-1- POLYURETHANE FOAMS MADE W TH 5 ALKOXYLATED VEGETABLE O L HYDROXYLATE
Field of the Invention The present invention relates, in general, to

pol yur et hanes, and nore specifically, to polyurethane foans and el astoners
in which at least 10 a portion of the petrol eumderived polyol (s) is
replaced with an al koxyl ated vegetabhe oil hydroxyl ate. Background of the

I nvention Pol yurethane foans and el astoners have found extensive use in a
15 rmultitude of industrial and consuner applications. This popularity is due
to polyurethane's w de rangi ng nechani cal properties and its ability to be
rel atively easily manufROLVURETHANEFOAMS MADE WKEHMpD! e, contain nunerous

pol yur g hane conmpoAERICXYEATEDAYEGENABLE OILIYDRORYOATE her cabin interior
parts. Pol yuret hane Toans have tradrtronally been categori zed as being

flexible (or sem-rigid) or rigid foanms; with flexible foans generally
bei ng softer, |ess dense, noreFigld afdthe lavehtiomr e subject to structural
rebound subsequent |oading than are rigid foans. The Production of

pol yur et hane f oAh@ Presef inventigiretates. iy ganeral, tpe@lyyrathanesagid Pol yur et hanes
are formed.fr ' | \V ups. The
st comomheeReaTeAAE: bARumAIS AL RRs Mdstomers RAARRAICHSLFS: 2

pol yol10anda porticrooltheaietrodurmiddrivedpolyu(sh acidptatad witlebhaicoxylateg. Cr oss

| i nki ng agents, blow ng agents, catalysts and other additives may al so be

i ncl uded iY\eQQ{éblﬁ(ﬂ'BﬂﬂN‘g%ﬁﬂ@-f ormul ati on as needed. Polyols used in the
production of pol yurethanes are typically 30 petrochem cal in origin, being
general ly derived from propyl ene oxide, ethylene oxide and various starters
such as ethyl ene glycol, pr@ackemenddftie®lnveptigaeri n, sucrose and sorbitol.

Pol yest er pol yols and pol ¥et her polyols are the npst common pol yols used in
pol yur et hane pr Balyerethane Tgams and elastomers have found extensive use in a

15 multitude of industrial and consumer applications. This popularity is due to

polyurethane’s wide ranging mechanical properties and its ability to be
relatively easily manufactured. Automobiles, for example, contain
numerous polyurethane components, such as seats, dashboards and
other cabin interior parts. Polyurethane foams have traditionally been
20 categorized as being flexible (or semi-rigid) or rigid foams; with flexible
foams generally being softer, less dense, more pliable and more subject to
structural rebound subsequent loading than are rigid foams.
The production of polyurethane foams is well known to those skilled
in the art. Polyurethanes are formed from the reaction of NCO groups with
25 hydroxyl groups. The most common method of polyurethane production is
via the reaction of a polyol and an isocyanate which forms the backbone
urethane group. Cross linking agents, blowing agents, catalysts and other
additives may also be included in the polyurethane formulation as needed.
Polyols used in the production of polyurethanes are typically
30 petrochemical in origin, being generally derived from propylene oxide,
ethylene oxide and various starters such as ethylene glycol, propylene
glycol, glycerin, sucrose and sorbitol. Polyester polyols and polyether

polyols are the most common polyols used in polyurethane production.



For sem -rigid foans, polyester or polyether polyols with nolecul ar weights
of from about 300 to 2,000 are generally used, whereas for flexible foans

| onger chain polyols with nolecular weights of fromabout 1,000 to 10, 000
are typically used. Polyester and pol yet her polyols can be selected to 5

all ow the engi neering of a particul ar Fyuret hane el astomer or foam having
desired final toughness, durability, density, flexibility, conpression set
ratios an(Eqmemim‘gidammmmrcpjapdlyetber pagolerveith moléﬂt@meigh’(ﬂ ecul ar
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pol yui@t h&wmtlehahtycmﬂycﬂsand foans with nore versatl | e, renewabl e and nore
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15 great deal of energy because the oil to make the polyol must be drilled,
extracted and transported to a refinery where it is refined and processed to
yield the finished polyol. As the consuming public becomes increasingly
aware of the environmental impact of this production chain, consumer
demand for "greener" products will continue to grow. To help reduce the

20 depletion of oil whilst satisfying this increasing consumer demand, it would
be advantageous to partially or wholly replace petroleum-derived polyester
or polyether polyols used in the production of polyurethane elastomers and
foams with more versatile, renewable and more environmentalily
responsible components.

25 Attempts have been made by workers in the art to accomplish this
replacement. Plastics and foams made using fatty acid triglycerides
derived from vegetables, including soybean derivatives, have been
developed. As a renewable, versatile, and environmentally-friendly-
resource, soybeans have been, and will continue to be, desirable as

30 ingredients for plastics manufacture.



-3- For exanple, U S. Pat. No. 5,221,433, issued to Daute et al., teaches
the use of an al koxyl ated soybean oil obtained by epoxidizing soybean oi
foll owed by hydrogenation over a nickel catalyst. The hydroxyl functional
oil is al koxylated using potassium hydroxi de catalysis and the 5 product
used for deinking. However, Daute et al-3do not suggest the use of these
oils in making polyurethane foans or elastoners. Daute et al., in U S Pat.

No. 5,512, 134, xg?éﬂ%gjé@f 9y5ggqm3\3| F&u@ﬂ'tﬂ@ﬂ]&e'e‘f‘%fs fromprinted
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process for vegetabl e oils and é/uret hanes fornmed fromthose oxyl ated
oils. It apeEdanenhmakesumirem 2 to S4kdnoweioht and peeferably EonepPie ed- bl own

oil ort he)éo'd/sﬁy%vé?{;ﬁtp%éflsﬁbﬁgstlon is made by Daute et al. of using these
alkoxylates in making polyurethanes.

15 U.S. Pat. No. 5.516,853, issued to Schneider et al., discloses that
alkoxylated soybean oil can be used in the production of unsaturated
polyesters. The use of these materials is taught in water dilutable binders
and in water reducible lacquers. No use in polyurethane is taught or
suggested by Schneider et al.

20 Kurth, in a number of patents including U.S. Pat. Nos. 6,180,686;
6,465,569; and 6,624,244, teaches the use of unmodified (oxidized)
soybean oil as a polyol in the production of polyurethane materials. The
oil is blown with air to oxidize it, but no other modification is taught before
use of this oxidized soybean oil as a substitute for petroleum-based

25 polyols.

U.S. Published Patent Application No. 2004/0209971 A1, in the
name of Kurth et al., describes an oxylation process for vegetable oils and
polyurethanes formed from those oxylated oils. It appears that Kurth et al.
propoxylate the transesterified-blown oil or they use a propoxylated

30 glycerin or other material for their transesterification. Kurth et al. teach a



30 glycerin or other material for their transesterification. Kurth et al.
teach a -4- limt of 5-10%for their oxylation conpound. In addition, Kurth
et al. may blend in and use THE or other furfural derivatives to nmake
foanms. Therefore, a need continues to exist in the art for pol yurethane
foams and el astoners made with environnmefital | y-friendly, renewable 5
components. Sunmary of the |nvention Accordingly, the present invention
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hydr oxyl ate containing from w.%to

or a portion of the petroleum-derived polyol(s) in the polyurethane forming

formulation. The inventive foams are usable in many applications.

15 These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein

below.

Detailed Description of the Invention

20 The present invention will now be described for purposes of
ilustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages, OH
numbers, functionalities and so forth in the specification are to be |
understood as being modified in all instances by the term “about.”

25 Equivalent weights and molecular weights given herein in Daltons (Da) are
number average equivalent weights and number average molecular
weights respectively, unless indicated otherwise.

The present invention provides a polyurethane foam or elastomer
containing the reaction product of at least one polyisocyanate and at least

30 one aikoxylated vegetable oil hydroxylate containing from 15 wt.% to



-5- 90 wt. % al koxyl ate, based on the weight of the al koxyl ated vegetable oil
hydr oxyl ate, optionally, at |east one non-vegetable oil-based polyol,
optionally in the presence of at |east one of blow ng agents, surfactants,
pigments, flanme retardants, catalysts and fillers. 5 The present invention
further provides a process for making a- %ol yurethane foam or el astoner

I nvol ving reacting at |east one pol yi socyanat e and at I east one al koxyl at ed
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provi des a oces ki n urethan oy el astonmer involving
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optionally, g | east one non-vegetable oil-based polyol, optionally in the
presence of filgrsy east one of bl ow ng agents, surfactants, pignents, flanme

retardants, catar}gtgesdiGnldrtioR still further provides a polyurethane foam or

elastomer containing the reaction product of at least one polyisocyanate
15 and at least one alkoxylated vegetable oil hydroxylate containing from 15

wt.% to 90 wt.% alkoxylate, based on the weight of the alkoxylated

vegetable oil hydroxylate and alkoxylated in the presence of a double

metal cyanide (DMC) catalyst, optionally, at least one non-vegetable oil-

based polyol, optionally in the presence of at least one of blowing agents,
20 surfactants, pigments, flame retardants, catalysts and fillers.

The present invention yet further provides a process for making a
polyurethane foam or elastomer involving reacting at least one ‘
polyisocyanate and at least one alkoxylated vegetable oil hydroxylate
containing from about 15 wt.% to about 90 wt.% alkoxylate, based on the

25 weight of the alkoxylated vegetable oil hydroxylate and alkoxylated in the
presence of a double metal cyanide (DMC) catalyst, optionally, at least
one non-vegetable oil-based polyol, optionally in the presence of at least
one of blowing agents, surfactants, pigments, flame retardants, catalysts
and fillers.

30



30 -6- The present invention also provides a continuous process for the
preparation of an al koxyl ated vegetabl e oil hydroxylate involving a)
establishing in a continuous reactor a first portion of a mxture of a
double netal cyanide (DMC) catal yst and hydroxyl ated vegetabl e oil
effective to 5 initiate pol yoxyal kyl ati of of the hydr oxyl at ed veget abl e oil
after introduction of alkylene oxide into the continuous reactor, b)

conti nuousl y i ntThelpesent invention dsccprovidesausontiaotisrprooessofor fite e al kyl ene

i des, ti | i nt i i.nto.th t.i t
Py oxy1 af cepaERERT A CXIFed R IS Uy SRR IR IINBAo ¢ he react or
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cyanide (DMC) catal'yst/further hydroxylated vegetable oil mxture such that
t he cat al ytinetacyanideyDMC) catalyshand thydrxy(aieéd vegetiabld ail effgctiviestohydr oxyl at ed

e b o o RSP RRU e R hhuBroice
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Sui t abl e polyi socyanates are known to those e art dnd include
unnodi fi ed inkotheactattiesipusoeiadtordngol yiwe ajlteriecsxidas )i comtinaoasiy

0P oal o BSoar a6 RS RAEES SR e EAAIS S5 TS Pocyanat s o
20 e gL i RN S g odysiaed 5 95 fonel e
those riépr eEMCedatayyst hedfarfutiher, dbico)etal ¢cyanide (DME) icatadystifutikeer from 2- 5,
DSt cr ot Bk aaeidan Dl RO bush aae b o oo contar i v
Concai b oy RN 0, pOTORR AT SRR AL tither bon T
group cont agoritingotGslyFepeating steps a) through d) to produce an alkoxylated
vegetable oil hydroxylate and f) continuously removing the alkoxylated
15  vegetable oil hydroxylate from the continuous reactor.
Suitable polyisocyanates are known to those skilled in the art and
include unmodified isocyanates, modified polyisocyanates, and isocyanate
prepolymers. Such organic polyisocyanates include aliphatic,
cycloaliphatic, araliphatic, aromatic, and heterocyclic polyisocyanates of
20 the type described, for example, by W. Siefken in Justus Liebigs Annalen
der Chemie, 562, pages 75 to 136. Examples of such isocyanates include
those represented by the formula,
Q(NCO),
in which n is a number from 2-5, preferably 2-3, and Q is an aliphatic
25 hydrocarbon group containing 2-18, preferably 6-10, carbon atoms; a
cycloaliphatic hydrocarbon group containing 4-15, preferably 5-10, carbon
atoms; an araliphatic hydrocarbon group containing 8-15, preferably 8-13,
carbon atoms; or an aromatic hydrocarbon group containing 6-15,
preferably 6-13, carbon atoms.
30



preferably 6-13, carbon atons. 30 -7- Exanples of suitable isocyanates

I ncl ude et hyl ene diisocyanate; 1,4-tetranethylene diisocyanate;

