POLYMER POLYOLS COMPRISING A NATURAL OIL BASE POLYOL, POLYURETHANE FOAMS
COMPRISING THESE POLYMER POLYOLS AND PROCESSES FOR THEIR PREPARATION
BACKGROUND OF THE INVENTION This invention relates to polymer polyols that are the
free-radical polymerization product of a base polyol, at least one ethylenically unsaturated monomer,
and optionally, a preformed stabilizer, in the presence of at least one free-radical polymerization
initiator and at least one chain transfer agent, in which the base polyol is comprised of a natural oil. A
process for preparing these polymer polyols is also described. The present invention also relates to a
polyurethane foam prepared from these polymer polyols and to a process for the preparation of these
polyurethane foams. U.S. Patent 5,854,358 describes the polymerization of monomers in the

presence qfapolﬁgol and a castor oiI-_ lyol product. More ec_lfc ly ﬁi%r%%r@ (_:ribes_stable,
wviscosty. aralt CLI MR ALl %gﬁa @?%&g ! m mgfggm
?ompﬁgi?lsgt)énge y%%é%ﬁ'@ﬁﬁ%# i 555 it an 2 C)droxylt °

compounds which are modifi UUBRES OIS SN TO LM eI P S SEARALION, catalyst. These
hydroxyl compounds modified with castor oil have molecular weights of 6000 to 100,000 g/mole and

functionalities of 2 to 6 and are prepArCKEROIANEXSESHHE ¢RYIENH@Nh a polyol such that the molar!
ratio of castor oil to hydroxyl group contalnln% compounds is 1.1:1 to 10:1. The use of an excess of

castor oil gives active mMbiifie¥eRy e x| RSerROlBIR LRt ARR s dreerRdisahodified
hydroxyl compogBg ey BEJIRPRARRS BY 260G 9O MAsaBhe iy RFiIRRNYhIch are at least

difunctional, or one or more carboxylic acids derivatives -2- during the modification reaction to give

molecular weigh{8AtHRIE oM eoneer ganeortiopatly paderRiesLS stab dizRilokeBolymer polyols and
polymer dispersigas neaaest TsBNaE Rblerallibassa mAlsANARIRS MRiefakssThese polymer

polyols have a polyol continuous phase and dispersed polymer particles, in which the polyol

continuous phas¥ i elRIBS AR GR by AkERRS RastBalvel FosRBRISRIV Fvhich is derived
from a fatty aCidn%"t@ré"f‘W.@&‘Br%%@és '%PBFHB%%QFW&&W&W%W&@@%@BQ polyester polyols are

prepared by reacting a hydroxymethyl group-containing fatty acid having from 12 to 26 carbon atoms,

or an ester theré&?%ihﬁin%ﬁammm%ﬁ%mﬂé BaRMHERtRRBeIGAIF at least one
hydroxyl or primgry/seeant ey A ARSI BRIFEI S NENR S iRaL draxuBRtbY-Rabyester polyol
contains an average of at least 1.3 repeating units derived from hydroxymethyl-group-containing fatty
acid or ester pecfdhesRipdErEthgarIgaMsImary/secondary amine groups in the initiator compound
and has an equivalent g atA leasly HOHALS:ARS ine ABYARIAGERIGH BERETRAALIBYRNLoN
include an efficient process for producing stable and low viscosity polymer polyols with a high
renewable contdhe hegssiiv e tatviNbaridabesty sutieeohntatvakddaselgareitiemiyls in the
manufacture of bigh,graliy Lrehaas ams, Ehin aHASIBLIRN SAKMEIRIR ARG AGBIRE petroleum
reserves and ofpers Btﬁégjrenvironmen%%fenﬁs such a%%(%eqﬁéﬁer / &age an\geerg{]uced carbon
dioxide emissiomselrast mateatGitisasydpbigrsEing oleaetoreaiatharomesisé@ongsing the
renewable content [ gy I possible
through the use%c?f rﬁr&fy@r)é%fvr\]/?gbﬁg %?sljé%gI%é%@%%é%%%s%%%gg%ﬁggh\%la%ﬁég%us for
igcorporating maba rexgveabie contnwinehragh endidified ssifoaast thatilare thpipatgemodwded with high
levels of polymer palyc ﬂ nd 0 s, -3- Y,OF.T VENTION
The present invén%%%{?g ates %ﬁymﬂgééﬁzafﬁéﬁ%@& ﬂi’gﬁr%%%%ﬁ% %grgé%nﬂz&itﬁl)ﬁn product of:
(1)a base polyohssie ctedefeaia thegiispot 6Kl Stiag160 Q) bgérwienand manatiralidiahichZnaturally
contains at leas _ ( I Iyafi e ore natural
oils, (c) one or r%ogrgeeapﬂoq%%)\évrh%o#ggrﬁ&@eg[ﬁé%%%q%gr%?ﬁﬂ@%f\%ﬁg %%r)frgggeh r%ﬁ%tﬂ]al oils which
naturally contairihet teaftroadidpd eastiogroilipoviivid iy @roupeatitgiemnsgmddeso @dpsne or more polyols
which comprise the alkoxxlati r fo I rwrylated derivatives of one or more
natural oils with {)Teﬁ:prériéria kﬁe%%gc%ki Qsjgg%%a%?ﬁ%%rég' r@%&f?‘&%’ @ggtﬂc')%%g ethylenically
unsaturated mohgdiexyandnuptiordsly| (@ aolefriaedagtiisiod thashenuaiseddeydf ¢4yat least one
free-radical polymerization initiatBr ar&d ogtignallg SSr)lone ar mare chain, transfer agents. The

: ) comé)our]d can be Increa by addi ghe gruore carb?)% lcacigs
present invention also relateS 1o a process for p¥epar|n8 ese polymer polyols.” This process
comprises (A) frebicadicalbt pehaineifizmgdi¢hph base@olynias dasbdkgit Anivye d@) \atieast one
ethylenically unsaturated monomer, and, optionally, (3) a preformed stabilizer, in the presence of (4) at
least one free-radical polymerization initiator, and, optionally, (5) one or more chain transfer agents. 4-
The present invention also relates to a polyurethane foam which comprises the reaction product of (I)
at least one polyisocyanate component, with (Il) an isocyanate-reactive component which comprises
the above described polymer polyol, in the presence of (lll) at least one blowing agent and (IV) at least
one catalyst.




In addition, this invention relates to a process for the preparation of these polyurethane foams. This
process comprises reacting (l) at least one polyisocyanate component, with (II) an isocyanate-reactive
component which comprises the above described polymer polyol, in the presence of (lll) at least one
blowing agent and (1V) at least one catalyst. DETAILED DESCRIPTION OF THE INVENTION As
used herein, the following terms shall have the following meanings. As used herein, the hydroxyl
number is defined as the number of milligrams of potassjum hydroxide required for the complete
hydrolysis of the fully phthalylated derivative prepared fféin 1 gram of polyol. The hydroxyl number can
also be defined by the equation: OH.= (56.1 x 1000)/Eq. Wt. wherein; OH:re nts the hydroxyl
number of the pgé'aﬂ qa\mqgﬁlr%%%?ﬂsr BReURRIQ V@qm%ﬁ@ngﬁfﬂ%ﬁtﬂﬁ;@é ; As used
herein, the functigmigoogskeipolyol represents the average functionality of the polyol, i.e. the average
number of hydroxyl groups per. molecule. As used herein, the term molecular weight refers to the
number average moIec‘GFQr 5%9&@%%@%‘%&%%@%%@@” POl &R 'W'R.TYLWQIroiI" is defined as
a starting materigisihaisioReprepHRsffRIMPRIERIBIETR il @é@éﬁﬁ%@@%@ﬁ?&iﬁﬁf@led from a plant -5-
y

including the fruits, nuts and/or seeds of plants, any other naturally occurring vegetable oil, animal fats

and/or oils, or afjeiEIHoHEEE NSNMBERELPSINT R 8PRiYat oRNHBHONE RRAERAB%re
environmentally digpdiearsbiiriesisaticRasad MREHIBE Jays| ExptmSEUE phasiehialsieEe also

frequently called "bio-based" materials or "natural oil" materials. Polyols, including base polyols,

prepared from trédeaf e MsHpemativhentrisng PRI¥ABIRIPIHRIAE SRR referred to as
‘renewable resoieR R3gRy RENAUPa ?Q_ﬁ?té'%?r&‘éﬂ@b{qw'bélﬁieﬁgbﬁ%@ﬁ%rm@hwl polyols™.

While some renewable resource materials, such as castor oil, contain naturally occurring hydroxyl

groups, most nafRIPSIRSRAYESIES RAIYRIE BRI RRARACERRSINEPIBIFERX Y eHBical processes
slich as hydroxy, héﬂ?g(ﬁﬂﬂéiﬂﬂ%’fa QARRIMSRiRY o YB I AR sRHeN &Y fihedispitable

processes. rm "ethyl€énically unsaturated monomer" means the simple unpolymerized form
of a chemical cofpE@hdWittviniy Asatiet 9T em iR iediatenesiginovngl hevWieatirRvergger, methyl
methacrylate, ang {Bedhe hydiBRP BIASTARALACTA PRI RRGAB IR AeaiRally yosaturated
monomer" means a monome conm\ing ethylénic unsaturation (>OB:$C<, i.e. two double bonded
carbon atoms) ti@sitaapapifimeldry dely aeler agivallganddicsceadavesagsopiaéieagion reactions.
The term pre-forned.siabilizet isidefiorekasinHomssliacuAntae RorarHing AasRMmer
containing reactive unsaturﬁgn 'e.g. acrylate, me?hagr%@te,%zgeat , etc§ Vmﬁgmonomers (i.e.

acrylonitrile, styr@hestercpey| telelrisnbeieothysiroxyio panyani/agsenaaiy @intnsl auams FTA, (i.e.
methanol, isopr : S . | ' [ve a co-polymer
(dispersion havi?l%gg%ilt.léﬁ)g\;%?& cﬁgl}ﬁgntent %sgeé E%&%&%@sﬁ%@%&ﬂf %%%Phd@ he term
"stability" means!th8&bility of a material to maintain a stable form such as the ability to stay in solution

or in suspension. -6- Advyﬁ?a%%@%‘?ﬁﬁ’%@&ér&‘ﬁ'é(\?éhﬁ?éﬁrﬁn&?gﬁ%CQnCSﬁIE%ﬂ{igpﬁ:‘é’é‘i" e be

produced by polymerizing one or more ethylenically unsaturated monomers disSolved or dispersed in
a polyol in the pprsdncingfsdhde andidahcasdpsitiopfolymerspaibte|digidr sidnighf resigmablearticles in the
polyol. These polymer pglyols haye the valuable property of i rting tq, for example, polyurethane
foams and elastgérgnp](}:-%ﬂ'g&(‘)%%(g% fere. I‘Srlnl,'lﬁeléﬁé){" %?a‘?ﬁtﬁé?ﬁé%%‘r%%‘%‘%@eﬁﬁ%ﬁ g?gy mg?/ided by the
corresponding upohgmigfiadtpelyods ufactidve uddddiegeialityiscesipriesfoanentBiikes (cSt) measured at

25C on a Cannop penolis Ol RLAUahle sgamater.. oo SyIaRIe POLiOIS g beyped as the base
polyol, i.e. componen{l(I 'f Incthe pré’sen vention IRCIiae those Dase po yo§s O ECtEFfrom the group
consisting of: (aptiver envianennertah beilelitsi chctaas ddiweoatenyyatdeast and tegiross! group, (b) one
or more hydroxylatr%d d%riiv)z(sllt'ves o{ Qne or more natqgrzfll oil.?, %:g one c&morre &ola/ols which comprise
the alkoxylation %?oacl%t SrORE SRS Ratira &Igﬂvﬂlgh%a? aeﬂ?/ RENAIRE R %Agtpé%' ?/droxyl
group with one enoibker alicdesdaxidassngdhenenewalyie polyiastvifitaxdsien priskesdaialidxylation
product of one or more hydroxylated derivatives of on more natural oils wjth one or.more alkylene
oxides; and (e) %?@HFS&%@?& AmS bﬁyggéo &#c\g%?ﬁ%ﬁé) Bﬁé@ﬁt‘ﬁv&% ,?aﬂsgn%for more natural
;)rils WI’;iCh natU{di}twrfﬁnQWamlbalse?m;dom’tm sﬁvoutd?re pati‘tli:‘dllh;tty lwhvmtéd g?dbe mselpgly(t))l ?f

e polymer polyols herein. Natural oils that natur ontajn at least one roxyl group include bu
are not imited (/CRAS) Bl CARIGERBACBIE Content MG Mgher TrmAges foars tHat are

typically produced with high levels of polymer polyols and low amounts of

base polyols.



