WO 2006/047433 PCT/US2005/035217 POLYURETHANES MADE FROM HYDROXY-METHYL
CONTAINING FATTY ACIDS OR ALKYL ESTERS OF SUCH FATTY ACIDS This application claims
benefit of United States Provisional Application No. 5 60/622,220, filed October 25, 2004. This
invention relates to polyurethane polymers and methods for nicking such polymers. Polyurethanes are
produced by the reaction of polyisocyanates and polyols. The first large scale commercial production
of polyuretharté8 &+ (fSthg polyester polyols 10 from the ester condensaitéfi#ggetivisetidiols or
polyols and dicarboxylic acids to make flexible foams- The polyester polyols were largely supplanted
by polyether polyols because of their lower cost and the ability to make a wide range of polyols.
Polyethers are made by polymerizing epoxides (oxiranes) derived from petroleum feedstocks in the
presence of initiator compounds that contain active hydrogen starting compounds, such 15 as low

molecular weigHteRlof Al ]S ahds FRIGIHEPORR AN Y& FShh< RAVBABNENCIBETNIth castor oil

or castor oil byproducts. Atteompts baverbeen madeimakepoyatsriramyggetable or renewable
feedstocks such as those disclosed by Peerman et al. in U.S. Patent Nos. 4,423,162, 4,496,487 and

4,543,369. Peerman et al. describe hydroformylating and reducing 20 esters of fatty acids as are
obtained from vegéthisleenbcadive folig earsts of thetedsbitimg Hyavisiptatednmaierials With a polyol
or polyaminasdhaneversReemaretnlaospecifically describe problems of gelling, which he avoided by

using no greater thﬁgil. mole of th? pegdtroxxpetrgglated rpaterial r_eqguivalent of palyol or polyamine.
Consequently, Peermséﬁngte%%sn esters aroe%\yvméequ?\?aﬁgr?tyv%%éﬁﬁ? rﬁa%eﬁg?ggf%f r%\%l Xz%sﬁé n shown
to be useful Bﬁmﬁrﬁ‘]aking crosslinked rigid polyurethanes. More recently, there have been developed

higher functionalityPobiyestempslyel pnaiiesibly thatrasettierisesbliyaatfatiytacida psipascribed in WO
04/096882 and WQ, 041996383, 655 RANERILPRbRIS A6 Made. by a%p%%ghgﬁa YR Initator

with certain hydroxymethylated fatty acids. These polyols are finding ap ns In f 30 and
other ptiyur&PEAESRETRESABHERURSUIRAFRR Abfr i e e it Blerrd prdiriasd tdr eraligcosity
material for firsebile foaking pdierethanes, pevdwerwiskosgitly makdsprdces siklgeaasie biyertain
because of their lower cost and the ability to make a wide range of polyols. Polyethers
are made by polymerizing epoxides (oxiranes) derived from petroleum feed stocks in the
presence of initlator compounds that contain active hydrogen starting compounds, such
15  as low molecular weight polyols and polyamines. Rigid polyurethane foams have been
made with castor o1l or eastor oil byproducts.
Attempts have been made to make polyols from vegetable or renewable
feedstocks such as those disclosed by Peerman et al. in U.S. Patent Nos. 4,428,162,
4,496,487 and 4,548,369. Peerman et al. describe hydroformylating and reducing
20  esters of fatty acids as are obtained from vegetable oils, and forming esters of the
resulting hydroxylated materials with a polyol or polyamine. However, Peerman et al.
specifically describe problems of gelling, which he avoided by using no greater than 1
mole of the hydroxymethylated material per equivalent of polyol or polyamine.
Consequently, Peerman et al’s esters ave low equivalent weight materials that have
25  been shown to be useful only in making crosslinked rigid polyarethanes.
More recently, there have been developed higher functionality polyester polyol
matierials that are derived from faity acids. As described in WO 04/096 882 and WO
04/096883, these polyester polyols are made by reacting a polyhydroxyl imitiator with
certain hydroxymethylated fatty acids. These polycls are finding applications in foam
3¢ and other polyurethane applications.
It would in certain cases be desirable to provide a lower viscosity material for
use in making polyurethanes, as lower viscosity makes processing easier in certain

applications.



applications. 1 WO 2006/047433 PCT/US2005/038217 This invention is in one aspect a process for
preparing a polyurethane, comprising forming a reaction mixture comprising at least one
polyisocyanate, an unsubstituted or inertly substituted alkyl ester of a fatty acid having an average of
at least 0.8 hydroxymethyl group per molecule, and at least one polyol, polyamine or 5 aminoalcohol
compound, and curing the reaction mixture to form a polyurethane polymer. The hydroxymethyl
group-containiyig IeatyodcieBester is generally a low functionality material. A disgsssedissnre fully
below, these materials are most typically will contain a large fraction of molecules having a single
hydroxymethyl group. 10 Thus, these materials tend to react mainly monofunctionally with a
polyisocyanate. The presence of significant quantities of monofunctional materials in a polyurethane-
forming formulation is normally expected to limit the molecular weight and crosslink density, thereby
degrading the ph{disaliprepstiescofitheprodtrett Surpristagly fdrowesenitie fatbylacididster is capable
of engagl%mﬁu;&y%ﬁgﬂgrm%@aﬂﬁamwI&@ﬁgﬁh@@ﬁgtw R SIRERERAIES linkages with

the ponoI or eactlon or in a subsequent
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density, aiﬂaﬁérﬂﬂégémwlmmahamw g parddadt spitertbleqhrasdnoeiof low
functignalgstesiinghiatenaissf) 1A Seeond Aspesi dhisinvertiar iSamFecessarREeRAINg a
polyurethan comprlsmg forming a reaction mixture comprising at least one polyisocyanate, a fatty
acid hawr% ?1 average of at least 0.8 hydroxymethyl group per molecule, and at least one polyol,
polyamine or amihaldolsreehsbetngramenfhpithe feartieaihiasie tds farmesapolyardeane

polymer. Zaufiefaliyyacia wemponentdisada thisaspeny obdhesnastipnds:eapabla-ofrigacting at
least difunction olyisec | astonge thr h a hydroxymethyl grqup on the fatty
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acid backbone and once through the terminal car oxylic acidgrou f ?y%ud group
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crosslink dénsipyesence of significant quantities of monofunctional materials in a polyurethane-
forming formulation is normally expected to limit the rmolecular weight and crosslink

density, thereby degrading the physical properties of the product. Surprisingly,

- however, the fatty acid ester is capable of  engaging in a

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

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

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

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

fatty acid with a polyol initiator.



30 The use of the fatty acid material allows one to simplify the preparation of at least some starting
materials, by eliminating a previous reaction of the hydroxymethyl-containing fatty acid with a polyol
initiator. 2 WO 2006/047433 PCT/US2005/038217 The hydroxymethyl group-containing fatty acid
useful in this invention advantageously contains from 12 to 26 carbon atoms, and an average of at
least 00.8 hydroxylmethyl group per molecule. The esters are esters of these fatty acids, in which the
ester group isvaa rnsubstituted alkyl or inertly substituted alkyl group. Thesee&1/t:52a05/038217
hydroxymethyl-containing fatty acids and esters can be prepared in a multi-step process from
vegetable or animal fats that contain one or more carbon-carbon double bonds in at least one
constituent fatty acid chain. Suitable fats include, for example, chicken fat, canola oil, citrus seed oil,
cocoa butter, corn oil, cottonseed oil, lard, linseed oil, oat (r)il, olive oil, palm oil, peanut oil, rapeseed
oil, rice bran oil, safflowereilysesamezoilyp Lorsoybasn diisunitadversetblonbeeditallowenthenvegetable

or animal {35, So0usiEAL st shbiecioddors iamseraicatan eadion wita oper.akgnol.

especially methanol or eéthanol, to produce alkyl esters of the constituent fatty acids. An inertly

substituted oW Hiethe! scair AgoBRlted iNBnS TP ATRETERaRtY SRiEstad may Bty drolyzed
to the 15 atwrespendingfateacidsvbisaiuibids sdgied: tnprtigucdhatinygioximethykponidinisig fatty
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monOX|de and hydrogen. This introduces -CHO groups onto the fatty acid chain at the site of

carbon-cafbdh Tesktbla b A Edpis %%f%r‘ﬁi?laﬁ%ﬂr H?@fﬁcﬁaéba’i‘é’%%ﬁﬂéh fPPPYS b &tent Nos.
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to réx@oveseshemlalﬁy%ihﬂm%oﬁlbamﬁ}ﬁﬁaWration. 25 Hydroxymethyl-containing fatty acids and

esters made in the,foregalnghRIoGRSSatendIlo b a mixtyewhivaigrialshaviag;aedaydigxymethyl
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produce alkyl esters of the constituent fatty acids. An inertly substituted lower alkarxol
can alse be used in this step. The resulting alkyl esters may be hydrolyzed to the

15 corresponding fatty acids when it is desired to produce a hydroxymethyl-containimg
fatty acid. The alkyl esters (or fatty acids) are conveniently hydroformylated by
reaetion with carbon monoxide and hy-drogen. This introduces -CHQ groups onto the
fatty acid chain at the site of carbon-carbon unsaturation. Suitable hydroformylation
methods are described in U. S. Patent MNos. 4,731,488 and 4,633,021, for example, and in

20 WO 04/096744. Some fatty acid grovaps contain multiple carbon-carbon double bomd
sites. In such cases, the hydroformylation reaction may not introduce —CHO groups at
all of the double bond sites. A subsequent hydrogenation step converts the -CHO
groups to hydroxymethyl (-CH20H) groups while hydrogenating regidual carbon-carbon
bonds to remove essentially all carbon-carbon unsaturation.