1, 6- hexamet hyl ene dii socyanate; 1,12- dodecane dii socyanate;

cycl obut ane- 1, 3-di i socyanate; cycl ohexane-1, S- and -1, 4-diisocyanate, and
m xtures of these isoners; 1-isocyanato-373,5 5

trimet hyl -5-isocyanat onet hyl cycl ohexane (i sophorone diisocyanate; e.g.
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1, 4-phenyl ene diisogyanate; 2, 4- and 2, 6-tpoluene diisocyanate apd 10
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U S. Pat. NgNd3, *I?ﬁ‘?%‘?!‘erﬁi'épwwtei%ﬂy?@&@%@%%e d¥RYARRIRYANA et hane

gr oups t I f w,@n ' . 5S40 B \N@Sy 3, 394, 164 and
3,644, 457, %éﬁq‘q[%aﬂﬁ%%mﬁﬂ%&sa(ﬁgl)és contail %ﬁh%gga%?ﬁogﬁg{loar{\gﬁgroups of the
type descri désocyanate @BHp haphthylefB- B 94iig86yarite; AfibhéAYmethandNL 7, 102, 524;
modi fied 25 polyi socyanates containi ng i socyanurate grou?émof t he type
descri bed, fidgt 4 deigagyanate;palyphenyipolyreethyepe-poiisocyasatemoitient schrift en

1,022, 789, 4l RRicHHhaf BE obtféa By bordiBfsiig" dithe Wit RREAIBERGE ' Tt en

1,919, 034
followed by phosgenation (crude MDI), which are described, for example,

15 in GB 878,430 and GB 848,671; norbornane diisocyanates, such as
described in U.S. Pat. No. 3,492,330; m- and p-isocyanatopheny!
sulfonylisocyanates of the type described in U.S. Pat. No. 3,454,606;
perchlorinated aryl polyisocyanates of the type described, for example, in
U.S. Pat. No. 3,227,138; modified polyisocyanates containing carbodiimide

20 groups of the type described in U.S. Pat. No. 3,152,162; modified
polyisocyanates containing urethane groups of the type described, for
example, in U.S. Pat. Nos. 3,394,164 and 3,644,457; modified
polyisocyanates containing allophanate groups of the type described, for
example, in GB 994,890, BE 761,616, and NL 7,102,524; modified

25 polyisocyanates containing isocyanurate groups of the type described, for
example, in U.S. Pat. No. 3,002,973, German Patentschriften 1,022,789,
1,222,067 and 1,027,394, and German Offenlegungsschriften 1,919,034
and 2,004,048; modified polyisocyanates containing urea groups of the
type described in German Patentschrift 1,230,778; polyisocyanates

30 containing biuret groups of the type described, for example, in German



and 2,004, 048; nodified polyisocyanates containing urea groups of the type
described in German Patentschrift 1,230,778; polyisocyanates 30 containing
bi uret groups of the type described, for exanple, in Gernman - 8-
Patentschrift 1,101,394, U S. Pat. Nos. 3,124,605 and 3,201,372, and in GB
889, 050; pol yi socyanates obtai ned by tel-oBerization reactions of the type
descri bed, for exanple, in U S. Pat. No. 3,654,106; polyisocyanates
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described above.
15 In general, it is preferred to use readily available polyisocyanates,
such as 2,4- and 2,6-toluene diisocyanates and mixtures of these isomers
(TDI); polyphenyl-polymethylene-polyisocyanates of the type obtained by
condensing aniline with formaldehyde, followed by phosgenation (crude
MDI); and polyisocyanates containing carbodiimide groups, urethane
20 groups, allophanate groups, isocyanurate groups, urea groups, or biuret
groups (modified polyisocyanates).
Isocyanate-terminated prepolymers may also be employed in the
preparation of the foams and elastomers of the present invention.
Prepolymers may be prepared by reacting an excess of organic
25 polyisocyanate or mixtures thereof with a minor amount of an active
hydrogen-containing compound as determined by the well-known
Zerewitinoff test, as described by Kohler in "Journal of the American
Chemical Society," 49, 3181(1927). These compounds and their methods
of preparation are well known to those skilled in the art. The use of any
30



Zerewitinoff test, as described by Kohler in "Journal of the American

Chem cal Society," 49, 3181(1927). These conpounds and their nethods of
preparation are well known to those skilled in the art. The use of any 30
-9- one specific active hydrogen conpound is not critical; any such conpound
can be enployed in the practice of the pr@sent invention. The inventive

al koxyl ated vegetable oil hydroxylate may partially or wholly replace the
petrol eum deyneVepfbcR! aYéﬁvet odé?%&nbd@rh&%' hot cPRicHE aﬁylsﬂch %oﬁrpﬁ%e' ng a

pol yuret hane. The preferred vegetable oil starter nolécule enpl oyed to
produce the c‘amlmmnnpbyauuoﬂlye atanﬂlce@@ﬂlmbteseot Invbytiormwl ate is soybean oil,

I 'th h the i t t th
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accordance wth'the present invention. Ey hydr oxyl at ed, e |nventors herein
mean t hebi niprodiucing arpadyutethanel nihecpreferired vagetablebait staftenyablecyle (i . OH)

Pydr oxyl at e FTHYOUTH 1o oG the tis alkairaheaetabe b i oRre '%Itlo, Ry, be
oxi dat i on, B?béﬁﬁoﬂfal%%ﬁrtﬁé'lﬂ%t&@%é?§lnm6?ﬁ%9[§fef¥'tﬁét'%? Q«Aﬂ(}pw ng this

hydr oxyl ati on e vegetabl e oil hydroxylate may al kox by any
met hod knowother \tdgmablelaﬂl sech as sthffoveer camalat lirsdedl; bpttorps@cbrtmmagj nmet hods

are basic (e. cat ed proce d ani.de (DMC

el vobd oFaTBCBUY Serdhies s Anl RERBULAT BEY RA BYAToXYIAtd ahd FeRit ve

al koxyl %l 0%055%?-@% wnﬂ‘f‘ﬁ‘n‘e”@’%ge ot limted to, ethylene oxide,
e, 1,2- and , O-

propyl ene oxi y ene oxi de, isobutyl ene oxide,
epi chl or ohydri n, Byyydroyated, the uIWentoss heﬁemnmardme intrddudtornamgtier al kyl ene

oxi des such as the, C& C30 a- S# k)%i OXI&EB eneral ly undesirable to
enpl oy et hy IRGeassk inthexsimbenel hysliexyh(ig. %@UEJ? B‘p&ﬁéﬁgle&d &ldNand et hyl ene
oxi de wi th higBresent invention, the vegetable oil may be hydroxylated by any

method in the art, including but not limited to, air oxidation, the use of

16 peroxides and by hydroformylation.

Following this hydroxylation, the vegetable oil hydroxylate may be
alkoxylated by any method known to those skilled in the art. Particularly
preferred methods are basic (e.g. KOH) catalyzed processes and double
metal cyanide (DMC) catalyzed processes.

20 The alkylene oxides useful in the inventive alkoxylation process
include, but are not limited to, ethylene oxide, propylene oxide, 1,2- and
2,3-butylene oxide, isobutylene oxide, epichlorohydrin, cyclohexene oxide,
styrene oxide, and the higher alkylene oxides such as the Cs-C3g a-
alkylene oxides. It is generally undesirable to employ ethylene oxide

25 alone, but mixtures of propylene oxide and ethylene oxide with high
ethylene oxide content, i.e. up to 85 mole percent, may be used |
effectively. Propylene oxide or mixtures of propylene oxide with ethylene
oxide or another alkylene oxide are preferred for the instantly claimed
process. Other polymerizable monomers may be used as well, e.g.

30 polycarboxylic anhydrides (phthalic anhydride, trimellitic anhydride,



et hyl ene oxide content, i.e. up to 85 nole percent, may be used
effectively. Propyl ene oxide or m xtures of propylene oxide wth ethyl ene
oxi de or anot her al kyl ene oxide are preferred for the instantly cl ai med
process. O her polynerizable nononmers nay be used as well, e.g. 30

pol ycar boxyl i ¢ anhydri des (phthalic anhydOide, trinellitic anhydride, -10-
pyronellitic anhydride, nethyl endonethyl ene tetrahydrophthalic anhydride,

endonet hy| erwrdrﬁémﬁ@nﬁhm@%étﬁy@ﬂaﬁﬁféthiﬁen@t&tw%mhamydrI de and maleic

anhydride) l[actones and ot her nonhoners as disclosed in U S Pat. Nos.
3,404, 109; =nhydridsBndometbyiese, tetnahydmphﬂsnallmaehydrm ahlasepdiat ed veget abl e

the art. and MadroLanasgee anhydfidef Bafoes gt GeBimbhorags 3 721 51s: and
5,563, 221, Fraraldin o e eas sgbe 100! s iy baa gebasaiths has ar

al koxyl ate content of from 15 wt. . nmore preferably from20 10
W . %to 80 vertive adexkytated Ivege«tabgholl bydmbmlaha kmy;dpamallwbgécam@d”m |

hydr oxyl at e. | koxyl. at e cont enI | ve al ko ed vegetabl e
of 1yt oxy MRS S GF. 2 KiRYIn e s BisEliser &y TELRS: Bk i on o
these val uegyod RC3g5Si188: Qf72t1l'@15" %thg(;:ygbqles As nentioned above, the

al koxyl ation of the'vegetablé oi'l 15 'hydroxyl ate nmay be catal yzed by any
al koxyl ati on cat dhgsalkéxyatedivegetable afl hydmxylaﬂi@pmferatﬂy dbs@ayani de (DMVO)

esal ting palBy Ay Eprieat B Rom hof % HopRutArmies BIRICRITEOB 2ar s | mpr oved
conf or 191 WH9RE B bhoebfithe lehitalfie akiRyldPIRABLRILIPT ocess of the

present invention may ehploy 20 any bl e net cyani cat al yst.
Sui t abl e do@lydmnytatal Thysmkmiejlatemﬁ)emaxf e mventivecalkkorylatadovedeiakleski | | ed in

;gﬁ 2[E)I chi Bﬂé’t F’fQ:X C Bé?'gﬁﬁ% lﬁﬁ/ %Bg éthe%gﬁé%tﬁﬁt‘:%r e@%‘ﬂi’@ ebnpl exi ng
agent and Oﬂﬁééén\?élbé,(s %a%weco‘?rmé fedited VAR S With a double netal cyanide
salt, e.g. 2im As mentioned above, the alkoxylation of the vegetable oil
15 hydroxylate may be catalyzed by any alkoxylation catalyst known in the
art, but double metal cyanide (DMC) catalysts are particularly preferred in
the present invention because the resulting polyol will have a higher
molecular weight which offers improved comfort in the resultant foam or
elastomer. The alkoxylation process of the present invention may employ
20 any double metal cyanide (DMC) catalyst. Suitable double metal cyanide
(DMC) catalysts are known to those skilled in the art. Double metal
cyanide complex (DMC) catalysts are non-stoichiometric complexes of a
low molecular weight organic complexing agent and optionally other
complexing agents with a double metal cyanide salt, e.g. zinc
25 hexacyanocobaltate.
Exemplary double metal cyanide (DMC) complex catalysts for use
in the inventive vegetable oil hydroxylate alkoxylation process include
those suitable for preparation of low unsaturation polyoxyalkylene
polyether polyols, such as disclosed in U.S. Pat. Nos. 3,427,256;

30 3,427,334, 3,427,335, 3,829,505; 4,472,560, 4,477,589; and 5,158,922.



25 hexacyanocobal tate. Exenpl ary doubl e netal cyanide (DMC) conpl ex
catalysts for use in the inventive vegetable oil hydroxyl ate al koxyl ati on
process include those suitable for preparation of |ow unsaturation

pol yoxyal kyl ene pol yet her polyols, such as disclosed in U S.- Pat. Nos.
3,427,256; 30 3,427,334; 3,427,335; 3,8291505; 4,472,560; 4,477,589; and
5,158,922. -11- The double netal cyanide (DMC) catalysts nore preferred in

the proces f preparing
"ultra- | owﬂgndgelljtb?ﬁg]te?@?%%@‘dfemg gg&;@&fﬁdﬂ@@%@g{@ghbgi}g are disclosed in

U S. Pat. NoscessSedpditepreseot mveaﬁomaae thasd capable, drepatieg ultrar e cont ent s
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hexacyanocolpahtRbe 5 470 BHSSatn‘éi u8PB08YaRY 541 66 gﬁé%n@kﬁé%m@ﬁ% 67 U S. Pat.

No. 5,482,908. The DMC cat al yst’ concentration'is osen to ensure a good
control 5 of whigh arel herejmincpprrated byewefeneone tingreto. t Hartg:uimly prefertecn
condi tions. t concentration I n th range from
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of the cat € process o sent invention, such as the
or gani c corrpl\mb(%nmdregmemwiymthd)mgerfrdm9 OCPaivt. YNt OZONB%404I05109

3, 829, 505, 941, 158, 5 47 as well as in EP 0, 700, 949,
EP 0, 761, 7o§refera vut@edggge 3% gihavt /b, Daseua) heameudhobr gani ¢

S oo B I I e AP s 0
alkoxylation process of the present invention in an amount ranging

15  between any combination of these values, inclusive of the recited values.

