POLYESTER POLYOLS CONTAINING SECONDARY ALCOHOL
GROUPS AND THEIR USE IN MAKING POLYURETHANES SUCH AS

WE2EXIBRESPOLYURETHANE FOAMS 5This application clainR€H&iseditedf16173
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United States Provisional Application No. 60/676,348, filed April 29, 2005.
The invention relates polyester polyols, methods of making the polyester

polyols, and to polyurethane polymers made from the polyester polyals.

P B CHRHTS EAL B O A GG B Rk S AR GRAODS AND
polyols. THHIRAUSEIINHAKING PODTEREAHMORS SUICHS 49 FLRXIBOES
arose using polyester polygéﬁd@f}hﬁyﬁﬁﬁﬁéw sation reaction of diols

or polyols and dicarboxylic acids to make flexible toams. The polyester
polyols were supplanted by polyether polyols because of their lower cost

and the @hikity:}plmakenackides BaREDLbPalirelsd FRIMeEBISVARIARAG flYcation

p%yrr}ﬁﬂm%g i(%lie (gi(gga%@Sderived from petroleum 15 feedstocks in
b { g?riljﬁlafg

the presence 0 or compounds that contain active hydrogen starting
compourds, myention [ovatas pelvkatenaighopo pesithadel donalinadhe polyester
TRRIfoIS, A NS FRBRIRLRMNRGIDY REFoALE fiasat dplKRIS Wi IPOIY.O!

product tt]at ar derived fromr‘a aﬂ}{ renewablefre oqurces sgch aat ol
vegetable®oils of ARTHATTAE. TR imerest 18 dieh Iy pan by e ity >

inPetidtetlargd pricastmettad eopdiitiden iprzvasihimerscasiveguginbaplyester
demend, YR gﬁzsbrﬁzép Brashagtisiityaliso l&@tﬁ.ﬁﬁs o RREAeES Aicarboxylic
depepdent og iﬂu?%%t?egj feedsti,%s, nd by a gve ire to create a more iveth

s Kprease 0808 ay %ﬁﬁ?ﬁfﬁaﬁ’é’ PS&SWM Yopfyether
vagdyals baisiseanfd izgelvetieengteddfbe ekéiypte, mxotyclsvide ftenislef polyols.
p%w&ﬁk&%@%&&%‘%ﬂ%&ﬁ%@%%ﬁ&@{‘(@%ﬁ%éé?ﬁéﬁ}%&ﬁ%%@um

oil, Blown soybean oil derives its name from its manufacturing process, in

wiieALesfi5ein o RresaRrsetf RiAirt SIS RS tHhatHSRNER | A5y drogen
memmmmgwhmnmmﬂdﬁe@ighh mlwis maleoljamiveight
polyol sug.as Alyeerin QLY C{RS&MJ&%&MR&%@&W pa%ﬁés &%%9 [Riyol

have residual odor, dark color andan oily feel. Polyurethane foams
mBRIRG It serp IRrdTediertorRave o Bl rsivpetticdcks 8y yegetable
qualiwfcaistdnthe ThidnieiiéstHe sripelytlspan yob i antlitidith enpétroleum

small proportions wit cg ven L%n Lgol e rrpol s.More recently, there .
A RS T SO AR NGB ot MO0 ) . dUBIS

arkaeRen aarifelurkigouaigies e hesemsdash derymlenfosmamneigd dfagdstocks,
04{09 69331 hatbinermeminskbyuatarenlecdhassaypolyester polyols are

64083A1, made by reacting a polyhydroxwl initigtor with certain .
oy S PR Sl PR SHe B SR oe hare beon
flesdiisiepdetn Hpvieaarerlporplirehidlapble adbrsethansciram sppdieakions have
PrRE&s maRPE GHHeBRATM R RIOSIUCBIYRS @ Y8 RAN Bi Vi SHORIQtPHABHACHBR, its
process.would be deswable.lllng addition, these xgﬁ%glg} R ve altn%[1 reactive

man ctyrin Trocess, 1n soybean 6 1S O 1r 1O
privtary hydioxgPotoups, Which can be more Teactve than desiredn

sorvdpuiyugeehpsnies Byplicadisad. meteniabul, thenudaoseblesdigh yath canlow
in SRBEEASSRIRUPIRIIaFHEN M OQOSSIND Y¥indewyse. Thisds 2ol Bslyether
e e ST 0 s i B P SR
made from those polyols tend to have poor physical properties. Good quality
foams can be made with these polyols only by blending them in small proportions
with conventional polyether polyols.
More recently, there have been developed higher functionality polyester
polyol materials that are derived from fatty acids. As described in WO 04/096882
and WO 04/096883, both incorporated by reference, these polyester polyols are
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10 quite narrow ranges in order to produce an acceptable foam product. It
is difficult to achieve such close control of catalyst levels in many

WQamemdpsi foaming environments. Rigid polyurethane foBGEUH(86/016173
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been made with castor oil or castor oil byproducts. 15Accordingly, it would
be desirable to provide a polyol based on a renewable resource, which

“can be prepared easily and which is useful in a variety of polyurethane
R e e e S Y e

wiitts.carThesasedlpslthermdiodbrge wpplswladnig he glexiién thweeig ktndolyBier
comnaRankip Ipfhle Reluretiang dpamt foFmuiens. Q&P@\QQ@ RelRAR to

having 20 good properties. It would be_even more desirable if

pBIARSth ERRsSoRAN e miAy EBWEE LR EERI BBE R oURIe beidgsipbig ol I
tk@dﬁi@sﬂﬁml&p@h@blmmwmmmpﬁ@g rﬁmm)be more
zvgg%m%%%ﬁ%ﬁﬁggg some PhAEAPRER -{lifdNENIOR IS, 3 ligHIdihe use of

yester having n initiator segment which is the residue after

ré#ﬂﬁ@aﬂ’@?ﬂ?mypamn‘fﬁ%% R PBTEABRIFFSAIBECBIkABNRd This is
Oteidiimeg ireatifkettdatihasmtdaast baashydtoxd, primedsabstinewels in the
ST %}l’oﬁmﬂ%ﬂ r‘s’é’E’SSeaf‘%éq(} al Qt"%ra%%ﬁf AHISa3tnres eSieh Y0 thin
per copolyester molecule derive Yrom aﬁy ro>¥yl-conta|n|ngr1‘atty acid
havitemaraewkarses iBoAdstoih Brofvsp@m acsrrind s fonsraofusid Faipdifficult
agidacMibrieiadk |Bass ada@rbioBfoéiheyRy devsd-6aniainy G datiyedéidSfoaming
contain a 30 ,secondary hydroxyl group is at least 5 carbon atoms

removed from the carbonyl carbon of the acid group of the fatty acid. Still

other asBigits ryflymzeihametibamichare Pesslymadpandliornsta 19yl ranedsigr oil
thisdidigkgopolyester with a polyisocyanate, and a method for making

such a polyurgthane In.a preferred emhodiment. qf the first aspect
the i AGH SR A A LA G SHOS = POSLRIGEH 8 ASEAaH <ble
thissoortexddch stzartharpreprmedneasilyganditwihéch sierusafulniguesvionety of
CYSEARANIRLL Aptarigkicnthatisahiained AL BIRINRGILY ﬂ&ﬁ;;&@&?de such a
engages in.an est%rlflcafss1c))7r‘1g é?ér transesterlflcatl(ig In the case of an ester)

R T FRThReCRSS: & BBITH P HER SLG S 8%@?@&%81%%&01Y°1
rermapi&ndfte iledbde pobiutteeha@kl fHaou foomuDRigns up frowvidhe fiktydricting
Ol G HES rSFSRAGIVEN W BRRL BXCOO IRGRSESWARE B HRtIL RURS Brming

terminal portion of the molecule, removal of a hydrogen atom from any
hyaRBSATEPBE pTEY IninPratetcitsthe &t il W5ioly aEioPnid Zehewable
is neseiu&énamhkdh@lppbymﬂﬂmaamablﬁﬁidammﬂ@dﬂlm(m elastomeric)
po'y“reti@'&ﬁéa@&é&&'@h‘?@lﬁ@%&@@&ﬂ@ Qﬁ?qlalgt_{t&‘alﬂlﬁ{)é/s%é%e&%{lrﬂl%'w %Iﬁﬁitiator

making flexible polyurethane foams. Accordingly, a second aspect of the
inveeTaeRt i hiph R i dneidua Ative garay ty do hedrgvih and grainenkedgpeen
a bloming-agentcahipaatosharghnic ggtyidacydnathayithtaeast two hydroxyl,
isgeyanate-reactive component that includes at least one a high . h

AR SLaRE 0 OB BhIE WIUHE SR (68h MR ot ot thres
eqStoneRitnReG SeRRIKASESS meleptn durdlipgm fréydepwtcontaintng & pcid
of HhanB Ve oM dseaca b6 S dalsraakitigtibe pOlwsethaneréoamaid fAttyelcids,
anather. aspect, this invention is a liquid.copolyester having (a) an initiafor
St PR o B R e AR
hyateopdarateydtordngen i pdurastHacbeapiony sRaeTedr&ep thensaronyl
ar&ﬁ@ﬁbﬁr&a%nl Qﬁ&’gﬁ-ﬂﬂ?%ﬂ?ﬁh‘ ﬁ&t@r?:&n) miﬁV&ﬂ@éiead | Bhadtieastid Iidiefion
unit r copolyester molegule derived from a roxyl-containing fatty .

2 RERSSirt BOPHRHE S SBRatome dP3RRA e B BinaPS P ey itk &
fatglrieidzanaterain attedbod fooniokind shehia/nebrytetbmmaining fatty acids
contain %Q%&@@%&‘%@E%&G!n%ﬁ’#@f%ﬁé%ﬁsﬁh&ﬁsﬁﬁ Ciﬁiﬁ%@gé_gﬁent is a
removed from the carbonyl carbon of the acid group of the fatty acid. In

e E&¥E: a significant proportion of the weight of the copolyesters

comes from fatty acid materials that are conveniently obtained from

anﬁlu%fol@ renewable, naturally occurring fesources. Copolyesters can be
prepared from



30 those fatty acid materials easily, in a limited number of process steps.
Good quality polyurethanes are easily made using these copolyester

WQaWols18ZBrtain embodiments of the copolyester have been fBGRATE3006/016173
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process easily into flexible polyurethane foams having good physical
properties, even when used as the sole high molecular weight polyol
component of the foam formulation. It has been 35 found that the use of
the polySletiredeimvestion Pammutsréaeaprberbanty, samesaaniagithad the
infexibigt RaqdRtRALciossphak b saesidveahaasainaid niegertils acid or
oil-based polyols.are used..Reduced sensitivity i@ tin catalyst levels.qis a
B TR T A2 SToE Baion i fe miar o EPITURS X8 6 Bcbaten
thredeiiemtivfrimaheopmokrssserordreiniffanresifhais eurslantdomaningnains
faibeAGiEmbvao Rl ATDHtiRiGSIMET anckupSesmnile thaktpracdedyeshter,
from a hydroxyl-containing fatty acid. The initiator ment js what .
S G A RERP LU B L e T B o ol portion o
p Ghermerieadioravitdyaheffathy dusigeo ratany ool anixhydresviagravpie) on the fatty
capRlyesigsy The ester units are what remain after polymerization of a
hydroxyl-containjng fatty acid, or ester 10 of sych a fatty acid. The term .
"derived O RIIETELIQ LR AFRETeil é%s‘?i&ghb?tﬁﬁﬁ%”fgr%é Sriomy e "
eptertionits, Betilsa dointdastechenick queithtttathes cofisiesie pisboiigents are
%%%i&ﬂ&ﬁ%@éﬂﬂ%@%ﬂ%&%ﬂ@iﬁgmmr iascrhgd meisfulbely, a

s

below, either a hydroxyl-containing fatty acid or the correspqnding ester,
cgﬁcsa%@a%oﬁbaawﬂﬁ@’eaﬁawggff&%%ﬁ%ﬁmmwr% B i
m@ti.eeﬁim diny dfithdse ﬁgﬁﬁt’;g malq%nlwaee masidep@u',imcmq:tesmftbf an
g‘g%H}X%Q#{ba@w@x&n%%t&é&ma%@ﬁﬁgrmgsbxqt;%lrgp@ﬁ@gmgnf@axight

e Initiator is an organic_.compound having at least tw )
hyRaBoly IWBERRRrtaleb K7 doMEieRt SR BiglpaisR Ik mrishsmAEeks 2
gréppBestdiesthefins 26padt. reActhith saspattyod ditk (astenditm fisra @stess for
Iinkg es theret in ttrﬂ% cg%%]%f a hydroxyl-containing initiator, and amide
linkages t eretd when the initiator contains amino groups. The initiator
segmeniisydorrothemanmen, this jarasHar ine Msadoorlysesrahviagdp) an
refpRabeistaen byt K10 @ FhBOrgsaliRs afly el rdtybe0 ndai iy driliodas afgino

generally preferred, as amino-containing 25, initiators are;more likely t .
oo ey Bord a SR TR A AL ASREIE B l? amin
equivatondaveighting fespirtb ands (blorabetaragnoipg legeh Bpdesiey units per
PrigjL y@@%&%&eaﬁfwﬁmr@w@ﬁ&;ﬂﬁmaﬂmgﬁﬂ?@m having 7 or
compound. More typically, the initiator equivalen ight i5 from 31 to
ARURCFEPoR PR R Pt N G e Sh A st 2
3 ettt E5be Andeopddietiaprite frdty agido serainagieeonsery bykepsyl group
ahgut #51Qa80H 2R HRSHRIlaRIEa HERUR SHiBRY 6aBkHRS fiomcA Eroup
12, especially 2-6 and particularly 2-4, hydroxyl, primary amino and/or
setidhad#aasido groups per molecule. Thus, for example, the
initiator donepdurdsmay biswifelyhydoprytics chhsoweitkiuch the copolyesters
neRRRAtYgINCak 2oRMRRE BINRAL tHIetAviiaRAREtAABIAh annually

pentaerythritol, sorbitol or sucrose; an alkan di?l such as 1,g-hexaned&o§&
2, B2neESeie BT GESHETRS, T2, 3- KBS ErRie) con be prepared from
1,4h0yelf_zh@<anﬂdinhmrﬁhkt_rvplsme grhyaolirgige;blnahpbes stighramssdiethytenérood
9%%%'h%{r'%%i%l&@ﬁm%%%&"Qﬁgﬁy'%%% YSLaHR JETREBRYERE- P ERisA Eertain

other polyhydroxy compounds suc o )
embodiments of the copolyester have been found to process easily into flexible

polyurethane foams having good physical properties, even when used as the sole
high molecular weight polyol component of the foam formulation. It has been

found that the use of the polyols of the invention permits greater processing
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5 as 9(10)-hydroxymethyloctadectanol, 1,4-bishydroxymethylcyclohexane;
8,8-bis (hydroxymethyl)tricyclo[5,2,1,02,1decene, Dimerol alcohol (36