25 Hydroxymethyl-containing fatty acids and esters made in the foregoing process
tend to be a mixture of materials having no hydroxymethyl groups, and materials
having 1, 2 or 3 hydroxymethyl groups. The proportion of materials having 2 and 3
hydroxymethyl groups is typically somewhat lower than the proportion of starting fatty
acids (or alkyl esters) containing 2 and 8 carbon-carbon double bonds, as the

30 hydroformylation reaction often does not take place across all the carbon-carbon double

bonds unless stringent reaction conditions are used. Carbon-carbon double bonds thoat

are not hydroformylated generally become hydrogenated.



hydroxymethyl groups is typically somewhat lower than the proportion of starting fatty acids (or alkyl
esters) containing 2 and 3 carbon-carbon double bonds, as the 30 hydroformylation reaction often
does aot take place across all the carbon-carbon double bonds unless stringent reaction conditions
are used. Carbon-carbon double bonds that are not hydroformylated generally become hydrogenated.

3 WO 2006/04 7433 S S2005/038217 Methods of making such hydroxymethyl-copiaining fatty
acids are described in WO 04/096744 The hydroxymethyl-containing fatty acid/s ar?g%r esltjénrs are

advantageously mixtures of materials having structures Al, A2, A3, A4 and AS as follow. Alis: 50 I
RO-C-(CH2)m CH-CH2-OH () I (CH2).CH3 10 wherein R is hydrogen, alkyl or inertly substituted
alkyl, m is number greater than 3, n is greater than or equal to zero and m + n is from 8 to 22,

especially from %\&. %](_19 :%2 i$:150 HhZ%H 11 %‘h 3_9-(%: %HZ%TQL_I_QC'EZ); i E"C -OH (1) 20
(CH2)8CH3 whergt?noRSig arg%%é‘ﬁ)gré’}l \%s 3 number gregt%rdt an ,ar and s are eac Crrlluehapﬁlérs greater
than or edtfaI%d/28f544ith v+ r+ s being from 6 to 20, especially 10 to 18. A3 is: 11 (H20H 25 1W

-C-(CH2),NCH- (T2 i¢altrbt itk HyC bt 260 (T | LR QHAGH k{643 are advantageously
mixtures of materials haying structures Al, A2, A3, A4 and Ab as follow. Alis:

5 O
RO—C—(CH)y—CH—CH>—0OH M

(CHz2)uCHas
10
wherein R is hydrogen, alkyl or inertly substituted alkyl, m is number greater than 3, n
is greater than or equal to zero and m + n is from 8 to 22, especially from 11 to 19. A2

is:

15
O CH=0H
RO—C—(CH3)y—CH—(CH32)r—CH—CH2—OH an

20 (CHe2)sCH3

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

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

O CH:0H

25

RO —C—(CHz)—CH~—(CHz2)r—CH~(CH2):+—CHCH0H i)

CH:0H (CH2)sCHs

30  wherein R, v, each r and s are as defined before, t is a number greater than or equal to
zero, and the sum of v, », 5 and t is from 5 to 18, especially from 101to 18. A4 is
0

RO—C—(CH3)w—CHs vy
35
where R i1s as before and w is from 10-24, and A5 is
Q

|

RO —C—R W)



30 wherein R, v, each r and s are as defined before, t is a number greater than or equal to zero, and
the sum of v, r, s and t is from 5 to 18, especially from 10 to 18. A4 is 0 11 RO-C-(CH2)~CH3 (iV) 35
where R is as before and w is from 10-24, and A5 is 0 Il IRO -C-R' (V) 4 WO 2006/047433
PCT/US2005/038217 where R is as before and R' is a linear or branched alkyl group that is
substituted with at least one cyclic ether group and optionally one or more hydroxyl groups or other
ether groups. The cyclic ether group may be saturated or unsaturated and may contain other 5 inert
substitution. Thedwysroxyligroups may be on the alkyl chain or on the cyclic etheF/ Gisupistzbbth. The
alkyl group may include a second terminal -C(O)- or -C(0)0- group through which it may bond to
another initiator molecule. A5 groups in general are lactols, lactones, saturated or unsaturated cyclic
ethers or dimers that are formed as impurities during the manufacture of the hydroxylmethyl-group
containing fatty acid 10 or ester. AS groups may contain from 12 to 50 carbon atoms. The fatty acid or
ester is preferably a material of the Al type, a mixture of materials of the Al and A2 types, a mixture of

materials of the A andaLA4e es ixtur aterials of the 4y, REA4YRES i 1nixise of
materials of't eer%\k{ASZ Sahd% E% t;i/lgefg%rga%%ﬁe of materials%fgtﬁgg}flgﬁ.z AS an

! A4 types, in each
case 15 optibieil eBntaiting AT ARTR G ABRARLN 8% 57 RFRFRIK e%‘a“ﬂ@sc%r?tﬁ’lenrﬂ?%rnd A2ina
mole ratio qf,10;90 trn9%;Blipattictiiariy frony6e: 4410296110 Urtisadrested Ahdamdvebprefertiisly contain

Al'and A4 in a mole rafiq.of 99.0:Q, Ay iglly 0 JatiR 0k fram 229 Qd d2.85: 1% Mixtures
of Al, A2 and ﬂsﬁ:%e g#a(l]BFy bil%a%]}%%%%glgu? i%ﬁg)%S mole mfggygnt AI,15 t8 89 pe% w and up to
about 30 pereem: A hotdre S0Pt reT BRSBTS A2 %‘E‘E CEHERR From 25 07%[2 ole-% Al

4°coritain fro
from 15 to 49%apAR R0ghpHRIBEYMmAY bMinttresohad ARz ABlsraleraby copitainifréar3Blto 80
mole- are lactols, lactones, saturated or unsaturated cyclic ethers or dimers that are formed
as impurities during the manufacture of the hydroxylmethyl-group containing fatty acid
10 or ester. A5 groups may contain from 12 to 50 carbon atoms.
The fatty acid or ester is preferably a material of the Al type, a mixture of
materials of the Al and A2 types, a mixture of materials of the Al and A4 types, a
mixture of materials of the Al, A2 and A4 types, a mixture of materials of the Al, A2
and A3 types, or a mixture of materials of the Al, A2, A3 and A4 types, in each case
15 optionally containing a guantity of A5. Mixtures of Al and A2 preferably contain Al
and A2 in a mole ratio of 10:90 to 95:5, particularly from 60:40 to 90:10. Mixtures of Al
and A4 preferably contain Al and A4 in a mole ratio of 99.9:0.1 to 70:30, especially in a
ratio of from 99.9:0.1 to 85:15. Mixtures of Al, A2 and A4 preferably contain from about
10 to 95 mole percent Al, 5 to 90 percent A2 and wup to about 30 percent A4. More
20 preferred mixtures of Al, A2 and A4 contain from 25 to70 mole-% Al, from 15 to 40%
A2 and up to 0% A4. Mixtures of A1, A2 and A3 preferably contain from 30 to 80 mole-
% Al, from 10 to 60% A2 and from 6.1 to 10% A3, Mixtures of Al, A2, A3 and Ad
eroups preferably contain from 20 to 50 mole percent Al, 1 to about 65 percent A2, from
0.1 to about 10 percent A3 and up to 30 percent Ad. Especially preferred fatty acids and
25 esters contain a mixture of from 20 to 50% Al from 20 to 50% A2, from 0.5 to 4% A3
and from 15 to 50% A4. In all cases, A5 groups advantageously constitute from O to 7%,
especially from O to 5%, of the total weight of the fatty acid or ester material.