As those skilled in the art are aware, an organic complexing ligand
may be included with the DMC catalyst. Any organic complexing ligand
may be part of the DMC catalyst in the process of the present invention,
such as the organic complexing ligands described in U.S. Pat. Nos.

20 3,404,109, 3,829,505, 3,941,849, 5,158,922 and 5,470,813, as well as in
EP 0,700,949, EP 0,761,708, EP 0,743,093, WO 97/40086 and JP
4,145,123. Such organic complexing ligands include water-soluble
organic compounds with heteroatoms, such as oxygen, nitrogen,
phosphorus or sulfur, which can form complexes with the DMC compound.

25 Preferred as organic complexing ligands, are alcohols, aldehydes, -
ketones, ethers, esters, amides, ureas, nitriles, sulfides and mixtures
thereof. More preferred organic complexing ligands include water-soluble
aliphatic alcohols, such as, for example, ethanol, isopropanol, n-butanol,
iso-butanol, sec-butanol and tert-butanol. Tert-butanol is most preferred.

30



phosphorus or sul fur, which can form conpl exes with the DMC conpound. 25
Preferred as organi c conplexing |ligands, are al cohols, al dehydes, ketones,
ethers, esters, am des, ureas, nitriles, sulfides and m xtures thereof.
More preferred organi c conpl exing |ligands include water-soluble aliphatic
al cohol s, such as, for exanple, ethanol -1Rsopropanol, n-butanol,

| so- but anol, sec-butanol and tert-butanol. Tert-butanol is nost preferred.
30 -12- The DVC qRbahme! cathfysish tRE procss tﬁé‘%réﬁ’e‘?ﬁ%ﬂkn‘tﬁﬁ‘?ﬁéy on may
optlonally contain at |east “one functionalized Functional i zed

pol ymer' asopbemiallyarmtamuaileae,j@inyerfanctmnahzedpalwnemd‘Fuoomraahzedone or nore

i | i ncl fur phosph
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pol ycar bonat es, yl ene gryc sor esters yl ene gl ycol

gl IyC| dyl ? et heloggnpcﬁ)gmpzlgs@MMIpnphﬂeﬂ(pmiymbmmMened ircthd IFU?HNWSS)
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al cohol s, aglymd)yl ethedls e;bcﬂ\pémylansdeél peody (BER(Phidesed- dcryuolalmism ally by Shell
Chem cal Conpany) pol yacrylonitriles, E)ol yal kyl acryl ates,

ol
pol yal kyI @PWQGWP&C& PBB‘I WWS/F‘C' %Waﬁtch%-‘r'fé,s) PBW vinyl ethyl ethers,
| | i , | yvi nyl
ot iyt T SSEUBYERAGBAE LE I GOL by AT Mo bEERe) adftie>. pol v vy

pol yal kyl enealts theseofyybleic\azidsy lsteehed an@malenolarmydhdés:opglymérdxdnd et hers,
gl ycosi des, carbox lic acid esters of hydrlc al cohol s, bile acids 20 and
their saltsthesalts eEﬁOfaPrﬁOG5§°P@VE]Q5§I§QWHQ§§ %P&Wfﬂ%mounds,

unsat ur at ed oo Liechold! SN STate PAoNGR! et REBDL (4qher  ace-act i ve

conpounds. s ar era
commercnally by Shell Chemical Company), polyether, polyacrylonitriles,

15  polyalkyl acrylates, polyalkyl methacrylates, polyvinyl methyl ethers,
polyvinyl ethyl ethers, polyvinyl acetates, polyvinyl alcohols, poly-N-
vinylpyrrolidones, polyvinyl methyl ketones, poly(4-vinylphenols), oxazoline
polymers, polyalkyleneimines, hydroxyethylcelluloses, polyacetals, glycidyl
ethers, glycosides, carboxylic acid esters of polyhydric alcohols, bile acids

20 and their salts, esters or amides, cyclodextrins, phosphorus compounds,
unsaturated carboxylic acid esters and ionic surface- or interface-active
compounds. Polyether polyols are most preferably used as the
functionalized polymer in the inventive alkoxylation process.

Where used, functionalized polymers may be present in the DMC

25 catalyst in an amount of from 2 to 80 wt.%, preferably, from 5 to 70 wt%
more preferably, from 10 to 60 wt.%, based on the total weight of DMC
catalyst. The functionalized polymers may be present in the DMC catalyst
in an amount ranging between any combination of these values, inclusive
of the recited values. In addition, a catalyst polyol suspension, such as

30 described in U.S. Pat. No. 6,699,961, may be used. '



functionalized polyner in the inventive al koxyl ation process. Were used,
functionalized polynmers may be present in the DMC 25 catalyst in an anount
of from2 to 80 w.% preferably, from5 to 70 wt.% nore preferably, from
10 to 60 wt.% based on the total weight of DMC catalyst. The
functionalized polyners may be present in3t-he DMC catalyst in an anount
rangi ng between any conbi nation of these values, inclusive of the recited

val ues. I n addit heg,; ; j ribed in
0s %Pat . N o, 055 8 L BEEsERI kR oGIAtRGHAC HBgot o ydERE

al koxyl at i ngnayhiee batpht sbiri-batdh drycontinybas.e Imbgtcheorisntikhatelen - bat ch or
continuous. |In bat cgq)or sen - bat c rocesses for producing polyols, high
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for use in ol ymer form ng systens articularly pol yurethanes. In the
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oxyal kylati on, an oxya | 'Oh progresses, continuouds addition of

cat al yst, swhdditioh ofisthrter dnd eatalyskiole continuaterdxyatkgistionaatdr. thepol yol
product. The Process of Pazos et al. adds "fresh" catal yst or pre-activated
catal yst. TRelyetenpreduets aie§aid iede gxeentiopally,wet pulied feff useel® as a node of

N e e B
subst anti al Pazos et al., polyol synthesis begins with introduction of catalyst/starter
15 into the continuous reactor, initiation of oxyalkylation, and while
oxyalkylation progresses, continuous addition of catalyst, starter and
alkylene oxide with continuous removal of polyol product. The process of
Pazos et al. adds “fresh” catalyst or pre-activated catalyst.
The term "continuous" as used herein may be defined as a mode of
20 addition of a relevant catalyst or reactant in such manner so as to maintain
an effective concentration of the catalyst or reactant substantially
continuously. Catalyst input, for example, may be truly continuous, or may
be in relatively closely spaced increments. Likewise, continuous starter
addition may be truly continuous, or may be incremental. It would not
25 detract from the present polyol production process to incrementally add a
catalyst or reactant in such a manner that the added material’s
concentration decreases to a very low level (5-10 ppm) for some time prior
to the next incremental addition. However, it is preferable that catalyst
concentration be maintained at substantially the same level during the

30  majority of the course of the continuous reaction, and that low molecular



continuously. Catalyst input, for exanple, may be truly continuous, or may
be in relatively closely spaced increnents. Likew se, continuous starter
addition may be truly continuous, or may be increnental. It would not 25
detract fromthe present polyol production process to increnentally add a
catal yst or reactant in such a manner thd# -the added material's
concentration decreases to a very low |level (5-10 ppm for sonme tinme prior

to the next yditaiEd e ﬁﬂ%efnit 80rin H_%Lqrit%l/b”]ﬁe &fo%é@f.amfr‘eﬁq%ﬁfalcat al yst

concentration be maintal hed at subStanti e sanme level during the 30
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6, 000 or NG roleaar weigBhindbs raads obaH0 10 BhB marh e Rraty veger an o of |
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form ng formnul ation maé Oﬁqtvi onal | i ncl ude one or nore non:-ve e%abl e
ke Jd

oi | - based (@MOUNtFRAGB eel ADY %emhiwaé@p Cﬁgh%ﬁ ¥alggening4isiys fdbger s,

pol yest ghs, %aﬁaq s, polycarbonates, polyesterethers, polyester
car bonaf(gs, ré)(g{ yt |%€%'hers, 15 pol yam des, pol yesteram des, polysil oxanes,

pol ybut adi enes afTie invéntivegiaingethahedfoaningfoahulation\egebptidreallyi | - based
pol yol may preferably be made in the presence of double netal cyani de (DM
catal ysts. @flydgpre apmarees-vagetablgR-kaseddhal. pptoehemisaliled in t he

Do o "o SRy 2 A BEPSREE otpgal on e ve, for 20
polycarbonates, polyesterethers, polyester carbonates, polythioethers,

15 polyamides, polyesteramides, polysiloxanes, polybutadienes and
polyacetones. The optional non-vegetable oil-based polyol may preferably
be made in the presence of double metal cyanide (DMC) catalysts.

Suitable additives which may optionally be included in the
polyurethane forming formulations of the present invention include, for

20 example, foam stabilizers, catalysts, cell regulators, reaction inhibitors,
flame retardants, plasticizers, pigments, fillers, etc.

Foam stabilizers which may be considered suitable for use in the
inventive process include, for example, polyether siloxanes, and preferably
those which are insoluble in water. Compounds such as these are .

25 generally of such a structure that copolymers of ethylene oxide and
propylene oxide are attached to a polydimethylsiloxane residue. Such
foam stabilizers are described in, for example, U.S. Pat. Nos. 2,834,748,
2,917,480 and 3,629,308.

Catalysts suitable for the foam or elastomer forming process of the

30 present invention include those which are known in the art. These



flame retardants, plasticizers, pignents, fillers, etc. Foam stabilizers
whi ch may be considered suitable for use in the inventive process include,
for exanple, polyether siloxanes, and preferably those which are insol uble
in water. Conpounds such as these are 25 general ly of such a structure that
copol yners of ethyl ene oxide and propyléhe oxi de are attached to a

pol ydi met hyl si | oxane residue. Such foam stabilizers are described in, for
exanpl e, ucstalysis inaaede, for @gamplegtertiarysimingg Osueias fréstbylaotne,Cat al yst s
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(di met hyl ani noet er ‘suit Sts whi ch may be used in
pr oducildg ldﬁmethyhmzme Zsmejhylmmdazrdefmanscynhd aafidalslt:ynmramnesl ude, for

compounds. RIGRSONTR BioiAREHATORANI BEETDEBHIAS S0 Sult sbl o | ncl ude
RO . 9,20 or, e el e o
cat al ysts i ncl u@theps@itablabbtalystsvhich malythe wdedciargrodyting thei ds such as, for
inventive polyurethane foams and elastomers include, for example,
15 organometallic compounds, and particularly, organotin compounds.
Organotin compounds which may be considered suitable include those
organotin compounds containing sulfur. Such catalysts include, for
example, di-n-octyltin mercaptide. Other types of suitable organotin
catalysts include, preferably tin(ll) salts of carboxylic acids such as, for
20 example, tin(ll) acetate, tin(ll) octoate, tin(ll) ethylhexoate and/or tin(ll)
laurate, and tin(IV) compounds such as, for example, dibutyltin oxide,
dibutyltin dichloride, dibutyltin diacetate, dibutyltin dilaurate, dibutyltin
maleate and/or dioctyltin diacetate.
Further examples of suitable additives, which may optionally be
25 included in the flexible polyurethane foams of the present invention can be
found in Kunststoff-Handbuch, volume VI, edited by Vieweg & Hochtlen,
Carl Hanser Verlag, Munich 1993, 3rd Ed., pp. 104 to 127, for example.
The relevant details concerning the use and mode of action of these
additives are set forth therein.
30



20 exanple, tin(ll) acetate, tin(ll) octoate, tin(ll) ethyl hexoate and/or
tin(ll) laurate, and tin(lV) conpounds such as, for exanple, dibutyltin
oxide, dibutyltin dichloride, dibutyltin diacetate, dibutyltin dilaurate,
di butyltin naleate and/or dioctyltin diacetate. Further exanples of

sui tabl e additives, which may optionallyqge 25 included in the flexible
pol yur et hane foans of the present invention can be found in

Kunst st of f - Handbuch, vol ume VI, e%ggﬁﬂoggg¥'eweg & Hochtlen, Carl Hanser
Verlag, Munich 1993, 3rd Ed., pp. , for exanple. The rel evant

det ai | s concer ni Mhetgresertdanwartionds futherdiftstenedfbutheaet tolsdllimitegs are set
forth therein. 30 -16- EXAMPLES The present invention is furt her

i 1| ust r at edbY e fqlpvwag eK%mELesl 'nr\ﬁ’h'@@auwaﬂh@ﬁ @IVEBR MRAS(AAS es i n whi ch
all quantith e e to be by
wei ght, unl sscot erg\cé ggdigna‘S oﬁ@byg&ﬁérﬁ géy sa't%w rg{]%eir _%’LC%? egan O -

Pol yol A A two-gallon pressure reactor equi pped with |nternal heat
exchanger, three feed streans and uter process control was used to
al koxyl at e WGP@XY/‘P&Q@@‘@W@@Y\I)%'F hBoly@d& or was evacuated and 10 heat ed

Soybean of I and foReRrERRSHIE Hablhr Bubiche i [fomaLRegll | L0y OL! &t e
descri bed i Bxshangdrathredieedstfdam8 @ad (cdatbnenploeess! controNeas isédlto pol yol

wei ght). Bl own soybean oil was produced by Urethane Soy Systens in a

control | ed plkoxyplate hydranylatedhseybead @l olire reasievanevacyatad and an el evat ed
Lot A oo AREL T GRSt A iR AShEoE [at Ly 2o
was acti Vat afydrbiNateBP gbyBéarpeil 6RAtoIDEAS YEEHFand déBble metal cyanide
catalyst as described in U.S. Pat. No. 5,482,908 (200 ppm based on the
final polyol weight). Blown soybean oil was produced by Urethane Soy
Systems in a controlled process in which air was blown though the oil at
15 an elevated temperature. This procedure introduced hydroxyl groups into
the fatty acid groups. The blown soybean oil had a hydroxyl number of
267.
The catalyst was activated with about 10 percent propylene oxide
based on the initial charge of toluene and hydroxylated soybean oil.(i.e., a
20 total of 75 g of propylene oxide to activate the catalyst). After activation, a
1:1 mixture of hydroxylated soybean oil and toluene (1,140 g) in one feed
stream was added over a period of six hours and propylene oxide (1,140
g) in a second feed stream over eight hours at a temperature at 130°C.
The reactor was stripped at 130°C to remove toluene and excess
25 propylene oxide and the contents cooled to 80°C and labeled Polyol A.
Analysis: OH No. = 56.