W@ 29bah1828m diol available from Henkel Corporation), hydrog®6dy&§2006/016173
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bisphenol; 9,9 (10,10)-bis hydroxymethyloctadecanol, 1,2,6-hexanetriol

and the like. Glycerine is useful in instances where greater than three fatty

a iq.reﬁidue arg cgntained in the 10copolyester, Polyamine initiators
inCHACE Ry TSR APAM & ALy HRRTHI RS e Pi B bR SEtain other vegetable oil-
arviedtbglynlseraginesdl ,6-Bisivind vensitivityidaninamtalpyt levels is a specific

trigyeladeRang JUSA MNP AR ARSIty lene triamine,
inopropyl methylamine and triethylenetetraamine. Another

bis-3-a :

suitablgjé%?yﬁ?ﬁ et t5rtRe 1R AN NS FARetetes off ctmeinifinten rnd a
canydemghtiyniinied fytintraducingomine groitiieihe galmthan petydlunits
cQ ' € iptroducing these amjno groups .
e e e R A B R R o
poTvah TR AR Ab thedu iion compenpdipedesrieddiviam afty@drmarization
205thttinetnijiaiod oofaptundsd haviae:hothamine apdlhiydeXYMEQURS units
in thanolamy igthanolamine.triethanolamine, . .
ar%#fclfel%%ylethé?}tr()rfgkn%|1|'nge(ﬁa§1?1nda %gﬁl %.Ofa %y%t(h ?ﬁos%fllﬂulﬁﬁig%t? acid or ester
cohpth e rrdo o stesery derived Sioepaminbalesidldnusddderiben as a
Us]&rﬂamtfdgogesérﬂ)lﬁg%ﬁé,e%t%%&ll& aag i@ﬁé@éﬁﬂ%d%é aneBiiShat the
P \ Q435 7'sV\éc ! e col ter isio e used in making
elggsﬁ%%nl\é?%l polylf}regt%arﬁ)esg; g?éf‘évr?gd%%% f f:lﬁq’tiéitgors %%B%Lmatf‘s"‘ﬁl& As
paRFstRedn aume dhlkiydedere twishsr nsorbydyokpikedntriniagy fattinaad or the

SREAREFEH AN NMGIOLS BEuRIesH @roﬁﬂé@tufe Sélﬁﬂl?@_éy&l hgrsug (\i%tion.
p@gngiaréssperrco olymers of ethylfen oxide, propylene oxide, 2,3- 30
butylene oxuﬁef%fae Fam%lfhyﬁélﬁeoox?gﬁs,em‘f’zﬁﬁ% tRRRESalh PHRechpgidered, for

- PeRyegses pfithiviavgatierally haxeeatenolaiis|demireid) fitoromba oty Lbéhtaining

alpayd 540, especially from about 150 to about 3,000, particularly from
about 300 tq apoyt 1,500 and most preferably from about 300 to 1000.
They suitabi RV o AT SRS BRsyRe P2 Fipaddsrst supdytioxyl, primary
nigtdoaler secdptefsrabinegniairs ook 6408346 duyase)y| THesPS$roups

pWMWtﬂ—Q%de@s%mqu%tgf ?ﬁ%@gﬁ{?{é}gg@%%hﬁ AR%r a
Fgr ilem le polyurethane foam applications, an especially preferre
Y

BENBE RRE h 3R s e Hokatsy  dhereeidehsnathe initiator
copuiyime a@@gﬁwﬂme Fhidin#tidaneanmoie, athasspoptiimeikaklartion of
MAGOMRIEGAVRG MAGHICLHE AR AL SR LIRS PECSRT, croups
Eﬁﬁ(gtrr??gplh. Propylene oxide is an espemgalggpre‘fnerrg cO olyme.rlza%léT )

- Bl ASe re e bR rorarRbly- Jusiesied citht Etiplesmataining
oxidigadng . ateblibbelikule ighbaarsslitbDeopslybbirse. ethylene oxide-containing
PolyetharpBAtSRYEBEEN. ORI BIoGGS. 10, CORNERIRIE 8wt a1 1o
process easily to form good quality polyurethane foams:

about 2000 per each hydroxyl, primary amino and secondary amino group present

in the initiator compound. More typically, the initiator equivalent weight is from
31 to about 750. A preferred initiator equivaleﬁt weight range is from about 50 to
about 350. An especially preferred equivalent weight range is from about 75 to
about 250. The initiator compound suitably contains from 2 to 12, especially 2-6
and particularly 2-4, hydroxyl, primary amino and/or secondary amino groups per
molecule.

Thus, for example, the initiator compound may be a polyhydroxyl
compound such as neopentylglycol, 1,2-propylene glycol, trimethylolpropane,

64083A 4



Fatty acids, for purposes of this invention, are linear or branched aliphatic
carboxylic acids having at least 7 carbon atoms in the longest chain that

WO carbonyl carbon of the acid group. The fatty acid®(Fr&fae6/¢16173
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contain from 10 to 30 carbon atoms and especially from 12 to 24 carbon
atoms. The aliphatic 15 group may contain carbon-carbon unsaturation at
one qr mare sites along the chain, and may contain inert substituents such
ag’%lﬁﬁfrf‘ﬁ’g?ﬁﬁ;rﬁ%ﬁﬁﬁﬁb ChiBITFEGr B AHRBS GiNifFBHr8t fsb-pganediol, 2,5-
pressemediok carbbuteasdin, udLaturatid/S-maypimdiole Sdarghinkeridnbf and
PRinyIeRaRgRMads e %m§0§?ﬂl¥e§§er&1@m§@§£ a#}%ﬂ? nthlégpg%gfalgyglycol,

acjds haye a secqndary hydroxyl group, i.e., 20 one that IS bon toa

CBETPE, Sk e B et L P RS BEVER B oama A ds such
The s¥d0htipdyoRydreylgrtadpciatinded bishydaskpnealgaybickindt 8,8-bis
S SHRARaTpIERaLCARILIe SARANYSARAN b CaboilC ;)

acid group, because secondary hydroxyls positioned more c%ge?y? to

c Ieffam Sligkst fromperabivahchipirasTanisdtykirehanedndsdsth 1y-bis
dW&&meﬂ5ﬂdﬂmm§ﬂﬁm&§n&T B&hﬂ(ﬁjﬁfMyﬁﬁQiﬂé 'h*‘g useful in
pLe 6 rhon.atoms.removed from the carbany
carboar?l. Th%ﬁ%o%%%%%%h?&e&g%§dr%%%yl 5?%1ulﬁelss on 8181% ne% in the
cG&?ﬂQ&ﬁW’&alculating how far the hydroxyl group is removed from the

carbonyPelyehninebuiriteatas ofidl €@ebostig 18R CRlRRRhe FSIRIPENS1diamine,

detiv m the secondary. hydroxyl-containing fatty acid may, 30

cggbs??%zéé%p to %L%té%%g% & (% qer é/nits Elriahgéacgélﬁb)%/?é(&%? AltdVRamRNPethyl
pbrirselseriace sthisammsomyslphrxanssivdietionere fattjaatickth AtisSrtamimspropyl
PiREA1Ee MDA RS RRuBi s GARERINEBE BY SHAHI8 SRS RSt ator is

cases. the ester. unitg derived from the secondary hydroxyl-containing fatty
o e SO el Whelh SRl PR Btiocucine
copERResterprsectho wplegher apilsoReormvmBBEdcsrizhbid abihe eMethods for

Umﬁo@&c@%/@ﬁése and{ddres6s QM%HKQ&?W%‘QQQ&%'T@“%@FWS@?Q@R No.
syit &Q})nst te aboyt 1 to abqut 95 mole percent, preferably from 1 to

8 ’%%Ile Bercent and e BrRIAHRT 9655 185%B 0 heofangbrestpy Srithgontain
cemisiaetPnpber of primary- and secondary hydroxyl-containing fatty

acid unithifutie CRRANESIINGIIMARAD RUHOXYACUREN s RIgEabl

at Ielaﬁt 5, gref rahly from 6 t(I)I 16, carbon gtoms re%lg\%elégf%))rhigﬁgxy? gro}%ps
cHIBSAS EAPES B Bhe Relamine, tripthanlapine, aminesthuletknolamine
twodttheblsr more hydroxyl groups. It is generally preferred that the fatty

acids cqugip oplyeaisingle.ydr E cids that have multiple
hydroxy %% ps tend tQ prgducggt%g%{é%%% ilgé%%ol e%é girl% tt‘?e(ftFyoaf't][(E:tlrﬁ1 ‘%avaendl
oRSeHyRaR

RAtfetEhat e sS Thriieh Dot Af L6iRddn A4 R Siandy SHbids,
cemipfextishPrtenidNe. Eaty,s05ds having only a single hydroxyl group
tend to {91, ing.functionalities and branching that ate
established b%%yggg%ﬁqgﬁ%é ﬁ%gcilonr %lg%hlpngl? ne (SIS %?sy%%%gqu% a
tPaplerzeddnme nfitnifintor eompenntisip erlurthes horting aoagesags o 3gore
niyirpeicenimprsfarily ?msaqgabagt %ﬂiﬂi@b&@@@hﬁéﬁ AbeARCERABIR Kich
of residues of fatty acids that dp not contain a
B B O e o AR o Tl e, 2,3
p‘\elegélﬁe% p&itles totramstlyineerdoxyhitivese thargobfand HupbkestBolseiher
tan e geMepiau v elokidksing theipRly meHZatinn P18 eSS anSENs 000,

copalyester may gach ain. fro 20 or.more ester units derived
R i S RS Tk st Rarasti o b o abont
nbRfiSerngf mgethpesterabhitiomsdiect 80Qdg a009 \Titleytiseitnhiathawufbrihgiout
tizereamebiestehyaalluidoah s Ber ancldaiate Rl ATO 02T bl ithm 2 to 4
copolyesters having a particularly useful molecular weight for

polyurethanes applications typically 25 contain from 3 to 12 and especially
fr .5 to 10 ester units derived from hydroxyl-containing fatty acid(s).
Particularly preferred copolyesters contain from about 1 to about 5, more
preferably from about 1 to about 3, and especially from about 1 to about 2
ester units derived from a fatty add per each hydroxyl, primary amino and
secondary amino group on the initiator compound. 30The copolyester of

the invention can be prepared in a one-step process or a two-step
nrocece In addition it ic nnccihle to form the cecondaryv




In the one step process, the initiator compound is combined with the fatty
acid(s) or esters of the fatty acid(s) and subjected to conditions under

waieH 18I mitiator compound and the fatty acid(s) polymerizeRE¥ArHa09&016173

10

15

20

25

30

35

copolyester. Suitable reaction conditions include an elevated temperature,
reduced pressure (to 5 remove condensation products such as water and
lower alcohols as they form) and the use of a catalyst such as a Lewis
adhIHP o FSMP BT LRSI gehhsss, Wik Ml dreRaasnamispondary
fohydmxiylgzpotyesters are suitable, with the proviso that reaction
temperaiesqal, pui ainiaingd elg rout 190C, and preferabl
below 170C to avoid %Z?hﬁi.ng actongs%onﬁ\“tﬁeaslé)gghd%rfy?LS(S’ e%gﬁ% préferred
hyrIgsshes kel dpitiator deiashamemghienes efpeihiens osidr by dr applymer of
reettijdsnenayide chservee, sesHbrg stieeloss lmdraplgrouHMers, having
s g&r l%ydr l-cqntaining fatty acid molecules. This limits molecular,
e D P S o

cAtRsRIRRr R itrTed (crReigeRitallauRrItess tHaeralymers igefesablxFaptain
predesadalybel Qrdigie 28 Tonk Gokidd 4@ -2-50kP d) isrdigtacosirhbsiitabiepese

alth h higher pressures and even atmaspheri¢c pressure can he used.
Tﬁ(taﬁlgél%% io%x}gieéoor?gﬁlé}lélﬁ f@f%’%ﬁ%rsb f‘l%?e(r’l Stoﬁo%ﬁdsge%pﬁ)l}é%te?oofpﬁ?gme
deeopelyestayrebaiporasadstiida fnmesendornpiticebbiureim e doddiours

is} ?_ ener@léy_tgtﬁéiaégg&r %u_’&tﬁélyé‘s B@Mﬁﬂ%@ﬂﬁ@f@&%{'}ﬂ%@%&ﬂ@d IeBphatic
(0) WIS AClds,, | , partjcular - O titanate-nas (0] merlzatlon .

o e fienas havib atdeast | caSbhon lome dn3GA PGPS PR fhat includes
5 Aggcaihbnyl¢asben phtbawsid 470884 The fikylasdesreferdlibhcantain from 10