“Inertly substituted” groups are groups that do not react with an isccyanate

groups and which do not otherwise engage in side reactions during the preparation of

5



% Al, from 10 to 60% A2 and from 0.1 to 10% A3. Mixtures of Al, A2, A3 and A4 groups preferably
contain from 20 to 50 mole percent Al, 1 to about 65 percent A2, from 0.1 to about 10 percent A3 and
up to 30 percent A4. Especially preferred fatty acids and 25 esters contain a mixture of from 20 to 50%
Al, from 20 to 50% A2, from 0.5 to 4% A3 and from 15 to 30% A4. In all cases, AS groups
advantageousvlal constitute from 0 to 7%, especially from 0 to 5%, of the total weight of the fatty acid or
ester material™theltkPEtituted" groups are groups that do not react with Bh%id6)4HEE  groups and
which do not otherwise engage in side reactions during the preparation of 5 WO 2006/047433
PCT/US2005/038217 the hydroxymethyl-group containing fatty acid or ester. Examples of such inert
substituents include as aryl, cycloalkyl, silyl, halogen (especially fluorine, chlorine or bromine), nitro,
ether, ester, and the like. A preferred he/droxymethyl group-containing fatty acid is methyl- or ethyl
9(10)- 5 hyBfosSHHEtRRAESTHE WhFER RIS &t By HyirBFofififtatind SHIHg ir8y éHetingsteic acid, or
a fatty acidobesternmixtutedeontainihoepibiciadics{slichadszmplepaxedin therabovkldescebed

transesterificationyeagtionh Jhereactive mixiye contains at least one other polyol, polyamine or
aminoalcohol. Among the suitable polyols are polyether polyols and polyester polyols. 10 Polyether

polyols include, for B PBHIOHBE B FopsIeioRias fatyiand Saehyl BhehdiRide,
tetramethyiedecsxidethblockaube/ohigh do froopobynierb tiieregiasing tmsl likér@épaitigulaicinterest are

poly(propylene oxigde)hemapalymess £ aRtM.LcoRN QLo pronyens oxide. and.athylgpe oxide in
which the poly( 6‘5§1y|e e OXidgr% C%%en%iis, for example, from about 1 to about 30% by weight, ethylene
OXide-CapﬁgB B%Cig}%?gﬁ%ﬁ %s% 83’ pD(ﬁ reaction

ymers and ethylene oxide-capped random copolymers of
propylene oxide ditd etbadtine oxigeirForsiidintock fdegatapplicatides, suitvholy@thermepreferably
contain fropm2:ta Rerspacially 2o painl secendarydygrmark GraupsLRe-Mpigsle and have
an equiva weight per.hydroxyl group of from.about 400 to gbout 3000, especially, from about 800
o abet 180 o el B e b bR e foere

preferably gnians fedetebranedvdens geifo oo s Uerarardsrimrene hyeresirgrst pepdranolecule
and have akequivaiephringight perchydroxy gave abikme-abhouid0Mtpilentt3)00:.expecially from

about 12090;)0137}3&@3:5 of propylene oxide and ethylene oxide in which the poly(ethylene oxide)
content is, for example, from about 1 to about 30% by weight, ethylene oxide-capped

15  poly(propvlene oxide) polymers and ethylene oxide-capped randem copolymers of
propylene oxide and ethylene oxide. For slabstock fomm applications, such polyethers
preferably contain from 2 to 4, especially from 2 to 3, mrainly secondary hydroxyl groups

per molecule and have an equivalent weight per hydroxyl group of from about 400 to
about 3000, especially from about 800 to about 1750. For high resiliency slabstock and

20 molded foam applications, such polyethers preferably contain from 2 to 4, especially
from 2 to 3, mainly primary hydroxyl groups per molecule and have an equivalent
weight per hydroxyl group of from about 1000 to about 3000, e.specially from about 1200

to about 2000. The polyether polyols may contain low terminal unsaturation {for
example, less than 0.02 meqg/g or less than 0.01 meq/), such as those made using so-

25  ecalled double metal cyanide (DMC) catalysts, as descxibed for example in US Patent
Nos. 3,278,457, 3,278,458, 38,278,459, 3,404,109, 3,427,258, 38,427,334, 3,427,335,
5,470,813 and 5,627,120. Polyester polyols typically contain about 2 hydroxyl groups

per molecule and have an equivalent weight per hydroxyl group of from 400 to 1500.
Suitable polyesters inelude reaction products of polyols, preferably diols, with

30  polycarboxylic acids or their anhydrides, preferably dicarboxylic acids or dicarboxylic
acid anhydrides. Other suitable polyesters include polymers of cyclic lactones such as

polycaprolactone.



to about 2000. The polyether polyols may contain low terminal unsaturation (for example, less than
0.02 meq/g or less than 0.01 meq/g), such as those made using so 25 called double metal cyanide
(DMC) catalysts, as described for example in US Patent Nos. 3,278,457, 3,278,458, 3,278,459,
3,404,109, 3,427,256, 3,427,334, 3,427,335, 5,470,813 and 5,627,120. Polyester polyols typically
contain about 2 hydroxyl groups per molecule and have an equivalent weight per hydroxyl group of
from 400 to 1500 208¢it&HE polyesters include reaction products of polyols, peferatslgsditsis,7with 30
polycarboxylic acids or their anhydrides, preferably dicarboxylic acids or dicarboxylic acid anhydrides.
Other suitable polyesters include polymers of cyclic lactones such as polycaprolactone. 6 WO
2006/047433 PCT/US2005/038217 Amine-terminated polyethers prepared by converting terminal
hydroxyl groups on the foregoing polyether and polyester polyols to primary or secondary amine
groups can also beirsedraminel tenimmbtes pelyetiiebs arencertime teiatinal/ itdblevagrdeffamine(r)

D-400, D-200Q,c Tr:A03:80¢ dy00Q0 frenmpsinismanyehanicalxnQthetsyitable materials include
polyols, polgami es or alkanolamine com ounds c%ntﬂf:rlﬂn from 2 to 8, es[ﬁecially,from to4
hydroxyl, SAfhaly arifeSi5d/or SEESH AR AriRe Ry ttachar MoleemE St Hav g 4 Bqdfalent
weight of fleffr:8ire®dbd0d. 20G0e8 EdR b BYEdrrRSE . Hyeimplas@fsuichlmaterials include
diethgnol amine, mappethanatamingetriethanahaning1g80- siyanttifisopopanahdo-aqune,
glycerine, trimethylol propane, pentaerythritol, ethylene.glycol, diethylene glycol, 1,2-propylene glycol,
inropylor BT EETHABOTENE S or cingiehs G B e AL sy Bista
bis(3-chlornd/emsitrepAerryirHathaisep e web Fslenvde rnaiHanrans atditeninegs-didty toluene.
Polyethersshasdnghartegniyalgrtwpiohicef Bp % 406, thabseyrepareddey allkaxylatinganyof the
foregoing_ggeqh%!%glba%sed. 15 The sellection q;f tht% gariiculw QOE(Qzli Op%{a&lige or aminoa[}cohol will

ne,. monpeetnano: amine, {rie INoi amin FISOPYopang
be made in" conjunction with the |ntende31appllcat|on. As is well known, the use( OTINCTeas ng

amotthts cFISRRr slGRFmEntHeRRY INL RaR and Tt EPTIRESONn S Fisterarsiie Alsthalererm a more
rigid polynagycolherdasciiduseytsiigtieregiiualehcvieighibroaidsialsignd, lekelshindtiomally materials
tends to f%}:@&%x@ rﬁlQHQx‘i‘eP %@&%@éﬁ@%ﬂgpg&pﬁ%ﬁ%ﬁmﬁ%?clohexanedimethaﬂol and
2,4-diamino-3,5-diethyl toluene. Polyethers having an equivalent weight of up to 400
that are prepared by alkoxylating any of the foregoing can also be used.
i5 The selection of the particular polyol, polyvamine or aminoalechol will be made in
conjunction with the intended application. As is well known, the use of increasing
amounts of lower equivalent weight materials and higher functionality materials tends
to form a more rigid polymer, whereas the use ©of higher equivalent weight materials
and lower functionality materials tends to favor the formation of more elastomeric
20 polylurethanes.

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

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

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

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

The reaction mixture further contains at least one polyisocyanate compound.

Suitable polyisocyanates include aromatic, cycloaliphatic and aliphatic isocyanates.
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Any of the foregoing isocyanate reactive materials (including the hydroxymethyl- containing fatty acid
or ester) may contain dispersed polymer particles, such as dispersed polyurea, polyurethane or vinyl
polymer particles. These materials are described in a large number of references, of which US
4,242,249, 4,350,780, 4,390,645, 25 4,460,715, 4,745,153, 4,381,076, 5,494,957 and WO 98/52988
are examples. The hydroxymethyl-containing fatty acid or ester may constitute from 10 to about 50
mole-% of the“f?oa?g{/‘?éféz}/eactive materials other than water that are preseht HVR&?€a8tdn mixture.
Preferably, the hydroxymethyl-containing polyester polyol constitutes at least 15%, more preferably at
least 20 mole-%, up to about 40 and more 30 preferably up to about 30 mole-% of the
isocyaaate-reactive materials in the reaction mixture, again exclusive of any water that is present in
the reaction mixture. The reaction mixture further contains at least one polyisocyanate compound.
Suitable p&tseRiiaN ateP eI 6t atiRc g el oalpPRfR Bgaliphiatreaseifanateylereid
2006/047483:ReakA182005/382]& dExemplasy folyisoeyanatisiaghideem-phenytdne diigocyanate,
tolylene-2 ¢ disoevanaie-oensieadisondnals, Seplicrone disgoxanates 1ot andianl -
bis(isocyanat mgt?ly%cyc% exane (including cis- or trans-isomers of either),

hexamethyAefrene b dratidyRiftacketaimetlifieHac b emedeydiisns BatehexEAe A ditsocyanate,
hexabydroighdens shiis obyaniatérdndthyle ntibisfayetehexandigeoyahaiey cighd2MBiépcyanate)

naphthylengsl grdiisocyanale eak/pheniia ddiisocyanalg. diphenrimenane:d didisocyanate,
4,4'-bipheaylene diisocyanate, 3,3'-dimethoxy-4,4'- biphenyl diisocyanate, 3 ré'-‘dlmet:f*lyl-4-’4'-b|phenyl
diisocyandte Ry T BERSTdrAREFRATH R Farib 24 AR R SLT AR AR AR i St AP RIS 1 -
triisocyanatipbhapdlyhisttydene,10, feliptténl/istojpmate ] RN BBy tohiend P di6sthiiddgyenglte and 4,4'-
ety 05 .5 oA Rage R e 9SGl e

iphenylmethane-4,4'-diisocyanate enylmethane-2,4'-diisocyanate, , tolylene-
2-4-&35009&%‘?%1%%@92%%@iisé%lgfﬁn te ortgi %(}lC1J€F‘Ea‘As?|-’tLJf*\fe"z"réﬂo1 Oé’l% %tﬁ’ylmethar?‘é‘fxélA'-%ﬁéocyanate,
diphenylméthvatied? g hdiisbeytmate 22id-Aiduristhensttar & gérebbal k4 SnafervemistasivDI, and all
can be usgg, Jolylsrend:A-diisosyanate tolyiehandfc diispeyanatganch mikurasih esgefare
generically referred to as TDI and all can be used,

1isocyanate, tolylem fisocyanate of mnixtures thersof Diphenylmethane-4,4'-

diisocyanate, diphenylmethane-2 4-diisocyanate and mixtures thereof are generically

15 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 he
used.