Propoxylated Blown-Soybean Qil - Polyol B
The general process and equipment described above to make

30 Polyol A were used with some modifications to make Polyol B. The initial



based on the initial charge of toluene and hydroxyl ated soybean oil (i.e., a
20 total of 75 g of propylene oxide to activate the catalyst). After
activation, a 1:1 m xture of hydroxyl ated soybean oil and tol uene (1,140 Q)
in one feed stream was added over a period of six hours and propyl ene oxide
(1,140 g) in a second feed stream over-gifght hours at a tenperature at

130C. The reactor was stripped at 130C to renove tol uene and excess 25

propyl ene o0xj t ol yol A
Anal ysi s: q@ﬁ@ea@q?.%h@%‘?gg%@gé@%%@&%@@%ﬁ%&eﬁw@g ol B The general
process andfaliguigdnenthedestalysb@d7 40g) eAfter enorialifg Roldymirgihguteee used with
some nodi fications_to.nake Polyol B. The_i nst ial -17- charge :.to the reactor
was a 700 NW?J?BbWQ?I”&ff&P’bIP%éﬁ‘FW pxige (699 Mas| hasged fo ?ﬁ@Vaéﬁtt%ﬁ yst (0.743
. After e [ ' ; )\ i 4410 gl ene oxi de
??30 g) was §ﬁf§'ﬁ§tgdn&g?dggytl%g%g?tsﬁéeﬁ‘sggﬁ%?{,@{ﬁb%%pggt|aa?§33g§§ﬁ,§§tg oi | i xed
wi th tol&ieng) wasaharded avera 15 hor perd aleng elithrregyleneroxide2(R96our peri od

al ong with propyl ene oxide (1,964 whi ch s charged_over a 3.3 hour
peri od. AftG}W?1 Was coatged uer ac%ég’}%tr@,eﬂpﬁﬁf@%@ adgitienwas i ncreased from

130C 10 150CohBIetE PR BHR G AR LLARNERELEX iy 1869 [P Ff, svstem v ¢ hen

stripped to nove to nunber product was obtai ned and

| abel ed 10cHoipjete the plsiiéneooste pehstins FhelsystdmBrds Wsarestripped té t h
hydr oxyl ated soybean oil using the above procedure with the exception shown

bel ow;  t her@Re¥pigleensdeAnP hydioxy nimaber prpdusiovas obtainedand lagkedpoxy! at ed
gl yceri vap B,%?g to starter to activate the catalyst prior to the addition
of 15 the so? ean'oil dissolved in toluene as a co-feed with propyl ene

oxi de. Al'l runs padditionanpolgdledB-atan3BQ2 wetdmiade Withaydeixyiaged ng to renove
toluene at 150C. Polyol B-1 Polyol B-2 . ]
soybean oil using the above procedure with the exception shown below;
the exception being that a small of amount of a 700 MW propoxylated
glycerin was used to starter to activate the catalyst prior to the addition of
15 the soybean oil dissolved in toluene as a co-feed with propylene oxide.

All runs were conducted at 130°C with the final stripping to remove toluene

at 150°C.
Polyol B-1 Polyol B-2
Starter (240 OH No. propoxylated glycerin) 100 g 100 g
Toluene 400 g 400 g
Propylene Oxide for Activation 50 g 50g

1:1 Toluene and Soybean Oil OH No. 174 1,400 g

2,220 g

1.1 Toluene and Soybean Oil OH No. 294 -
Propylene Oxide Feed 1,754 g 2921¢
Feed Time 2 hrs. 2 hrs.
Target OH No. 56 56

20 Propoxylated-Ethoxylated Blown-Soybean Oil - Polyol C
A solution was prepared from toluene (2,000 g), a hydroxylated
soybean oil having a hydroxyl number of 179 and a functionality of 3,
available from Urethane Soy Systems as GC-5N (2,000 g), and
concentrated phosphoric acid (1 g). This solution was charged into a two-



Starter (240 OH No. pro o fated glycerin) 100 100 Tol uene 400 400 Propyl ene
Oxide for Activation 50 50 1:1 Toluene and Soybean G| OH No. 174 1,400 -
1:1 Toluene and Soybean G| OH No. 294 - 2,220 Propyl ene Oxide Feed 1,754 g
2,921 Feed Tine 2 hrs. 2 hrs. Target OH No. 56 56 20 '

Propoxyl at ed- Et hoxyl at ed Bl own- Soybean @18 ~ Pol yol C A sol ution was
prepared fromtoluene (2,000 g), a hydroxylated soybean oil having a

hydroxyl nugagén Q&ssdel Qpagé Stidnitifictih@nahd presturized warabh g@iaﬁnﬁrbg_@h Ur et hane
Soy Systens as GC-5N (2,000 g), and concentrated phosphoric acid (1 g).

Thi s sol uti dnpreparaticn tpleedrinte aitwavgallarsreagion on vessel (Pope Scientific
Inc.) and pressurjzed with 50 . psia njtrogen in preparation.,to feed into a

t wo-gal | on rea_ct@f%”oAg? - té'l"'lI ?‘F%Fﬁ' P\?Igglsreéf’@élwp 0 Qe?é‘é@t%r was charged
with a gl y@grcbﬁn%&a&é&gs?r@dwgﬂ ﬁﬁmbeﬂgav@@fhéwhal%dmmnﬁfgQbo%.r%al ning a 20
w.% 5 ethyl'ene oxide ti 500 g; 0.321°CH eq.) and 1.088 g of double netal
cyani de gat &thypdeng axlddet@c&io el 0. 321081 eaiandNo08& g482i0008) metdle ni xture was

heated to 130C .under_vacuum W t.h stirrd and urge of . nitrogen
Surf 1 ci ent - CorP e AeStined 1 U BicRG. Btebe. TtesRixuld o °%50
mnutes of RgsHEHIES td HBO*O UndEPPadlidnh GBIStRHRE BndaSsI6lvREE ofnd the 10
vacuum val ve cl osed, thus bl ocking the reactor under vacuum -0.3 psia).

Propyl ene oxitthgenssufigientto paintain & pressutecofcl O psid indhetreactov.eAfter ve

m nutes. The.pressure.in the reactor rase to 23.4 psia fol]ow this

2ddi t on. | THOTHRCLE S alnbls f5RBgaIne 3T a05E ot wa sTonred A BB after ¢ ne
propyl eng oxhegurdiie @lBsed,tth][]ggédcgfﬂrid%ro r%laétolP%haer (& \nah I~0g3 psfa) vat i on of

15 the DMC catal yst. A m xed yl ene oxide (90 g) and éethyl ene

oxi de (10 gPropyene oxitlexi50tg)ovaspemped dntd thedloseg/reantor ovepfive i vel y, wit hout

minutes. The pressure in the reactor rose to 23.4 psia following this
addition. The pressure quickly began to drop, and at six minutes after the
propylene oxide addition, it had reached 3.5 psia indicating activation of

156 the DMC catalyst. A mixed feed of propylene oxide (90 g) and ethylene
oxide (10 g) was added at the rate of 9.5 and 1 g/min. respectively, without
leading to an increase in reactor pressure — indicating the catalyst was
activated. While continuing to feed the ethylene oxide and propylene
oxide at the same rates, a third feed stream containing the solution of

20 hydroxylated soybean oil in toluene described above was started at the
rate of 11 g/min. After one hour, the rate of the hydroxylated soybean oil
feed was raised to 16.7 g/min. and continued at this rate until a total of
1,880 g of the solution (3.0 OH eq.) were fed. The oxide feeds were
continued at the same rate until a total of 1,355 g of propylene oxide and

25 155 g of ethylene oxide were fed. The ethylene oxide feed rate was raised
to 6.3 g/min. and the propylene oxide feed rate was held at 9.5 g/min. as
additional ethylene oxide (600 g) and propylene oxide (900 g) were fed to
the reactor. ‘

At the end of the oxide feed, the pressure in the reactor was ~30
30 psia. After both ethylene oxide and propylene oxide feeds were stopped,



| eading to an increase in reactor pressure - indicating the catalyst was
activated. Wiile continuing to feed the ethyl ene oxi de and propyl ene oxide
at the sanme rates, a third feed stream containing the solution of 20

hydr oxyl at ed soybean oil in toluene described above was started at the rate
of 11 g/mn. After one hour, the rate of 19he hydroxyl ated soybean oil feed
was raised to 16.7 g/mn. and continued at this rate until a total of 1,880

g of the sokwd prizs(ife Brdgpedt3 %r&eFﬁﬂeemﬂuf@é'téQfSﬁﬂswﬁ’éfeelt continued at
the sanme rate until a total of 1,355 g of propylene oxi de and 25 155 g of

et hyl ene ox|remawdeccrn§¢lantmmgtth9|3@nnm&e d@okcné@tﬂaﬂeCwaTiwermb@we to 6.3

/ dth | d hel d
i 1 onal W AERBAHE e SFuEE to PO LA i VarlErt yAlie M@ Bo ver o fed 1o
the reactor gnghed k& begH sﬂfl?élh? tRe 'tél@erf\@eWhéH‘@llﬁr%Séém@ noNoh§ér B&act or was

-30 30 psia. Arter both ene oxi de and propyl ene oxide Teeds were

st opped, 5- 19eenIdestﬂin@slstn@edmmlpeuhnec@lditeam\tm tarhperaturerwass to 27 psia,
where it remained nut e cookout .at 130C. The
mxture vl ey eadheld Peregeder il VerEuGIED Aribas Ritoes ow
opened {0 begidh S4ERIBRAIND HifLtbe! Wﬁ@%roéﬁkﬂ%r&iﬂb&l‘?%@WF&&&WQ@QW be 5
seen distilling rnto the vacuumline cold trap, the tenperature was

i ncreased t ordEceoedkguid haging ajhyttoxylmUmberomﬁAﬁ Vvlalnti akinetmatigen pur ge
for an additional Bf) qizutﬁs. The product drained fromthe reactor was an
orange col oVS8OFMG0E & 1148y a hydroxyl number of 45.7 and a ki nematic
viscosi gy of 1,117 cSt. 10 Propoxyl at ed- Et hoxyl ated Bl own- Soybean G| -

Pol yol A two-gal l on stainless steel polyol reactor was charged with Pol yol
C (500 g) amopouplaeedaﬁthbxylaiedcmommtsbybeani 0iD8BolyolMrs described in U S.

CEi iy and 2 SPodopERIR SAESs SRehpaRITPaF G MASEIoR: iR Bovor ' |

C (500 g) and double metal cyanide catalyst (1.088 g) (as described in
U.S. Pat. No. 5,482,908). The mixture was heated to 130°C under

15  vacuum with stirring and a slow purge of nitrogen sufficient to maintain a
pressure of 1.0 psia in the reactor. After 30 minutes of purging/stripping,
the nitrogen purge was stopped and the vacuum valve closed, thus
blocking the reactor under vacuum ~0.3 psia. Propylene oxide (50 g) was
pumped into the closed reactor over five minutes. The pressure in the

20 reactor rose to 25.1 psia following this addition. The pressure quickly
began to drop, and at four minutes after the propylene oxide addition, it
had reached 5.0 psia indicating activation of the DMC catalyst. A mixed
feed of propylene oxide (90 g) and ethylene oxide (10 g) was added at the
rate of 9.5 and 1 g/min. respectively, without leading to an increase in

25 reactor pressure — indicating the catalyst was activated. While continuing
to feed the ethylene oxide and propylene oxide at the same rates, a third
feed stream containing the solution of hydroxylated soybean oil in toluene
(described above in the preparation of Polyol C) was started at the rate of
5 g/min., and increased in a linear manner to 20 g/min. over 40 minutes.