NGO RIS GEGHL e (RSIEA1y T WORPT181R6829ALaIYR (P ME%PE ¥REDliphatic
together or secgJentlall A typical amount of catalyst is from 0.01 to about

Y, . 1
5 BESR APF AR NRAR JRERIHIGFRIR FRRRIFALR A (OPTcaF AARBRTtSEiAlpng the
frohmilb abbutad. dotsOreheveigilistidneeit.such ksthal apesEartitabads cierine
fagly RCiR PELRING SRRAS a%%%&%é&%ﬂ&fﬁéﬁbﬁﬂ-@m%ﬁ%&&% g&{?%ay

or.in two or more increments, If'a mixture of fatt)éacids is used, t
VRIS R RS R EstieR o R RESEhrost et ore FhrisaBelastEixture if
desired, Air ?dsieml ma@oamfaihe ifaeuyyaeiﬂke_hasé) a4 b@md@fyoﬁiawiﬂcé‘ioup, ie.,
(estead AN IS0 R RO HBIAIAEIS S S00Na Y
hydroxyls in the copolyester. In cases Where_asfatt acid (ester) WIthOUL
hyaF8RD &P s To e sere et Breaspu arerp A handasin pierrh @matpm which is
teamlsist 5 carbdn stviie esmhvdinTestis ke sopahiasitionay fhaverbaihic acid
S hydroxyl arqups. Secon hydroxyl group formation is
R e Ol L s g
offecnsaga AR iy Sidadrassiomitafermigy dicdactenssrayeinarotitaifofimptise or
S%m@wdwd&%wéscommiuligcfﬁtm?@idg(ﬁsf@fﬂdﬁéféﬁgqg télfﬁ@f"l'f %t%o_uﬁ 16
reaction. Secondar roxyls can also, be introduce alkoxylating wi
Y B e e A Aot the
cdp@yvsﬂﬁérm iabendasi i corntedyimydlenlptin bpw. fritharntdydrpkgtoup is
grRRSERR-GR MW&MBH%HFB}]& mmffmyﬂsgi%%%a@&gn%é&ﬂ

units intq,the copolyester.through the use of primary hydroxyl-containin
fatty aci%lf%é'sltlers‘c}. G 85%%%? B?ﬁ%\%ﬁ@&',%?w hronisidmedat eid may
fasereiet iy (1) deidg@h ighﬁrqoﬂspﬁxrﬁmit@fiprithargopmkgmcomawn'_ intjvely, a
fafrasifot GHestess L U S8 LORNNARRLS Y HRES 3. AN thiR) L5 2ding hShary
primary hydrox I-cont%l m(g fatty acid (ester) towards the end of the
refé’é‘ffé}/ﬁ?qﬁf Pyt %I 085?»}%{1&9 Y RerSd sawrsy dkawshasrigivithe ester
ethyltndeoivietk from tHelesolatane ydroaylbentaiiiic) €diin seidemhyveystitute

in [ [ QRO I Injtiator mpoun 0) % 90%
in?lt%i 23523?; %B;%S@\%ﬁ?ggtﬁ 1%%%?%%1 %&épé&géﬁé gan]f U sﬁtrjltgqt)#é;’rg a{uv%‘) %

arfyGr? %f@’raﬁ%t?&bﬁ@fﬁ’é%ﬁﬁ- and (3) adjusting reaction parameters
such as temperature, vacuum, time of reaction and type and amount of
ca?fgﬁ/?'s In general, increasing the ratio Bf fatty acids to initiator
compounds tends to increase copolyester molecular weight. Fatty acids
that do not contain hydroxyl groups form chain termini and thus limit
molecular 20 weight while also reducing functionality. Therefore, their use

in increasing amounts tends to cause correspondingly lower molecular
weinht connlhvvectare to faorm A ratin of abhoiit R t0 aboirirt 10 molec nf




The two-step process is similar, except that the fatty acids (esters) are first
oligomerized to a desired degree of polymerization, and the resulting

W RHMEEare then reacted with the initiator compound to foriGk&/S2006/016173
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copolyester. Reaction 30 conditions are generally similar to those

described with respect to the one-step process. In a modification of the

two-step process, the,_hydroxyl-containing fatty acid (ester) is formed from

an unsatOrBt&F Py réﬂ’[ﬁr&n%' draionsathinda ety iacidés), switahhe constitute

rezshtibd tdigboné9benulp swbsaduperdfyreddy fecnwithdlse intieireattpridndore
r Gl ' | Qrexample. in 35

O S, SRR B (AR o L PR anc

hy 8BRS SRR rantrining fatly asidrimity dnathe sepelpaiercaemprimary

atioyrsoxah gyonefedablyretatdily fsomedad &) pe-paHbdn A6aStd N8S&IBHY atoms

asida ed £5ieineaniin A SN Adorssley oroup and an acyclic

hydrocarbon 'tail" which may contain inert stitution such as halogen or
nitro, 5 ABiEtE s HBRF SoTtRE RRE JEERLideR B Teay eyl grenpe. It is
mgmesitthy plefarhan thatbiie WaetUAESobiREALMI} 6AERMNCARMYT group.
d condary, hydroxyl group(s) are positioned aqn the "tail"
T e T P B oo e pebed
orERAbeHiIE thrholer drrranhigherokydeomiafingitaaliteid (Bbter) isolecular
Emf:mbiysjife/aeumjrma e@éw@&xa%facwfmmeg%b#ea@ihgf%%m'only a
at, Asnaturally-qccurring, seco ydroxyl-containing fatjy acid is .
rigﬁgfgiqhg(c%&%@/h%ﬁ‘}g gatﬁ %a%%ﬂaa SRY PRI EL A hAD R Jupctionalities and
cRussabingibat ase pitabliskpdhbinthe ssdeition efiitieihiytroxygbgnoumdisdhe
12-positiets ARiSRBISHIO BRI UER 8RR B Rl CRRSHINANLIBHY A6 S tion
in 1(iasfor Qtl)|d Igsga/%ggenggeql counger t,12- 15 h dro:gloctadecanom

alp ARy SESe REEE B ﬂf/pa% p‘éﬁe&obﬁgﬂ% Qenalngercent and
rigfrsramdlzcia. Rnahoet Abturelty ercentingf sesthaaryfhiadtyadido thainidg not
fgiiasitd hiRaanaArelicacidREkAsbudrautondes USIRIG A RICH their
constitutes abput 55-64% o{ﬁghe constjtuent fatty acids in lesquerelfa oll. it
BRSPS RGeS 8T8 o e IRRRRE RSEBAHBIoL e morsiperiemAnd to
hymwtemmm Tetighddiaisingthalsareepiepine drvass.unsaturated
fatty aC'fiﬁé%b%gféQm WRIELAH O5RIRE FRIR LI LAQURS tx)'ounnqm(:jr UFived

may be achieved by reaction with aqueous perchloric acid at elevate

teRABL PR PES TR R R L2 d (repripaidn Gesedlin dyepeumber of
cenchuetber undisrisselditiahsotieshdhevitsthingitieso sy cBARLRI BRL 56y A6 is
PQIMI&LZSS ©028 i ﬁ@fe}%qw%_ﬁs@}%iszéwet}ﬂ?@%n %‘;’IV)V ygs% an

"estolide". Such a process is described, for example, | a ent}ﬁgl.ng 2

eRTERT In g i mralestlar weagherfwimchusstioges 2pRliyadiony1o94ally
Oleitaaidranhishthak2 aagdreepecalBom-e0uble bonm alsiae AnkbkRRSIVED. A% m
St ] e f %l FaRso c'g 3 9 or % e-rp Iroxy oc adecanojc

af:%&égf%? f?\)tg%%gﬁ(%@%?re%% ?g'n@%‘#eﬁ%géﬁ Bs g coe&ré?p%% ST Bifgan from
anbeubyhirbeHt Sonmr prshrakivclionathoufit tribswblarmbistoinlly from

Vebeiablmdlﬁ)?fw&fe%ﬁiﬁifﬁ dgixﬁvaﬂleﬁsjm i@{éyty ?@f& lpag ggﬁtﬁ%alrggg &.@iﬁcllary
I.type of secondar roxyl-contajning fatty acid can be prepare
Qﬁé%%ﬁ%‘g%eﬁ%n%ﬁ%%@é q‘éﬁ'f <'§1’(\:t;i(:ti%s‘?u1 1 @%@lggﬁy jith formic acid
under adikpcarslysiersifohethibynsioponifidatiorensittldguemsshaser@eshor a
Mieibottp HFRHEASS S A diaeHPad id B RXBRPIS. 10rk: S PARAENG- hydroxyl-
sz5 331%&3' ;l;tgjcs ng%lzod |%Caf)§£|§|)cable tq other unsatyrated fatty acids as

well a8 olgic acid e s gsteny Monp sty ymsaturated fottiacidsdon esigegand
faligaefdizaibinca sidewthpnbidowedihytreaptiesenith tiainiiatystonpbas to
cehaltiie ppipearily a 5 dinydroxy fatty acid. In the case of soybean oll,
the resulting product is mainly 9, 10-dihydroxystearic acid Methods of
making such blown soybean oils are described by John et al., J. Appl.
P&M% Sci. 86, 3097 (2002) and Swern et al., JACS, 67, 1134 (1945).

Suita ‘?e primary hydroxyl-containing fa?ty acids (esters) include 10
hydroxymethylated fatty acids and esters as described in WO 04/096882.
Examples of such hydroxymethylated fatty acids (esters) include 9,(10)
hydroxymethyl stearic acid and methyl esters thereof, and other

hydroxymethylated fatty acid mixtures obtained from vegetable oils or
animal fate Thece nrimaryv hvdrovyvl-containina fattyy acide can he



15 methylformylation and hydrogenation process as described, for
example, in U. S. Patent Nos. 4,731,486 and 4,633,021, for example, and

WHe@@n8s§882, all incorporated herein by reference. The ranWPaTAte3606416173
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an unsaturated fatty acid or ester, or a mixture thereof, such as a fatty

acid or ester mixture produced from a vegetable oil such as soybean oil.
Aldehyde (-CO) groups are introduced at the 20 sites of carbon-carbon
double HEhthS itPfh & FRBF o (ERtdRtigth EomRy A dsronpined idhnthe fatty
matiifls) carboeecalbibie dotiplecidos) chaitasibjdesedoseadaiiliyahdge AREEN the
SUBREARY Ul LRNPRIG TR MBI LR WAL SR RS MG
hydrogenating any residual carbon-carbon bonds to remove essen(ﬁgl?yV al
carBHALFRRitiOR saRdisiosn indwdaanalayatedsieny apinsemgureesyressure (to
gresipsrake eiistitieniiahue shtiR iy alhtacod lageyeualadions #heHrm) and
animal fatsy '”CB%{P%H%'%&cﬂeéagi%%qg'gcig%“'98211%9&?':0%%‘3931% fono In general
(stemic) acid are constituent fatty acids of soybean oil and corn ail, an%ong ’

oteHJeatabreasiionr aeditions e fumsralpoliastenblarsy swjdtyzinigh the
the:60ise sRaNdbag R \eaahatael arasimabiptmyhichisaraiy asisht 190°C,

triglygeride. Fatty acid esters.are obtainable by reacting the starting oil or
R e e e i SR T

thbydapradsonidingnatisitorasidshyhb digher termasaisteniiicadichydBdpenttiacgiion
ondhesrsidsreef tha.falty acidintSsHayeR 8ntaitas keANDS hydroxyl-

without modjfication as @ mqnomer. in.the copplyester- 64083A11 forming .

e SRAIBY (R BB BTN Re LS RS TORISES AEnh AT S pp tonanty in
sciboredpelybstdronyd glenjpdraduides carbovearhopomsanoaticoub eabondnf less
Faibyasirmanteelers Rbigineckdrany o ly-ar auying els 0F 5128f&pa), is

generallé mixtures cci;resp nding to the constituent fatty acids of the

StEFRRER B iatethir, fEHRR BT R TR AT R AT TRRF S dgRssure can
(ebeensydhdtlze erasstivn fsrctivd woiednfoornithadesifeldst ratibuildeafasppBeidsr of
(elersd A RIS HSE ARG BIRGE AN MENAME S A FEACHINS 196 WY S rs i
modification gto impart hydroxyl groups and/or remove carbon-carbon
dSSBRAEIEER MY ample). In cases where the fatty acid (ester)
componé&nisadie polymadetivabletsdyins theshild mayhipuofiadand/ids, in

Dlgaesinahe; AN i3 I8 hialn

" gz%sa & Ise fﬁ}tc%ma Ee% of such
(ester) mixture. _Thus, for examp tty acid mixture optained
SR RE Le5stied A Sl D aiRHo VAT SRLEIS ERIeRiCHREINS4 the
selietloaiyeh ydrobidhgios ncbiprarbivngd A \rafidn @l e Pwd it uherefcatalysts
satur. nd.unsaturated. di- oxyl-,15.cgntainin d )
A S S L LA A triaom 001
witheitk furesesnbRidihe Striehtref menamgnheish sonestbmistlinadnyt heiog. from
Hansitey.1theos seigk: ketibyilroxy-substituted fatty acids tends to impart
a small amount of branching to the olyester. For this reasan, it be
desirablentc?ggcﬁ?gésfﬁg BFS%SFﬁE%"o?% s%%i R Saﬁ%‘i]t(i)g%ﬁf{aﬁagyt%ethe
20mEateats ab ertieiseniénpeypbrebin SvacH Mgtk dxglessmttining fatty acids
in this MKW RN AI0.6RBTOLSAN AESIRSOREHIAGIGNBAE) may be
fun&tiioyﬁli%{ It aksotma;y be desirahle tog_)r vide 3§ngfe fatty %%ﬁs having a
ey 1oy AT Sk era L destiad G Addadas ety gn Jgy order.
ex&ire pieslemof) fotty seitlife B ihadditicu ralayr ipfbrenses tipuifiqd tion afpsemary
theepgis Qlﬁ%ﬁﬁ%ﬁ?ﬂ%@ﬁig &l Eﬁ@%&l@é@@quﬁﬁ%@tﬂé@@mﬁrﬁcid_(ester)

n

alcohols; and/or hlended with a primary hydroxyl-containing fatty acid, i ]
oriEPES S BIREPACH (e Tentigs: trsidiss setloform chain

atteibuibess. It is also possible to blend different lots of castor-oil derived

fatty acigs (gsigrsL i len e Wi Aotherae6oRdary INAHROL MRdary

caontaining fatty acid. Lesquerella oil-derived fatty acids (esters) can be
pUIHERRET BeitRfed SEAPOGHE redip Rl GEORP SRR e WhéR using a
these fatty acids (esters) are hydrogenated to remove carbon-carbon
dc?ﬁ?ﬁ@Abonds, the purification and/or bl(§nding steps as described can be
performed prior to or after the hydrogenation step.