-7- Also suitable for use as the base polyol of the present invention are (b) one or more
hydroxylated derivates of one or more natural oils. These hydroxylated derivatives of one or more
natural oils typically have a functionality of greater than or equal to one, preferably greater than or
equal to two and more preferably greater than or equal to 2.5; and an OH number of 10 to 400 and
preferably 20 to 200. These hydroxylated derivatives typically have a molecular weight of greater than
or equal to 200, preferably greater than or equal to 400 and more preferably greater than or equal to
600. The hydroxylated derivatives also typically have a Folecular weight of less than 20,000,
preferably less than 10,000 and more preferably less than 6000. In accordance with the present
invention, these hydroxylated derivatives of one or more natural oils may have a molecular weight
ranging between any combination of thefsawmRReT GRAriqweNvaEreRanRelusive unless specified
otherwise, e.g. from greater than or equal to 200 to less than 20,000, preferably from greater than or
equal to 400 to less thalNEoRIBRERINA YRBHO P SIEHESISOrRRN BIRaRMHYREh (I @RfIRING 160 to less than

6000.  As usggbhamindtylignyiesiveansdadngeduce and/or increase the number of hydroxyl
(i.e. OH) groupsgresent in the molecule. Such hydroxylated derivatives of a natural oil are prepared

by air oxidation, d2ono$13stheAU¥e| STeReEsEdEaNbiNRyIVHBrAANALRINGEAEYmic processes, catalytic
ring opening of epox'd‘i’%i) elC. dHa% IMRbiae LRGBS ThsiONPRYGAIRPBYRESIAY &F fealtraHiy occurring
epoxy groups to hydroxyl groups. Other suitable processes for preparing hydroxylated derivatives of
one or more natural oils to be W¥EPREGIRERe described in, for example, U.S. Published Patent

Applications 2006/0264524, 2006/02AR Y AARRN2RALA REHRR06/ ML 45T e slisslapures of

which are hereby incorporated by reference, and U.S. Patents, 6,433,121, 6,686,435, 6,891,053 and

7,084,230, the disclosures of @iffich are hereby incorporated by reference. -8- Suitable natural
oils to be hydroxylated } lUd%HQtBrt'ﬂ'?o i ag mﬁt‘bgm F@J—:Vtﬁ% ﬂi@ @quﬂ Q?dn}f roxyl group
and the natural oils Whi@:do not natural@?oﬂain?ﬁeast ong hydrox;%groﬁ;p. @\laturaﬁjoils that

naturally contain at least one Rjy@@grele inetutk s waehphatdeaity comntan@ideasd oil, etc.
Suitable natural oils that do n H@Hyg;yxgpg;g%%mhgr& I%’rfé)é}it éq]LéonHgge but are not limited
to soybean oil, canola oil, sunflower oil, corii oil, linseed oil, poppy seed oil, cottonseed oil, tung oil,
palm oil, peanut oil, fisdil, oliveeoily sagiiewpetysils mpiebeeenairisedbaialsixgtatiareprodiichil is an
example of a suitable natural 8@ *ﬂ%cgrqﬂq}gir@% Y 9&8%%?%(5%%“&%8@9%’%%'}% converted to
hydroxyl groups. The natural oll polyols also mqg/%e subjected to other chemical processes during
their manufacture that do not Reigital ydrasin greupr forenatidky!Soe exidesie, they may be
hydrogenated to remove part or all of the naturally occurring unsaturation. Natural oil polyols that have
undergone such chemical processes in their manufacture are included in this invention. In
accordance with the présent invistities, hégedso possible to use (c) one or more polyols which
comprise the alkoxylati t of pne or mEr ral pil.pal ith one or more alkylene oxides
as the base polyolof thgep#\%%}:%p?(')?yrgn%eﬁgg]l'%a]l@yﬁljeagléxy%ég%jﬁéwgfed derivatives of one or more
natural oil polyolsrigipmatiigrizdlye a hydroxyl functionality of greater than or equal to one, preferably
greater than or al to two and more _preferably greater than or equal to 2.5, and an OH number of
20 to 400 and per\@fs:arabﬁ/%‘rg %rgﬁéfﬁ\a@s@%[koxylated derivatives typically have a molecular weight of
greater than or enubétpreéénpeetérably greater than or equal to 700 and more preferably greater than
or equal to 1000, ,The alkoxylated dgrivatives also typically have.a molecular weight of less than
20,000, preferab(ﬁ‘/ Iessa{lf'laer%i ? ﬁeﬁ%r @F@%&#gﬁ%ﬂ%ﬁgg’é‘tﬂ‘éﬁ%ﬂoo. These alkoxylated
derivatives of orends; pytienslyral oils may have a -9- molecular weight ranging between any
combination of these ugger and Iow%all{es irf'nclusive unless specified otherwise, e.g. from greater
than or equal to 200 to gs%g]noﬁ%, pngf?ssré%l)%F%Sgreater than or equal to 700 to less than
10,000, and more preférablpiesenginatetitaaloo eglasbiotd QOPrtaéassftrgpréifiing thddeese
alkoxylated derivatives of a,natural oil are prepared by reacting a natural oil pplyol with an alkylene
oxide 1 the pred Ve oF B Ry SO IR SNl e A B E A which are
known. Preferred DA4E patptysts dedgitnee stus/fr(fh)eait [repooatostlytedesdijoed in, for example,
U.S. Patent 5,482 QOﬁgﬂ}%gisclosure of which _its hewb@rcorgo ated gytreé‘irence. It may also be
possible to use éi'l'ligﬂ g I%?Q%ch{’a%n O "RAfNGs\ 3t A58 WRGRIE RRLART s Tor fhis process.
Suitable alkylenpresdesd il ipattiadenormxites prrikyie po orideizatibnantiatideastyrene oxide, etc.,
and mixtures thereof. A iségown in the art, a’cl’léﬁlene oxides can be used simultaneously or
sequentially. Etiﬁ%’ﬂ@?ﬁ%d QAR P RARBRHANFE LRGBS, In accordance with the present
invention, these alkoxylated derivatives of a natural oil can be prepared by the processes as described
in, for example, U.S. Published Patent Applications 2006/0167125, 2006/0229375, 2007/0238798,
2007/0282117, 2008/0114086 and 2008/0139685, the disclosures of which are hereby incorporated
by reference. Suitable natural oils to be alkoxylated include both the natural oils which naturally
contain at least one hydroxyl group and the natural oils that do not naturally contain one or more
hydroxyl groups, but have been hydroxylated by a suitable process to provide one or more hydroxyl

Aarntine far allbkavv/Iiatinn Natiiral Anille that natirirallyr fraontain at laact nnea hyidravyv/l Aarnirin infchiida fAr



-13- bonds which are adequately reactive with the particular monomer system being utilized. More
specifically, compounds containing alpha, beta unsaturation are preferred. Suitable compounds
satisfying this criteria include the maleates, fumarates, acrylates, and methacrylates. While not alpha,
beta unsaturated compounds, polyol adducts formed from substituted vinyl benzenes, such as
chloromethylstyrene, likewise may be utilized. Illustrative examples of suitable alpha, beta unsaturated
compounds which may be employed to form the precursor stabilizer include maleic anhydride, fumaric
acid, dialkyl fumarates, dialkyl maleates, glycol nnaleate, glycol fumarates, isocyanatoethyl
methacrylate, 1,1- dimethyl-m-isopropenylbenzyl-isocyanate, methyl methacrylate, hydroxyethyl
methacrylate, acrylic ahdenfegsseryirvaoiicanalshearlates/thidgatyetieibang to@riceésd glycidyl
methacrylate. T | of t$ ' IR r E}i‘)'l' vary widely. The
Q&Jﬁﬂ%e% fn ﬂ&é‘éﬁ&?ﬁ%ﬁ@@?& )'3‘?|85%‘f‘§§8 é)? yétﬁcgaﬁk%

minimum and maximum levels of unsa n both’are constrict Ispersion stability that the

precursor stabiltzempsocapdhe tof (i ar tisocyatiateobatiivepobyoponepositioh. ddrewjsesfic level of
unsaturation utiJjzed furthey will n lecular wej f jonality of the polyol used to
prepare the pre{chu?saobrosvtgéﬁ\zgé]:rrﬂ%gdﬁgﬁlgf@%g%aﬂ?gﬁt',Hp%ﬁ?/rﬁHe%%éo&lét]ro @%@L%ﬁéc%sgiﬁ Sémsfer agent
(i.e. molecular \bigln geagaatoana fy/ alsblbesp@secataiysically, the preformed stabilizer of the
:I‘"e”“o.” s derived ffﬂﬂ’g@@ﬂ%ﬁ%ﬁ‘ﬁ%ﬁ%ﬂ'&p magiomer.of athe Siltahie §F8§%F3%E?ﬁt%'?”'ze“ (b) a
ree radically polymerizablé ethylenically unsaturated monomer, preferably acrylonitrile and at least
one other ethylénésallp cipsadtihatesl foamen dinsr popelyseymabiseth ezaviithg (¢) at fiesestadical

polymerization initiator: (d) optionally, a chain transfer, agent in which (a), (b), and (c) are soluble, but
in which the res%'ﬂt%ﬁoyé’f%?ﬂae'}?l?a%%gf)%eg seh m@@ g#u%é)?l‘.?&gpéa,n-atllﬁi"grqgg})glre(e)optionalIy, one or
more polyols. commereralyichasomprisyditkecabprendatsrided pajohe ppoteol of the total
fermulation, for forming preformed stabilizer |5 as.follows: (a) 10 19,40, more preferahly 15 to 35; (b) 10
tg 30, more prefgﬁasnﬂg)%f%qeg?ﬂg; ‘Eg)"?ﬁSIOOQ?rhi%'ﬁ%?&%’ﬁﬁgﬁfl’lqg?)z?ofé‘i %’3 ok §(fq'%3}y§ét)referably 40
to 70; and (e) 0 to 20, more preferably 0 to 10. In the formulations proposed above for the

preformed stabilizer, the %'s igh , tionally (d), and optionally
(e), totals 100% by welghtooﬁéi‘\é?vlh%g%‘ramaﬂgf&%g(obaég@rgwﬁ&ble preformed

stabilizers for the presAgtd.@v;ejnrti@miﬁphu@ef@ln@aﬁr@)mnﬁgi@ggmﬁmtf@f@%mﬂmerizaﬁon product of
a free radically polymerizable ethylenically unsaturated monomer, and an adduct of a alcohol having
the average forMERIBEOROX) wherein A is a polyvalent organic moiety, the free valence of which is ,