30 The soybean oil feed was continued at this rate until a total of 1,880 g of



pressure of 1.0 psia in the reactor. After 30 m nutes of purg-i ng/ stri ppi ng,
the nitrogen purge was stopped and the vacuum val ve cl osed, thus bl ocking

t he reactor under vacuum -0.3 psia. Propylene oxide (50 g) was punped into
the cl osed reactor over five mnutes. The pressure in the 20 reactor rose to
25.1 psia followng this addition. The pR@ssure quickly began to drop, and
at four mnutes after the propyl ene oxide addition, it had reached 5.0 psia
i ndi cating syIatil f % I A 17 ene oxi de
(90 g) and gﬁ?/?{gﬁgﬁg?(i@dgﬁ(l ) SR oxifle Rgdtwel € BOntHud A g/ i n.
respecti vel gama tabeuntill 2 tatalnaf 1,85%0 of promdsre orid2sand 485 grof mtimdene e -

i ndi cating the catal yst s activated. \Wile continuin 190) ed the

et hyl ene oxioff@ea\ﬂﬁrepﬁégpy-ﬁ[%ﬁb?}&ﬁﬁy}e&e Pfide g%ﬁ?érart%ﬁ"@@,ra qdﬁpréi feed stream
cont ai ni ng HYARirs WHikit % \If eT=Xe] ids d e (described
above in thgnglr@pﬁgt ﬁgﬁ?%?ﬁ%%% %ilﬂbg gglggtgstar ﬁeelg é&tg'?ﬁzrﬂlrdét%g of 5 g/mn.,
and i ncrgaseadditional éthyleme owiden 800 @) 20d gropyfeneoaxdde 4900rghwees fedtd The
soybean oil feed was continued at this rate until a total of 1,880 g of -20-
the sol uti of§ AR eq.) were fed. The oxide feeds were continued at the
same rate until F 0N wao~8gof ethyl ene
oxi de were fed. %t]tgﬁ]’é @bﬂg)ffgﬁ]éggﬁge%(itﬁ%%?%éesgﬁgéfg{e\?\%g%@ii sed ?% 6.3 g/mn.
whi | e t he ppsjay Aftee boli dihyfemedoxide andgsofdénke akide.fBeds wiene séoppedaddi ti onal

et hyl ene oxi de (600 g) and propyl ene gxide (900 g). were fed to the reactor.
A he ond H1C PIRSSU AOPPEET4 bia GRE Bt MENVES IR SRAGRR HHIGIESE - 28 pos o
After beggh [ I } r LaRRGd the
pressurgédrg%'ﬁég%azcﬁrﬂﬁﬁﬁgﬁﬁgE’bnrﬁﬁﬁ“ttée)gb?&nﬁ%qu(s)ivg', q-\;\jh%e'ﬁe it 10 remai ned
const ant dumwasgsubseqdéntty codled to 800D} ard the3dHcuuhmealvexvas slowlas subsequent|y
cooled to 80C, and ghe vacuum vgl ve was sl OV\AP(/) opened to begin stripping

the tol uene OPAR% @ BEAERETRRINA NG P8R el Visn toluanie @RWE NOIIPAGETBR o t he
vacuum | | nesg%%r%t{l,\lﬁm?yin{dqﬁet\%mﬁﬁ?%ﬁlﬁ g%lml%p,'tﬁ@feefﬁﬁé’r%tﬁrg WadC and held there

under full vacuu h''a nitrogen
increased to 130°C and held there under full vacuum with a nitrogen purge

15 for an additional 30 minutes. The product drained from the reactor was an
orange colored liquid having a hydroxyl number of 42.6 and a kinematic
viscosity of 1,353 cSt.

Foams were made using the following components:
20 Polyol A a propoxylated soybean oil hydroxylate having a hydroxyi
number of about 56 mg KOH/g, which was produced

according to the process described above;

Polyol B a propoxylated soybean oil hydroxylate having a hydroxyl
number of about 78 mg KOH/g, which was produced
25 according to the process described above;
Polyol D a propoxylated soybean oil hydroxylate having a hydroxyl

number of about 42.6 mg KOH/g, which was produced
according to the process described above;
Polyol E a triol having a hydroxy! number of about 56 mg KOH/g;
30 MeCl; methylene chloride;



15 for an additional 30 m nutes. The product drained fromthe reactor was an
orange colored liquid having a hydroxyl nunber of 42.6 and a kinematic
viscosity of 1,353 cSt. Foans were made using the foll owi ng conponents: 20
Pol yol A a propoxyl ated soybean oil hydroxylate having a hydroxyl nunber of
about 56 nmg KOH g, which was produced a@dording to the process descri bed
above; Polyol B a propoxyl ated soybean oil hydroxyl ate havi ng a hydroxyl
number of akQuf, K ' C t he process
descri bed above; 4§t3u) Sgcgﬁgggﬁﬂ ategysoyggg%ggﬁ$qh8%§§§§?g%% havi ng a
hydroxyl nunber of abouSilid@nés; ng KCFVg, whi ch was produced according to

the process descri bed abov ' d I nber of
bour | o6 e SkaARIANt B0 MR Misors sl real avalsbieses TEROSEAK Baram ke
silicone surfactant avalii I @gCWtIA@ZO from GE Silicones; Surfactant B
a silicone surfactant avalélﬂlﬂa ?e as TEGOSTAB B-8715 LF from Gol dschm dt AG
5 Sur f ach antSutfaatasit|G conaasntluomasudactaat/awa|Imbleaaa§)A£BXBOC5%4£BomrMm Air
Products; DEQA 85/15 m X ure di et hanol am ne and water; Catal yst A

i -(2-ethyl hexyl ) pht hal & nous al kyl hexoate in a ratio of 50/50

di
catal yst, a Able as W . Catalyst B an am ne
cat al yst avai abI e as f-{]x o@@ti@%ﬁolg@%eégéﬁ%a%?ryst C an am ne
cat al yst av@dtalpsteAas DAclBQ@-e’lBylhb’x?l)ptﬂhd\late/s@nndusaEk,yl hexoate in a
ratio of 50/50 catalyst, available as DABCO T-10 from Air

10 Products;
Catalyst B an amine catalyst available as NIAX A-1 from GE
Silicones;
Catalyst C an amine catalyst available as DABCO 33-LV from Air
Products;
15 Catalyst D an amine catalyst available as NIAX A-4 available from
GE Silicones;
Catalyst E a delayed action amine catalyst available as NIAX A-300

from GE Silicones;
Isocyanate A toluene diisocyanate, available as MONDUR TD-80 from
20 Bayer MaterialScience; and
Isocyanate B a polymeric diphenylmethane diisocyanate (PMDI) having
an NCO group content of about 32.4, a functionality of
about 2.3 and a viscosity of about 25 mPa-s at 25‘;C.

25 The components were combined in the amounts (in parts) given
below in Table | and reacted at an isocyanate index (100 A/B) of 110.
Physical properties of the resultant free-rise foams were determined and
are also summarized in Table |. As is readily apparent by reference to
Table I, the inventive foam forming formulations with alkoxylated soybean

30 oil hydroxylate produced usable foams.



15 Catal yst D an am ne catal yst available as MAX A-4 available from CE
Silicones; Catalyst E a delayed action am ne catal yst avail abl e as N AXA- 300
fromGE Silicones; |Isocyanate A toluene diisocyanate, avail able as MONDUR
TD-80 from 20 Bayer Material Science; angd_lsocyanate B a pol yneric

di phenyl net hane diisocyanate (PMDI) havifg~™ an NCO group content of about
32.4, a functionality of about 2.3 and a viscosity of about 25 nPas at 25C.
25 The conponents were conbi ned in thabledounts (in parts) given belowin
Tabl e | and| r ealCemhponent (pipryandt e G-ndex (BRR2 A/|B) &8 110.ExPhysi cal
properties PpolyBFEr esultant free-rlise Hopl®s ver godet ernpppgd andspar e al so

sunmari zed poly pAe I /-\s S reaanrappgrent b Orer erencg to Tanle |, the
i nventive f LLLBLLI® ] for-rut-attofs—wi-th— an lr(GXy tret SO‘y’j ar—30—-qh|

hydr oxyl at e ed—usable foaps| -22-Table | f"rrﬁp nent—H{ php) Sg-l Ex. 2
C3 Ex. 4 £ 100 50 100 50| Pol1hB{a 0 B631 - phlydi B 1130 50

McCL2 11.3 [Wager1.3 11.3 Water 4.5 4.454.5 4.45 |Surf a&bdnt A4)55 1.1 0.9
1.1 Catal ys8ufa®tarbA0. 9 0.75 0.9 Cat 0.9 0.1 IGBdJyanatt1A 57.4 57.4

t 0.1
54.7 59.3 Pomybe@l;\ Characteristiqgs Demgptly (1@ bt[3) 9.95]0. 94 91 0. 96
AirFIowa@;hfélygtlgaZLAM 79 4735 0.1 0.1

Isocyanate A 57 .4 57.4 54.7 59.3
Physical Characteristics V Sl e e e
Density (Ib/ft*) 0.95 0.94 0.91 0.96
Air Flow (ft®/min) 3.45 4.22 4.79 4.55
IFD 25% (Ib/50in?) 21.0 21.0 17.3 18
IFD 65% (Ib/50in%) 38.30 35.30 28.5 30.8
IFD 25% Return (Ib/50in?) 15.0 15.0 12.0 - 12.8
Percent recovery 71.4 71.4 69.6 711
Comfort factor 1.8 1.7 1.7 1.7
Tensile strength (psi) 11.68 10.12 12.32 12.68
Elongation (%) 128.9 97.8 193.4 104.6
Tear Strength (pli) 2.21 1.31 1.9 1.3

Compression Set. 90% (%) 62.2 14.5 47.9 16.7

Components were combined in the amounts (in parts) given below
in Table Il and reacted at an isocyanate index (100 A/B) of 110. Physical
5 properties of the resulting free-rise foams were determined and are

summarized below in Table Il.

Table Il
Component (php) Ex.5 Ex. 6 Ex.7
Polyol E 50 50 50
Polyol B 50 50 50
Water 4.50 4.50 4.50
MeCl, 11.30 11.30 11.3
Catalyst A 0.10 0.10 0.10

Surfactant A 1.3 1.20 1.10
Isoc anate ‘. ) ‘ :

"Density (b/ft) 0.91 0.91 0.91
Air Flow (ft*/min) 3.4 4.2 4.9
Observations Open Open Good




| FD 25% | b/ 50i n221.0 21.0 17.3 18 |FD 65% | b/50i n238. 30 35.30 28.5 30.8

| FD 25% Return | b/50i n215.0 15.0 12.0 12.8 Percent recovery 71.4 71.4 69.6
71.1 Confort factor 1.8 1.7 1.7 1.7 Tensile strength (psi) 11.68 10.12
12.32 12.68 Elongation (% 128.9 97.8 193.4 104.6 Tear Strength Ii 2.21
1.31 1.9 1.3 Conpression Set. 90% (% 6232 14.5 47.9 16.7 Conponents were
conbined in the anounts (in parts) given below in Table Il and reacted at

an isocyanate i n@®mpdithtévnRre @bmbhted iﬂ"tﬁé'aﬁﬁéun@ (wm@g)tgum Béloivhe

resulting free-rise foans were determ ned and are sunmarized bel ow in Table
1. Tabl e | in TabledHand reanted atihs isocyapatexindex (10 H\dB) iB &olosed BaoldPol yol B
50 50 50 50 4.50 Q C12 11.30 11, 30 talyst A 0.10 0.10
0,10 sljrfﬁﬁﬂamcakpffpﬁﬂie%f 188 rpblapdTedms e ey rined g9y bansity 1 bi i
0.91 0.91 OpPdserfed bElowMnf Fableiim 3.4 4.2 4.9 Cbservations Open Open Good

-23- Co onents were conbined in the amounts (in parts) given below in Table
11 and 9eacted at the isocyanate inbeidedioo A/B) in a closed nold.
Physi cal proper Comsponentiphp)l dedEx.odins] WEixe9det elBX.t@d |anBxdre | present ed
bel ow i n Tabl ¢ Pdiyol D 100 100 100 100
Water 3.29 3.29 3.29 3.29
DEOA 0.412 0.412 0.412 0.412
Surfactant B 1.38 1.38 1.38 1.38
Surfactant C 0.06 0.12 0.12 0.12
Catalyst B 0.17 0.17 0.17 0.17
Catalyst C 0.75 - - -
Catalyst D 0.5 0.5 0.5 0.5
Catalyst E - 0.75 0.75 0.75
Isocyanate B 60.37 64.46 51.57 58.02
| Index - 100 100 80 90
Part DensntL(Ib/fts) 2.70
Observations vent
collapse

The polyurethane foams and elastomers of the present invention
may find use in numerous applications where environmental concerns are
heightened, where a percentage of renewable resource content is

10 required, and/or where increased hydrophobicity is advantageous. The
inventors herein contemplate that such situations may include, but are not
limited to, automobile interior parts such as dashboards, seating cushions
and headrests; polyurethane structural foams; floor coatings; and athletic
running tracks.