Derivatives of any of the foregoing polwvisocyanate groups that contain biuret,
urea, carbodiimide, allophonate and/or isocyariurate groups can also be used. These

20 derivatives often have increased isocyanate functionalities and are desirably used when
a more highly crosslinked product is desired.

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

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

30 polyurethane is desired.

A catalyst is often used to promote the polyurethane-forming reaction. The
selection of a particular catalyst package will vary somewhat with the particular
application, the particular polymer polyol or dispersion that is used, and the other

8



Derivatives of any of the foregoing polyisocyanate groups that contain biuret, urea, carbodiimide,
allophonate and/or isocyanurate groups can also be used. These 20 derivatives often have increased
isocyanate functionalities and are desirably used when a more highly crosslinked product is desired.
The reaction mixture may contain a wide variety of other additives as are conventionally used in
making polyurethanes of various types. These include, for example, catalysts, blowing agents,
surfactants, cgfpoﬁ]gﬂg?g‘fﬁlers such as calcium 25 carbonate; pigments andfol/ 38?8?5%‘]@ lch as
titanium dioxide, iron 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. Catalysts are particularly
preferred additives, as are blowing agents and surfactants in cases where a cellular 30 polyurethane
is desired. ReEatiiyt 18 Sreforantitisth ot sttahesh B titdrs- 8 Rsaseriionhat wetaction of a
particular catahsisiaskagedlbvbtiyospmewhativiih thenpagticolarcappliedton, thergatieifiar polymer
polyol or dispetsion.thal i astl: 2 e et AMA00 4T3 P GTIUSANGBIORAR 17 Ingredients
e cata

in the formulation- T yst mag catalyze the "gelling" reaction between the polyol(s) and the

polyisocyaffe s ASidsrih TG ol tAnE BRRAT RF NASHER e hdte SRRl &tAe (blowing)
reaction whickigendratdsasteadinkades thad faeersaitzobldidridetotexpant] th&dsbme kitimaking
water-blowg foams. tis dRical 10.4s6.2 5 mixture of at least one catalyst that favors the blowing
reaction and at least one other that favors }he gellig reaci):cion. @ ide variety of majerials are known
to catalyze polyuretiaite F8MfiRg O%eg}ﬁtf%’ﬁ%,sin%ﬁ?di 8civéJﬁiar°y SIS, t%%ﬁ‘r’i?tﬁ‘%% hegvarious
metal chelatesiamidinvietihgaistisronyibasds ririvushrehibaicobolee st phdaslatesdnd metal
salts of 10 QrganigiacidsofAtals!satmash MAOKREES AR tatliany-apRes calalysiaang owanotin

catalysts. ExamPI.es1 (?f t(?ftitaa%s Srni e g&tlaﬁésﬁ?_st in&u%g: ré%eth L%urri\“]i&ned R(fra'?@éla ige,amt. .
N-me%ﬁylm%'ﬁ)aﬁoﬁl%ce, f\]-etr'ﬁy orp(ho ine, NEN-dime hyl%enzﬁ miné, N,N- dﬁme?ﬁyle‘iﬁanofﬁmlne,
N,N,N',N"-testrabréth e aubetah dentimineniasadmhetsyiptbeka drecthalampshiepehslamizeoctane,
bis(dimethwamingetlnhetnas, N-ethylmorpholine, N,N-dimethylbenzylamine, N,N-
dimethylethanolamine, N,N.N'" IN'“tetramethyl-1,4-butanediamine, N,N-
dimethylpiperazine, 1,4-diazobicyclo-2,2,2-octane, bis{dimethylaminocethyl)ether,
15  triethylenediamine and dimethylalkylarnines 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  surfactants  include Niax™ Al
(bis(dimethylaminoethyDether in propyiene glycol available from GE OSi Silicones),
Niax™ B9 (N,N-dimethylpiperazine and N-N-dimethylhexadecylamine in a polyalkylene
20 oxide polyol, available from GE OSi Silicones), Dabco™ 8264 (a mixture of
bis(dimethylaminoethyl)ether, tristhylemediamine and dimethylhydroxyethyl amine in
dipropylene glycol, available from Air Products and Chemicals), and Dabeo™ 33LV
(triethylene diamine in dipropylene glycol, available from Air Products and Chemicals),
Niax™ A-400 (a proprietary tertiary amine/carboxylic salt and bis. (2-
25  dimethylamincethy)ether in water and a proprietary hydroxyl compound, available
from GE OSi Silicones); Niax™ A-300 (a proprietary tertiary amine/carboxylic salt and
triethylenediamine in water, available from GE OSi Specialties Co.); Polycat™ 58 (a
proprietary amine catalyst available from Air Products and Chemicals), Polycat™ 5
(pentamethyl diethylene triamine, available from Air Products and Chemicals) and
30  Palyecat™ 8 (N,N.dimethyl cyclohexylamine, available from Air Products and
Chemicals).
Examples of organotin catalyssts are stannie chloride, stannous chloride,

stannous octoate, stannous oleate, dimethyltin dilaurate, dibutyltin dilaurate, other
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15 triethylenediamine and dimethylalkylarnines 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 surfactants include Niaxr" Al (bis(dimethylaminoethyl)ether in propylene glycol available from
GE OSi Silicones), NiaxTM B9 (N,N-dimethylpiperazine and N-N-dimethylhexadecylamine in a

polyalkylene %I&ﬁ _I_}/ol, available from GE OSi Silicones), DabcoTM 8 ixture of
bis(dimethyla%np?noet %%tﬁer, triethylenediamine and dimethylhydroxyethyl gagrf“rlfr% 2mw|i’c5)gr%31|5ylene

glycol, available from Air Products and Chemicals), and DabcoTM 33LV (triethylene diamine in
dipropylene glycol, available from Air Products and Chemicals), NiaxTM A-400 (a proprietary tertiary
amine/carboxylic salt and his (2 25 dimethylaminoethy)ether in water and_ a proprietary hydroxyl

compound, available from GE OSi Silicones);.NiaxJM A-300 (a.proprietary terfiary amine/carboxylic
calt . AR oAt O S Gt BT KA R 8 5T Bl 26 (a
proprietargethiirrelidatafyesnavaiiable sranc Bl Prageets erfd orienfitziersPoigemta NeBeqPartamethyl
diethylene,trigmine,aygiabledo R-AREedusts andhchemisals).and136-R0Mcatt 8NNy dimethyl

cyclohexy mineh%ailable from Air Products and Chemicals). Examples of organotin catalysts are

stannic chioride, stannous chloride, stannous octoate, stannous cleats, dimethyltin dilaurate, dibutyltin

dilaurate, other GapidysteEsr0ariEslyPETIUS #068]G382Y T o foaAtHRItoMpUu i Bt heifermula
SnR.(OR)ampuetein R isalkyl.ovad anainss By2waattbetlikenigomumertiallyavailablg.prganotin
catalysts of intergst include DabcoTM T-O_and T-95 gatalysts (hoth stannous ate compositions
available from Aﬁsﬁ%‘gﬁbtgégﬁgq a(%ﬁré_%%ag 5 Cta%talys"’trs lgr% %p%%\ ly used it gcfar%al gfﬁ(gﬁﬁts, for
example, BEERE AR SOBSHG a8 AR a AURTRRBEEEOtISHES Of sotnbynvarghevrtiedigh
equivalentweighicpedysiyst] awele fatormuld iten scisnethicitthen hysd ox yaratiyt -eotdatsirg fatty acid is

presept may:smeymes Faauire:a. somewhat e alen Amounsof satalysl- PariculaT o4 amine

catalyst, as the Tatty acid can react with an amine catalyst to decrease_its 10 activity. In addition,

adducts oFHEHSAIRORRRRA-RERRRInG Hath At 4 83/3 BRI AR hde ey AR PhEsite pared.
These addudtscardtmistivm asa&idepnipdradition pohesgrs.