64083A12 Fatty acid mixtures can be purified by methods such as
distillation and recrystallization. Distillation methods take advantage of a

WQiZeesa18Mm boiling temperature at an elevated temperature EEEEiRN6/016173

10

15

20

25

30

35

pressure) between hydroxyl-containing and non-hydroxyl containing fatty
acids (esters) in the mixture. For 5 example, methyl 12-hydroxystearate,

which is produced hy hydrogepating methy| ricinolate (ohtained from
R R T AR R A
is addsn{esthrpreddied @héedasgtdheilstatiydacid kptevsyhenivibge fatgd acid
basiah ~Iskkizaundrs hinse.eanditionsdhis kAling oM RemiLEJIereNss be
can be useéii&?'s %ﬂqe basjs for a separation through fractional distillation. 1

(o)

HORER S oG HEREEH RESRTHRg e At e eligh L Al iens sidiures
can leaditoaibéryereiodimentts, thie| ospobfriee hipgrhxyt anainlyapedonyatidnoxyl
of Jgaturplian, stallizat e ; itable .and hav
théag vantage c];? ehm loying Iowerk%glr%ef%e?%ibr}go%?g@g%éﬁl%%ﬁﬁ n&-;roxyl
dFGRBERe AReR invie e feppbrester tRrenah#hadisrs o rintasinby droxyl-
sotvetatiningdhrenadidx feseeis). InthehodhgacitiiasioNydisiyleroup formation is

HYgroearBOMS QNGRS %@ﬁ%ﬁﬁ'%@%&?%‘ﬁ% gﬁi&%’%ﬁ&g B8y acid
he

suitable for separating yl-containin C rs from

ndRsHRyat Sknies fhsirfoRy Tondlesie amd (e dins e nmageaisbyideoxyl-
usedtAnnghtionciagl qbiba)atly adislbstend isrdissabweddn. (e selvetiatéyls
SO hat elevated t efature (such -7(JC) and the mixture cooled
to ‘!Zyg \%ﬁr%%’g%ﬁ\fg"ﬁ%‘é’eg (Zgi r%%?g%%%gdwéﬁé% réen(ﬁ g)’fflaﬁ%d crystals then

may be Weltratppeisbican be senstidleddrbsevernbvalvef editling <dheelcting

iNwdio 2ot fatGPMEMAab SieNARS LEMRBIRIUI]2) incliignsORAE I8 ASithout

descyibed before m e alkoxylated, if desired, 1o, introduce polyether
o e e R U R e e M hedipesent,and

arfithatiesting aeprioactionmitersrancbris sm pritvaey wvineg, foltloevefdryction

h)&'{@ FARRLIRD aiﬁp‘iﬁﬁl BEBakasy B dfﬁ@é'n@_i@ﬂ Qﬁc‘f’gggiﬁéj mri{a?iromagaaré{ds to
amine groups. Primary oy secondary amine groups can also be introduced

by capping ‘?’ﬁl@o@ﬁ% %ﬁé% % e oﬁ%&?@?ﬁ@&lﬁ%ﬁﬁﬁgﬁ; dity acids
thtlrnt davettieng e teydrioval isooyenfatengrioip s amintradd cbdd dimiinolecular
gr%@ﬁhmhiﬁéqmw %W%ﬁlity. E‘B@r@ﬁa@@,‘yﬁ&tﬁr Qldhg, increasing

invention may _have an equivalent vvefi;?;]t of from about 400 to about
1GBBBHF M98 R Grafs: CareRADIIRA RN RS HEs e orpolyesters to
edpwwially from 500 to 1200. The hydroxyl functionality of the copolyester

is preferably;frr.86eLs 1 SRAGH 0.3RR4
3.5 _hydroxylt64083A_13 g?oelggtgfe‘ﬁrj%%cﬁ% ré%?gg%r%%%gﬁ%a? ulevi%j e%lst of

arBHETOERIRP B0 3° cpeErilyy Tritable ey tarepiing a qmelzetien éuaise in
ofptbiguiratbatienasplisefiddar hakirgdholwieshaties SeperdingfaRd ety acids
CC{QQXI‘%ﬂEfeM@ﬁ%ﬁd"b‘?@ﬂr&%&%ﬂ%@y and composition, it 5 can be

used to make a variety of polyurethane materials, including rigid cellular

and nond8ItTArstERBFASRSSS Alrdlanaxesat idwidhe Gitpaciisdleriges) are first
adihigsiueszab asontdeaiidd gl of pdyp@yidseihanmanppicasimals oligomers
partic int t is. flexible foam. as that application represents by far the,

|a%§é§%%r%§ﬁ%§ﬁ§ﬁ%f¥g%&%ﬁ§a g comionnt e Ty thidconciyesel Reaction
pSRRstiPRmarfoBtRIE NI sbilar dacthegeadsetyibed rwislysbenpetute thiehoae-step
lepgdcene q&gari%bmmwmyanﬁie %_%E}B%%i&@s’é GH«ﬁ‘@&*_&I‘@Qyi&&@aining fatty
presence of a hlowing.agent. e polyol or polyol mixture contains one

orarcﬁ%rr%%?r equ P\f}grﬁgﬁfgv[\}eﬁahlflbs&tfgﬁs?eéﬁ%% #ﬁ%c%nfisn‘iﬁﬁo&? R gipele
thebeRy et the yeswliing pligeneant hengeighsquuiyoly; iteactadamith podyolitiator
hayiagoantueitasss: batiraskARRHINAS el Al MunbRaotDERXsle, in

primary. amine a condary amine groups on the polyol molecule. The
ccﬁ%%ééée?grﬁg’yrggﬁt%go‘;s}’me high equivalent weight polyol used in

64083A 9



making the foam. If desired, however one or more additional high
equivalent 20 weight polyols may be used together with the copolyester.

WEAItaHIBRIch additional high equivalent weight polyols includeGIdlipataen16173
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polyols and polyester polyols. Polyether polyols include, for example,
polymers of propylene oxide, ethylene oxide, 1,2-butylene oxide,
tetramethylene oxide, block and/or random copolymers thereof, and the

like, which 4215 Resurderh PR TRerrRiRf RS 525 ardandysterndave at least

presenceadian sthtey; aarh poafachbBf @atkidn |Aointe et awgﬁyﬁpﬁwhen@hese
Oty NRHONAMIMISES: ABHA CORAMMRIP OLBIAPUEAS I AN an acyclic
ethylene oxide in which the poly(ethylene oxmie) content IS, 1o example, ~
froAspaEP A daib IThish oas, AriRiR: sy RebetyRden caspeg halogen or nitro,
paly(fitepyedebefice) (Tlyrhgdscanshaihsdsi exﬁx'gdeoﬁe@aaﬁlfa&dmaie sites of
cQ I propyl oxide.and 30 ethylene oxide. For,slabstock foa
R e AR L M A el

SERSPRANFY HYSoRY! growmi® ser resiticnrs andhaviaiiines deashitiet cydightatoms
paehisetsdrbar ohpcafiicam abbok é@&&m&ﬁw@ﬁ%&&&ici (?l][y from about
800 to akeut 1750, For high resiliency.slabstoc olded fogm i
applicatigﬁg,sgﬁ%% Bgfyﬁgf@eor}?’%?g e%ééln cgait[fgiﬁcﬁa‘ﬂl?,e%relcﬁémf’ 13b}% Seftyed
35pEmAHyEREYyicesips pegatiblecoib ematimed fat-eqbivaibralieightrring
p%&ﬂ%@f\ﬁﬂdi‘bﬁﬂ@&ﬁf%gﬁ@ %@Wﬁ&%&%ﬂ%fgﬁl&WB%m}g’an 18 carbon
especially from.gbpout.1200 to about i polyether polyols may
coa[r%?é?n %’t tear%ﬁlgg Theatufa %’ﬁ1 ﬁ%ﬁ’g?a%oﬁrﬁelegsgé‘éhgh %‘629 RegyRpprand a
lebsdraylo Douncy hhe i pasitivose Mhise assthgostialted dbutlicStetal the

CyRRidaBlY Chagtaluns. as dasesibeg)for Q@m@r&%g%% ;’g&g%&mt, 12-

3,278,457, 3,278,458, 3,278,459, 3,404,109, 3,427,2¢

3,55‘5',@? ?‘i‘i‘*f@,‘é’i‘é aﬁiﬂs,%ﬁ%%%ﬁ%&eﬁﬁ%o}ﬁ tyBRAIK, deRared by
abudrosenatingytigielgic peidmcleotherandthzaléy ancagtinglendndaighhpéroxyl-
hydrxyhigio ol abpud 400u208 Rl M PAVQISOIALoNS SOHS MPYwhich

e
arly poystated és formchHibpitriey fafgraojardidles in a polyol, typically a
mﬁﬁ%ﬁl{gﬁaﬂ?g@ﬁﬁ%@m@yﬁﬁsﬁ@cﬁ@%ﬁﬁe%é@ B2 BAlENed from
unsaturated fatty acids by reacting water across the carbon-carbon double bond.
This may be achieved by reaction with aqueous perchloric acid at elevated
temperatures. As mentioned before, this preparation method may be conducted
under conditions that the resulting hydroxy-containing fatty acid polymerizes to
form an oligomer that is sometimes known as an “estolide”. Such a process is
described, for example, in U. S. Patent No. 6,018,063 and by Isbell et al., J. Amer.
Oil Chem. Soc., 71 (4) 879 (1994). Oleic acid, which has a carbon-carbon double
bond at the 9,10-position, is a suitable starting fatty acid, producing a 9 or 10-
hydroxy octadecanoic acid after the hydrolysis reaction. Oleic acid is a component
of olive and soybean oils. Other unsaturated carboxylic acids obtainable from
vegetable oils and/or animal fats are similarly useful as starting materials.
Another type of secondary hydroxyl-containing fatty acid can be prepared

by reacting an unsaturated fatty acid such as oleic acid with formic acid under

acid catalysis, followed by saponification with aqueous base. Such methods are

64083A 10



In addition, the polyol of the invention may be blended with another polyol
derived from a renewable resource, in particular a "blown" soy polyol as

WQewrid8®15 before or a polyol derived from a hydroxymethyR{i€d/fat6/016173
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acid or ester, as described in WO 04/096882. The copolyester of the

invention suitably constitutes at least 10%, at least 25%, at least at least

35%, at least ,50%, or at least 65% of the total weight of all hi
edlfRabAiEgRPpRlo R e - Rarat Nante é;%?ﬁg rwmmsﬁx%@ gpplicable

copalilestensmbtiyaiedstitijer dd¥memwrlbae,0858@cad more, 90% or more

959% or BRI REARRP 4400 e D18 B LA P EHIAMG IR e roacted

weight polyols, One or more crosslinkers may be present

fleX iR ROEFh 35 i ERePreReatan oh etk h el givahedt wefgm pmyeﬁsﬂy a
datitgiesyhbaveadifisis gartissy mxgdm@ﬂsﬁ whe Beswdisigpiidh dem igay 9,
slahs ed foam. If S U|ta le amounts .of crosslinkers

¢ 51*6 &%%PJX%?AQ acl I%StHo S. gqht S gla?lu(l#l % 1? are

rom about 0.1 t out part Yy wei fom apout Y. 25 1o
apisseabsh b Sghwetgat, pbrAmd FabgrbySeie bt ?rﬁgﬁ CH0Ratad: Syesghtet al.,
pads, 67, ﬂmp{mpgﬁes of this invention, "crosslinkers" are materlals
having thye: mare isocyanate-rea ctive | [oups.p r molecule and
equwale%?v%gl)gg%t Bermfdyioc anate- r%létc n%roup%%f Igg'éf aﬁsﬁffﬁ include
Crashirkeetbrlstadbigteo maidsiront 3e8tarspesiaigstuibad3-ih h Jle034(096882.
PrERaRLAEING O6SALORYRRY:F IRy HRAPSERS) MRIRGU I GakdshaugRBe 9,(10)

equiy alent weight of from 30 tq about 200, cially from 50-125.
Ean IS o v% italSie er6ssiiikersih Iud@%?@'&aﬁ(ﬁ%ﬁnéh‘?ﬁ??rfroeﬁfé@nol"ther

arhmommtémrbltamﬁaétyrmnbndxtgrwl(@mmdaﬁm)mamgemlglyodmm Sfimal
trlmé‘éhwM&@%&d@?%ﬁ%@%&&%ﬁ@efﬂkﬁr QHBLAObe pre!ﬁﬁe%sgy a

poss%‘ggo use one or more chain extenders in the foam formulation. F

pURSSEELBPHARAR 8RN dXo8RRA R R0085Si % drraabed-Hat FrrRde, in Y U. S.
isdtapematNosadiial gla papet, 638|021 efan ceinadelivalen W@ gi1(9e882, all
ISQEYAPAILLR ARG HPYOILIRSS WA 400 nﬁ&eﬂaﬁ%fﬁqms%%u%ﬁéa H8y acid

isocyanate- 5 reactive grou ps are preferably hydroxyl, primary aliphatic or

arBesH @ TREC Hhiaar) ShPhatie Gy sRtmansrgssroduced from
Repressaliddiv oluhinesdghadersiln aiﬂxt&ﬁibyleﬂﬂcglgmhpd iethera@lyeat the