15 The foregoing examples of the present invention are offered for the
purpose of illustration and not limitation. [t will be apparent to those skilled
in the art that the embodiments described herein may be modified or
revised in various ways without departing from the spirit and scope of the
invention. The scope of the invention is to be measured by the appended

20 claims.



5 Table Il Conponent (php) Ex. 8 Ex. 9 Ex.10 Ex.11 Pol of D 100 100 100
100 Water 3.29 3.29 3.29 3.29 DEQA 0.412 0.412 0.412 0.412 Surfactant B
1.38 1.38 1.38 1.38 Surfactant C 0.06 0.12 0.12 0.12 Catalyst B 0.17 0.17
0.17 0.17 Catalyst C0.75 - - - Catalyst D0.5 0.5 0.5 0.5 Catalyst E -
0.75 0.75 0.75 |Isocyanate B 60.37 64.46 21- 57 58.02 |ndex 100 100 80 90
Part Density Ib/ft' 2.74 2.82 2.70 2.87 (bservations vent collapse The
pol yur et hangVvHAINS @DAIMEBSISoners of the present invention may find use in
nunmer ous applicatrons where environnental concerns are heightened, where a
percentage df redenalydeethare foare of glastomer eomprisiag ihe eeactiondpredusher e

I ncreased hydrophobicity is advantageous. The inventors herein contenplate

that such situations nmay include, but are not I|imted to, autonobile
interior parattqseﬁ@heqﬁ)mmwsandseatl ng cushions and headrests;
pol yur et hane structural” foanms; floor coatings; and athletic running tracks.

15 The fbr egbieast onarakaeylaied vegeiabiseihhydnoxgiate centaining frost aboitot5 t he

pur pose of |IIustra,|on 0 | t I ent to those
ki reg Cin the yitof BoRH a0 ok aalets thaselt dhtpe ighPBRE be odi 11 e or
revised in vari Oléﬂ(dg@éqedvvé@@[@b@@,pﬁydﬁoggafé omthe spirit and scope of the
i nvention. The scope’of the inventionh is"to be neasured by the appended 20
cl ai ns. optionally, at least one non-vegetable oil-based polyol,

optionally in the presence of at least one of blowing agents, surfactants,

10 pigments, flame retardants, catalysts and fillers.

2. The polyurethane foam or elastomer according to Claim 1, wherein
the at least one polyisocyanate is chosen from ethylene diisocyanate, 1,4-
tetramethylene diisocyanate, 1,6-hexamethylene diisocyanate, 1,12-

15 dodecane diisocyanate, cyclobutane-1,3-diisocyanate, cyclohexane-1,3-
and -1,4-diisocyanate, 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-
cyclohexane (isophorone diisocyanate), 2,4- and 2,6-hexahydrotoluene
diisocyanate, dicyclohexylmethane-4,4'-diisocyanate (hydrogenated MDI,
or HMDI), 1,3- and 1,4-phenylene diisocyanate, 2,4- and 2,6-toluene

20 diisocyanate (TDI), diphenylmethane-2,4'- and/or -4, 4'-diisocyanate (MDI),
naphthylene-1,5-diisocyanate, triphenyl-methane-4,4',4"-triisocyanate,
polyphenyl-polymethylene-polyisocyanates (crude MDI), norbornane
diisocyanates, m- and p-isocyanatophenyl sulfonylisocyanates,
perchlorinated aryl polyisocyanates, carbodiimide-modified

25 polyisocyanates, urethane-modified polyisocyanates, allophanate-modified
polyisocyanates, isocyanurate-modified polyisocyanates, urea-modified
polyisocyanates, biuret-containing polyisocyanates, isocyanate-ternﬁinated

prepolymers and mixtures thereof.
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-24- WHAT IS CLAIMED IS: 1. A polyurethane foam or el astoner conprising the
reaction product of: at |east one polyisocyanate; and 5 at | east one

al koxyl at ed vegetabl e oil hydroxylate containing fromabout 15 w.%to
about 90 wt. % al koxyl ate, based on the weight of the al koxyl ated vegetabl e
oi | hydroxylate, optionally, at |east omQSnon-veget abl e oil -based pol yol,
optionally in the presence of at |east one of blow ng agents, surfactants,

10 pi gnent s 3 f | anie’ gdipirdaitre foant of m&ﬁmaércbddokdnﬁ%so cﬂalmThlewﬁ@}éwr et hane
foam or el astonmer according to Claim1l, wherein e at |east one

pol yi socyandhe at leashese polvisaeyanalg is teluane siisgeyaaate (FDR- t et r anet hyl ene
di i socyanate, 1, 6-hexanethylene diisocyanate, 1,12 15 dodecane dii socyanat e,
cycl obut ane-1, 3-dii socyanate, cyclohexane-1,3- and -1, 4-diisocyanate,

1-i socyanat @ 3, 3T$|etr5dl$7@’éhyéne5fo'aﬁpéb/él§§£dhﬁ@tébcbrdlﬁg<ib digikpnewhbfgphor one
di i socyanat t?n@ 2,4- ‘and 2, 6- hexahydr ot ol uene ||socK/mnate
v

di cycl ohexyl agetable ai smhxeajmsanﬂmqrr@g@aaoml nseedmllHlle ), 1,3- and
1, 4- phenyl ene..di | s%cx:flg i 4] N 6-1 ol uene 20 diisoc an (TDI),

di phenyl net QHENS g i Pﬁ"hm a‘?‘%@&%‘?&ﬁa‘%‘ CPNPY: pean

napht hyl eneggybesh bgocyanat e, triphenyl - net hane- 4, 4' 4 -trid socyanate,

pol yphenyl - ?Iymet hyl ene- pol yi socyanates (crude I\/DI ), norbornane

di i socyanat es m and p-i socyanat ophenyl suI fonyl i socyanat es,

ol yi socyandt G R e AR B Ate el R Bh b eibai 1 e

pol yi sogganaiegegetaBy/sinidrsdydeBRWilf | ed pol yi socyanates, urea-nodified
pol yi socyanat es, ~ bi uret-contai ni ng pol yi socyanates, i socyanat e-term nat ed

prepol yners and m xtures thereof. 30 -25-
6. The polyurethane foam or elastomer according to Claim 1, wherein

the alkoxylated vegetable oil hydroxylate contains from about 20 wt.% to
about 80 wt.% alkoxylate, based on the weight of the alkoxylated
15  vegetable oil hydroxylate.

7. The polyurethane foam or elastomer according to Claim 1, wherein
the vegetable oil hydroxylate is alkoxylated in the presence of a double
metal cyanide (DMC) catalyst.

20
8. The polyurethane foam or elastomer according to Claim 1, wherein
the vegetable oil hydroxylate is alkoxylated with an alkylene oxide chosen
from ethylene oxide, propylene oxide, 1,2-butylene oxide, 2,3-butylene
oxide, isobutylene oxide, epichlorohydrin, cyclohexene oxide, styrene

25 oxide, Cs-C3o a-alkylene oxides, polycarboxylic anhydrides, lactones and

mixtures thereof.

0. The polyurethane foam or elastomer according to Claim 1, wherein
the alkoxylated vegetable oil hydroxylate is capped with ethylene oxide.
30



3. The pol yurethane foam or el astoner according to Caim1l, wherein the at
| east one pol yi socyanate is toluene diisocyanate (TDI). 4. The pol yuret hane

foam or el astomer according to Claim1l, wherein 5 the vegetable oil is
chosen from sunflower oil, canola oil, linseed oil, cottonseed oil, tung
oil, palmoil, poppy seed oil, corn oil -26eanut oil and soybean oil. 5. The

pol yur et hane foam or el astonmer according to aim1l, wherein 10 the

vegetabl e oify | s THRYRAAIeHidne RarT becBSIIMEABRENG %6 014 ¢! AREAIET

according to Claim 1, Wherein the al koxylated vegetable oil hydroxyl ate

contai ns fr ¢he aboivegetable olldhased plolyal isschasendfsemolydthers, pblyssteran t he

wei ght of the, al k | ated 15 vegetable oil] hydroxy]ate., 7. .The pol yuret hane
f oam or el agp}y@gp?%%ﬂmaﬁéog%te% %&Wﬁ?r%@ﬁepﬂ@%@ C\%%%Qa&ﬁ?'e oi |

hydr oxyl at egb?ﬁbb%é,%&%mMe%hﬁolQé@t%%}ﬁﬁi&f élygﬂ’c%@r%s, netal cyani de (DMC)
catal yst. 2 . The pol'yurethane foam or elastonmer according to Claiml1,
wher ei n 5t hpolybgytadienes and polyaceionest e i s al koxyl ated with an al kyl ene oxi de
chosen from ethyl ene oxi de, propyl ene oxide, 1,2-butylene oxide,
2,3-butyl ene oxide, isobutylene oxide, epichlorohydrin, cycl ohexene oxi de,

styrene 25 gl de Thepdittethate ¥afi6r Ol fer RoVERG B Claint 1 AN des,

| act ones an m xtures” t hereof. 9. e pol yuret oam or el ast oner

accor di ng t éheChanvegetakie odibased pelyall isox pbbettenpaiydglabl e oi | hydroxyl ate is
capped with ethylene oxide. 30 -26- 10. The pol yuret hane foam or el astoner
according to Caim1, wherein the non-vegetable oil-based polyol is chosen

from pokyet her s, I ol yesterethers,
pol yest g? cg?bon;?%séﬁ%r%pf/aﬂ% @gwgfé%emiﬁcﬁ@ﬁ&g@%m 1eﬁ)'am' des,
pol ysi | oxanadherein the polyether polyol is made in the presence of a double metal

cyanide (DMC) catalyst.

13.  One of an automobile interior part, a polyurethane structural foam, a
16  floor coating and an athletic running track comprising the polyurethane

foam or elastomer according to Claim 1.

14. A process for making a polyurethane foam or elastomer comprising
reacting:
20 atleast one polyisocyanate; and
at least one alkoxylated vegetable oil hydroxylate containing from about 15
wt.% to about 90 wt.% alkoxylate, based on the weight of the
alkoxylated vegetable oil hydroxylate,
optionally, at least one non-vegetable oil-based polyol,
25 optionally in the presence of at least one of blowing agents, surfactants,

pigments, flame retardants, catalysts and fillers.

15.  The process according to Claim 14, wherein the at least one
polyisocyanate is chosen from ethylene diisocyanate, 1,4-tetramethylene

30 diisocyanate, 1,6-hexamethylene diisocyanate, 1,12-dodecane



5 pol ybut adi enes and pol yacetones. 11. The pol yuret hane foam or el astoner
according to Claiml, wherein the non-vegetable oil-based polyol is a

pol yet her polyol. 10 12. The pol yuret hane foam or el astonmer according to
Claim 11, wherein the polyether polyol is nmade in the presence of a double
metal cyanide (DMC) catal yst. 13. One oef27an autonobile interior part, a
pol yuret hane structural foam a 15 floor coating and an athletic running

track conpr idisdeydnate RYclobLeARan - dis&%ﬁéteeb?@éﬁ@%neamom pg4to Caim 1.
14. A process for making a pol yurethané foam or el astoner conprising

reacting: 2G@lisocyarade, bisocpangtoshdpattimathyldrisosyanatametbyle al koxyl at ed

veget abl e oi drox l.at e cont aj.ni n out % about 90 wt. %

2 Koxyl at e, YaOBEHEY (RaSh@BhhdiSo o nateln R AneA B:nekeuitaio D85F)

hydroxyl at e 4jigpéy=Raeé | dic @éhémﬁéth@ne-mvdné%a%ﬁé}leemg?dﬂog@ag% Rmejyol, 25
optionally in the pr esence of "at | east one of " bl owi ng agents, surfact ants,

pi gnent sy f learMbgt ardamdst, 4qﬂtmygmrmsd|andyanate32§ améZG-I’nelupnecess accordl ng

et hyl one. di (UbAnaRe (1) 0pbERanstRgre R b B gishrahate o) e

ethyl ene di ingpg &1 5ldilsbolaseaiphehyl- n@tha’?@&@“@t-ﬁnsocyanate
cycl obut ane-1, 3- i1socy anate cycl’ohexane 1, 3-an 1, 4- di’i socyanat e,

1-i socyanat @OB/p:kleﬁyt-polwtethWIem-pstymlyanaﬁeet(bmde Ml])(t)l cmbebmnenel sophor one
di i socyanat soc

nd 2 h
G eyl ohos HiseRianatdh nand BISaEElMel S SRARS or 1Dy, 1, -
and 1, 41GhePé'rcﬁﬂ@ru‘ﬂétba%M%Wl@ocfan%tesa%ﬂrb%o@irﬁlé’é faged! | socyanate (T0I),

di phenyl net hane-2, 4" - and/or” - di i'socyanat e
napht hyl enepbjy&sanyasataﬁaueetbanem@mpolfyesohaamatesAal]ophamate swdifiatht e,

pol ypheny! - V rz)ectyg}ga?es i oc|y¥||'u§r%?é/ ?nno%r'fe ed ;S&Wéo%ya'\é%tés J‘rce)rabr%g?eg
polyisocyanates, biuret-containing polyisocyanates, isocyanate-terminated
prepolymers and mixtures thereof.
15
16.  The process according to Claim 14, wherein the at least one’
polyisocyanate is toluene diisocyanate (TDI).