When forming a foam, the reaction of the polyisocyanate and the polyol

component is conducted in the presence of a blowing agent. Suitable blowing agents

15  include physical blowing agents such =as various low-boiling chlovofluorecarbons,
fluorccarbons, hydrocarbons and the like. Fluorocarbons and hydrocarbons having low
or zerc global warming and ozone-depletion potentials are preferred among the physical
blowing agents. Chemical blowing agents that decompose or react under the conditions
of the polyurethane-forming reaction are also useful. By far the most preferred

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

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

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

30 surfactants are commercially available under the tradenames Tegostab™ (Th.
Goldschmidt and Co.), Niax™ (GE 0Si Silicones) and Dabco™ (Air Products and
Chemicals). A preferred type of silicone suxfactant for slabstock foam formulations has

a siloxane backbone containing a mixture of high atomic mass polyoxyalkylene pendant
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activated catalyst in making polyurethane polymers. When forming a foam, the reaction of the
polyisocyanate and the polyol component is conducted in the presence of a blowing agent. Suitable
blowing agents 15 include physical blowing agents such as various low-boiling chlorofluorocarbons,
fluorocarbons, hydrocarbons and the like. Fluorocarbons and hydrocarbons having low or zero global
warming and ozone-depletion potentials are preferred among the physical blowing agents. Chemical
blowing ageng(fﬁg?%%‘céf‘ﬁpose or react under the conditions of the polyurgfﬁaﬁé- ﬁ‘iél?eaction are
also useful. By far the most preferred 20 chemical blowing agent is water, which reacts with isocyanate
groups to liberate carbon dioxide and form urea linkages. Water is preferably used as the sole blowing
agent, in which case about 1 to about 7, especially from 2.5 to 5 parts by weight water are typically
used per 100 parts by weight of isocyanate-reactive materials. Water ma% also be used in

combinaticASRRR B3Ry AT BRRRAY R AL Fardtich ot SER RS2 B YN drdtea st Bowing
agent. In additiomeagaisidh ascarbbrididxidesininitrogenroly angdhyiney bendsed seitire blowing

agent in a frathing pracess. ArsHEfaaiact is alsmuseavhnng Rebwresbane foamyisenargd. A wide
variety of silicone sur,factagts z%gnare commoglgt:%eld inm Fél%g gol urethane fpams can be used in
e R g

making th&¥BhME iF AEESrGAREE N RO TRV AR 'QHeR BIRED R H IR E hts are
commercigiydaail ghiensmdbicthdakadclnzaites T bgustab Tvi(Tde GoidischaiticAiidr©d00NiaxTM (GE

OSi Silicongghangd Relcodih (finfreduets ande Ghemicalsh-A R ¢fameshiyne.afsiligans syrfactant for

slabstock fogm formulations ha siloxane. backbone containjng a mixture, of high atpmic mass
polyoxyalk%ﬂzgrgg’ﬁaég eéﬁlt?yf%OW%o%ég’%éfﬁg%nﬁﬁf@%&g&%ﬁﬁlﬁﬁfo%ﬁ%f razg\)}/} ’atl%ﬁlv%rage atomic
mass of fréen¥Bowt 40D wBlispoursBUDeT Bl contibae ke prdiakal sctwataimsiow atomic
mass polygxiaikleng-peRaans. g ouBscthad ef aRAVEFAES alendis:Hiass, abiremmaprut3eto about
750. ]t is mo erred.that ligone backbone contains both high.and Jaw atomic mass
polygfyalrl;él{e%%g ép“(E:-lﬁ%ddgl}nt %ré%%%‘vﬁ?éfh?taﬁgﬁégﬁ;e 5%: %ax{?eeéenngﬁier%}; g%@rrfgq ]f%}ggiogf from 1000
to 2000, dspacialty foaTiaL 0D BeEddoiTHebsiR 5t SERR o CoREIASYBATE S 0 360,
especially fraanP0ith 26@ivaiiconeipppealynly.units/molecule. Preferably, from 6 to 30% of such silicon

repeating units C%ﬂgaﬂ}ﬁep%dgﬂ&m%ﬂw&\ﬁ?ngi%i@@%ﬁater/high hydroxymethylated polyol

slabstock foam applications can be represented by the formula MD<D'yM, wherein:

15  each M is independently (CHs)sSiOwsz oxr R{CHg)28i01m;
D is (CH3):Si0ws;
D’ is R(CH3)S100sm;
x is 40-220;,-especially 85-220
v is 5-40, especially 8-40, with x/y<10; aand

20 each R is independently a high atomic mass polyether group or a low atomic mass
polyether group, provided that a sufficient number of B groups are high atomic mass
polvether groups that the average atoxmic mass of all polyether groups is at least 1000,
especially at least 1100. High atomic mass polyether groups R preferably have the
structure ~(CHa)u(CeHs0)o(CH:CH(CIT3)O)R', in which n is about 3 to 10, a and b are

25  such that that ethylene oxide residues (i.e., ~C2HiO~ groups) constitute from 30 o
100%, especially 30-50% by weight of the R group and the atomic mass of the R group is
about from1400 to 6000, especially from 3500 to 5000, and R’ is hydrogen, alkyl,
—COR’, —C{O)OR”, or —C(O)NHR”, where R” is a monofunctional alkyl or aryl
group. Low atomic mass polyether groups R preferably have the structure

30 —{(CHz)a(CaHaO){CHCH(CH)OXR', in which n is about 3 to 10, a and b are such that
that ethylene oxide residues constitute from 30 to 100% by weight of the R group, the
atomic mass of the R group is from 300 to 750, and R is as defined before.
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polyoxyalkylene group. Surfactants of these types are described, for example, in US 10 5,145,879 and
EP 0 712 884 B1, both incorporated by reference. From 1 to 6, preferably from 2 to 4 parts by weight
of such surfactants are suitably used per 100 parts by weight high equivalent weight polyols. The
preferred silicon surfactants for high water/high hydroxymethylated polyol slabstock foam applications
can be repre tgﬁiﬂp tﬂ formula MD.D',M, wherein: 15 each M is independernt‘gﬂ (CHa)aSiO1f2 or
R(CH3)2SiovZ; |s’>éé 2SiOv2; D' is R(CH3)Si02/2; x is 40-220,especiaify 882245/} 5-40,
especially 8-40, with x/y<10; and 20 each R is independently a high atomic mass polyether group or a
low atomic mass polyether group, provided that a sufficient number of R groups are high atomic mass
polyether groups that the average atomic mass of all polyether groups is at least 1000, especially at
least 1100. High atomic mass polyether groups R prefere%tgl Ea e the structure
L (CH2)n(C2HA40) IR RO R AR 1€ RBU A L8, M 587 28 Uah ifinat
ethylene offtderresitiuesd(isey, v@2¢1408 groupsy doristtste frbme3thtye)l B0 tespecialy 38550% by
\évgr(i)%ht o; é@%ﬁsﬁﬁ@% @ﬁl@hga@f@@m%r?ﬁgg %%? ﬁiﬁg’H@Rﬁnﬁﬁﬁiﬂ%&@mﬂé&%ﬁ §000.sespecially from
to , and R'is hydrogen, alkyl,. - ".or- ", where R'.is a
monofunch%%?% 13?Pbrr§%£fl pé%ﬁ%ﬁ? Ic_ao¥lwba o%%%%é%%%@%%ﬁ éf%usps TGRSR I?/%%‘\"/Eé’%e structure
30 -(CH2)s(CR Hg oyatirptHICHeyObR' dnomsficHdisoandvraddioy e taddbeard slotethat that
ethylene oxidediesidisr-aensibielfram 30 jei0096hy, waightid theeR gratRidhe ataimpic mass of the
R group Is ToM A2 10438+ RS Arsfinaa Relale daatia000 It H o bl [y mep0s/038217
Those surfactants In Which X a y are particu ary?ug such as an X vajue of 85 o moré and a y
value of 8 or morEWA tHalisprfcturer s end 1@ Hale ey Witfiesisdasitéghantaterefoteimay mix
poorly intore-seraaitlipg earspbeanks foh ihefioaml aidsnulakoN: s peablenl caabe pwercame by

s DS ASINIS b sl bR S DTS
diluent is Weight silicone surfactant/diluent blends.

A polyurethane is formed by bringing the components of the reaction mixture
together under conditions that they react and form a polyurethane polymer. A wide
variety of polyurethane-forming processes can be used, including so-called slabstock

15 foam processes, molded foam processes, reaction injection molding processes, cast
elastomer processes, laminationn processes, frothed foam process, carpet backing
processes, and the ike. Curing conditions may vary somewhat depending on whether a
hydroxymethyl-containing fatty aucid or fatty ester material is used. The polyurethane
products will be in most instances elastomeric materials that may be non-cellular,

20  microcellular or foam.