1 gﬂB'éOW @}ﬁoﬁmé&%ﬂ'%r&{%‘!{éeﬂ%ﬁ tltlépf OJEQ/ e ac1 sr%etgglen?at acid

diamine, phenylene diamine, bis(3-chloro-4- amlnop eny ane an

2 BTOVRM R (TRt PPls| rarkoneatken (deubla (benferiters arBhgpehkgauent

prhﬁéﬂigunaﬁoalmpr&)ﬁﬁtéﬁahﬂglaH@ @%&Lﬁsﬁﬁ me@ﬂbtﬁdﬂlcmtﬂzm groups

a | arts ulivalent w
%ﬁgig&ggeg% (? ny eséuglrﬁar]i)on cal('FP%hlt) ﬁeﬁ)s‘ﬁ) éel{n eﬁglatﬂy all

polyol. Chain“extenders are typically omitted from's
reSirepR B S BER9®mulations. The organic polylsocyanate using

in makingdtip pelisreshang feaRomtalyRokslaRehiRalic ROMBREARALE most
aromatl |soc%lanate cré(l:log\ieoh tic | ¢ lmgﬁefag l_llgfgt ﬁ ?chnggg%ecanm

Exempﬁa po |so§ya 1es NG df’amm ene diiso

tolprisutiE)ag é&%@@l@dﬁ%ﬁ@)@@dﬂﬂ&@%ﬁt@m fatty acids of soybean oil
naxarusinyinessaganesagalmisliamethylene-1.4-diso-cyanate

cyclohe iisocyanate, lylen cyanate
naphthyle rl%ylég: gusocyagi%%aﬁn}(eﬁ%%’ﬁ?? Yz%’ yzing the corresponding
2, Hegititakdy o arcaiverd folrretieinis-4 ﬂl'tmlacldy@l&h@%}débmym}esters are

d'@ﬁﬁﬁ?&lﬂ&%ﬁr@a&ﬁ?%@&aﬁﬁ?&hﬁ%@t@ﬁ@%%@ 'alcohol such as ethanol
3,3 dlm ip 4gusoc anate, 3,3'-dimethyldiphenyl

m%’fhgﬁ %lf%&%&f’?&é‘}/ HFy ?lﬁﬂ’@‘?‘?ﬁ?ﬂ?@fﬁﬁn P’]rs%%‘ff‘lﬂ’é egter in a
pdtsanmtymﬁ@pdypkﬁegﬂmhngamtth@hﬂﬂmmwénﬂﬁ ffstrasicyanaier so
angl gl me sy Py RetIA Ss0u%h 5 e S RSN A SRR e
the polylsocyanate is diphenylmethane-4,4'- diisocyanate,
diphenylmethane-2,4'-diisocyanate, PMDI, tolylene-2-4-diisocyanate,
toellenrg 2-6-diisocyanate or mixtures thereof.

D|p ylmethane-4,4'-dfisocyanate, dlpﬂenylmethane 2,4'-diisocyanate

and mixtures thereof are generically referred to as MDI, and all can be

used. Tolylene-2,4-diisocyanate, tolylene-2,6- 30 diisocyanate and

mixtures thereof are generically referred to as TDI, and all can be used.

The amount of polyisocyanate used in making the flexible foam is
commonhyy evnreceed in terme of iecocvvanate indevy 1 e 100 timec the ratin




groups to isocyanate-reactive groups in the reaction mixture (including
those 35 provided by water if used as a blowing agent). In the production

W@ MEMIonal 64083A16 slabstock foam, the isocyanate inBEX/47ieei§16173
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ranges from about 95 to 140, especially from about 100 to 115. In molded
and high resiliency slabstock foam, the isocyanate index typically ranges

from about 50 to about 150, especially from about 85 to about 110. 5The

re ARG FERETSBy TodyRhae priHeloat Jreathpbritive forfid miimer or
covedomdedyihythexylasenpe afdidolmainge agesin-Saibahl dalsl ivmdgents
include qazgpaaHhAR ltoRUMIERl HERLARLANSIGALAAY B98P axe
such as various low-boiling chlorofluorocarbons, uGrocarbons,

hyRoa o RSP SHeP TSP R RS Lor (B coni ipa o BB orridsarfirigdovieating
zewtyicibh| Warthingzand chatehd tadepletiompoientials ara1preiesey that are
a t ' ' nts. Chemical blowing agents that

o L Bhe U LR g e et

reSHE6HYar&ithdo A SMOPamPrar tha eRetsmsecter Bl nmedifisatiing(egimpart
is hmkywmgemovitféiﬁw@mfe@é@tmbl tagma}:semrbfgf* eigxe). In
a realinkages. Water, is preferably used as the sole blowing .
aggr{%irﬁlévjef%cltlhi? Case. (\é\éoe?tff o ShBoR %@s%%c%?y% é’fsfg% ZRH0n ey
pdRayie werifird padiemblende’t arijh eidefattyGoida festeyshveigbtatiigh desirable
ectvilend weieh)mpebtyeb. Water may also be used in combination with a
physical hlowing agent ticularly a.fluorgcarbon or hydrocarbon blowing .
agent. In’fg&sﬂ |%qn?%a%a§%gsalt}é yggtgg%%ﬁl %‘%ﬁﬁ@?’%?ﬂt&ﬁ%ﬁﬁ%&%ﬁomams
maboyé §ismalasatisibieitraridgebich eofrotining @Gpndeesbdydroxfl group. The
SuidafdaihéStalse 465@¢ drethedtam-lormilatione A AP e YauiaIMRhS ﬁ@ﬂ%ﬁoxyl—

2

surfagants as are c%n;r#onl used.in making polyurethane foams can'be
used in Makimng the Yoy S B R HOR P ERalfple Ihyr dathy afibmuxture is
surtdiablats etdasmiwdisiol ipeadifitaltienunfier thekitadararmnapegeriabl "the
(Thweidachmidtes ant GReke MM GEQRLRIIGRED) ARY RARSHIMS to

(Air Products and Chemigals). The amount of surfactant will vary

SOMBHH AR ARSY R shirpachtrade shp reralsestetd Hos Pusreanen. it may be
sukéaelie, hurdduge ribeabwilldreidre ti/ehosd. inatedidlpartsnbydditight feay be
Lo (b0 WEA b RAIUNAR U YRR RO SIS IBATARLUBHON, e
will generally include a catalyst. The selection of a 30 partlguﬁar cata ys]t
pdBRAGE BRREERAS S szl erpriresthadlsgrianiavright andbmetionality. Tt
foalsalation b hiestethly somayvidsabyaee i ohulishayingase daalipg hydroxyl
reagfign or the water-isocyanate (blowing) reaction (when water is used as
the blowing agent), or both. In making water-blown foams, it is typical to

use am widtt (esferdnderiedyaom semienpilifartsommeranerde add in
attledashenedpaihatioatlyatilial favacseiie gellnateRiand (RRSAEduced

Ay a@c@esl A raﬁtggi Is.are known to catalyze polyurethane formi
reactions, ingudti?ﬂg tert‘%ﬁ‘}ga%ﬁw%%%qesﬁ%nry %#636 ?r%évgfg\l}aarigﬂ%nﬁ%t droxyl-

cirertrringfathiasids dnsoden g praticevarfatiy aridalesteohoiitbuadving a
p fdea'@h@t@stmmﬁta{tsaltsnéﬁ@ Ega@ iSoRGHKIS. tGétIlﬁh{&taiﬂﬁmlmfg F&fﬁféagﬁo%-oﬂ
are tertiary amine,catalysts 5 a r tin catalysts. Examples of tertiary
R o e VR A b sebondlry Bydrokyl
NeavéeipingdasoNed, Nesawpneldrsilodierived fatiyesidy|feeterg)amirte, purified or
NM@EWEM@@'W%CNQ\&N 1%%@&[@%?@14 : Wﬁ@ﬂeﬁﬂ@é@“ﬁﬁw acids
N L}I-gelrs etp%/iplggr%mgea ,4-diazobic %IO-Z,Z 2-octanelz, o
big(sélm R aMRSSARS oel}?lf}'?é’ﬁwfl%é SraRboR g 8iRvadsyitheyrarification
16ndferdkrluigybsmsupcolusiribalomad o 1Bectuinonl apaios. thisiurebed§ the
there-destiafeR5pe catalysts are often used. Examples of suitably
commercially available catalysts include NiaxTM Al
(bis(dimethylaminoethyDether in propylene glycol available from GE OSi
Sgié)%dqgs), NiaxTM B9 (N,N-dimethylpiperazine and
N-N-dimethylhexadecylamine in a polyeflkylene oxide) polyol, available

from GE 15 OSi Silicones), DabcoTm 8264 (a mixture of
bis(dimethylaminoethyDether, triethylenediamine and

dimethylhydroxyethyl amine in dipropylene glycol, available from Air

Products and Chemicals), and DabcoTM 33LV (triethylene diamine in
AdAinronviene alvveol availahle from Air Prodiicte and Chemicalel NiavTM



25 from Air Products and Chemicals) and PolycatTm 8 (N,N-dimethyl
cyclohexylamine, available from Air Products and Chemicals). Examples

WQRHGHHM catalysts are stannic chloride, stannous chloride PStBibiN2e$/016173
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octoate, stannous oleate, dimethyltin dikurate, dibutyltin dilaurate, other
organotin compounds of the formula SnR(OR)4.0, wherein R is alkyl or

aryl 30 and n is 0-2, and the like. Organotin catalysts are generally used in
conjuncthﬂ*?%iﬁ‘i%ﬁBWér%aféhf‘aﬁ}“é’i@ﬁﬁeb&%%}/%@? if ésafhﬁﬁ/%uatmn and

Organstincatadystdistildtideniibodsoellis handalysts osa iekRirddashoiling
preferred than the tertiary amine catalysis.and.if used, are preferably used
A R e
CerntaEtaigIBnaveoRbdergd rrontpéaing i hedo dsaas) imdheseiéizge For
Dakeags) thebhant2Thpdreaf sttt ok Sian 0RO hFOmRRSHIAE methyl
BRI D ARSI CICTIRIS) cona PRSP, wp).
useda In sm ﬂ amoun s,Iflor example, eacsh cata yst €ing emplo rom
aBdetthylotesrateanbichs peamrinplygitfituced vdOpeastobyiblatbitpridpabers are
hiaiad%_ggéﬂakh@m,t U\slﬁkglaﬁfpﬁh@b Aa&d\@egﬁ%giﬁeﬁwr?@@?ﬁﬁﬁgwﬁiﬁwm
(o0) Ining the polyo t Invention is that t ey e oft ess sensjtive to

b rande oe Hosf 76 ae RARITH AP DO B PR PR ORE e ton.
oiBoWheeyremtesipgdoehving-tattatdune fkidy deabetpohldcaasieriioreseninlead

C%&ﬁ%ﬂé&&'%ﬂﬂ%@ﬂ%ﬁﬁ@@ﬁjﬂw 01 banfd @Jrﬂfﬁ@gﬁpf unsaturation.
polyurethane 10 foam production. In addition to the foregaing

compon&SEYHRIARAM IAHARY (PR D SEARIS RS ARe rtBpigmtage of
ingneplignite Slosleia seoaplepimmes ssdil rysuaticns caldions cdrbostaterur to any
PIGBRRSANGOREOI AR HEN S RLD AIRIESOR Q0SSN AT for
oxide, azo/diazo dyes, phthalocyanines, dioxazines and carbon black; 15

refifoRifp skt ew%%béﬂyw%‘arba?%Vﬁaﬁg}%&éalbﬁ?g; Rigdcularly
talCsathel Hh‘mmee bfecﬁdﬂsbprﬁﬁemﬁﬁineeﬁwmﬁdmsnﬁaﬁmgrﬁwﬁa@i@;esters
arﬁioiﬁen'(%‘?hydro;&ﬂ-&ﬁgﬁﬁng‘ﬁw'M&t&ﬁ&%.foﬁmdgﬂ%@B%ﬁ%gyg%%'ﬁgo be

the polyisocyanate and polyol composition in the presence o wing
agisstl- subrdueintoading,of By faftStssidoptisruimaiegizeisiadthr solignt at a
undaiendiditidam i Jetlipéhatutie @@&&ﬂs&mmecamhaodyel mmp@s_iwa[ed to
reactig A Rolus hane andlor-Rolutes paber Wl he BIgHING o ey
agent Benerates agas tha expands the reg%tmg m&‘furg. e foam may
berfsnseld 1sglnsatollospsdbyressanyalert rrsidual cpdvapt ériveerinal Ss@agwhat
NQ14a12Q &ddpdanaxample), in which a stoichiometric excess of the
polyisocygnate is.first reacted wi igh equivalent.weight 25 polyol(s

o formn LR SR A e P ST A AP S e, to
exepodrcsmiyetherahaine entehend osimereoeinthe hydviory hseenpsals Thmay also
dw@%ﬁqa{&w -t‘la?r&’@h l}%%t{ésri Sétﬁlgm%ﬂﬁﬁ Je'a?Gaaﬁrh]Eirga% Jaﬂah%%,f%uowed by
example), are also suita -called one-shot methods (such as )
B RPEP SPGB O PRB IR P R ER PR gey wmine
methops, Prinpolyisomrandasy ading SOyslvisoelmarieteteslcwed by capping the
COTHPORRRIS 6 SN HiBDGeMsY RioN ANt dRORNRR AN dcAUEREhIQERAG ing the