R is the divalent feSid%%ﬂfméiﬁm%Mmmiﬁ@mem,@éﬂwéd%@rtﬁ@hmﬁﬂépbﬁn organic
moiety containing reactive unsatura_tion,hccgmlymerizab_le with A, and hydrogen, about one of such X is
¥k

the organic moiBW/ g5 7 @ AlazsiErLR¥atadde restraskice dhamag Rietaravaksie ®fin which the

adduct may be fHethgnagrtHERAMEH RSHOEIRRI G RYPUIRREHINRIE gramBitgeigotoTRouNds to be used
as the macromolecule, the macromer or the precursor stabilizer (i.e. component (a) above) include, for

example, compBYAERWNEMESH AN Riseibe drERRFRIINESUAU8Nacrylate, methacrylate, maleate,
fumarate, isopropenylphenyl,cyipyd gl 1efcrompiggedpy reacting compounds containing reactive
unsaturation with alcohols having the average formula A(OROX).,i. Examples include but are not
limited to, maleic anhy¥h8ERimaric acid, dialkyl fumarates, dialkyl maleates, glycol maleates, glycol
fumarates, isocyanatoethyl mgjhacrylate, MEIRYLEMREGR HRR o RYHORYSENA MRsENaGHdaRte, acrylic and
methacrylic acid and their anhydride, methacryl chloride, and glycidyl methacrylate,
vinylmethoxysilane, etc. He Wactive UiRBEESRIttRBAKOIRLE RAYvReiaMpightattion product of,
for example, hydroxymethyl or hydroxyeth)fhgsm%r_ylate with a polyol by coupling through use of an
organic polyisocyanate as described in U.S. Patent 4,521,546, the disclosure of which is herein
incorporated by referefgelssheERibidreiHRiP AL afihal pRORdEIRESAS $0eh as, for example,
1, L-dimethyl-m-iyapraasnybrarylits apmeabont i Qthae b Blsaree otAPizag) compounds are
obtained by reacting a silicon atom ‘containing compound with a polyether polydl, as described in U.S.
Patent 4,883,383 qansens@iedlithe disclosure of which is herein incorporated by reference.

Suitable compounds ta\be UsehepIIPARENLI ARIYE.IBCIWERFEASINS HOSALIRIREGPMPOUNdS,
particularly those that are free radically polymerizable. Some &xamples of suitable compounds include
aliphatic conjuggitetegie reglasivasviejdteHelassringdieatashotheryisep-ethylenically unsaturated
carboxylic acids and r Wwlenicall I Iy ' vinyl esters, vinyl
ethers, vinyl ketones,e\ﬁ%ﬁgﬂﬁ \ﬁ?\%ﬁ%éﬁ%ﬁnéﬁg(@%g%gﬁﬁg \%ﬁé‘téﬁ oi%ﬁiﬁﬂﬁgﬁéally unsaturated
materials whichderévedgodympetralde mithutias Aatemiagioaterialotervedd s icp@nteactive monomer.
Such monomers are known in polymer polyol chemistry. Mixtures of two or more of such monomers
are suitable herein. -16- Preferred monomers are the monovinylidene aromatic monomers,
particularly styrene, and the ethylenically unsaturated nitriles, particularly acrylonitrile. In particular, it is
preferred to utilize acrylonitrile with a comonomer and to maintain a minimum of about 5 to 15 percent
by weight acrylonitrile in the system. Styrene is generally preferred as the comonomer, but other
monomers may be employed. A most preferred monomer mixture comprises acrylonitrile and styrene.

Thao wainht nrannrtinn Af acrrv/lanitrila ~ran rannae froam ahniit 20 tn QN0 wiainht narcrant nf the AfoMoannaMmar




-17- In accordance with the present invention, a polymer control agent (d) in which components
(a), (b), and (c) of the pre-formed stabilizer are soluble, but in which the resultant preformed stabilizer
component is essentially insoluble, is optional. When present, this may be one polymer control agent
or a mixture of polymer control agents. Suitable compounds to be used as polymer control agents in
accordance with the present invention include various monopoles (i.e. monohydroxy alcohols),
aromatic hydrocarbons, ethers, and other liquids. Monools are preferred because of their ease of
stripping from the composition. The choice of mono-ol is%ot narrowly critical, but it should not form two
phases at reaction conditions and it should be readily stripped from the final polymer/polyol. The
polyol componeritslsdigdadredmpoiemn@ohsteds-esatrntsentiv einercrivplbally the alkylene
oxide adduct of A} hiddascuhafabpvsnithaygh hepohalussdiay cARBPoRRIbERIdaTRNCompass

the variety of polyols describéd above, including the broader class of polyols described in U.S. Patent
4,242,249, at collgnMed pile BesraaiHredluaaiivedreaterigie aisciosiienoromrily i iraen
incorporated by tefgrenge, itinpisferecthatifie palval spovRonaRi(e) Redlie.Rame aRgr equivalent to
the polyol used in tﬁe forn%\t%%rfof precursor used in pr’epz{gr%r%gé}f%e plse{grmge}_@%stab%zer (PFS).
Typically, the pofjefiwertdyreallss shipgeabefl. mataistagse wtiialmimm@teriatbmponents, the
variability of their concenfigtion i : righili ting.canditions of
temperature, pressureiwaégzég;ii@ﬁl@:aelﬁgge?eaa%gt%W%gs@?é%%tﬁaﬁﬁg? @ﬁ%%lce ot? &%%stél%gﬁpossible while
still achieving the&lcolefite sfatiec@s/aatidantiirdefoaystaepinedeentty tesfiepeed dalascombinations to

confirm the most. suj i for produeing.a parti inakp ol product.

The process for p%é“ﬁ@%’r?}g%%%arg%%egg %(?a%%lggtéié sgirlﬁlgg%?l-}géplﬂgges%}s %Mﬁ% the polymer
polyol. The tempandtare matigalisihpolyalsd Whilenagroareiomadiione 80C ceorabtrIial50C, or perhaps
greater, the preferred ran ing fr t ture should be
selected so that %g?gzasgﬁlgégthgfs&ag r%%@?gnﬁaﬁ et%%ﬁ?&%ﬂﬁgggéﬁx@@%ﬁ%ﬁ?gﬁhe hold-up time in
the reactor for a cattialiols fawtreactonvetied tectthe imydioxyl semidizitd pehcitr by  The mixing
conditions emplo(%%d are lthQSgeogEas!n%chSiQ% a okga)%k] gtllia(edereg)((:%)rtfg. .c)-go%t&rl&esqsﬂask or stirred
autoclave). The feaCIors ot this ?ype eep the reaction MIUPS Telative y homogeneous and so prevent
localized high mbgdrofsrtoyizicnofmygd nedEsasiocharotieaus uitabkr fanossstess, where all of the

monomer is added at the beginning,of the reactor. he preformed stabilizer of the present
invention comprise dispergg%gqn %y&%mgﬁei@é}f&%%yrﬁg?gea'ﬁ%ﬁomgﬁomgﬁnls\ﬁﬂ?cﬁ'?]k%%reformed

stabilizer is probahjyopreseitcasfomdivifuaheatacaleorpasigtbhasiog modtiudigsiaw micelles,” or on the
surface of small polymer particles. Suitable compounds to be used as the ethylenjcall
nsaturated morBREFS A eSSBS ISPRE T S UG RO LIS 3SR B e
ethylenically unsitgrated monomers which are known to be useful in polymer polyols. Suitable
monomers include, for example, aliphatic conjugated dienes such as butadiene and ispprene;
monovinylidene aromat%fh B%Srsﬁﬁ?cfﬁgécjéi&@r? ,@%éﬂ@ﬁ%ﬂ@ﬁ@,‘??%ﬁ%@%ﬂ%?chlorostyrene,
cyanostyrene anshdiomestyress amashyleericadytansaty siadecachmedit attids dna es@es thereof
such as acrylic acid, methacrylic acid, methyl methacrylate, ethyl acrylate, 2-hydroxyethyl acrylate,
Dty actylate, 10CoMAERL AR ROR RS LA RO Jo AR CONFL SRR R s and
amides such as pafidamtitelutethasanion ity aenamitcrgactbaerylamide, N,N-dimethyl acrylamide,
N-(dimethylaminomethyl)acrylamide and the like; vinyl esters such as vinyl acetate, vinyl ethers, vinyl
ketones, vinyl and vinyﬁ'c}b‘?wteeﬂgliaffs'%gﬂféﬁ sla "%%e’%gﬁéﬂﬁgf%?i‘?é? HSIIRGRRIE unsaturated
materials which gigaidéd e9neblieiizabiRavidimibecaiorsnagtieaetvaureagistrRiduchor reactive
monomer. It is understood th?rt?ggixtures of two or mare of the aforementioned monomers are also

suitable employ@F ARG HRE HatS ARl aLmifter) WRHO AR IR ShBnA Y R Hfonovinylidene

aromatic monomgyse RE/RBtaLY rabtiensy ae, B sludapitally, unagioipirdriibites pa@dieularly
acrylonitrile are ;ﬁ)r ferred. In accordance with Hlfas aspect of the present invention, it is preferred that
e

these ethylenical\*(hdhfrREN AN oiS ORI ORI SHY PERERTSLFLS) 29HBhitrile, methy!
acrylate, methyl speihieesitylateaiayidie ie Gl adss Wily s FearR B’ Rer aviigekReiaddarticularly

preferred monomers. It is preferred that styrene and acrylonitrile are used in sufficient amounts

such that the weiHEF-FRYe Rk Ae 16 ALY IBRRAIRIS ARtE, M about 80:20 to 40:60, more
preferably from about Z25RrR0AAbTTIRESR satesBHita¥edon adiEab RakAtaANS the processes

of preparing them, regardless of whether they comprise the ethylenically unsaturated macromers or
the pre-formed sHaRIR dREBraHeRSIER: tigrstay inGRidEPNIRE GuBiEREBsBthylenically
unsaturated monomer(s) present in the polymer polyols comprising a pre-formed stabilizer is at least
about 20% by weight, preferably at least about 30% by weight, more preferably at least about 40% by
weight, and most preferably at least about 45% by weight, based on 100% by weight of the polymer
polyol. The quantity of ethylenically unsaturated monomer(s) present in the polymer polyols is about
65% by weight or less, preferably about 60% by weight or less, more preferably about 59% by weight
of less, most preferably about 58% by weight or less and most particularly preferably about 55% by

wiainht Ar lace Tha nalvimar nolhvsnle nf tha nracant inviantinn Bv/nircrallhs hace a ealide ArANtant ranAainA



-23- mixture during the process. This is achieved by employing conditions that provide rapid
conversion of monomer to polymer. In practice, a low monomer to polyol ratio is maintained, in the
case of semi-batch and continuous operation, by control of the temperature and mixing conditions
and, in the case of semibatch operation, also by slowly adding the monomers to the polyol. The
temperature range is not critical and may vary from about 100C to about 140C or perhaps greater, the
preferred range being from 115 C to 125 C. As has been noted herein, the catalyst and temperature
should be selected so that the catalyst has a reasonablefrate of decomposition with respect to the
hold-up time in the reactor for a continuous flow reactor or the feed time for a semi-batch reactor.