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

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

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

A hydroxymethyl-containing fatty acid ester reacts with the polyisocyanate only

through its hydroxyl groups. However, the ester group can engage in transesterification
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preferably used to bring the viscosity of the surfactant blend to below 3000 cP at 25C. Two silicone
surfactants of particular interest in high water, high hydroxymethylated slabstock foam formulations
are Niaxm L-626 and NiaxTM L-5614 10 surfactants, both available from GE OSi Silicones. These
materials are high molecular weight silicone surfactant/diluent blends. A polyurethane is formed by
bringing the components of the reaction mixture together under conditions that they react and form a
polyurethanedRAtl 7Addvide variety of polyurethane-forming processes canf B8 HEed3#AtTuding
so-called slabstock 15 foam processes, molded foam processes, reaction injection molding processes,
cast elastomer processes, lamination processes, frothed foam process, carpet backing processes,
and the like. Curing conditions may vary somewhat depending on whether a
hydroxymethyl-containing fatty acid or fatty ester material is used. The polyurethane products will be
in most instanuesTeldissive HeARETE A4 Hh AR g8k RO A ATHIERSEERL PSP TR, A
hydroxymethylcoptainingfaity aciduaontainehetPhysiiexyihandccarbabeyfoumsicd gioupseth of which
can react wi oGyanale IQups 0. 017, 4 Ry aleA RRd.Ane: hersly Bl moleculey wlght. These

reactions usua y occur simultaneously with the reac the pc?)rlgisoc%anate with the, polyol,
polyamin@@wémﬁaamwwwl&é%§%aﬂgﬁﬂuﬁdﬁé8w§}% BREER IS DRRAEEEARkLe with
water; if wakenissprasent iARcorditighsenaspecidhtontivons mrecrrestedlinnest gases tédform a high

molecular. weight pojyirethane aying:a0ock IeRSLRs. b isoeas ot heamppintalagidsecyanate
used is sdfficient to provide an isocyanate index, i.e. 100 time thte [)%tio of NGO groups t
isocyanatEreashie HsE e IR HR TR @ R IadiAY ?E%‘lselﬁrm?is&’gﬁabf ng‘éf%ﬁ’llgused as a

blowing agemé)awdift@m 85 to 150, especially from 95 to 115. If it is desired to form isocyanurate
groups in the pojymer, A ligher isonuanaeindex-canie ssedeAdyaraumethyk containiasg fatty acid
ester reqcts with the _pol isocyanate only, through its h rox;%lg oups. {'0%%\’%&&90% [ ter group can
engd@e irPFEREEER RS e PANS }%ﬁeﬁ?% Wiy éﬁfgglf 57 "andor amld?zatlon reactions
with the pedyel wolyapdinevanddominveleotsbepmpbdivids wratirel sresertmviie WakneTmixture.
Because t16;isQCYANAIS HOURS ;Wﬂlr(iﬁﬂalpﬂigt with Hhenlatiynaeidrestahgiopstbateabtwithghydroxyl or
amine gror%%%tle:rxgs\./id’ﬁgpbgrt@l anate-based polymerization catalysts are of particular interest.
Examples of such catalysts are described in U.S. Patent 5,498,651 and U.S. Patent
15 5,547,984, the disclosures of which are incorporated herein by reference.
Iustrative examples of classes of tin compounds that may be used in the
invention include monoalkyltin hydroxide oxides, monoalkyltinchloride dihydroxides,
dialkyltin “oxides, bistriallsyltin oxides, monocalkyltin trisalkoxides, dialkyltin
dialkoxides, trialkyltin alkoxides and the like. It will be recognized that in many cases
20 organotin catalysts are also uiseful polyurethane catalysts. In a preferred embodiment
of the invention, the reactiom mixture contains at least one organotin catalyst carm is
active as both a urethane catzlyst and a transesterification or amidization catalyst.
The urethane-forming reactions (as well as the water-isocyanate reaction) often
proceed well even at room texmp erature, and are usually exothermic enough to drive the
25  polyurethane-forming reactions nearly to completion. The transesterification and
amidization reactions, on thie other hand, tend to require elevated temperatures to
proceed. In some applications, such as the formation of slabstock foam and high
resilience slabstock foam, the heat generated in the polyurethane-forming reactlon can
generate temperatures sufficiently high to drive the transesterification and/or
30 amidization reactions. In these cases, the generally large size of the foam buns that zre
produced limits the escape of heat and therefore creates internal temperatures that
remain high for significant periods of time. In other applications, such as molded foams

and elastomer production, the polymer may be posteured for a period of minutes to
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polyol, polyamine or aminoaleohol compound, it is sometimes desired to use a somewhat 5 lower
isocyanate index in these cases. This allows amino and/or hydroxyl groups to remain available for
reaction with the fatty acid ester groups. In most applications, the isocyanate index will typically range
from about 50 to about 125, especially from about 70 to about 95. When a hydroxymethyl-containing

fatty acid est%ig %%%aﬁﬁ generally 10 preferred to include a catalyst in the reaction mixture that

promotes the reaction of the ester with hydroxyl and/or amino groups. A wide Van& ?/5(/) &ich catalysts

are known and can be used herein, provided that they do not interfere with the urethane-forming
reactions. Tin- or titanate-based polymerization catalysts are of particular interest. Examples of such
catalysts are described in U.S. Patent 5,498,651 and U.S. Patent 15 5,547,984, the disclosures of

which are incorporated, herein by reference.. llustrativ les of clagses of tin compounds that may
e used TR R He T T do o goapias T LR RRA e
dialkyltin osicrasiddtetrieniapririenddéesatnentatidyrirr eRsationides » araieyitin AdianisrBs niruikyltin
alkoxides anelithe ikealtanil begraoghizedithabirnimnany Lases2overganokimenialysthare also useful
polyurethaned ca%aﬁ/es[tsalnvg trﬁreegeegggg e Qgg"&‘e% % i:tlh% invention, the reaction mixture contains at
least one 6)Fg§ﬁo?in cgta]ﬁ/st Cania ‘Active as both a Urethane catalyst and a transesterification or

amidiZation cataljateiredirathaliscrbhrig Res do e ife S thes/ae pioesameatreatdion) often
proceed walhgveatatreaoivdemprialye iandharepuausaly exditiermibeigughets, duvertiea2f _
polyurethage UL IRAGHANS AR 'S eRIBRIGHOR, EOGHAnsessriisatan.and amigization reactions,
on the other hand, tend to require elevated temperatures to proceed. In some applications, such as

the formatRHTBrSHIRSCRIG A B FigTPadifenetesals staRk i ine PRIEHGE RSP HPthe
polyurethapéforeainglyeastohiathegelreraig tampegaturasesuifigiertiythighatoidtive thencting
transesterifigation andior,3Q amidization LRastianssIR4Neas AaRem heoaRaralldaraesizs,of the foam

buns that are_produced limits the escape of eaiandt er%%‘)ore creates internal temperatures that

remain high-for StnifiantpEisHE of fim & ABikr ShpTieatiors, THRFEHEIETIEEE 4R elastomer
productionp¢haspalynés nsafibe postedrevitbr @perig ofininites wwidd WO W6DA/04704832
PCTIUSZ%M@%@; which is in a second step reacted with a chain extender and/oxr water to
" form the desired foam. Frothing methods (as described in 1.8, Pat. Nos. 3,755,212;
15 8,849,156 and 3,821,130, for example), are also suitable. So-called one-shott 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 invemtion include slabstock foam processes, high resilieney

20  slabstock foam processes, and xnolded foam methods.

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

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

30 High resilience slabstock (HR slabstock) foam is made in methods similar to
those used to make conventional slabstock foam. HR slabstock foams are chaxacterized
in exhibiting a rebound score of 585% or higher, per ASTM 3574-03. These foarms tend to

be prepared using somewhat Inigher catalyst levels, compared to conventional slabstock
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hours at an elevated temperature of from 50 tol50C to complete the transesterification or amidization
reaction. Because the transesterification and amidiziation reactions will produce an alkanol
by-product, it may be desirable to remove the alkanol as it forms in order to help drive the reactions
toward completion. 5 In general, a polyurethane foam is prepared by mixing the polyisocyanate and

isocyanate-regféi\ﬁgomtﬁggls in the presence of the blowing agent, surfactap&,l,ﬁ?s?hlé/s%g% la%nd other

optional ingredients as desired, under conditions such that the polyisocyanate an

isocyanate-reactive materials react to form a polyurethane and/or polyurea polymer while the blowing
agent generates a gas that expands the reacting 10 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 gﬂol¥(i)sorcexggeatg]£§rfir treacted. Wit the high egrivalent weight polweli tafarma
prepolymer, which is in a second Step reacted with a chain extender and/or water to _form the desired

foam. FrotMrgtHsiemud raderbrinBdn vetetpinfde, 3rsd00 D 948, 1eéeandi8249130, for
example), ake-alssabitshle: Sh-katledlatienshat dndthe dsofsuchlashtle Sobed dandiSy Ratnklo.