Three widely used one-shot methods which are suitable for use in this .
inVErMBI IHERGHR S SRR RSt bLedsta Ay Ao Eyratgbstergion with

foamterocesses, and molded foam methods. :

The copolyester of the invention may have an equivalent weight of from
about 400 to about 10,000 or more. A preferred equivalent weight is from 500 to
2000, especially from 500 to 1200. The hydroxyl functionality of the copolyester is
preferably from about 1.8 to about 6, especially from about 2 to about 3.5 hydroxyl

64083A 13



Slabstock foam is conveniently prepared by mixing the foam ingredients
35 and dispensing them into a trough or other region where the reaction

WO BADB83A19 reacts, rises freely against the atmospher@CT/US2006/016173
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(sometimes under a film or other flexible covering) and cures. In common
commercial scale slabstock foam production, the foam ingredients (or
various mixtur%s thereof) are pumfed independently to a mixing head

wEETSPRRST DreleRnieq v e slesiisnimeiehte swodyon 804 e Rony sempeially
pdipen d6@astBiOBoaming and curing occurs on the conveyor to form a

foam bu ' ically f bput 1 te.about.5
poundsgé‘%' Eﬁsﬁ%?%%*?gpé?f‘%‘%%%%%%%x (B BISEE Burethgnes.
1

Depenping i repelyesionagalssulon reriehb £unshonsditnome composition, it
foemutatiosed coanditg doriniein o pibRusRantONNB SR RS ThaWiARaREAr cellular

m ref i e nd praoduces a foam.haying a .
e PSS, Ty R athepige
tosapBatI28dh e ide-28.8 kg/m3). To obtain such densities, about 3 to

igguwmb;eﬂ@tﬁb_ tﬁ@é@ﬁtﬂi@ﬁ?@bﬁ 5@5&1@?@ 'lSH\éamm 5 #5686 R8'that
art welgnht ni eguivalent weight po . | resliienc .
B S B e S b P o g o
toferdrtecksnyElrroblel Rpraeibiate fenm B gnadsst dok fershimeanepolyol or polyol

charaeierizrl i RRINHeeRBISPSRIAMIE. SPRLS-Of BN QL NINEERS the

AS;I'Ig/(Ia 356701;0%101‘;@%5% fg ms tend to be prepared using somewhat higher
czftaﬁyslﬁeve S, com 18d to conventional slabstock foams, to reduce

energy rébgipelymms polpokenOutrechodainéisiabstock Higne doivaldatieright
blgyrb RN it waleh [RNEhIO ddps1iever Qvals dhviatsihas e equivalent
con\ieﬂgloglaloﬁjws.tock formulations and thus produce slightly higher )
denaRy BAME. WA FIetRif R %L@élﬂ%ﬁ%ﬂi?ﬂ%lﬁ Regnefipslgast 400 times
edpediniy irombeahefUingl Bxylabduta3ypamsp emdGe patsrhignimg wvalpsbn the
WEiH1 RelyQigieF0am densities are typically from about 2 to about 5 pcf
(32-80 ?,F kg/m3), especially from about 2.1 to about 3 pcf (33.6-48 .
kg/m3). e ARESSE PRk PRSP duighr s BlenE Wghtigtelygl used in
tramfarginetfearsacldintss{paly bbeenepasiti o inelred bl doRely ®s¢ar equivalent
PQiisREYAGLE BiRwing agent. Apdigurfadantio %f&'a% %ﬁo'ds% 818 thsegch

foaming reaction takes place to groduce a shaped foam. er a so-calle
“Sdionrt e rsedealent (wisightrelutsirttnde molystdre arlvo i gma awlsster
afpolgelamRelyctbmppoiiole sndude; Hot-raeldiply, polgasss IBMHGIIRR oxide,

ot L S SR g s S
are preferred for producing high resiliency molded foam. Densifies for

mEeRlESEm therRefiod inhncliken gEhieD 0t RBeRarsd boupdlEmesizngidhe
fonbfBmBQkaTthy: G4E33420f a stdRerP@INPIeuRtheON e AN A $nBdsest are

u %{ ir}) 'ng)f )l l}/iaanfechanical rothing process..In such )
p?é)cyélgsre@%%{r? nﬁ?o g;nogarog%%nra%rg’s 1S Whipp 8§°|P oegsré)ggﬁ%yclrﬁ?ftﬁ’ Fade and

cERzlAnegOFHdenigh shenpolerihyloar oiisle)aceptyrioty afeatexample, from

opkionally Latdyeis 36w BElarisias sastshe Bl R L PSSR e AR de)
extﬁndg{g gn&i O%Felr compQqnents. (]’he f&othed reaction mixture js then
typicaly applied 0 & o O}g[ SieTnerdit i€ pet %\gﬂl%sc RHPYIGHS gxide and

’ a substrate where It 1S pefiki
a@HuHeRe cevidhar | &ar stabsdtalndoapplmatlisatdmpsarsechapilypthrean qeréerably

t%ﬁ@{{gaﬂigﬁ RbeauIst With ARialagh bs%da?}yuﬁmﬁgpgggégé%&ﬂgﬂme and
carpet-nackin rocess are qgescri , 1or e ple, In U. 5. Faten 0S.

6 1405 31 SARS TR GERERG Por LSP oS L% ARABH 100, feRe 3000,
fursnrgtallyUstio ahmgt 800 tn elivet SGa0N Foa diighn othiticiag sbdatosk and molded
PaskadippIRRRIGAIONS: 9%1:&&%%9&&@@9 %&I%QIE&IE,%L%%WE% rﬁainly

applications, carpet backing, gasketing, and other applications for whic
BT S FENVhrETAERR ReAnTecliealistics SKE SpSRBERPR fiesht per
inlé/4%§ggn is also useful as a high equivalent weight polyol component in
elastomeric, substantially non-cellular délyurethane foam formulations,

such as cast elastomer and reaction injection molding (RIM) formulations.
Suitable RIM formulations are described, for example, in U. S. Patent Nos.
4,433,067, 4,876,019 and 4,412,543. 20The following examples are
provided to illustrate the invention, but are not



intended to limit the scope thereof. All parts and percentages are by
weight unless otherwise indicated. Example 1 25A crude (-85%) methyl

WQ20p6/8lt89pstearate obtained from Biddle Sawyer is purified BRCT/US2006/016173
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recrystallization from heptane by first forming a 26.7% solution in the
solvent at 50C. The solution is cooled rapidly to room temperature with
agitation. A preC|p|tate forms which is collected by filtration. The solution is

th £ aresm of {5 ahawtidGUR to ahasPOecRsRasia lvafrRmn ghayt 1200 to
filtdrad @BOThEHSOppteetihitaiasdyale sepataithinvhshadnmihntaldhoptanm (for

cqnhingd 1804 NAc W SipRed ALSORLAG. ﬁ sgrgogﬂe th 50' VENL T%%e using

purity of the resultin aterlal IS ap roximate parts 0
panrfelishdenhie A éﬁ%&)@*@d% %F?érab%ﬁovm@ple in US

ermmmdmah amw, (60373 58X PTRIE5mER,409a e 3VAT 885 3D127,334,
p%ﬂfzf? f3§ 6%54%8?§U|ar \%g"‘glil tlgg ! tion%] Pr%:ségix}hylengaﬂx co tam about 2

(Voranol from

(VGRS €208 HRarmglaguie Sad have au qﬁmvpllgx(tovsalk%w&mmaroup
aldbat hom%@%fﬁeﬂ'bmmm&@saﬁﬁﬁﬂe a&@htsweﬁwmzym

mix IS hfe%teg.to 165C u derla vacuum of 11 %

SIBWh n?fsrogen Sweep. for & penod of LBaTH %Shours i‘@HSﬁ;é% ane-
ha\hfg Pehesdsraes \robesdoniisleheorfetipelyiy sihe9aicanchittiled rosiimer
nm@n@f #la2psiiainachiihe Pyaxyl aursalestiaiant Jﬁ?,k?eﬁ INMIR are

R L o e

12-hydrdrysiditiencthscapeolyrbofiihe idvemtdon28ay palileod¢taviF62Bother polyol
PRlyatRerRRAYL lr@ﬁ@vqlﬁé%go(ﬁ*@b f?@ﬁ%%ﬂaawp d a,heated, JlezILu?fescnbed

enser. The mixture is devolatilized by heating at 125C under - 4 ram
B TP AR o PR PG T e B G SIS o
ardstsibhé imMiQ1@4i8968BANerized for 15 hours at 165C under 6 mm Hg

( -0.82 k e on
TN B ) N

of2z?8( 63 5Btk ATdgast %y&Fc}fﬁﬁtea%a?émwéi@‘}ﬁs"ff e ek Epigiisof all
ndnghdenneahfmlewmghtmmsdueetb ﬂeh)hdrzﬂuanibm‘ ﬂaazﬁt&wﬂg:ﬁsieﬁ. 20he

yl12- hydroxystearate (see xamp ), 133.1T parts 0

p(?l'S/BY% 8% ‘g:ﬂ"&tB?%@%ﬁh&é’lfaW%thWPtﬁ%‘B’aé@ttWél%‘l)ﬂﬂ@?ﬁf&tl on is

conductailéorﬁﬁohowsssﬁrﬂémb'bstpfdsaﬂm ghinaasibie dolyin F6xRdA tion,
(v, t C f 7) dro Linum amed
Tﬁtla Qg%%?)gl/l%ql\élﬂvgaﬂeﬁr%g qqﬁ%als? tmp ﬂg O SiIiS?npa To the cTh g 1s

midiireanty dhe spsee Hihae g@]@ll@@;ﬁb@eg_}ﬁgﬁ@ slabstock or molded foam. If

used, suitable amounts of crosslinkers are from about 0.1 to about 1 part by
weight, especially from about 0.25 to about 0.5 part by weight, per 100 parts by
weight high equivalent weight polyols.

For purposes of this invention, “crosslinkers” are materials having three or
more isocyanate-reactive groups per molecule and an equivalent weight per
isocyanate-reactive group of less than 400. Crosslinkers preferably contain from
3-8, especially from 3-4 hydroxyl, primary amine or secondary amine groups per
molecule and have an equivalent weight of from 30 to about 200, especially from
50-125. Examples of suitable crosslinkers include diethanol amine, monoethanol
amine, triethanol amine, mono- di- or tri(isopropanol) amine, glycerine,

trimethylol propane, pentaerythritol, and the like.

64083A 15



30 83.7 parts of the IP625 polyol are charged to a reaction vessel as
described before The mixture is heated to 120C under full vacuum for 30

WO RMeet8I¥he vacuum is broken under nitrogen and 0.5 parts RET/US2006/016173
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bis-(dibutylchlorotin) oxide are added. The reaction mixture is then heated
to 165C under 15 mm Hg (-2.0 kPa) vacuum, followed by heating at the

same temperature under 4 mm Hg (-0.55 kPa) for 35 another 72 hours. A
copolyedterhd/ifg RPFHRIR (e disq. (e3P 17p0%e tIshata iesemlesnda3 ey foam

offeEfd)adiod. afvydravpdsasinfibbisdhdéhids, ebthiie dxldnddiigeDdterial having
j ight. 1 0 5 5EXx le 4,is repeated using 50.7.1 .
P e AR LA Bl TNt e e
pdPRSHIRE 18859508 ahless. thpadebrsreqaibufynen Bdgd) Bhrdeowanate-
caxeabyﬁ&t@rdﬂmérngreaprmngmyar@tyz%ﬂﬂé&wtaﬁgmﬂ%adﬂ\érmllaﬁ&%me or
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d 0.4 parts is(dibutylchlorotin) gxide. A copolyesier having a )
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ofresliriey blabatagk Terantfpdrodatiegsivalent weight is 936. 25 Example 8

Examplerfidorenaateslyising 544 Ratls of mg?ﬁgg%%%ﬂle%géne foam may be

hydroxystearate (see Example 1), 185.0 parts o 25 polyol and O
o BBt BERRIHERER) GRAYE copaIgBter REmUBRREASormte. or

ofaliphBtivs. tisecymtital M@m&) a@%y@rwytasurrﬂnehxdb??ﬁ-t&enylene
Ok?fﬁ!ﬁ@g%nyﬂg Mgf%h%odﬁgwyﬂ%@é,nglﬁghés-2?@-ﬁiisocyanate, hexamethylene-

1,6-diisocyanate, tetramethylene-1,4-diiso-cyanate, cyclohexane-1,4-diisocyanate,

hexahydrotolylene diisocyanate, naphthylene-1,5-diisocyanate, methoxyphenyl-
2,4-diisocyanate, diphenylmethane-4,4'-diisocyanate, 4,4"-biphenylene
diisocyanate,  3,3-dimethoxy-4,4-biphenyl diisocyanate, 3,3"-dimethyl-4-4'-
biphenyl diisocyanate, 3,3'-dimethyldiphenyl methane-4,4'-diisocyanate, 4,4'.4"-
triphenyl methane triisocyanate, a polymethylene polyphenylisocyanate (PMDI),
tolylene-2,4,6-triisocyanate and  4,4-dimethyldiphenylmethane-2,2',5,5'-
tetraisocyanate. Preferably the polyisocyanate is diphenylmethane-4,4'-
diisocyanate, diphenylmethane-2,4'-diisocyanate, PMDI, tolylene-2-4-diisocyanate,
tolylene-2-6-diisocyanate or mixtures thereof, Diphenylmethane-4,4’-diisocyanate,
diphenylmethane-2,4’-diisocyanate and mixtures thereof are generically referred
to as MDI, and all can be used. Tolylene-2,4-diisocyanate, tolylene-2,6-
diisocyanate and mixtures thereof are generically referred to as TDI, and all can
be used.