The mixing conditions éhpllerparertipebbeiketdrating i@ suck eexepasitions Yé)ighecstirred flask or
stirred autoclave). ' t fi i yglmé' ogeneous and so
prevent Iocalize?%-%?ﬁgn%@gﬁirﬁ%ﬁga%ﬁ; |2%%u%ﬁlﬁ£m%c%{b%%% ar reggc;rgs&%v@hen such reactors
are operated withenamerastisspdrestidedisy erecodgianpedyof théheaeesence Dha Hisigmer polyols of

h : . o A ' : being eith
inciidua! partc e B B e T B i the.

preferred embommmt,mmmmmme Ikb@swahmlalbqnndﬁertyliofdmaﬂmgetmr, when high
contents o sy19ae &3 0% GAANEIRS Wil end i b actes byt o Cesutinappalyer polyols are

highly useful, partic e the end use application requires e scorch as possible.

Following polymeghetidoaddietiengppeipecties, inguastie pav\adgd dsidbescofnespamierg are generally
stripped from th%rprood&lﬁégy g]eot'lssual method of vacuum distillation, optionally in a thin layer of a
falling film evaporator. The MorSmer-free product may be used as is, of may be -24- filtered to
remove any large partiélesisieat hexgihd\vésbegityCieatece htistuk psefedid drerabodichah HICof the
product (viz. 100%) v&ll %611 S @é(r)]u% tohreomtgrr gmgt%edsin trrrlle t%aSro mesh filtration hindrance
(filterability) testHat will e deserbed th conjuncluon Wit 7Re Exar’nples. This ensures that the polymer

polyol products can beSuitaklesoly gleotcebsassedadistyipe H as thealglaliivelycaopposimat ¢ d) machine

systems now in use for large volume. praduction of polyurethane products, ingcluding those employing
mpingement tyle G T REPLeR A e (988 Phive DU RS Er R 2 significant
amount of relatigebulargmpiatiiedesf:  In accordance with the present invention, the following
materials and processes are suitable for preparation of polyurethane foams from the polymer polyols
described abovi®)  SIEEI PRI AVAS HLhBAINE b CBIHaE I 55 AP and ncluce
unlm_odified isocygn?ghﬂ;aﬁ&flg}%isc;pman_ates, all_nclﬂq is_ocyanate _prepo(ljyhmers. Sucl_h organic
Palyisocyanated Bl the B% HeBLELE) 1 BRAIF RCBYARY S e o5 (RIS DIRBAEE Alhalen der
Chemie, 562, pggps 7ie b3onbxapuliesohbishdsaoyasaipe iakuggtioacrepiesesteddy the
formula, Q(NCO)I, in which n is a nhumber frogm E-Sﬁ{)ref?rabg 2-3, an? Qis an Eli Fratic hydrocarbon
group containing 2-18, PrEteFEHAAEIR) QU5 WEHFE:B ABIRS A BRI O BEA'Np containing
4-15, preferably 5-10, eashpnvataraneasy analiehakigidyd®eaadn group containing 8-15, preferably
8-13, carbon atoms; or an aromatic hydrocarbon group containing 6-15, preferably 6-13, carbon

atoms. -25-  (BxanPesVraarameisyhisheSondriise disalixyiriRg aratyct af R methylene
diisocyanate; 1,6-hexagietbens aiisamuannitsrivalegasesrIe ey ASRIRI ois with
cyclobutane-1,3-diisocyanate; cyclohexane-1,3- and -1,4-diisocyanate, and mixtures of these isomers;
1-isocyanato-3,3,5- trifRBEh§1 BIEB & KK SRSy clohexane (isophorone diisocyanate; e.g. German
Auslegeschrift 15492,785 and U.S. Patent 3,401,190); 2,4- and 2,6-hexa hydrotoluene diisocyanate
and mixtures of these isomers; dicyclohexylmethane-4,4'-diisocyanate (hydrogenated MDI, or HMDI);
1,3- and 1,4pheffllencBidHES8ARRESOT4- and 2,6-toluene diisocyanate and mixtures of these isomers
(TDI); diphenylmethang; 2dcaaeiie Wit Hisorranate-MRRs maglbyeserhSrslisagyanate;

triphenylmethane4,4',4"-triisocyanate; polyphenyl-polymethylene-polyisocyanates of the type which

may be obtaine@ ISy WIS RHEUNRABLAINE R3rFRRIONGIBY AR SH WP RIS SiRRISH 9P Ede MDI),

WhiCh. are descrirs@a by ﬁ@%&dﬁl@&ﬁﬁé‘ﬁ@l?ﬁ\%ﬁ% %%éﬂﬂrhﬁ'iﬂ?éleoﬂgi’tﬁﬁyanate& such as
described in U.S. Patent 3,492,330; m- and p-isocyanatopheny! sulfonylisocyanates of the type

described in U.SabHR{M S0M2i566 19T ERRRIRAEEQ M IIvIDisoeiaeied aremotiaitessiqibed, for

example, in U.S:kateni31¢84dei@ipegifigd polyisocyanates containing carbodiimide groups of the
type described in U.S. Patent 3,152,162; modified polyisocyanates containing urethane groups of the
type described, for example, in U.S. Patent 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 polyisocyanates containing isocyanurate groups of the type described, for
example, in U.S. Patent 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 containing biuret

groups of the type described, for example, in German -26- Patentschrift 1,101,394, U.S. Patent
22191 ANOE and 2 2901 27292 and in R Q20 NEN: nnlviienrvvanatae nhtainad hy talamarizatinn raactinne Af



from about 1.2 to about 8 pcf, and most preferably from about 1.5 to about 5 pcf. Catalysts suitable
for the polyurethane foam of the present invention include, for example, amine compounds and
organometallic compounds. Suitable examples of such catalysts include tertiary amines, such as
triethylamine, tributylamine, N-methylmorpholine, N-ethylmorpholine,
N,N,N',N'-tetramethylethylenediamine, pentamethyldiethylenetriamine and higher homologues (as
described in, for example, DE-A 2,624,527 and 2,624,528), 1,4-diazabicyclo(2.2.2)octane,
N-methyIN'-dimethyl-aminoethylpiperazine, bis-(dimethy?aminoalkyl)piperazines,
N,N-dimethylbenzylamine, N,N-dimethylcyclohexylamine, NEN-diethylbenzylamine,
bis-(N,N-diethylaminoet$® SiifgRie, fRF WSE RetirahastpR/Vo ko fhshRERgRIH Evention are

N,N-dimethyl-p-pljesdediviasningy drdsgiBteEnyisminage ss Sroehisnidazalparsaaosyeiand bicyclic
amines together with blséglalkylammo)alk | ethers, such as 2,2-bis-(dimethylaminoethyl) ether.

Other suitable cBYAER¥IAIRR M RTMAHECE IO PH MR B VIR NPV RN g foams include, for
example, organgiRetilic A9 BPQYESE rARd DB IaNiRGaRIP YR QRGN compounds

which may be considered suitable include those organotin compounds Containing sulfur. Such

catalysts includ€der!daMiplandimece i ie@itigaterthanecors fabls arghadtiAtatalysts
include, preferamy,ﬁggpcﬁa% & &66’85&”&@@5& %i‘éé@b?’f’ﬂ%@%jﬁl}@ te, tin(Il) octoate,
, for éxam

tin(I1) ethylhexoate and/or tin(ll) laurate, and tin(IV) compounds such a ple, dibutyltin oxide,
dibutyltin dichlofdesvaiinestipiiaty gy ecrbimnglaauAaweiahtab graateritieater &yat @octyltin

diacetate. SyHab it i t] i i rming
formulations of %%%ngﬁglﬁ&;%\tﬂ%\%c u e(,b?or %ﬁ%&%ﬂ&gﬁf&gg }é%ﬁg@a%g}%its, cell

regulators, reactitan @eequRidiecrdidhe hydioraiegdidstiviativespidsndiiyicallgriaveca  Foam

stabilizers whic ider f I i ' \Y | e, for example,
polysiloxanes, %%@%%%ﬁ@%ds pﬁ%grgg@%%éa\fv%ﬁ&;%‘%&?u‘ﬁ@maa%gqow solubility in
water. Compoumoisreyptefesahbstessdhypmen. b swcloraancetwithttiee popgsphieneotiethylene oxide

and propylene qxide ar, ime ilo I iJizers are

described in, foﬁ%%%;ﬁé&%%%iﬁg g%@g%é@gg%éﬁ%%ggir\%}@%@%ﬁg&g%%%gosures of which
are hereby incomoletetbbyveifiveraregiqnmetobsu fane cotbinagents fribkatngppen ailitone types may
also be employed. Further example itabl itives, yvhic ' included in the
flexible polyuret SAhe o%}%%gb%qgig %sgﬂTéﬁéjeﬁt%ﬁ}f%%ﬂ%@m%%’ |§Ejr¥gﬁsﬂ§?£§{agrﬁ(?§%@h volume VII,
edited by Vieweor &diadhd ) Clarl¢4antbeam\2£| 8060 Murefenatdp &0BndgEzh t pthbddaioetRia) for example.

The following exa furthey, illustr ﬁetail for the preparation and use of, the compositions of this
invention. The iﬁ%@rﬁ@?ﬁ&\% it h%nsciﬁ‘?ﬂ ’iﬁﬁe gre o'll)%%r éq c?g%rr%zglrse%%frt})h 8 ﬁr%ﬁga%ither In spirit
or scope by these @3@mpless Thas&BRilled in the art will readily understand that known variations of

the conditions and progesses of the followjn rative procedures can be,used to prepare these
compositions. Unless ARATLHORD, AP BIER RSats GegHEeL R BN ah et gaie and
]E)e"rce_ntages arehzartetb%dveighydlrtﬂ(pbmw.n%g}égr’r?xapﬁﬁgbsdﬁspeﬂ‘tlhlalﬁle?ﬂeE&NHI_DLES _ Zhe
ollowing compqungs and materials were ysed in the working examples of the.present invention:
propylone oxiceSLERRYBI ORI LAREa e BN BT GHE BLe ) RCPSIR omber of 26. A
55 an A viscosiy 6 706 centsiokes (L) a 25C Brebared by 1Sine A o Tt cyande comple
vi i 96 centi . i u yani X
catalyst. Rene Mf%ﬁ?ﬂe‘?ﬂ@@@%gﬁé@ﬂé%@R{i&?@tﬁ&é}igﬁ?&%@@dﬁéﬁ& castor oil (Base
Polyol E) with adhetriusl bonveesiohasfonsbaiindecvistag ibp oky 9Bctp¥itithrirds$lt) at 25C prepared
by using a double metal cyanide complex catalyst, Renewable oil content. 31%. A propylene
oxidefethylene GRRHPSISIBELFLABR BT PEESEos R PRGN IR AR MBS 107 and a
\F/{iscositybcl)f 5_7I9 aedisiakee gjan ral Bﬁgtbrﬁéalﬁh}r’ldﬂléiﬁ@ﬁa%&d_ gg@dtmf,quéﬁérﬁp(léeplexpca}tal?/ét).
enewable oil content -= 59% ropylene oxide/e ne_ oxide adduct of castor oil (Base Polyo
with a hydroxyl Hu#l?(‘alr‘WF%%@%@&A?g‘\?@%ﬁ@ﬁé@é%@?%@ﬁ%l&g%é?ﬁ% % prepared by using
a double metal oyad2 ggnulexepEIPS/08aNe BRSOl seIBtITes-of ARhiClRsiey Rdratifp the trade name

DB(r) CASTOR OIL which is commercially available from Caschem Renewable oil content -= 100%.