2,866, 744),are pieferred, 4N SHER-ane:shol methosds. e Robisemyanatespe alk £o anout 3

polyisocyanate-reactive comc%onents are simultaneously_brought I#%gazther and causid to react. Three

widelysuseRPEHRSh APPrRAFS dLaR AT AP S RSB HEPEE in TSI AGBTHSH HRIFREABSt8Ek foam
processesaligh Zesilisnoys 26f skabsicitk fpan?) pracessds famnd sholdéd foahordtrod<3SaB8tock foam
is convenig ;’%Prepared by mixing the foam ingredients and dispensing them into a trough or other

region where the_reaction mixture reacts, rises fregly against the atmosphe eaﬁs metimes under a film
Senierol SEAR DBtk R

or other flexible CHOESAGI AR RS IR R3RARSATE r&i5 SRETR RO o KSR BPSdRion, the

foam ingredients:{oi2sxaridesnrisivy asdtreiebl(lardudimspbd hdepensehvceataimidadibizad where
they age mixgd,and.dispapsed oniea Kenyeyasthatds dineshwithpaperwspastin kaamipgand curing

%ia%a!allys fromyabaut 1 to about 5
15%

occurs on the conveyor.to fé)r afiglcm %m.rg' uecéeguéig ef&) 1S arety
pounds per &BiE 56 c{bo(ﬁ) (%%85’ gfm3) I density, espgematf%jfpmﬁ out about 20 pcf

(19.2-32 kueBpe3opktiefsseslisiisis| S tBIRIHR BPARIBRRY i PeEEh GeRbasilar to
those useddgpakecenentinnahsabstockdeas) idRisiabstoalofoame axel chdraetertzasiri exhibiting

a reboundc%%of;g 8]‘585 W%Qfd@%'?&fh&%r@b%ﬂ% %@Z%g%egggﬁg Bgm&tmt%sﬂience molded
15  foam. Densities for molded foams tend to be in the range of 2.0 to about 5.0 p ounds per
cubic foot (32-80 kg/m?).

The invention is also useful in making foam via a mechanical frothin g process.
In such processes, air, mifrogen or other gas is whipped into a reacting mixture
containing the isocyanate reactive materials, a polyisocyanate, and optionally catalysts,

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

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

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

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

other synthetie rubber applications.
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be prepared using somewhat higher catalyst levels, compared to conventional slabstock 14 WO
2006/047433 PCTIUS2005/038217 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 abodt9 18°486(f°3.5, especially from about 2.5 to about 3 5 parts p&r TBE I8 %Righ
equivalent weight polyols. Foam densities are typically from about 2 to about 5 pcf (32 to 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 (isocyanate-reactive materials (including the
hydroxymethyl-containing fatty 10 acid or ester), polyisocyanate, blowing agent, and surfactant) to a
closed mold:saBarEshedfaming reaction takes place to produce a shaped foam. Either a so-called
“"cold- molding" prokessllinaidichdheraojdds:natgisheaté disignificant diap eveamifienyrtemperatures,
ora "hot-mgé%@%&p&clgﬁ%i%%/m%ﬁ% Rl isheatad {o.die the cure, can be used. Cold-molding

processes are preferred to produce high resilience molded 15 foam, Densities for molded foams tend

to be in the range’b A abb uPEBeREthd8 P&l CuBRd b PEa s RgIntS). TREHhVERHSS i€%Iso useful
in making feamhMisydnneahaitichlsirethitg PIEDESS. atnl sudchypibeassespainitrofen embthesrgas is

whipped intg a reacting. mixidre: £90tAINInGLReJsncxaRaie(aCNGMAleTilm & Rolvisasanate, and
optionally catalysts, 20 surfactants as descri{?g%bgge, d other ﬁ)bmponents. Tttiule fr}olthg%reaction
mixture is tRERCRIHREENFRH REGAE R E0Bsthte Fh ]fﬁga’{;)@?ﬁﬁtqé § CRE T iR Eh AefieTent
cellular layemdefrathing &pplRiEGbTbE paricuay alvptribee clisehorfonitiationaf uRsarewitidan attached

polyurethang cushion. pushheaPatnacking.PERce ssas Al estessrad, doyexampleainUrdiPatent
Nos. 6,372,810 and 5,908,701. Anothgr frot@filnga J}SSEP” ﬁén tt%re emar}téiégctpreig;:t}rgggl[ocellular
elastohfers &K adtsP ho&"€ole8 Bblyutethane foam made i accordance with the Invention is
useful as fulmtbistbrioamrertBeoind dednmgeBisbmdtive Qa MBS S FRkatifgaBications,
other cushigpingaRd-energyFishagemenitapplicalipns nedmpeihagkin gegaskaing cantuather
applicationg for which,convepfional polyurethane floams a&te,Hsed- ROYWELANe mixture of

azobis(methylbutyronitrile) and MHMS is fed into the reactor over a 30 minute period.

15  The reaction mixture is then held at 125°C for an additional 30 mintates, cooled to 40°C,
and stored. A sample is taken for free monomer analysis and filiration. The remainder

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

indicatied in Table 1.
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30 elastomers are useful as furniture and vehicle wheels, casters, automotive fascia, and other
synthetic rubber applications. 15 WO 2006/047433 PCT/US2005/038217 Examples 1 and 2 The
following general procedure is used to make a dispersion of styrene- acrylonitrile particles in
methylhydroxymethybst@araie. A reactor is preheated to 60C and charged with a# ijtiglsaiasge of 5
methylhydroxymethyl stearate (MHMS) and a stabilizer compound. The stabilizer compound is a
8,000-15,000 number average molecular weight polyether polyol having induced ethylenic
unsaturation and free hydroxyl groups. The reactor is then heated under vacuum to 125C. The
vacuum valve is then closed, resulting in a pressure inside the reactor of about 0.1 bar. The
comonomers (styrene and acrylonitrile at a 70/30 1o weight ratio) are mixed with additional MHMS,
free radical initiator (azobis(methylbutyronitrile)),laﬁr]rqed?decanethioI. This comonomer mixture is fed
into the reactor over a period of 60-90 minutes while maintaining the reactor temperature at 125C.
After this ¢onst ednnl/Bleeperitiditio _js_campte.te,_a_mfxture of azobis(methylbutyronitrile) and MHMS

is fed into tHEAHCREEB LAY minbite period-15-The reaction mixture is then held at 125C for an
additional M,,Acoc!ed to 40(:,72’3'?‘64 stered—-A-gample is taken for free monomer analysis and
filtration. '.m.b..ﬁ%inde“ Iés gtrippedt : teral monomers and then further analyzed. Results
are as inc@%@%m WO1206/047433PCI/US2005/038217 Table 1 Ingredient/Property
Initial Chaj i PPoMUMST20.57 Comonomer blend Styrene 280 Ac lonitrile 120

AMBN 1.62

Dodecanethiol 4.05

MHMS 169.13

Post-monomezr hlend

AMBN 1.07

MHMS 30

Nominal Solids, % 50

Residual Styrene, wt.-% | 0.22
Residual  Acrylonitrile, | 0.44
wt.-%
Filterability, 35 pm, 300} 100
seconds, %

Viscosity, 25°C, | 5000
Cone/cup 100 &1, mPa_s
Particle size D{4,3] 1.7

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

5 out in Table 2.

Table 2

Ingredient Parts By Weight

Ixample 1 Example 2
RO -capped Polyether polyol 18.75 0
Dispersion from above 18.75 37.5
Polvether polyol 62.5 62.5
Diethanol amine 1.6 ‘ 1.6
Amiine catalyst 0.35 0.35
Organotin catalyst 0.08 0.08
Water 4.2 4.2
Surfactant 1.2 1.2

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

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

17



AMEN 1.62 Doclecanethiol 4.05 MIhlviS 169.13 Post-monomer blend AMEN 1.07 MHMS 30
Nominal Solids, % 50 Residual Styrene, wt.-% 0.22 Residual Acrylonitrile, 0.44 wt.-% Filterability, 35
pm, 300 100 seconds, % Viscosity, 25C, 5000 Cone/cup 100 s-1, mPa.s Particle size D[4,3] 1.7
Polyurethane fogms e prggared using this dispersion in a formulation as set, a0ty dablg 2. Table
2 Ingredient Parts By eight Example 1 Example 2 O-ca ed Polyether polyol 18.75 0 Dispersion from
above 18.75 37.5 of ether polyol 62.5 62.5 Diethanol amine 1.6 1.6 Artaine catalyst 0.35 0.35
Organotin catalyst 0.08 0.08 Water 4.2 4.2 Surfactant 1.2 1.2 Both formulations foam well to form
good quality polyurethane foam. Physical 1o properties of the foams are measured and are as
reported in Table, 3, Comprasgion st 31pR6%, leat.akenal oiopsileAlfenalh. <angainn, modulus,

density and airflow are 1
according to IS0 243-97.