17.  The process according to Claim 14, wherein the vegetable oil is
20 chosen from sunflower oil, canola oil, linseed oil, cottonseed oil, tung oil,

palm oil, poppy seed oil, corn oil, peanut oil and soybean oil.

18.  The process according to Claim 14, wherein the vegetable oil is
soybean oil.

25
19.  The process according to Claim 14, wherein the vegetable oil
hydroxylate is alkoxylated in the presence of a double metal cyanide
(DMC) catalyst.
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di i socyanates, m and p-isocyanatophenyl sul fonylisocyanates, 10

perchl orinated aryl polyisocyanates, carbodiimde-nodified polyisocyanates,
ur et hane- nodi fi ed pol yi socyanates, allophanate-nodified polyisocyanates,

i socyanur at e- nodi fi ed pol yi socyanates, urga-nodified polyisocyanates,

bi ur et - cont ai ni ng pol yi socyanates, isocyaffale-termi nated prepolynmers and

m xtures thereof. 15 16. The process according to Caim 14, wherein the at

| east one pH.yi sﬁwamsia@comim@thlﬂims%Mﬁiei@ thwlepetatﬂe oifhe process
accordi ng t

ool owad orydrBulitds AW iR 2 ARV BBe Lailendsar o SEVRPE bt m oi 1

poppy seed Qilide C;ﬂbgyléhé OXRRANW- bgtﬂleﬁ‘&lééy@g%tﬂbhe ol(&ie 186bURyIBRESS
according to Oaimi4, wherei'n'the veget abl e oi | bean oi1. 25 19. The

process accdvxlkde\gemmlacﬁlydﬂmmyo}wm@na axide, \sé,g'enabixedeol -Chyatr oxyl at e i s
| k | at_ed th f | t t alyst.
SO 20 L A8 RLESCRS ol SR RS S U BRI °

hydroxyl ate is al koxylated with an al kyl ene oxi de chosen from et hyl ene

oxi de, propylene oxide, 1,2-butylene oxide, 2,3-butylene oxide, isobutylene
oxi de, epicR%br oh'l]m proceeyacomﬁrwmt@ Glaimel4, wnarelnéhemlmylaisd C30 a 5

al kyl ene oxi des arboxyl.ic anh | act ones and m xtures thereof.
21. The procé@? %@8 ! yﬁ]éo’f% t@'%f:ﬂp%iéw\c/tﬁee{talﬁn?ﬁéd% koxyl at ed vegetabl e
oil hydroxylate is capped with ethylene oxide. 10 22. The process accordi ng
to Claim14, wherein the al koxyl ated vegetable oil hydroxylate contains
from abd@t 222.wt . Phe prosiesataceording tn Chlimobdy ateseinithe edkaxylated - wei ght of the
al koxyl at ed vveeg%?agtﬂg loeﬁ h%lroxylate contains from about 20 wt.% to about 80 wt.%

alkoxylate, based on the weight of the alkoxylated vegetable oil

hydroxylate.

16 23. The process according to Claim 14, wherein the non-vegetable oil-
based polyol is chosen from polyethers, polyesters, polyacetals,
polycarbonates, polyesterethers, polyester carbonates, polythioethers,
polyamides, polyesteramides, polysiloxanes, polybutadienes and
polyacetones.

20 .

24,  The process according to Claim 14, wherein the non-vegetable oil-
based polyol is a polyether polyol.

25. The process according to Claim 14, wherein the non-vegetable oil-
25 based polyol is made in the presence of a double metal cyanide (DMC)

catalyst.

26. The process according to Claim 25, wherein the double metal
cyanide (DMC) catalyst is a zinc hexacyanocobaltate.
30



hydroxyl ate. 15 23. The process according to Caim 14, wherein the
non-vegetabl e oil- based polyol is chosen from pol yethers, polyesters,

pol yacetal s, polycarbonates, polyesterethers, polyester carbonates,

pol yt hi oet hers, pol yam des, pol yesteram des, polysil oxanes, pol ybut adi enes
and pol yacetones. 20 24. The process aeé?@r-dl ng to Caim 14, wherein the

non-vegetabl e oil- based polyol is a polyether polyol. 25. The process
accor di ng t@7C aigneléf anaatarhdbildhitarion ‘aﬂgltp’diWLﬁemahe sthucharatfdbapela/ol i s
made in the presence of a double netal cyanide ( catal st. 26. The

process accdlioar agating andamathletighenning tfﬁﬁb CGBIP(B!SE\ Rolywethange ( DVO)
catal yst | S;@erﬁ'&%l%ﬁéﬁ@‘ﬂ%@fr u@{)r%ce??gc@&du@%o (ﬂ%ﬁnolf4 an_aut omobi | e

interior pa a polyur et hane ctural roam or coating and an

athletic running track conprising the poI yur et hane foam or el astonmer nmade

by the process according to Claim14. 28. A pol yuret hane foam or el astoner

conpri sihg ©28e r fapelydrethangifpam oaslasmmeempaﬁegémwaﬁtwama@lect and at

I east one al Foxyl ated vegetabl e oil hydroxylate containing fromabout 15
.%to abodl" 90 wt.% al koxyl ate, based on the weight of the 10 al koxyl at ed

veget abl e oigk |éasdbﬁé)ﬂoa}|§00y@rndt@ﬂdﬁgxyl ated in the presence of a double
nmet al cyani de cat ali/ optionally, at |east one non-vegetable

oi | -based pét yzast oagtalltm@( ated Vﬁgeuablq)elébw@éylate gentaiurg frereabeutsiowi ng
agents, surfactagts, , BLAIPHH ft.% aWBkylatd, BRI G theAkd] K?Bﬁth%“d fillers. 15

10 alkoxylated vegetable oil hydroxylate, and alkoxylated in the
presence of a double metal cyanide (DMC) catalyst,
optionally, at least one non-vegetable oil-based polyol,
optionally in the presence of at least one of blowing agents, surfactants,
pigments, flame retardants, catalysts and fillers.
15
29.  The polyurethane foam or elastomer according to Claim 28,
wherein the at least one polyisocyanate is chosen from ethylene
diisocyanate, 1,4-tetramethylene diisocyanate, 1,6-hexamethylene
diisocyanate, 1,12-dodecane diisocyanate, cyclobutane-1,3-diisocyanate,
20 cyclohexane-1,3-and -1,4-diisocyanate, 1-isocyanato-3,3,5-trimethyl-5-
isocyanatomethyl-cyclohexane (isophorone diisocyanate), 2,4- and 2,6-
hexahydrotoluene diisocyanate, dicyclohexylmethane-4,4'-diisocyanate
(hydrogenated MDI, or HMDI), 1,3- and 1,4-phenylene diisocyanate, 2,4-
and 2,6-toluene diisocyanate (TDI), diphenylmethane-2,4'- and/or -4,4'-
25 diisocyanate (MDI), naphthylene-1,5-diisocyanate, triphenyl-methane-
4,4' 4"-triisocyanate, polyphenyl-polymethylene-polyisocyanates (crude
MDI), norbornane diisocyanates, m- and p-isocyanatophenyl
sulfonylisocyanates, perchlorinated aryl polyisocyanates, carbodiimide-
modified polyisocyanates, urethane-modified polyisocyanates,

30 allophanate-modified polyisocyanates, isocyanurate-modified



29. The pol yuret hane foam or el astonmer according to Caim28, wherein the
at | east one polyisocyanate is chosen fromethylene diisocyanate,

1, 4-tetranet hyl ene diisocyanate, 1,6-hexanmethylene diisocyanate,

1, 12- dodecane dii socyanate, cyclobutane-1, 3-diisocyanate, 20 -

cycl ohexane-1, 3-and -1, 4-dii socyanate, t30socyanato-3, 3,5-trinethyl-5-

i socyanat onet hyl - cycl ohexane (i sophorone diisocyanate), 2,4- and 2, 6-
hexahydr ot olpafjigdcfaharRey arst-modiicdlisdlpiBsspd iats ) Dgret clntathihgocyanat e
(hydrogenatghqgﬁgqy or H%DI), 1, 3- anﬂﬁl,i¥thenylene diisocygnate, 2,4- and
2, 6- t ol uene Palyisasyanateseisorpanatedepnivaiadpiepahinersand mpdyies thareof. 25

di i socyanate (WMD), naphthyl ene-1,5-diisocyanate, triphenyl-nethane-

4,4" /4"-triisocyanate, polyphenyl-polynethyl ene-pol yi socyanates (crude

MDI ), nor bozgane Tl guduratiinesfoaft ofsldsiomeraritaniihg ié ©aim 28,

sul fonyl i socyanates, perchlorinated aryl polyisocyanates, carbodiim de-
nodi f i ed® pomfieseipha at ieast gpetnedyisocyaants isdo @n9i<§|§@9§eamt@ﬂ0®o

al | ophanat e- nodi fi ed pol yi socyanates, isocyanurate-nodified -30-

pol yi socyanat es, urea-nodified polyi socyanates, biuret-containing

pol yi socyangtes, Theqsalpirattariecfolinét §lbsoheiralccoRiifg 8¢ laTm<28r es t her eof .
30. The pol yuret hane foam or el astoner according to Claim28, 5 wherein the

at | east on¥heseipitbeypgatabie pit is ehasendramisspligwaneid qanolg oil, Imseedhe

o1 715 choo ol RBIRESROhERG PERR AR Paoiy poed bl o PRARUGE oneed o I -
tung oi 419 pah&seybeapenpy seed oil, corn oil, peanut oil 10 and soybean

oil. 32. The pol yurethane foam or el astoner according to Caim28, wherein
the vegetable oil is soybean oil. 15 33. The pol yurethane foam or el astomer

Contai ns 1 0% andd PO el Aabier YeELrlBR B Bhced’on the

wei ght of t ihersihkB Yegbtible 8D sdyjbafidil. hydr oxyl at e.

15 33. The polyurethane foam or elastomer according to Claim 28, |
wherein the alkoxylated vegetable oil hydroxylate contains from about
20 wt.% to about 80 wt.% alkoxylate, based on the weight of the
alkoxylated vegetable oil hydroxylate.

20 34. The polyurethane foam or elastomer according to Claim 28,
wherein the vegetable oil hydroxylate is alkoxylated with an alkylene oxide
chosen from ethylene oxide, propylene oxide, 1,2-butylene oxide, 2,3-
butylene oxide, isobutylene oxide, epichlorohydrin, cyclohexene oxide,
styrene oxide, Cs-C3q a-alkylene oxides, polycarboxylic anhydrides,

25 lactones and mixtures thereof.

35.  The polyurethane foam or elastomer according to Claim 28,
wherein the alkoxylated vegetable oil hydroxylate is capped with ethylene
oxide.

30



20 34. The pol yurethane foam or el astoner according to Claim 28, wherein
the vegetable oil hydroxylate is al koxylated with an al kyl ene oxi de chosen
from et hyl ene oxi de, propyl ene oxide, 1,2-butylene oxide, 2,3- butylene

oxi de, isobutyl ene oxi de, epichlorohydrin, cyclohexene oxide, styrene

oxi de, C5-C30 a-al kyl ene oxi des, polycariBdxylic anhydrides, 25 | actones and
m xtures thereof. 35. The pol yurethane foam or el astoner according to Caim

28, wherei gt he mbk;svtydrétme\/f@am @fbélas@merfnc@bﬂm@ & €laif 28pped with
et hyl ene oxide. 30 -31 The pol yur et hane foam or el astomer according to

Cl ai m 28, wmfemrthem@nﬂ@gataiyemm@edmolmg%dhmwom polgetbeem from

I h I h
ol yestor - eabBIiEatoVanfidls! PaRAtbbnates, PR IEehs, Gl oo ™

pol ysi | OXa”%ﬁrbon'été@'Wh@@tr@?@sp@ly‘é#nm@sy%@b@@?émldys pbhRilGednedr et hane foam
or elastonmer according to Claim?2 wherei n the non- veget abl e oil -based

pol yol & appb’lbjdtameme&pan@oblyacewnsa The pol yur et hane foam or el astoner
according to Claim 37, wherein the polyether polyol is made in the presence
of a doubl e netal cyani de (DMC) catalyst. 39. One of an autonobile interior

part, a pol gyret h’%@%oﬂ&dr’éﬂ{éﬁe@oaﬁp@%laﬁorﬁé édc@?&nn&?@blélﬁw ggd an athletic

runni ng track conprising the polyurethane foamor” el astonmer according to
Cl ai m 28. 4mhe¢elprtbem3;l—\fegetame|aﬂd)asedcpquules hpolyetbempalyolel ast oner
conprising reacting: 20 at |east one polyisocyanate; and at |east one

al koxyl ated vegetable oil hydroxylate containing fromabout 15 w.%to

about 9ggwt 3% al ’QF‘%% b | tdi ikPxy! ated vegetabl e
oi | hyd?%xyl g?te m?@*lﬁ oxyl at eﬁﬁf?l %lﬁst‘é’?ﬁé}"ﬁccﬁ ih§ o CRAIKPSY,

wherein the polyether polyol is made in the presence of a double metal

cyanide (DMC) catalyst.