The amount of polyisocyanate used in making the flexible foam is
commonly expressed in terms of isocyanate index, i.e., 100 times the ratio of NCO
groups to isocyanate-reactive groups in the reaction mixture (including those

provided by water if used as a blowing agent). In the production of conventional
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Example 9 100 parts of the copolyester from Example 6 are blended with
1 part of a silicone surfactant (Niaxim L620 from OSi Specialties), 3 parts

W HBPI part of 35 a tertiary amine catalyst (Dabco B-9, fiRf/R§2006/016173
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Products and Chemicals). Enough 64083A23 of an 80/20 mixture of the
2,4- and 2,6-isomers of toluene diisocyanate are added to provided an
isocyanate index of 100. The reactants are stirred briefly, poured into an

oplehstenk dfeairad| Shre dsrssieameuinder ey corrgedrisomenkae g 40,
teapsiang N RN ¥66ies of henr asIibagtanm & @ GsHRaBe dlargosti fgm,

to.5 ASTM D-3574, except that the foam is not d prio esting.

RO RECAPRE Oe  E BR S ARLr0 o i 100 S5phally from
rexbegt@@,&h@@i@él%ing 100 parts of the copolyester from 10 Example 7.
Tensile figat ARH SIQPIRSIBOIRLHMeRTEM BRedRBrIIREMAFOFeXATNAEE a foam

and results are as reported in_ Tahle 1. Example,1 ample 9 is again
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agals8e8 Syshrts eiamitrggenotinacetalyod (Datsta b b froagstsProd s yarious
am%%%gwogm%a{ﬂ%nﬁloﬂgﬁggﬁ‘r%ﬁsmm%grggﬁsq%ﬁm the like.

D-3574, as are density and airflow. Resullts are as repo%;ad in Table 1.
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siipans SHRsARbY R R AU ReMples: BRNIRAIRRUElyurcthane.

strength’ and elongation are measured as described in Example 11, an

reformping- &eastien e lirTaisil . Byris dbe Eﬁa‘iﬁm%f%ﬁdp%ﬁmlgbfwmg

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 about 2.5 to about 6 parts by weight water are
typically used per 100 parts by weight high equivalent weight polyol. Water may
also be used in combination with a physical blowing agent, particularly a
fluorocarbon or 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 in the foam formulation. A wide variety of
silicone surfactants as are commonly used in making polyurethane foams can be
used in making the foams of this invention. Examples of such silicone surfactants
are commercially available under the trade names Tegostab™ (Th. Goldschmidt
and Co.), Niax™ (GE OSi Silicones) and Dabco™ (Air Products and Chemicals).
The amount of surfactant will vary somewhat according to the particular
application and the particular surfactant, but in general will be between 0.1 and 6
parts by weight per 100 parts by weight high equivalent weight polyol.

The foam formulation will generally include a catalyst. The selection of a
particular catalyst package will vary somewhat with the other ingredients in the
foam formulation. The catalyst may catalyze the polyol-isocyanate (gelling)
reaction or the water-isocyanate (blowing) reaction (when water is used as the
blowing agent), or both. In making water-blown foams, it is typical to use a
mixture of at least one catalyst that favors the blowing reaction and at least one

other catalyst that favors the gelling reaction.
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11 12 Tear Strength, Ib/in (N/m) 1.0 (175) 1.4 (245) 1.7 (298) 1.9 (333)
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A wide variety of materials are known to catalyze polyurethane forming
reactions, including tertiary amines, tertiary phosphines, various metal chelates,
acid metal salts, strong bases, various metal alcoholates and phenolates and metal
salts of organic acids. Catalysts of most importance are tertiary amine catalysts
and organotin catalysts. Examples of tertiary amine catalysts include:
trimethylamine, triethylamine, N-methylmorpholine, N-ethylmorpholine, N,N-
dimethylbenzylamine, N,N-dimethylethanolamine, N,N,N',N'-tetramethyl-1,4-
butanediamine, N,N-dimethylpiperazine, 1,4-diazobicyclo-2,2,2-octane,
bis(dimethylaminoethyl)ether, triethylenediamine and dimethylalkylamines
where the alkyl group contains from 4 to 18 carbon atoms. Mixtures of these
tertiary amine catalysts are often used. Examples of suitably commercially
available catalysts 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 poly(alkylene oxide) polyol, available from GE
OSi Silicones), Dabco™ 8264 (a mixture of bis(dimethylaminoethyl)ether,
triethylenediamine 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 blend of a proprietary tertiary amine/carboxylic salt and bis 2-
dimethylaminoethyl)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 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, dimethyltin dilaurate, dibutyltin dilaurate,
other organotin compounds of the formula SnRx(OR)4.n, wherein R is alkyl or aryl
and n is 0-2, and the like. Organotin catalysts are generally used in conjunction
with one or more tertiary amine catalysts, if used at all. Organotin catalysts tend
to be strong gelling catalysts, so they are less preferred than the tertiary amine
catalysts and if used, are preferably used in small amounts, especially in high

resiliency foam formulations. Commercially available organotin catalysts of
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Airflow, Umin ND ND 3.99 0.74 64083A24 Example 13 550 parts

crude (-85%) methyl 12-hydroxystearate obtained from Biddle Sawyer,

WGROE/pHSSof poly(hydroxymethyl)fatty acid methyl esters and®Qu8B3946t816173
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of the 1P625 polyether polyol are charged to a reactor having a reflux
condenser. 5 The crude methyl 12-hydroxystearate and the
poly(hydroxymethyl)fatty ester have the following approximate

contptstiolelesmpbaRent ClitieMdingr?s- Kpinbristdlrthe Minmpgus octoate
P oby(ipysiitdotysnasthildpiatiyoacid mPetdylctasia (edtydigthyl Stearate 10
16.5 Me@%a%%’b@ Q@é%}lp;cglgr M&'&O{E small amounts, for example, each catalyst

being employed from about 0.0015 to about 5 parts by weight per 100 parts by
weight of the high equivalent weight polyol. An advantage of polyurethane
formulations containing the polyol of the invention is that they are often less
sensitive to tin catalyst levels than is seen with other polyols derived from
vegetable oils. The greater processing latitude makes these polyols easier to use
in commercial scale operations, especially in the case of flexible polyurethane
foam production.

In addition to the foregoing components, the foam formulation may contain
various other optional ingredients such as cell openers; fillers such as calcium
carbonate; pigments and/or colorants such as titanium dioxide, Airon oxide,
chromium oxide, azo/diazo dyes, phthalocyanines, dioxazines 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.

In general, the polyurethane foam is prepared by mixing the
polyisocyanate and polyol composition in the presence of the blowing agent,
surfactant, catalyst(s) and other optional ingredients as desired, under conditions
such that the polyisocyanate and polyol composition react to form a polyurethane
and/or polyurea polymer while the blowing agent generates a gas that expands the
reacting mixture. The foam may be formed by the so-called prepolymer method
(as described in U.S. Pat. No. 4,390,645, for example), in which a stoichiometric
excess of the polyisocyanate is first reacted with the high equivalent weight
polyol(s) to form a prepolymer, which is in a second step reacted with a chain
extender and/or water to form the desired foam. Frothing methods (as described
in U.S. Pat. Nos. 3,755,212, 3,849,156 and 3,821,130, for example), are also
suitable. So-called one-shot methods (such 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 invention include slabstock foam processes, high resiliency 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
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85 38.9 Diols 1 29.4 Triols 1 2.6 Lactols/Cyclic Ethers 1 1.4 Lactones 1
0.5 Dimers 0 0.6 In this copolyester, approximately 8.6 mole-percent

WQReP&148985 units are derived from secondary hydroxyl-contaiP{rity§a2gp6/016173
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acids. Approximately 64% are 10 derived from primary
hydroxyl-containing fatty acids. The remainder of the ester units is mostly
derived from ngn- droxyl-coptaining fatty acids. The mixture is
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and a slow nitrogen sweep. A copoggster having a measured

arB GBI fRiABERgehanb JrBREITEY iarshranet e ispensedierto a
hasreveyavdiagahlidedyithineiipnality Ristibo W ABingdiadWuring occurs on the

gr&)lﬁg@%}:q!g %4%1 a foam bun. The resulting foams are typically from about 1 to
about 5 pounds per cubic foot (pcf) (16-80 kg/m3) in density, especially from about
1.2 to about 2.0 pef (19.2-32 kg/m3).

A preferred slabstock foam formulation according to the invention uses
water as the primary or more preferably sole blowing agent, and produces a foam
having a density of about 1.2 to about 2.0 pef (19.2-32 kg/m3), especially about 1.2
to about 1.8 pcf (19.2-28.8 kg/m3). To obtain such densities, about 3 to about 6,
preferably about 4 to about 5 parts by weight water are used per 100 parts by
weight high equivalent weight polyol. '

High resiliency slabstock (HR slabstock) foam is made in methods similar
to those used to make conventional slabstock foam. HR slabstock foams are
characterized in exhibiting a Bashore rebound score of 55% or higher, per ASTM
3574.03. These foams tend to be prepared using somewhat higher catalyst levels,
compared to conventional slabstock foams, to reduce energy requirements to cure
the foam. HR slabstock foam formulations blown only with water tend to use
lower levels of water than do conventional slabstock formulations and thus
produce slightly higher density foams. Water levels tend to be from about 2 to
about 3.5, especially from about 2.5 to about 3 parts per 100 parts high equivalent
weight polyols. Foam densities are typically from about 2 to about 5 pcf (32-80
kg/m3), especially from about 2.1 to about 3 pcf (33.6-48 kg/m3).

Molded foam can be made according to the invention by transferring the
reactants (polyol composition including copolyester, polyisocyanate, blowing agent,
and surfactant) to a closed mold where the foaming reaction takes place to
produce a shaped foam. Either a so-called “cold-molding” process, in which the
mold is not preheated significantly above ambient temperatures, or a “hot-
molding” process, in which the mold is heated to drive the cure, can be used.
Cold-molding processes are preferred for producing high resiliency molded foam.
Densities for molded foams tend to be in the range of 2.0 to about 5.0 pounds per
cubic foot (32-80 kg/m3).
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Example 14 201388 parts of the crude (-85%) methyl 12-hydroxystearate
described in Example 13, 4163 parts of the poly(hydroxymethyl)fatty

W@208681 th988ribed in Example 13, and 2440 parts of the IP625RSGé$p6/016173
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polyol are charged to a reactor having a reflux condenser. The mixture is
devolatilized by heating at 125C under 4 mm Hg (-0.55 kPa) vacuum for

about an hour. 4.15 ppm tin _eth?}‘/[al)h,exanoate 64088A25, is then added and
the mixtclre pBRFREHIE LR a8 dtrfosleouNgeinh HnfHaivac via a
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unless otherwise indicated. :

Example 1

A crude (~85%) methyl 12-hydroxystearate obtained from Biddle Sawyer is
purified by recrystallization from heptane by first forming a 26.7% solution in the
solvent at 50°C. The solution is cooled rapidly to room temperature with
agitation. A precipitate forms which is collected by filtration. The solution is then
cooled to 12-15°C, resulting in a second precipitate that is again filtered off. The
precipitates are separately washed with cold heptane, combined, and vacuum
strippe& at 60-70°C to remove the solvent. The purity of the resulting material is
approximately 95%.

18.83 parts of the purified methyl 12-hydroxystearate are charged to a
reaction vessel equipped with a heated (60°C) reflux condenser, together with 4.85
parts of a ~625 molecular weight trifunctional poly(ethylene oxide) (Voranol™ IP
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625, from Dow Chemical). The mixture is devolatilized by heating at 125°C under
~ 4 mm Hg (~0.55 kPa) vacuum for about an hour. 0.03 parts tin ethylhexanoate
are added, and the reaction mixture is heated to 165°C under a vacuum of 11 mm
Hg (~1.6kPa) with a slow nitrogen sweep, for a period of about 25 hours. A
copolyester having a measured Mn of 2880 (vs. theoretical Ma of 2696) and a
hydroxyl number of 44.2 is obtained. The hydroxyl equivalent weight is 1269.
NMR shows little evidence of olefin formation due to dehydration of the starting

ester.

Example 2

475.7 parts of the crude methyl 12-hydroxystearate (see Example 1), and
123.4 parts of the IP625 polyether polyol are charged to a reactor having a heated
(60°) reflux condenser. The mixture is devolatilized by heating at 125°C under ~ 4
mm Hg vacuum for about an hour. 0.6 parts of tin ethylhexanoate are added, and
the mixture is polymerized for 15 hours at 165°C under 6 mm Hg (~0.82 kPa)
vacuum and a slow nitrogen sweep. A copolyester having a measured Mx of 2562
(vs. theoretical Mn of 2465) and a hydroxyl number of 48.6 is obtained. The
hydroxyl equivalent weight is 1155. NMR shows no evidence of olefin formation
due to dehydration of the starting ester.

Example 3

Example 1 is repeated using 564 parts of the purified methyl 12-
hydroxystearate (see Example 1), 133.1 parts of the IP625 polyol and 0.7 parts of
the tin catalyst. In this case, the polymerization is conducted for 26 hours. A
copolyester having a measured Mn of 2640 (vs. theoretical Ma of 2897) and a
hydroxyl number of 64.5 is obtained. The hydroxyl equivalent weight is 870.

Example 4
511.7 parts of the crude methyl 12-hydroxystearate (see Example 1) and

. 83.7 parts of the IP625 polyol are charged to a reaction vessel as described before.

The mixture is heated to 120°C under full vacuum for 30 minutes. The vacuum is
broken under nitrogen and 0.5 parts of bis-(dibutylchlorotin) oxide are added. The
reaction mixture is then heated to 165°C under 15 mm Hg (~2.0 kPa) vacuum,
followed by heating at the same temperature under 4 mm Hg (~0.55 kPa) for
another 72 hours. A copolyester having a measured Ma of 3161 (vs. theoretical M,
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of 3514) and a hydroxyl number of 42.5 is obtained. The hydroxyl equivalent
weight is 1320.