-32- Base Polvd"FARIBBARYILHBRGH ANith thé Al S ikéll 1BPRRIAF % commercially
available from Aglgamawiaadydosy baonprr @kd3uRansahisnodreantesby= 100%. Base Polvol

G:Soybean oil (non-hydroxylated) with trade name AR(r) Soybean Oil which is commercially available
from Cargill. RelSREINEAELBKEFEIEN%. Base Polvol H:Hydroxylated soybean oil with trade name
Agror 3.0 which is commercially available from BioBased Technologies with a hydroxyl number of 104.
Renewable oil content -= 100%. Base Polvo! I:A propylene oxide/ethylene oxide adduct of castor olil
(Base Polyol E), R-3324, with a hydroxyl number of 56 and a viscosity of 690 centistokes (cSt) at 25C
prepared by using a double metal cyanide complex catalyst. Renewable oil content -= 31%. Base
PolyolA propylene oxide/ethylene oxide adduct of castor oil



(Base Polyol E) with a hydroxyl number of 32,a primary OH content of 74% by weight, and a viscosity
of 1755 cSt at 25 C, prepared by using a double metal cyanide complex catalyst. Renewable oll
content -= 18% CTA:lsopropanol, a chain transfer agent SAN:Styrene:acrylonitrile TMI:Isopropenyl
dimethyl benzyl isocyanate (an unsaturated aliphatic isocyanate) which is commercially available as
TMI(r) from Cytec Industries TBPO:tert-Butyl peroxide, a free-radical polymerization initiator
commercially available from Pergan Marshall LLC. -33-_ AIBN: TARP: 2,21-Azobisisobutyronitrile, a
free-radical polymerization initiator commercially availabfe as VAZO 64 from E.l. Du Pont de Nemours

and Co. Tert-Amyl Pergxy, piyalate, a free-radjcal pglymerization jnitiator commercially available from
Deg ussa Initiators Re%&\%g?eraih&jrﬂi%ﬁnb@i&g%@%éei'fhcrlc%s&n f,t }E?sn(?gﬁf?g(? ':L/%: wt. of
renewable oil statiihxnEi0Palyticoftaasatlels! dsclisgdtoxyhgrdafnirantabavatuexiapilples of renewable
oil starters include (but are not limited to) castor oil, hydroxylated soybean oil, etc. Viscosity:Viscosities
were measured"lﬁ%/' ﬂﬂm‘ﬂéﬂwéﬁxﬁ%ﬁ%fb?@%qsﬁ%?%x‘ﬁ%%éﬁﬁﬁerabiIity was determined by
diluting one part by HiWWWMMW%@-@oﬁ@rﬁé@ﬂ&&b@bﬂ@'ﬂ@fo&?b@w-ﬁ- filterability):with

two parts by weight anhydrous isopropanol (e.g. 400 grams) to remgve any viscosity-imposed
;

limitations and (RIS FIXLXBTRIE SPHAIRILIPSAHCEIR QHikl§ crodtaB FHAIRARIES of screen (e.g.
11/8 in. diametenastshitahat ef e datimer RRi¥obaschiz@RapreLipaltioas passes by gravity

through a 150-mesh screen. The 150-mesh screen has a square mesh with average mesh opening of

105 microns anA%t LTHteSH AR SRPPIR P S8RLIALIL- SIEIPYsEal, coh FEfSRYY BROCEDURE

FOR MACROME&p RREGARA THohbdaetPBiEt iy G EiPdarhbyihpating Palyakh 6108iRarts), TMI (2
parts), and 100 ppm stannous gctoate catalyst at 75C for 2 hours. GENERAL PROCEDURE FOR

PREFORMED SthaBaffigpRr Pt Spneressh@la srepnut oilrglc MefsrRi Aldd RRSP@RRIR) was

prepared in a twi-§tagRASRHAI BISATWSRMRHAIGHhS QEBWL&HE'ﬂém&@éﬁrﬂféeaCtor (C_STR) fit'ged
with an impeller and 4 baffles (first-stage) and a plug-flow reactor (second stage). The residence time

in each reactor GRAE8lly 6OMRTRESIOTREreXYt R RUR%re pumped continuously to the reactor from
feed tanks through an ¥hEne-staHE dNixehN dRmirp e ayRReY ks SR g EpaRlr. which was well

mixed. The temperature of the reaction mixture was controlled at 120C. The product from the
second-stage ré4EEHSRSAGIRE Hpifimanipehsutirhdaasd gadequUMis Bi9ed to control the

pressure in eack,stagRoAt €3 Paita DR PIRSYPhalend 18 BremAE S1aliARsy theaPassAd through a

cooler and into a collection vessel. The preformed stabilizer formulation is disclosed in Table 1,
Preformed StabifzBed@tysalitiepeurring unsaturation. Natural oil polyols that have

undergone such chemical processes in their manufacture are included in
this invention.

In accordance with the present invention, it is also possible to use
(c) one or more polyols which comprise the alkoxylation product of one or
more natural oil polyols with one or more alkylene oxides as the base
polyol of the novel polymer polyols herein. These alkoxylated derivatives
of one or more natural oil polyols typically have a hydroxyl functionality of
greater than or equal to one, preferably greater than or equal to two and
more preferably greater than or equal to 2.5, and an OH number of 20 to
400 and preferably 30 to 200. These alkoxylated derivatives typically have
a molecular weight of greater than or equal to 200, preferably greater than
or equal to 700 and more preferably greater than or equal to 1000. The
alkoxylated derivatives also typically have a molecular weight of less than
20,000, preferably less than 10,000 and more preferably less than 6000.

These alkoxylated derivatives of one or more natural oils may have a



PFS A isopropanol 30 - 80% CTA type CTA concentration in feed, wt-% Macromer Macromer
concentration in feed, wt-% Monomers concentration in feed, wt-% TBPO concentration, wt%
Macromer A 10 - 40% 10-0.1-2% -35- POLYMER POLYOL PREPARATION: (used in Examples
1-13) This series of examples relates to the preparation of polymer polyols. The polymer polyols
were prepared in a two-stage reaction system comprising a continuously-stirred tank reactor (CSTR)
fitted with an impeller and 4 baffles (first-stage) and a plyg-flow reactor (second stage). The residence
time in each reactor was about 60 minutes. The reactantS were pumped continuously from feed tanks
through an in-line static mixer, a feed tube into the reactor, which was well mixed.

d then th h
The temporaturS e ALALGIS (ARG BY AR W  AHY SRR BB I gRe T4 UPRER Al rom th

second-stage regeier QuRIEOWEEI GSINENUNESY SPEIfYOEHERRIEE, gt desigtBethigncontrol the
pressure in each stage at 45 psig. The product, i.e. the polymer polyol, thenﬁiassed through a cooler

and into a colle@oRAVdRI2PAd2IaaR e AR PR AP MATE SIS RN RIRALE! The wt-%

total polymer in {he7pody st ysthanlawaed e herepicesisplipnd Rl grearspaiarmsasured in the
crude polymer polyol before stripping. The preformed stabilizer (PFS A) described above was used to

produce the exaPARISth Aol lessghgr R0 polymer Polyols 1-7 - Formulation and Properties
Exam .e PMPO Produqtiede3atkoxyfated derivatives of a natural oil are prepared by

reacting a natural oil polyol with an alkylene oxide in the presence of a
suitable catalyst. Suitable catalysts herein include DMC catalysts which
are known. Preferred DMC catalysts and processes for their preparation
are described in, for example, U.S. Patent 5,482,908, the disclosure of
which is hereby incorporated by reference. It may also be possible to use
alkaline catalysts such as KOH. Amines are also suitable catalysts for this
process.

Suitable alkylene oxides include ethylene oxide, propylene oxide,
butylene oxide, styrene oxide, etc., and mixtures thereof. As is known in
the art, alkylene oxides can be used simultaneously or sequentially.
Ethylene oxide and/or propylene oxide are preferred. In accordance with
the present invention, these alkoxylated derivatives of a natural oil can be
prepared by the processes as described in, for example, U.S. Published
Patent Applications 2006/0167125, 2006/0229375, 2007/0238798,
2007/0282117, 2008/0114086 and 2008/0139685, the disclosures of
which are hereby incorporated by reference.

Suitable natural oils to be alkoxylated include both the natural oils
which naturally contain at least one hydroxyl group and the natural oils
that do not naturally contain one or more hydroxyl groups, but have been
hydroxylated by a suitable process to provide one or more hydroxyl groups
for alkoxylation. Natural oils that naturally contain at least one hydroxyl
group include, for example, castor oil, lesquerella oil, etc. Examples of
such natural oils that are naturally free of one or more hydroxyl groups

include but are not limited to soybean oil, canola oil, cashew nutshell oil,



7 Base Polyol (% by wt.) A (55%)_ B (55%) C (55%) D (55%) E (60%) E (55%) F (55%) % by wt.
solids 45% 45% 45% 45% 40% 45% 45% S:AN wt. ratio 65.2: 34.8 65.2: 34.8 65.2: 34.8 65.2: 34.8

-10-

sunflower oil, corn oll, linseed oil, poppy seed oil, cottonseed oil, tung oil,
palm oil, peanut oil, fish oil, olive oil, safflower oil, rapeseed oil, coconut
oil, etc.

In accordance with the present invention, it is also possible to use
(d) one or more polyols which comprise the alkoxylation product of one or
more hydroxylated derivatives of a natural oil with one or more alkylene
oxides as the base polyol of the novel polymer polyols herein. These
alkoxylated derivatives of one or more hydroxylated derivatives of a
natural oil typically have a functionality of greater than or equal to one,

preferably greater than or equal to two and more preferably greater than
or equal to 2.5; and an OH number of 20 to 400 and preferably 30 to 200;
and a molecular weight of greater than or equal to 200, preferably greater
than or equal to 700 and more preferably greater than or equal to 1000.
The polyols which comprise the alkoxylation product of one or more
hydroxylated derivatives of a natural oil with one or more alkylene oxides
also typically have a molecular weight of less than 20,000, preferably less
than 10,000 and more preferably less than 6000. In general, these polyols
may have a molecular weight ranging between any combination of these
upper and lower values, inclusive unless specified otherwise, e.g. from

greater than or equal to 200 to less than 20,000, preferably from greater

//.\

than or.equal to 700 to less than 10,000, and more preferably from greater
than or equal to 1000 to less than 6000.