Table 3
Property Value
Ex. 1 Ex. 2

50% Compression Set, % 16 41
50% Fumid Age Compression Set, % 32 41
75% Compression Set, % 82 72
75% Humid Age Compression Set, % 56 66
Resiliency, % 38 29

longation at Break, % 60 58
Tear Strength Ib/in (N/m) 1.60 {28.6) 1.50 (26.8)
Tensile Strength, psi (kPa) 15 (103) 13 (90)
Mean Load at 65% Deflection, b () 121 (638) 125 {556)
Mean Modulus 3 3
Hysteresis, % 67 50
Density, pef (kg/m?) 1.9 (36.4) 2.1(33.2)
Airflow, ft¥/min (L./s) 1.29 (0.61) 1.18 (0.56)

frest of page intentionally blank |
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WO 2006/047433 PCT/US2005/038217 measured according to ASTM D3794-95. Mean load at 65%
deflection is measured according to ISO 243-97. Table 3 Property Value Ex. 1 Ex. 2 50%
Compression Set, % 16 41 50% Humid Age Compression Set, .% 32 41 75% Compression Set, %
62 72 75% Humid Age Compression Set, % 56 66 Resiliency, % 38 29 Elongation at Break, % 60 58
Tear Strength Ib/in /m 1.60 28.6 1.50 26.8 Tensile Strength, psi (kPa) 15 (103) 13 (9UCRedn Load at
65% Deflectj N ) 121 (538) 125 (556) Mean Modulus 3 3 Hysteresis, % 67 50 Density, pcf
(kg/m3) 1.9 4)2.1(33.2) Airflow, ft3/min (L/s) 1.29 (0.61) 1.18 (0.56) s [rest of page intentionally
blank] 18 MCSLLP CLAIMS: 1. A process for preparing a polyurethane, comprising forming a reaction

mixture comprisingsaj,lgaskone g@y&g@%ﬁ%&m agithBAVING AR-AYEragde Rligh 6aRMAS8 S

hydroxymethyl group per molecule, and at least one polyol, polyamine or aminoalcohol compound,
wherein the PERBISBEIVANGHE SPaPMREEIEsHBEInAUGEE 29018 8P purAsste pBlyerhdiihg an
equivalent wigighiohRHOREFARORAGHEINE thad et BIXIHER A0 feramiRo WksthrRAR BRlymer. 10
2. The process of clajm | Wh.ereé? the fa y[g@iég contains 10.to§6§§{b.onlaéoms. 3. 1'I'he process of
claim 1 or 2,5AREBF thgkfgliwja § iIBWHRIFS BP0 Deplgpdgt includes a polyether or

polyester polyol having an equivalent weight of at least 400 and curing the reaction mixture

to form a polyurethane polymer.
w2 The process of claim 1, wherein the fatty acid contains 10 to 26 carbon atoms.

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

from materials having structures Al, A2, A3, A4 and A5, wherein Al is
O

HO—C—(CHgz)m—CH—CH>—OH O

(CH2)2CHi

15 wherein m is number greater than 3, n is greater than or equal to zero and m + n is from 8

to 22, from 11 10 19, A2 is:
O CH20H

HO—C—(CHz)v—CH—(CHz)r—CH—CH—OH  (1I)

(CHz)sCHs

wherein v 1s a number greater than 3, r and s are each numbers greater than or equal to zero

with v+ r + s being from 6 to 20, 10 to 18, A3 is:
O CH:0H
|
HO -——C——*(CHZ)V"""CH—(CH?.)r"“"CH——'(CHZ)i:—"CHCHzOH {1

N CH:OH  (CHz):CHs

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

and the sum of v, r, s and t is from 5 to 19, from 10 to 19, A4 is
19



from materials having structures Al, A2, A3, A4 and AS, wherein Alis: 0 Il HO-( -(CH2) m-
ICH-CH2-OH (I) (CH2).CH3 15 wherein m is number greater than 3, n is greater than or equal to zero
and m +nis from 8 to 22, from 11 to 19, A2 is: 0 1) i CH20H HO-C---- (CH2),--CH-(CH2)ri H-CH2-OH
(I (CH2)8CH3 wherein v is a number greater than 3, r and s are each numbers greater than or equal
to zero with v +r + s being from 6 to 20, 10 to 18, A3 is: 0 CH20H 11 1 HO -C-(CHMWSEHE(CH2)r-I
H-(CH2)t-ICHCH20H (lll) 20 CH20H (CH2)sCH3 wherein v, each r and s are as defined before, tis a
number greater than or equal to zero, and the sum of v, r, sand tis from 5 to 19, from 10 to 19, A4 is
19 MCSLLP 0 HO IC-(GBi2)a,-CH3 (IV) where w is from 10 to 24, and AS is 0 Il HO -C-R' (V) 5 where
R'is a linear or branchedjalkyl group that is substituted with at least one cyclic ether group and

optionally one or mﬁy@;oxﬁgﬁ%}i@ﬂ er ether groups. 4. The process of @anypf claims 1-3,
wherein the reaction mixture contains an adduct of a tertiary amine catalyst and at least a portion of

the fatty acid, which adduct is a delayed to action or heat-activated catalyst.
where w is from 10 to 24, and AS 1s

O
HO —C—FR )

5 where R'is a linear or branched alkyl group that is substituted with at least one cyclic ether

group and optionally one or more hydroxyl groups or other ether groups.

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

10 action or heat-activated catalyst.

5. A process for preparing a polyurethane, comprising forming a reaction mixture
comprising at least one polyisocyanate, an unsubstituted or inertly substituted alkyl ester of
fatty acid having an average of at least 0.8 hydroxymethyl group per molecule, and at least
15 one polyol, polyamine or amincalcohol compound, wherein the polyol, polyamine or
aminoalcohol includes a polyether or polyester polyol having an equivalent weight of at

least 400 and curing the reaction mixture to form a polyurethane polymer.

6. The process of claim 5, wherein the ester is of a hydroxymethyl containing fatty

20 acid having 12 to 26 carbon atoms.

7. The process of claim 5 or 6, wherein the fatty acid is a mixture of materials selected

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

0
RO—C—(CHg)e—CH—CH—O0H O

(CH2)nCH3
20



5. A process for preparing a polyurethane, comprising forming a reaction mixture comprising at least
one polyisocyanate, an unsubstituted or inertly substituted alkyl ester of fatty acid having an average
of at least 0.8 hydroxymethyl group per molecule, and at least 15 one polyol, polyamine or
aminoalcohol compound, wherein the polyol, polyamine or aminoalcohol includes a polyether or
polyester polyol having an equivalent weight of at least 400 and curing the reaction M&&ukE to form a

polyurethane pol r. 6. The process of.claj ejn h ester is of a hydrox me %{n ntaining
fatty 20 acid’ Ea\%rr:;ﬁ 15% %6 %Ba?{:ﬁn% 6%1?@ Sfj}bue %Lr%éleasﬁs( “of Claith b oF Ir}{)ﬁe%eln a%tcy)/ acid is a
mixture of nategaiy sdlectededraiauate datsnhaving fsomctiee? Aoap] 1A®,1,Q4fa31ﬁ AS, wherein Al is: 0
11 RO-( (CH2)m-CH-CH2-OH (1) (CH2)nCHs 20 MCSLLP wherein R is an unsubstituted or inertly
substituted alkyl group, m is number greater than 3, nis greater than or equal to zero and m + n is
from 8 to 22, from 11¢p 19, A2 is: O§iA®H RO-IC-(CH2)v-CH-(CH2)r--CH-CH2-OH (II) |
(CH2)sCH3 5 WhereE%R‘ls as befor v is a number greater than 3, r and s are each numbers greater

than or equal g 3to Ot 0oC H RO -
r—ltrﬁﬁ Ig; %—? erel ,V,eachrands are as

IC-(CH2)v-CH 2)r
defined before, t is a number greater than or equal 3 élgland the sumof v, r, sand tis from 5 to
18, from 10 to 18, A4 is 0 11 RO-C-(CH2)w-CH3 (I

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

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

O CH=0H
RO —C—(CHa)v—CH—(CHa)r—CH—(CH2)+—CHCH:0H (1)

CH:0H (CHz)sCH3s

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

10 andthe sum of v, 1, s and t is from 5 to 18, from 10 to 18, A4 is

O

RO—C-—(CHsz)»—CHs IV}

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

0
I

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

groups.

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

includes at least one material having an equivalent weight of from 30 to 200,
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where R is as before and w is from 10-24, and AS is 0 Il RO-C W tV) where R is as before and R' is a
linear or branched alkyl group that is substituted with at 15 least one cyclic ether group and optionally
one or more hydroxyl groups or other ether groups. 8. The process of any of claims 1-7, wherein, the
polyol, polyamine or aminoalcohol includes at least one material having an equivalent weight of from
30 to 200. 21 MCSLLP 9. The process of any of claims 5-7, wherein the reaction miXt@e.Bntains at

least one ca%t)alyst t catalg/ze a urgtrilane-%qg‘nin reaﬁ%ion artld a ttaglsfestergficati%)p or amidization
reaction. 5 10. The progess 5f0ar?§/136?c aims 1- ivvlhér%l}n RETEaCion mixtdre containg at least one
organotin catalyistst HatKaebrosess ahamylofrolapnsabtiniore] wihersasttndipulyn athand solyimer is post
cured at an %gggé d temperature to form ester and/or amide groups between the ester group 10 of
the hydroxymethyl-containing fatty acid ester and an amino or hydroxyl group of the polyol, polyamine
or aminoalcohol. 12. The process of any preceding claim, wherein the reaction mixture contains a

blowing ageny and-the pebudteihans polymern e cellulah 4R 3cdhe RraGass.alanypresedirg claim,

wherein the polyurethane polymer is elastomeric. 22
organotin catalyst.

11. The process of any of claims 5-7 or 9, wherein the polyurethane polymer is post
cured at an elevated temperature to form ester and/or amide groups between the ester group
16 of the hydroxymethyl-containing fatty acid ester and an amino or hydroxyl group of the

polyol, polyamine or aminoalcohol.

12. The process of any preceding claim, wherein the reaction mixture contains a

blowing agent, and the polyurethane polymer is cellular.

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

elastomeric.
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