Example 5

Example 4 is repeated using 507.1 parts of the crude methyl 12-
hydroxystearate (see Example 1), 128.0 parts of the IP625 polyol and 0.5 parts of
bis-(dibutylchlorotin) oxide. A copolyester having a measured Mn of 2930 (vs.
theoretical Mn of 2498) and a hydroxyl number of 53.3 is obtained. The hydroxyl
equivalent weight is 1053.

Example 6

Example 4 is repeated using 377.2 parts of the crude methyl 12-
hydroxystearate (see Example 1), 184.9 parts of the IP625 polyol and 0.5 parts of
bis-(dibutylchloro tin) oxide. A copolyester having a measured M of 1816 (vs.
theoretical Mx of 1589) and a hydroxyl number of 78.5 is obtained. The hydroxyl
equivalent weight is 715.

Example 7

Examplé 4 is repeated using 374 parts of a highly purified (96.8%) methyl
12-hydroxystearate, 85.3 parts of the IP625 polyol and 0.4 parts of bis-
(dibutylchlorotin) oxide. A copolyester having a measured M. of 3260 (vs.
theoretical Mx of 3008) and a hydroxyl number of 60.0 is obtained. The hydroxyl
equivalent weight is 936.

Example 8

Example 4 is repeated using 377 parts of the crude methyl 12-
hydroxystearate (see Example 1), 185.0 parts of the IP625 polyol and 0.5 parts of
bis-(dibutylchlorotin) oxide. A copolyester having a measured M of 1755 (vs.
theoretical Mn of 1588) and a hydroxyl number of 77.3 is obtained. The hydroxyl
equivalent weight is 726.

Example 9

100 parts of the copolyester from Example 6 are blended with 1 part of a
silicone surfactant (Niax™ L620 from OSi Specialties), 3 parts water and 1 part of
a tertiary amine catalyst (Dabco B-9, from Air Products and Chemicals). Enough
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(26.9) 1.65 (26.4) 1.67 (26.8) 1.72 (27.5) 1.75 (28.0) 1.68 (26.9) 25% ILD,
Ib (N) 60.7 (270) 62.9 (280) 55.6 (247) 36.2 (161) 35.3 (157)
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of an 80/20 mixture of the 2,4- and 2,6-isomers of toluene diisocyanate are added
to provided an isocyanate index of 100. The reactants are stirred briefly, poured
into an open cup and allowed to foam under ambient conditions. Tensile strength,
tear strength and elongation of the resulting foam are screened according to
ASTM D-8574, except that the foam is not aged prior to testing. Results are as
reported in Table 1.

Example 10 _
Example 9 is repeated, this time using 100 parts of the copolyester from
Example 7. Tensile, tear and elongation are measured as described in Example 9,

and results are as reported in Table 1.

Example 11

Example 9 is again repeated, this time using 100 parts of the copolyester of
Example 8 and 0.05 parts of an organotin catalyst (Dabco T-12, from Air Products
and Chemicals). Tensile, tear, elongation are measured per ASTM D-3574, as are

density and airflow. Results are as reported in Table 1.

Example 12

Example 11 is repeated, substituting 2 parts of another silicone surfactant
(DC-5043, from Air Products and Chemicals) for the silicone surfactant used in
earlier examples. Tensile strength, tear strength and elongation are measured as

described in Example 11, and results are as reported in Table 1.

Table 1

Example No.
Property 9 10 11 12
Tear Strength, Ib/in (N/m) 1.0 (175) 1.4 (245) 1.7 (298) 1.9 (333)
Tensile Str., psi (kPa) 7.4 (51) 7.6 (562) 8.7 (60) 9.7 (67)
Elongation, % 94 72 93 106
Density, pef (kg/ms3) ND ND 2.51 (40) 2.08 (33)
Airflow, L/min ND ND 3.99 0.74
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37.0 (165) 65% ILD, Ib (N) 107.6 (478) 108.9 (484) 99.9 (444) 67.0 (298)
67.1 (298) 67.1 (298) Return 25% ILD, Ib (N) 34.1 (152) 36.5 (162) 32.3
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Example 13

550 parts crude (~85%) methyl 12-hydroxystearate obtained from Biddle
Sawyer, 5000 parts of poly(hydroxymethyl)fatty acid methyl esters and 2480 parts
of the 1P625 polyether polyol are charged to a reactor having a reflux condenser.
The crude methyl 12-hydroxystearate and the poly(hydroxymethyl)fatty ester

have the following approximate compositions:

Component Crude Methyl 12- | Poly(hydroxymethyDfatty
hydroxystearate (wt-%) acid methyl ester) (wt-%)

Methyl Stearate 10 16.5

Methyl Palmitate 1 10.0

Monols 85 38.9

Diols 1 294

Triols 1 2.6

Lactols/Cyclic Ethers | 1 14

Lactones 1 0.5

Dimers 0 0.6

In this copolyester, approximately 8.6 mole-percent of the ester units are
derived from secondary hydroxyl-containing fatty acids. Approximately 64% are
derived from primary hydroxyl-containing fatty acids. The remainder of the ester
units is mostly derived from non-hydroxyl-containing fatty acids.

The mixture is devolatilized by heating at 125°C under ~ 4 mm Hg (~0.55
kPa) vacuum for about an hour. 4.15 ppm tin ethylhexanoate is then added and
the mixture polymerized for 24 hours at 195°C under 6 mm Hg vacuum (~0.82
kPa) and a slow nitrogen sweep. A copolyester having a measured M of 1643 and
a hydroxyl number of 96 (theoretical 94) is obtained. The copolyester has an
average hydroxyl functionality of about 2.8 hydroxyl groups/molecule.

Example 14

1388 parts of the crude (~85%) methyl 12-hydroxystearate described in
Example 13, 4163 parts of the polythydroxymethyl)fatty esters described in
Example 13, and 2440 parts of the IP625 polyether polyol are charged to a reactor
having a reflux condenser. The mixture is devolatilized by heating at 125°C under

~ 4 mm Hg (~0.55 kPa) vacuum for about an hour. 4.15 ppm tin ethylhexanoate
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is then added and the mixture polymerized for 36 hours at 195°C under 6 mm Hg
vacuum ~(0.82 kPa) and a slow nitrogen sweep. A copolyester having a measured
Mn of 1651 and a hydroxyl number of 92 (theoretical 87) is obtained. The
copolyester has an average hydroxyl functionality of about 2.7 hydroxyl
groups/molecule.

In this copolyester, approximately 21.7 mole-percent of the ester units are
derived from secondary hydroxyl-containing fatty acids. Approximately 53.4% are
derived from primary hydroxyl-containing fatty acids. The remainder of the ester
units is mostly derived from non-hydroxyl-containing fatty acids.

A series of flexible polyurethane foams are separately prepared from
copolyester Examples 13 and 14, in order to evaluate sensitivity to organotin
catalyst levels in the formulation. In each case, except for foam sample 14-3, 50
parts of the copolyester polyol is blended with 50 parts of a nominally
trifunctional, 1000 equivalent weight random copolymer of 87% propylene oxide
and 13% ethylene oxide (commercially available from Dow Chemical as Voranol®
3136 polyol). In the case of foam sample 14-3, the ratio of these components is
75:25. To this blend are added 0.6 parts of a silicone surfactant (Niax™ 1620
from GE), 4.5 parts water and 0.15 parts of a tertiary amine catalyst (Dabco 8264
from Air Products and Chemicals). The reactants are stirred at 3000 rpm for 15
seconds. To this mixture is added an amount of stannous octoate (available as
Niax® T-9 catalyst) as indicated in the table below, and enough of an 80/20
mixture of the 2,4- and 2,6-isomers of toluene diisocyanate to provide an
isocyanate index of 102. This mixture is stirred at 3000 rpm for 3 seconds and
then poured into an open 15x15x8 in (38 X 38 X 20 cm) box and allowed to foam
under ambient conditions. The foam is allowed to age for seven days before
physical properties are obtained according to ASTM D-3574. Results are as
indicated in Table 2 below.
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Table 2
Sample No. 13-1 13-2 13-3 14-1 14-2 14-3
Copolyester Ex. 13 Ex. 13 |Ex. 13 |[Ex. 14 |Ex. 14 |Ex 14
Parts tin catalyst | 0.11 0.12 0.14 0.11 0.14 0.18
Airflow ft3/min | 2.53 2.32 2.76 5.38 404 | 178
(L/min) (71.6) (65.7) (77.9) (152) 114) (50.4)
90% Comp. Set, % | 12.1 12.4 13.7 11.3 23.9 51.4
Density, 1b/ft3 | 1.68 1.65 1.67 1.72 1.75 1.68
(kg/m?) ©69) |@6.4) |@268) |@75 |@80) |69

25%ILD, b (N) | 60.7 62.9 55.6 36.2 35.3 37.0
270) | (280) |(@47) |@en |@57) | (165)
65% ILD, 1b (N) 107.6 | 1089 |99.9 67.0 67.1 67.1
@78) | (484) |44 |(298) |(298) |(298)

Return 25% ILD, | 34.1 36.5 32.3 20.6 20.0 19.9
Ib N) (152) (162) (144) 92) (89 (88)
Support Factor, % | 1.77 1.73 1.80 1.85 1.90 1.81
Hysteresis, % 56.1 58.0 58.0 56.9 56.6 53.6
Resiliency, % 38 46 45 35 37 33

Tear Str., N/m 254 282 257 345 381 362
Tensile Str., kPa 105 110 117 87 96 98

Elongation, % 75 73 87 122 138 143

The formulation containing copolyester Example 13 processes well over a
tin catalyst range of from 0.11 to 0.14 parts per 100 parts polyol, which is the
entire range tested. This result is significant, as only a small proportion of ester
units in the copolyester polyol are derived from the secondary hydroxyl-containing
fatty acids.

When more of the ester units in the copolyester come from secondary
hydroxyl-containing fatty acids, even greater processing latitude is achieved, as
seen with foam samples 14-1, 14-2 and 14-3. These formulations process well over
a range of tin catalyst levels from 0.11 to 0.18 parts per 100 parts polyol. The
presence of a higher proportion of secondary hydroxyl groups in copolyester
Example 14 makes it somewhat less reactive, and somewhat greater levels of‘

gelation catalyst (in this case, the organotin catalyst) are preferred.
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20 hydroxyl groups than either of copolyester Examples 13 and 14, and thus the

formulation requires somewhat higher levels of gelation catalyst.

Examples 16 and 17
Polyurethane foams are made in the general manner described in Example
25 14, using the formulatiqns set forth below. In this instance, the copolyester is
made in the general manner described in Example 4. It has a measured My of
2785 and a hydroxyl number of 54 is obtained. The hydroxyl equivalent weight is
1050 and the hydroxyl functionality is about 2.65.

30
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thus the formulation requires somewhat higher levels of gelation catalyst.
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described in Example 25 14, using the formulations set forth below. In this

instance, the copolyester is made in the general manner described in

E_X_amnln 41t has a measured M. of 2785 and a h\/rlrnyvl number of 54 is

JimRenephe hydroxyl equivalent weight is 1950 and tﬁ%‘?ﬁ/@fﬂﬁ’rght
fJnctlonahty is about 2 65 30 64083A28 Cornpeaepldmts byRieieie 17
E glé% A = ot(r)-S163potyether-potyot75 :-%O

ooo esteri%g:% ater Lig 4.5 7

Copolyester 25 50

Water 4.5 4.5

Niax® L-620 silicone surfactant 1 1

Niax® B-9 tertiary amine catalyst 1 1

Niax® T-9 organotin catalyst 0.14 0.14

80/20 mixture of 2,4- and 2,6-TD]

To 104 index

To 104 index

Foam Example 16 has an airflow of 5.28 cubic feet/minute (149
liters/minute) and a density of 1.74 pef (27.8 kg/m3). Foam Example 17 has an
airflow of 5.30 cubic feet/minute (150 liters/minute) and a density of 1.73 pef (27.7

5  kg/m?).
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Niax(r) L-620 silicone surfactant 1 1 Niax(r) B-9 tertiary amine catalyst 1 1
Niax(r) T-9 organotin catalyst 0.14 0.14 80/20 mixture of 2,4- and 2,6-TDI
To 104 index To 104 index Foam Example 16 has an airflow of 5.28
cubic feet/minute (149 liters/minute) and a density of 1.74 pcf (27.8 MCSLL®
crkgim3). Foam Example 17 has an airflow of 5.30 cubic feet/minute (150
liters/minute) and a density of 1.73 pcf (27.7 5 kg/m3). 64083A29 MCSL
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portion of the hydroxyl-containing fatty acids are secondary hydroxyl-containing
fatty acids which contain a secondary hydroxyl group which 1s at least 5 carbon
atoms removed from the carbonyl carbon of the acid group of the fatty acid,
wherein the copolyester contains from 3.5 to 10 ester umits per copolyester
molecule derived from the hydroxyl-containing fatty acid, from about 5 to about
95% of the ester units in the copoliyester are derived from the secondary hydroxyl-

containing fatty acid and a portion of the ester units are derived from a primary

hydroxyl-containtag fatty acid.

2.. The copolyester of claim 1 wherein a portion of the ester units are derived

from = fatty acid having no hydroxyl groups,

3. The copolyester of claim 1 wherein the primary hydroxyl-containing fatty acid

contains one or more hydroxymethyl groups.

4. The copolyester of claim 3 wherein a portion of the ester units are derived {rom

a fatty acid having no hydroxyl groups.

5, The copolyester of claim 1 which has a hydroxyl equivalent weight of from 400

to 2000 and contains from 2 to 3.5 hydroxyl groups per molecule.

6. The copolyester of claim 5 wherein the fatty acid containing secondary hydroxyl
groups 1s ricinoleic acid, 12-hydroxyoctadecanol, 14-hydroxy-dodec-9-enoic acid,

14-hydroxydodecanoic acid or a mixture thereof.
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