mPéat&l@& pol yol , pol yanine or aminoal cohol . 13. The pr ocess of
any preceding claim wherein the reaction m xture contains a bl ow ng agent,
and t he pol yurethane polyner is cellular. 14. The process of any preceding

cl ai m jyher @,0,1da6ssRe bty bEALARE 5 Ay TDR ivhbfeif LS dyieittne APBBr 22post

cured at an elevated temperature to form ester and/or amide groups between the ester

10 group of the hydroxymethyl-containing fatty acid ester and an amino or hydroxyl group

of the polyol, polyamine or aminoalcohol.

13. The process of any preceding claim, wherein the reaction mixture contains a
blowing agent, and the polyurethame polymer is cellular.

15
14. The process of any preceding claim, wherein the polyurethane polymer is

elastomeric.
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