These alkoxylated derivatives of a hydroxylated derivative of a
natural oil are prepared by reacting a hydroxylated derivative of a natural
oil with an alkylene oxide in the presence of a suitable catalyst. Suitable
catalysts here include DMC catalysts and standard alkaline catalysts.
DMC catalysts are preferred. Suitable alkylene oxides include ethylene
oxide, propylene oxide, butylene oxide, styrene oxide, or epichlorohydrin,
etc., and mixtures thereof. As is known in the art, alkylene oxides can be

used simultaneously or sequentially. Ethylene oxide and/or propylene
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oxide are preferred. In accordance with the present invention, suitable
alkoxylated derivatives of a hydroxylated derivative of a natural oil can be
prepared by the processes as described in, for example U.S. Published
Patent Applications 2006/0167125, 2006/0229375, 2007/0238798,
2007/0282117, 2008/0114086 and 2008/0139685, the disclosures of
which are hereby incorporated by reference.

Suitable hydroxylated derivatives of natural oils to be alkoxylated
include the hydroxylated derivatives of both the natural oils that naturally
contain at least one hydroxyl group and the natural oils that do not
naturally contain at least one hydroxyl group. Such hydroxylated
derivatives of natural oils which do not naturally contain at least one
hydroxyl-group are described above in component (b). Suitable examples
of naturrél oils that naturally contain at least one hydroxyl group include, for
example, castor oil, lesquerella oil, etc. Examples of such natural oils that
are naturally free of one or more hydroxyl groups include but are not
limited to soybean oil, canola oil, cashew nutshell oil, sunflower oil, corn
oil, linseed oil, poppy seed oil, cottonseed oil, tung oil, palm oil, peanut oil,
fish oil, olive oil, safflower oil, rapeseed oil, coconut oil, etc.

In addition, mixtures of one or more of (a), (b), (c) and/or (d) may
be used as the base polyol in accordance with the present invention.

In accordance with the present invention, the base polyol of the
polymer polyols will typically contain greater than or equal to 5% by
weight, preferably greater than or equal to 10% by weight and more
preferably greater than or equal to 20% by weight of a natural oil polyol as
described hereinabove. The base polyol of these polymer polyols will also
typically contain 100% by weight or less, preferably 80% by weight or less
and more preferably 60% by weight of less of a natural oil polyol as
described hereinabove. In general, the base polyol component herein may
contain an amount of natural oil polyol ranging between any combination

of these upper and lower values, inclusive unless specified otherwise, e.g.
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from greater than or equal to 5% to 100% by weight, preferably from
greater than or equal to 10% to 80% by weight or less, and more
preferably from greater than or equal to 20% to 60% by weight or less.

It is also possible for the base polyol to contain a portion of one or
more conventional polyether polyols, polyester polyols, polybutadiene
polyols, polycaprolactones, polythioethers, polycarbonates, polyacetals,
etc. Details on the total amount of natural oil polyol(s) present are set forth
above.

Preformed stabilizers are optional in accordance with the present
invention. It is, however, preferred that a preformed stabilizer is present in
the polymer polyols and process of preparing these polymer polyols.
Suitable preformed stabilizers include, for example, those which are
known in the art and include without limitation those described in the
references discussed herein. Preferred preformed stabilizers include those
discussed in, for example, U.S. Patents 4,148,840 (Shah), 5,196,476
(Simroth), 5,364,906 (Critchfield) 5,990,185 (Fogg), 6,013,731
(Holeschovsky et al), 6,455,603 (Fogg), and 7,179,882 (Adkins et al), the
disclosures of which are hereby incorporated by reference.

Suitable preformed stabilizers herein include those so-called
intermediate obtained by reacting a macromolecule with one or more
monomers (i.e. acrylonitrile, styrene, methyl methacrylate, etc.), to give a
copolymer (dispersion having a low solids content, e.g. < 25% or soluble
grafts, etc.). The macromolecule may be obtained by linkage of polyether
polyols through coupling with a material such as a polyisocyanate, epoxy
resin, etc. or by other means to produce a high molecular weight polyol.
The macromolecule preferably contains reactive unsaturation and is, in
general, prepared by the reaction of the selected reactive unsaturated
compound with a polyol. The terminology "reactive unsaturated
compound," refers to any compound capable of forming an adduct with a

polyol, either directly or indirectly, and having carbon-to-carbon double

Viscosity (cSt, 25C)
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bonds which are adequately reactive with the particular monomer system
being utilized. More specifically, compounds containing alpha, beta
unsaturation are preferred. Suitable compounds satisfying this criteria
include the maleates, fumarates, acrylates, and methacrylates. While not
alpha, beta unsaturated compounds, polyol adducts formed from
substituted vinyl benzenes, such as chloromethylstyrene, likewise may be
utilized. lllustrative examples of suitable alpha, beta unsaturated
compounds which may be employed to form the precursor stabilizer
include maleic anhydride, fumaric acid, dialkyl fumarates, dialkyl maleates,
glycol maleates, glycol fumarates, isocyanatoethyl methacrylate, 1,1-
dimethyl-m-isopropenylbenzyl-isocyanate, methyl methacrylate,
hydroxyethyl methacrylate, acrylic and methacrylic acid and their
anhydride, methacroyl chloride and glycidyl methacrylate. The level of
ethylenic unsaturation in the precursor stabilizer may vary widely. The
minimum and maximum levels of unsaturation both are constricted by the
dispersion stability that the precursor stabilizer is capable of imparting to
the polymer polyol composition. The specific level of unsaturation utilized
further will depend on the molecular weight and functionality of the polyol
used to prepare the precursor stabilizer. Optionally, a diluent, polymer
control agent or chain transfer agent (i.e. molecular weight regulator) may
also be present.
Typically, the preformed stabilizer of the invention is derived from:
(a) a macromolecule, macromer or other suitable precursor stabilizer;
(b)  afree radically polymerizable ethylenically unsaturated monomer,
preferably acrylonitrile and at least one other ethylenically
unsaturated comonomer copolymerizable therewith;
(c)  afree radical polymerization initiator;
(d) optionally, a chain transfer agent in which (a), (b), and (c) are
soluble, but in which the resultant preformed stabilizer is essentially

insoluble;
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and/or
(e)  optionally, one or more polyols.
In general, the amount of the components, on a weight percent of
the total formulation, for forming preformed stabilizer is as follows:
(a) 10 to 40, more preferably 15 to 35;
(b) 10 to 30, more preferably 15 to 25;
(c) 0.1 to 2, more preferably 0.1 to 2;
(d) 30 to 80, more preferably 40 to 70;
and
(e) 0 to 20, more preferably 0 to 10.
In the formulations proposed above for the preformed stabilizer, the
%’s by weight of components (a), (b), (c), and optionally (d), and optionally
(e), totals 100% by weight of the preformed stabilizer component (3).
Suitable preformed stabilizers for the present invention include
those comprising the free radical polymerization product of a free radically
polymerizable ethylenically unsaturated monomer, and an adduct of a

alcohol having the average formula:

A(OROX) s

P

wherein A is a polyvalent organic moiety, the free valence of which is >1,
R is the divalent residue comprising an alkylene oxide moiety, and X is
one or more of an organic moiety containing reactive unsaturation,
copolymerizable with A, and hydrogen, about one of such X is the organic
moiety containing reactive unsaturation and the remaining X's are
hydrogen, in which the adduct may be further adducted with an organic
polyisocyanate.

Suitable compounds to be used as the macromolecule, the
macromer or the precursor stabilizer (i.e. component (a) above) include,

for example, compounds which contain reactive unsaturation (e.g.
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acrylate, methacrylate, maleate, fumarate, isopropenylphenyl, vinyl silyl,
etc.), obtained by reacting compounds containing reactive unsaturation
with alcohols having the average formula A(OROX) 1. Examples include
but are not limited to, maleic anhydride, fumaric acid, dialkyl fumarates,
dialkyl maleates, glycol maleates, glycol fumarates, isocyanatoethyl
methacrylate, methyl methacrylate, hydroxyethyl methacrylate, acrylic and
methacrylic acid and their anhydride, methacryl chloride, and glycidy!
methacrylate, vinylmethoxysilane, etc.

The reactive unsaturated compound may also be the reaction
product of, for example, hydroxymethyl or hydroxyethyl methacrylate with
a polyol by coupling through use of an organic polyisocyanate as
described in U.S. Patent 4,521,546, the disclosure of which is herein
incorporated by reference, or by reaction with an unsaturated mono-
isocyaﬁate such as, for example, 1,1-dimethyl-m-isopropenylbenzyl
isocyanate, etc. Other suitable precursor stabilizers compounds are
obtained by reacting a silicon atom containing compound with a polyether
polyol, as described in U.S. Patent 4,883,832 (Cloetens et al), the
disclosure of which is herein incorporated by reference.

Suitable compounds to be used component (b) above, include
reactive unsaturated compounds, particularly those that are free radically
polymerizable. Some examples of suitable compounds include aliphatic
conjugated dienes, monovinylidene aromatic monomers, a,p-ethylenically
unsaturated carboxylic acids and esters thereof, a,3-ethylenically
unsaturated nitriles and amides, vinyl esters, vinyl ethers, vinyl ketones,
vinyl and vinylidene halides and a wide variety of other ethylenically
unsaturated materials which are copolymerizable with the aforementioned
monomeric adduct or reactive monomer. Such monomers are known in
polymer polyol chemistry. Mixtures of two or more of such monomers are

suitable herein.
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monomer mixture comprises acrylonitrile and styrene. The weight
proportion of acrylonitrile can range from about 20 to 80 weight percent of
the comonomer mixture, more typically from about 25 to about 55 weight
percent, and styrene can accordingly vary from about 80 to about 20
weight percent, more preferably from 75 to 45 weight percent of the
mixture.

The free radical polymerization initiators suitable for use as
component (c) in the suitable preformed stabilizers of the present
invention encompass any free radical catalyst suitable for grafting of an
ethylenically unsaturated polymer to a polyol. Examples of suitable free-
radical polymerization initiators for the present invention include initiators
such as, for example, peroxides including both alkyl and aryl hydro-
peroxides, persulfates, perborates, percarbonates, azo compounds, etc.
Such catalysts are known in polymer polyol chemistry. Also useful are
catalysts having a satisfactory half-life within the temperature ranges used
to form :fhe preformed stabilizer, i.e. the half-life should be about 25
percent or-less of the residence time in the reactor at a given temperature.

Suitable catalysts concentrations range from about 0.01 to about
2% by weight, preferably from about 0.05 to 1% by weight, and most
preferably 0.05 to 0.3% by weight, based on the total weight of the
components (i.e. 100% by weight of the PFS). The particular catalyst
concentration selected will usually be an optimum value considering all

factors, including costs.