39. One of an automobile interior part, a polyurethane structural foam, a
15  floor coating and an athletic running track comprising the polyurethane

foam or elastomer according to Claim 28.

40. A process for making a polyurethane foam or elastomer comprising
reacting:
20 atleast one polyisocyanate; and
at least one alkoxylated vegetable oil hydroxylate containing from about 15
wt.% to about 90 wt.% alkoxylate, based on the weight of the
alkoxylated vegetable oil hydroxylate, and alkoxylated in the
presence of a double metal cyanide (DMC) catalyst,
25 optionally, at least one non-vegetable oil-based polyol,
optionally in the presence of at least one of blowing agents, surfactants,

pigments, flame retardants, catalysts and fillers.

41. The process according to Claim 40, wherein the at least one
30 polyisocyanate is chosen from ethylene diisocyanate, 1,4-tetramethylene



presence of a double netal cyanide (DMC) catal yst, 25 optionally, at |east
one non-vegetabl e oil -based polyol, optionally in the presence of at |east
one of blow ng agents, surfactants, pignents, flanme retardants, catalysts
and fillers. 41. The process according to Caim40, wherein the at |east one
30 pol yi socyanate is chosen from ethyl ene3dri socyanate, 1,4-tetramethylene
-32- diisocyanate, 1,6-hexanethylene diisocyanate, 1, 1 2-dodecane

di i socyanat ediigoeghnitel 4/&hdxadmethykomeydiatganatgcl dRededurahe3- and - 1, 4-
di i socyanate,_ 1-1socyanato-3, 3,5-trinethyl-5-isocyanat onet hyl - cycl ohexane

((j i soplho[] oneI diisosyanaigacyglobutane-hadliisoeyanaie myglobesrneried-endildbcyanat e, |
i g - "= dl . HVDI 1, 3-
1 4 phenyl o eranabatapdt o S SRR Ry ke £ 1Dy

di phenyl met heywiotaxkine (BvpheroneldiSocyahateyyaaaard Mhexahydrotoluene
napht hyl ene- 1, 5-dii socyanate, triphenyl-nethane-4,4',4"-tiisocyanate,
pol yphenyl - pdilspesangtec Aicyplohexymsiaang-4«4' disea@nets (hydiegenatad MDh o
di i socyanat e -1 $QC i s

per chl ori nat é%”gﬁr%'?nﬂ%f)?/@gcﬁﬁg‘{‘ﬂg%@ﬁ%‘b"?ﬁﬂ"%}&*'ﬁ%ﬁ ?@8ﬁepn§ yi socyanat es,

ur et hane- noddifsoeganatey(TENY; iptrgtmethiahefhanahd/ored 4f-ditsocyaplate MDY)anat es,
i socyanur ate-nodi fied fol%,i socyanat es, urea-nodified polyisocyanates,
bi ur et - cont an@pYlgaeyt, astisaskanate, tripbendmagthanedd htteisocyanafeepol yners and

m xtures the : S j i 4 in the at

| east one p‘é@%Q%@?ﬁﬂ?ﬁetﬁg%t%gf@%ﬂggaﬁgg%yéc(r?\%&eM%I r?qrb%%@ The process
accor di M@ t odiidozyandtes, mhene pisobpanstophem)l sufohylisscysmatesn from sunfl ower
oil, canola oil, linseed oil, cottonseed oil, tung oil, palmoil, poppy

seed oil, coperchlarinairehaid pelyisogianateshearhodimideamodified process according to

Cl ai m 40, wh j i Lyeed i 4 J cess

according t Oﬁ@?gﬁﬁ#%tg‘%ﬁ%gﬂp‘%{rﬁg h(ﬁ&é&"ﬁ?‘z&é{ﬁgﬂ %llbphar?atelﬂSdﬁéa
polyisocyanates, isocyanurate-modified polyisocyanates, urea-modified
polyisocyanates, biuret-containing polyisocyanates, isocyanate-terminated

15  prepolymers and mixtures thereof.

42. The process according to Claim 40, wherein the at least one
polyisocyanate is toluene diisocyanate (TDI).

20 43. The process according to Claim 40, wherein the vegetable oil is
chosen from sunflower oil, canola oil, linseed oil, cottonseed oil, tung oil,

palm oil, poppy seed oil, corn oil, peanut oil and soybean oil.

44. The process according to Claim 40, wherein the vegetable oil is
25 soybean oil.

45. The process according to Claim 40, wherein the vegetable oil

hydroxylate is alkoxylated with an alkylene oxide chosen from ethylene

oxide, propylene oxide, 1,2-butylene oxide, 2,3-butylene oxide, isobutylene
30



hydr oxyl ate i s al koxylated with an al kyl ene oxi de chosen from et hyl ene

oxi de, propyl ene oxide, 1,2-butylene oxide, 2,3-butylene oxide, isobutylene
30 -33- oxide, epichiorohydrin, cyclohexene oxide, styrene oxide, C5-C30

a- al kyl ene oxi des, pol ycarboxylic anhydrides, |actones and m xtures

thereof. 5 46. The process according to P3rm 40, wherein the al koxyl at ed
vegetabl e oil hydroxylate is capped with ethylene oxide. 47. The process
accor di ng t coxitle, epidifiprottydriaj oydlblee xeme- wadis tstyreaeaxide, xs6eh pol yol is chosen

f | yet h I t etals, .10 I bonat es,
ol yest et o MRV $BaeS PuubBhRIE ANy argen aebher 2P Tityas des.
pol yest eram l‘ﬁg?eof!oo' ysi | oxanes, pol ybutadi enes and pol yacetones. 48. The

process according to Caim40, wherein the non-vegetable oil- 15 based
polyol is a polyether polyol. 49. The process according to C ai m40, wherein

t he non-vegefable_oil- based pol|.yol is.made in the presence qf a double
metal cyahi d%éa-( e PEQ&%PWBVJZ%Q &Cfﬁmb‘{j%rmg@ @&"‘@F‘Eﬁy €fo d ai m 49,
wherein the t i; i j zi nc
hexacyanocoba a%@?r@lﬂd&@%? lgﬁag%%@ﬁt@|¥ﬁ%$§§? part, a polyurethane
structural foam a 25 floor coating and an athletic running track
conprising t polyur et hane foam or el astoner nmade by the process according
to daim 40.5'%2. %BFRQ%ﬁ(ﬁ?QOHﬁN&QE"@r‘{Q-%%ﬁ@p@?a{{qr\j\‘p taBlg Ak koxyl at ed
veget abl e oi %Bégé | ol ARSI To l;%?t | SR i) a continuous
reactor a fiéas o@?iglc;%tcg?ga m X eggetcr)%%d@-o - %Ugﬁgberrgttag' cyani de (DMO)
cat al yst10andpdiychrbaybigsegolyesterethers, polyester carbonates, polythioethers,

polyamides, polyesteramides, polysiloxanes, polybutadienes and

polyacetones.

48. The process according to Claim 40, wherein the non-vegetable oil-

15 based polyol is a polyether polyol.

49. The process according to Claim 40, wherein the non-vegetable oil-
based polyol is made in the presence of a double metal cyanide (DMC)
catalyst. '

20
50. The process according to Claim 49, wherein the double metal

cyanide (DMC) catalyst is a zinc hexacyanocobaltate.

51.  One of an automobile interior part, a polyurethane structural foam, a
25 floor coating and an athletic running track comprising the polyurethane

foam or elastomer made by the process according to Claim 40.

52. A continuous process for the preparation of an alkoxylated
vegetable oil hydroxylate comprising:

30 a) establishing in a continuous reactor a first portion of a mixture of a



oil effective to initiate pol yoxyal kyl ati on of the hydroxyl ated vegetable
oil after introduction of al kylene oxide into the continuous ‘reactor; 5 b)
continuously introducing into the continuous reactor one or nore alkylene
oxi des; c¢) continuously introducing into the continuous reactor hydroxyl ated
vegetabl e oil; d) continuously introducinginto the reactor fresh double
nmetal cyanide 10 (DMC) catal yst and/or further double netal cyanide (DM

catal yst/further dygbloxyédtat c}fhmd@qmltﬁ)@amlystrmdt hwdrosylated Verjetathle catal ytic
activity is naintajned; e) yoxyal kyl ati ng the hydr oxyl ated vegetabl e oil

by conti nuously @'bﬁ@%@tlvﬁdodﬂ't'ﬁ@aBQ'Y@E)aHQ"%DOQ@frtbﬁdw mXWatedr oduce an
al koxylated 15 v 20k SiChn rWXIQt?&%%efloﬂto? aldchd dxif '?ﬁfo'}Hglé%hgn?(?u@v' ng the

al koxyl at ed vegeta e oI'l "hydr ox from’the con i nuous Te 53. The
conti nuous pr oceseagtaror ding to CI aimb52, wher ein the 20 vegetable oil is
chosen from sunf | ower oil, canola oil, linseed oil cottonseed oil, tung
oi |, pal @ oib) po‘ifwlnél@éédeNFOd%Wmlfﬁpﬂhe BRRLHNHOUS| (B agled ONSSYIFBANE oi | . 54
The conti nuous pr@Rﬁ%ﬁ ao%%%{ d| ng to G aim52, wherein the 25 vegetable oil
is soybean oil. g ' nuous process according to Claim52, wherein

the doubl e ¢pt al contmuiodely(iFbdudsing #ty She wntmwuscrebemchyammeditate 30
56. The conti nuous process according to Caimb52, wherein the -35- alkylene

oxi de is chosen fyagatakleydilene oxi de, propyl ene oxi de, 1,2- butylene oxide,
243 DUL Y %P 5oL B8N o FOERSERIMF b ) ERE° O O
| act onesipand mi xtDME) t:b@ﬂmfand/or further double metal cyanide (DMC)
catalyst/further hydroxylated vegetable oil mixture such that the
catalytic activity is maintained,;
e) polyoxyalkylating the hydroxylated vegetable oil by continuously
repeating at least steps a) through d) to produce an alkoxylated
15 vegetable oil hydroxylate; and
f) continuously removing the alkoxylated vegetable oil hydroxylate

from the continuous reactor.

53.  The continuous process according to Claim 52, wherein the |
20 vegetable oil is chosen from sunflower oil, canola ail, linseed ail,
cottonseed oil, tung oil, palm oil, poppy seed oil, corn oil, peanut oil and

soybean oil.

54.  The continuous process according to Claim 52, wherein the -

25 vegetable oil is soybean oil.

55.  The continuous process according to Claim 52, wherein the double

metal cyanide (DMC) catalyst is a zinc hexacyanocobaltate.

30 56. The continuous process according to Claim 52, wherein the



5 57. The continuous process according to Caimb52, wherein the alkylene
oxide is propyl ene oxide. 58. The continuous process according to Caim 52,
further including a 10 step of capping the al koxyl ated vegetabl e oil
hydroxyl ate with ethyl ene oxide. 59. The pol yol nmade by the continuous
process according to Caim52 containing3%romabout 15 w.%to about 90

wt . % al koxyl ate, based on the 15 weight of the al koxyl ated vegetabl e oil

hydr oxyl at e. al&flend RRideOisYoHosER DM BtHyshe oXItE lePeasegs, pecording to
Caimb52 containing fromabout 20 wt. % to about 80 wt.% al koxyl ate, based
on the wei ghitylenetqddenddoptvens ovidgeisabutylena oxigar exighlgrehydrin,

cyclohexene oxide, styrene oxide, Cs-C3p a-alkylene oxides, polycarboxylic
anhydrides, lactones and mixtures thereof.

57.  The continuous process according to Claim 52, wherein the

alkylene oxide is propylene oxide.

58.  The continuous process according to Claim 52, further including a
10 step of capping the alkoxylated vegetable oil hydroxylate with ethylene
oxide.

59. The polyol made by the continuous process according to Claim 52
containing from about 15 wt.% to about 90 wt.% alkoxylate, based on the
15  weight of the alkoxylated vegetable oil hydroxylate.

60. The polyol made by the continuous process according to Claim 52
containing from about 20 wt.% to about 80 wt.% alkoxylate, based on the
weight of the alkoxylated vegetable oil hydroxylate.