Polyol B:a commercially available polyether polyol having an OH number of 650 and a functionality 3,
which is a propylene oxide adduct of glycerin. It does not contain a renewable oil derived polyol. Polvol
C:a commercially available polyether polyol having an OH number of about 35, a nominal functionality
of about 3.8 and a primary OH content of from 83 to 90% by weight, which is -39- a propylene
oxide/ethylene oxide adduct of glycerin and sorbitol. It does not contain a renewable oil derived polyol.
TDI:toluene diisocyanate containing about 80% by weight of the 2,4-isomer and about 20% by weight
of the 2,6-isomer PMDI:a polymethylene pon(phenyIisb@‘anate) having an NCO group content of
about 32% by weight and a functionality of about 24 DEO&diethanolamine, a commercially available
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DP-1022 from Momentive Performance Materials NIAX U-2000:a silicone surfactant, commercially

available from MSHBIRRPEHWHFRIES Ipseitand Brefanmned stabiizensemBooentifcone surfactant,
commercially avajligdngmdnmsatiseoPaeiRamanreivaasiale asdhug boM &My mESS:a silicone

surfactant, commercially available from Momentive Performance Materials as NIAX L 635 DC 5043:a

silicone surfactifNEBhAABRLAMPLVETHFRCh G9! YiNeD eaNites 2gents. sPMteRIA Rore2eRdsilicone
surfactant, compgasgial avallBBISHTBMLontrol agentVipraERUVEREEHIRRS Haleripls as NIAX L-626

NIAX A-1:an amine catalyst, commercially available from Momentive Performance Materials as NIAX
A-1 NIAX C-183nyeniiainéenchtds yapiens neonapelesaliyeammanhyeiexy alcohols), avmsnadistive

Performance Mggiiais,asA X iRehS SN Btk ianaTRA6aIaMRL SmmerriBlyaxaiigple from

Momentive Performance Materials as NIAX A-33 -40- DABCO 1-9:a tin catalyst (stannous octoate),
commercially atBRif@sRAT AlfiPRBYLERAseABMEOEIton. The choice of mono-ol is not

( narrowly critical, but it should not form two phases at reaction conditions
and it should be readily stripped from the final polymer/polyol.

The polyol components suitable as component (€) in the present
invention include typically the alkylene oxide adduct of A(OH).3 described
above. Though the polyol used as component (€) can encompass the
variety of polyols described above, including the broader class of polyols
described in U.S. Patent 4,242,249, at column 7, line 39 through column
9, line 10, the disclosure of which is herein incorporated by reference, it is
preferred that the polyol component (e) be the same as or equivalent to
the polyol used in the formation of precursor used in preparing the
preformed stabilizer (PFS). Typically, the polyol need not be stripped off.

Because of the number of components, the variability of their
concentration in the feed, and the variability of the operating conditions of
temperature, pressure, and residence or reaction times, a substantial
choice of these is possible while still achieving the benefits of the
invention. Therefore, it is prudent to test particular combinations to confirm
the most suitable operating mode for producing a particular final polymer
polyol product.

The process for producing the preformed stabilizer is similar to the
process for making the polymer polyol. The temperature range is not

critical and may vary from about 80°C. to about 150°C. or perhaps greater,



T-12D: a 25% by weight solution of DABCO T-12 catalyst (dibutyltin dilaurate) available from Air

Products in diisonylphthalate (available from Ashland Chemical) Ortegol 501:a cell opening additive,

commercially available from Evonik Goldschmidt Corp. as Ortegol 501 FIREMASTER 550: a flame

retardant, commercially available from Chemtura as FIREMASTER 550 Examples : The free-rise

flexible and semi-rigid foams in Examples 14- 19 and 28-42 were prepared by the following procedure:

All the formulation ingredients except Dabco T-9 catalys,Fl (if used) and the isocyanate component were
t

added to a one-half gallon cylindrical container fitted with”baffles. The contents were mixed at 2400

rpm for 60 secopds with an agitator having two turbine impgllers. The mixture was then degassed for
15 seconds. Daﬂk%plr- %ré?gx?&?% Sg}gﬁégrgcﬁé‘%l %t {ﬂ@?#n? jﬁ&@e‘%ﬁgiﬁaﬁthe contents were
mixed at 2400 rigmissratuseepindsd e isglediehgeetied the saayaiaiacamamsmibi@sadded with

about 7 seconds of mixing remaining. The mixture was then poured into a 14 x 14 x 6-inch cardboard
box, where it roS% %%ngﬁtﬁ'mé‘ P’éf@tf&ﬁ%&g %ﬁﬂﬁl%fgdﬂ%éw éﬁ'kg‘sdﬁﬁféﬂf 8've a bun height of

- 9 inches high waatrineifyREwTrea el tRecRasg dibiefyras sesichisteh ralastsrs in an oven at 120C
and then allowed to cure at ambient conditions for a minimum of 2 days. Observations made during

foaming and cure are progiBy g £ARL S aEpRyeskafmbesraained eringéhRAfmed to 12 x 12
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temperature (-23C) and humidity (-50%) before testing for physical and mechanical properties. -41-
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agitator having fR8@sinehieiseab f theemaramevsLtredRighsskadhingoselctifts. The isocyanate
was added to the,gepjainer and the contents were mixed for 5 seconds, The mixture was then poured
into a preconditioned mold (15x15x2"), preheated to 65C, while shaking the mixing container to ensure
that the required amouhfvRECHRIHRAsHE A Rdines AAANE MIRSERSIMVRXIRAMREMIAIEE clamped and sealed.

The foam reactign prAGeRdeH {RE W BIASTHESH PEmYFAHSERbAdMar THWSH dfjer which the foam
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allowing the specimens to recover minutes at room temperature, remeasuring the height and
then determiningitiroameng de peccapt heigH2loterptatien tontrentiagimadlhee HorAdxkdowleas measured
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PMPO A PMBaBnEMRY Es. 3@biOrBdnomers include, for example, aliphatic
conjugated dienes such as butadiene and isoprene; monovinylidene
aromatic monomers such as styrene, a-methyl-styrene, (t-butyl)styrene,
chlorostyrene, cyanostyrene and bromostyrene; a,p-ethylenically
unsaturated carboxylic acids and esters thereof such as acrylic acid,
methacrylic acid, methyl methacrylate, ethyl acrylate, 2-hydroxyethyl
acrylate, butyl actylate, itaconic acid, maleic anhydride and the like; o,B-
ethylenically unsaturated nitriles and amides such as acrylonitrile,
methacrylonitrile, acrylamide, methacrylamide, N,N-dimethyl acrylamide,
N-(dimethylaminomethyl)acrylamide and the like; vinyl esters such as vinyl
acetate; vinyl ethers, vinyl ketones, vinyl and vinylidene halides as well as

a wide variety of other ethylenically unsaturated materials which are
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copolymerizable with the aforementioned monomeric adduct or reactive
monomer. It is understood that mixtures of two or more of the
aforementioned monomers are also suitable employed in making the pre-
formed stabilizer. Of the above monomers, the monovinylidene aromatic
monomers, particularly styrene, and the ethylenically unsaturated nitriles,
particularly acrylonitrile are preferred. In accordance with this aspect of the
present invention, it is preferred that these ethylenically unsaturated
monomers include styrene and its derivatives, acrylonitrile, methyl
acrylate, methyl methacrylate, vinylidene chloride, with styrene and

<> acrylonitrile being particularly preferred monomers.

It is preferred that styrene and acrylonitrile are used in sufficient
amounts such that the weight ratio of styrene to acrylonitrile (S:AN) is from
about 80:20 to 40:60, more preferably from about 75:25 to 60:40. These
ratios are suitable for polymer polyols and the processes of preparing
them, regardless of whether they comprise the ethylenically unsaturated
macromers or the pre-formed stabilizers of the present invention.

Overall, the quantity of ethylenically unsaturated monomer(s)
present in the polymer polyols comprising a pre-formed stabilizer is at
least abput 20% by weight, preferably at least about 30% by weight, more
preferab]y at least about 40% by weight, and most preferably at least
about 45% by weight, based on 100% by weight of the polymer polyol.
The quantity of ethylenically unsaturated monomer(s) present in the
polymer polyols is about 65% by weight or less, preferably about 60% by
weight ':6r less, more preferably about 59% by weight of less, most
preferably about 58% by weight or less and most particularly preferably
about 55% by weight or less. The polymer polyols of the present invention
typically has a solids content ranging between any combination of these
upper and lower values, inclusive, e.g. from 20% to 65% by weight,
preferably from 30% to 60% by weight, more preferably from 40% to 59%
by weight, most preferably from 45% to 58% by weight, and most
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particularly preferably from 45% to 55% by weight, based on the total
weight of the polymer polyol.

Suitable free-radical initiators to be used as component (4) in the
present invention include, for example, those which are known to be
suitable for polymer polyols. Examples of suitable free-radical
polymerization initiators for the present invention include initiators such as,
for example, peroxides including both alkyl and aryl hydroperoxides,
persulfates, perborates, percarbonates, azo compounds, etc. Some
specific examples include catalysts such as hydrogen peroxide, di(t-butyl)-
peroxide, t-butylperoxy diethyl acetate, t-butyl peroctoate, t-butyl peroxy
isobutyrate, t-butyl peroxy 3,5,5-trimethyl hexanoate, t-butyl perbenzoate,
t-butyl peroxy pivalate, t-amyl peroxy pivalate, t-butyl peroxy-2-ethyl
hexanoate, lauroyl peroxide, cumene hydroperoxide, t-butyl
hydroperoxide, azobis(isobutyronitrile), 2,2'-azo bis-(2-methylbutyronitrile),
etc.

Useful initiators also include, for example, those catalysts having a
satisfactory half-life within the temperature ranges used in forming the
polymer polyol. Typically, the half-life of the catalyst should be about 25%
or less of the residence time in the reactor at any given time. Preferred
initiators for this portion of the invention include acyl peroxides such as
didecanoyl peroxide and dilauroyl peroxide, alkyl peroxides such as t-butyl
peroxy-2-ethylhexanoate, t-butylperpivalate, t-amyl peroxy pivalate, t-amyl
peroctoate, 2,5-dimethylhexane-2,5-di-per-2-ethyl hexoate, t-butyl
perneodecanoate, t-butylperbenzoate and 1,1-dimethyl-3-hydroxybutyl
peroxy-2-ethylhexanoate, and azo catalysts such as
azobis(isobutyronitrile), 2,2’-azo bis-(2-methoxyl-butyronitrile), and
mixtures thereof. Most preferred are the acyl peroxides described above
and the azo catalysts. A particularly preferred initiator comprises

azobis(isobutyronitrile).
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Particularly preferred in the practice of the invention, are the use of
azo catalysts and the aforementioned acyl peroxides of the above formula.
The preferred acyl peroxides include those which have the unique
advantage of effecting the desired degree of polymerization essentially
without raising the viscosity of the polymer polyol over that obtained with
the azo catalyst. This enhances one's ability to achieve higher solids
polymer polyols with good product stability without raising product
viscosity. Such acyl peroxides can be used in molar amounts substantially
less than the amounts required when using other free radical catalysts in

( forming the polymer polyols.

Generally speaking, peroxide initiators result in the formation of
little to no by-products which can result in solid precipitates in the refining
section of a polymer polyol production unit. Such solid by-products are
commonly formed by azo initiators such as, for example, AIBN, which
forms TMSN (i.e. tetramethyl succinonitrile). Other drawbacks of azo
initiators include the toxicity of TMSN and the difficulty of stripping TMSN
from the final product (i.e. polymer polyol). When foams are made from
polymer polyols which contain an azo initiator, residues of these can
escape and may form an undesirable film on nearby surfaces such as, for
example, the inside of an automobile windshield. Another problem is that
a majority of the peroxide initiators (including most acy! peroxides) raise
the viscosity of the resultant polymer polyols. However, this disadvantage
is offset by the elimination of TMSN from the resultant polymer polyols.
The quantity of free-radical initiator used herein is not critical and can be
varied within wide limits. In general, the amount of initiator ranges from
about 0.01 to 2% by weight, based on 100% by weight of the final polymer
polyol. Increases in catalyst concentration result in increases in monomer
conversion up to a certain point, but past this, further increases do not

result in substantial increases in conversion. The particular catalyst
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concentration selected will usually be an optimum value, taking all factors
into consideration including costs.

In addition, the polymer polyol and the process of preparing the
polymer polyol may optionally comprise a chain transfer agent, i.e.
component (5). The use of chain transfer agents and their nature is known
in the art. Chain transfer agents are also commonly referred to as polymer
control agents (PCA’s), molecular weight regulators and/or reaction
moderators. Typically, chain transfer agents serve to control the molecular
weight of the polymer polyol.

Suitable chain transfer agents and processes for their preparation
are known and described in, for example, U.S. Patents 3,953,393,
4,119,586, 4,463,107, 5,324,774, 5,814,699 and 6,624,209, the
disclosures of which are hereby incorporated by reference. Any of the
known chain transfer agents may be suitable herein, provided it does not
adversely affect the performance of the polymer polyol. Some examples of
suitable materials to be used as chain transfer agents include compounds
methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-
butanol, n-pentanol, 2-pentanol, 3-pentanol, allyl alcohols, toluene,
ethylbenzene, mercaptans including, e.g. dodecylmercaptan,
octadecylmercaptan, ethane thiol, toluene thiol, etc., halogenated
hydrocarbons such as, e.g. methylene chloride, carbon tetrachloride,
carbon tetrabromide, chloroform, etc., amines such as diethylamine,
triethylamine, enol-ethers, etc. If used in the present invention, a chain
transfer agent is typically present in an amount of from about 0.1 to about
10% by weight, more preferably from about 0.2 to about 8% by weight,
based on the total weight of the polymer polyol (prior to stripping).

Preferred chain transfer agents are ethanol, isopropanol, tert-
butanol, toluene and ethylbenzene.

The polymer polyols are preferably produced by utilizing a low

monomer to polyol ratio which is maintained throughout the reaction
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mixture during the process. This is achieved by employing conditions that
provide rapid conversion of monomer to polymer. In practice, a low
monomer to polyol ratio is maintained, in the case of semi-batch and
continuous operation, by control of the temperature and mixing conditions
and, in the case of semibatch operation, also by slowly adding the
monomers to the polyol.
The temperature range is not critical and may vary from about
100°C to about 140°C or perhaps greater, the preferred range being from
115 °C to 125 °C. As has been noted herein, the catalyst and temperature
( should be selected so that the catalyst has a reasonable rate of
decornposition with respect to the hold-up time in the reactor for a
continuous flow reactor or the feed time for a semi-batch reactor.

The mixing conditions employed are those obtained using a back
mixed reactor (e.g.-a stirred flask or stirred autoclave). The reactors of this
type keep the reaction mixture relatively homogeneous and so prevent
localized high monomer to polyol ratios such as occur in tubular reactors
when such reactors are operated with all the monomer added to the
beginning of the reactor.

The polymer polyols of the present invention comprise dispersions
in which the polymer particles (the same being either individual particles or
agglomerates of individual particles) are relatively small in size and, in the
preferred embodiment, have a weight average size less than about ten
microns. However, when high contents of styrene are used, the particles
will tend to be larger; but the resulting polymer polyols are highly useful,
particularly where the end use application requires as little scorch as
possible.

Following polymerization, volatile constituents, in particular any
residues of monomers are generally stripped from the product by the
usual method of vacuum distillation, optionally in a thin layer of a falling

film evaporator. The monomer-free product may be used as is, of may be



76.46 IFD 25% Return (1b/50in2) 30.73 32.87 82.99 82.50 22.99 26.37 Return Val.@ 25C (%) 79 90
79.93 62.58 56.13 73.54 77.26 S F 65%125% 2.25 2.25 2.04 2.26 2.29 2.24 Tensile stren thsi 22.54
24.06 27.4625.62 21.38 20.19 Elon a ion % 119.20125.80 74.4655.50 133.9 127.2

-24-

filtered to remove any large particles that may have been created.

In the preferred embodiment, all of the product (viz. 100%) will pass
through the filter employed in the 150 mesh filtration hindrance
(filterability) test that will be described in conjunction with the Examples.
This ensures that the polymer polyol products can be successfully
processed in all types of the relatively sophisticated machine systems now
in use for large volume production of polyurethane products, including
those employing impingement-type mixing which necessitate the use of
filters that cannot tolerate any significant amount of relatively large
particles.

In accordance with the present invention, the following materials
and processes are suitable for preparation of polyurethane foams from the
polymer polyols described above.

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
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
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.
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Examples of suitable isocyanates include ethylene diisocyanate;
1,4-tetramethylene diisocyanate; 1,6-hexamethylene diisocyanate; 1,12-
dodecane diisocyanate,; cyclobutane-1,3-diisocyanate; cyclohexane-1,3-
and -1,4-diisocyanate, and mixtures of these isomers; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane (isophorone diisocyanate; e.g.
German Auslegeschrift 1,202,785 and U.S. Patent 3,401,190); 2,4- and
2,6-hexahydrotoluene diisocyanate and mixtures of these isomers;
dicyclohexylmethane-4,4'-diisocyanate (hydrogenated MDI, or HMDI); 1,3-
and 1,4-phenylene diisocyanate; 2,4- and 2,6-toluene diisocyanate and
mixtures of these isomers (TDI); diphenylmethane-2,4'- and/or -4,4'-
diisocyanate (MDI); naphthylene-1,5-diisocyanate; triphenylmethane-

4,4' 4"-triisocyanate; polyphenyl-polymethylene-polyisocyanates of the
type which may be obtained by condensing aniline with formaldehyde,
followed by phosgenation (crude MDI), which are described, for example,
in GB 878,430 and GB 848,671; norbornane diisocyanates, such as
described in U.S. Patent 3,492,330; m- and p-isocyanatophenyl
sulfonylisocyanates of the type described in U.S. Patent 3,454,606;
perchlorinated aryl polyisocyanates of the type described, for example, in
U.S. Patent 3,227,138; modified polyisocyanates containing carbodiimide
groups of the type described in U.S. Patent 3,152,162; modified
polyisocyanates containing urethane groups of the type described, for
example, in U.S. Patent 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
polyisocyanates containing isocyanurate groups of the type described, for
example, in U.S. Patent 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

containing biuret groups of the type described, for example, in German
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Patentschrift 1,101,394, U.S. Patent 3,124,605 and 3,201,372, and in GB
889,050; polyisocyanates obtained by telomerization reactions of the type
described, for example, in U.S. Patent 3,654,106; polyisocyanates
containing ester groups of the type described, for example, in GB 965,474
and GB 1,072,956, in U.S. Patent 3,567,763, and in German Patentschrift
1,231,688; reaction products of the above-mentioned isocyanates with
acetals as described in German Patentschrift 1,072,385; and
polyisocyanates containing polymeric fatty acid groups of the type
described in U.S. Patent 3,455,883. It is also possible to use the
isocyana:te-containing distillation residues accumulating in the production
of isocyanates on a commercial scale, optionally in solution in one or more
of the polyisocyanates mentioned above. Those skilled in the art will
recognize that it is also possible to use mixtures of the polyisocyanates
described above.

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
groups, allophanate groups, isocyanurate groups, urea groups, or biuret

( groups (modified polyisocyanates).

Isocyanate-terminated prepolymers may also be employed in the
preparation of the flexible foams of the present invention. Prepolymers
may be prepared by reacting an excess of organic 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 one specific active
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hydrogen compound is not critical; any such compound can be employed
in the practice of the present invention.

In accordance with the present invention, the isocyanate-reactive
component for the polyurethane foams herein comprise a polymer polyol
as described above. It is readily apparent that a conventional polyol
component such as, for example, polyethers, polyesters, polyacetals,
polycarbonates, polyesterethers, polyester carbonates, polythioethers,
polyamides, polyesteramides, amine-terminated polyethers, polysiloxanes,
polybutadienes and polyacetones, polybutadienes, polycaprolactones, as
well as conventional polymer polyols, PHD modified polyols and/or PIPA
modified polyols which are not based on natural oil polyols; and low
molecular weight crosslinkers, chain extenders, and reactive modifiers,
etc., and mixtures thereof, etc. may also be present as a portion of the
isocyanate-reactive component. It is also readily apparent that natural ol
polyols such as those base polyols used or described as being suitable for
producing the polymer polyols of the current invention may also be added
to the isocyanate reactive component to further increase the renewable
content of the foams. Renewable polyols added in this manner do not
eliminate the amount of renewable polyol required in the base polyol used
in preparation of the polymer polyol component. In accordance with the
present invention, the isocyanate-reactive component herein preferably
comprises from 5 to 100% by weight of a polymer polyol of the present
invention (i.e. a polymer polyol in which the base polyol comprises a
natural oil polyol as described hereinabove) and from 0 to 95% by weight
of a conventional polyol component, with the sum totaling 100% by weight
of the isocyanate-reactive component.

Suitable blowing agents for component (lll) of the polyurethane
foams herein include but are not limited to compounds such as, for
example, water, carbon dioxide, methylene chloride, acetone,

fluorocarbons, chlorofluorocarbons, hydrochlorofluorocarbons,
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perfluorocarbons, and low boiling hydrocarbons. Some examples of
suitable hydrochlorofluoro-carbons include compounds such as 1,1-
dichloro-1-fluoroethane (HCFC-141b), 1-chloro-1,1-difluoroethane (HCFC-
142b), and chlorodifluoro-methane (HCFC-22); of suitable hydrofiuoro-
carbons include compounds such as 1,1,1,3,3-pentafluoropropane (HFC-
245fa), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,1,3,3,3-hexafluoro-
propane (HFC-236fa), 1,1,2,3,3,3-hexafluoropropane (HFC-236ea), and
1,1,1,4,4 4-hexafluorobutane (HFC-356mffm); of suitable perfluorinated
hydrocarbons include compounds such as perfluoropentane or perfluoro-
hexane; and of suitable hydrocarbons include compounds such as various
isomers of butane, pentane, cyclopentane, hexane, or mixtures of thereof.
Water and carbon dioxide are more preferred blowing agents, with water
being most preferred.

In accordance with the present invention, the quantity of blowing
agent used is typically that which will produce foams having a density as
described herein. As one of ordinary skill in the art would know and
understand, it is necessary to use a larger quantity of blowing agent to
form a lower density foam while a higher density foam requires a smaller
quantity of blowing agent. The quantity of blowing used should typically
produce foams which have a density of about 0.5 pcf or more, preferably
about 1.0 pcf or more, more preferably about 1.2 pcf or more, and most
preferably about 1.5 pcf or more. The quantity of blowing agent used
should also typically produce foams which have a density of less than or
equal to 20 pcf, preferably less than or equal to 10 pcf, and more
preferably less or equal to 8 pcf and most preferably less than or equal to
5 pcf. The quantity of blowing agent used in the present invention should
produce a foam having a density ranging between any combination of
these upper and lower values, inclusive, e.g. from at least about 0.5 to

about 20 pcf, preferably from about 1.0 to about 10 pcf, more preferably



0.32 0,32 0.32 0.32 0,32. 0.32 Niax A-1 0.08 0.08 0.08 0.08 53.06 0.08 0.08 0.08 0.08 TDI 50.82
50.79 52.47 53.5250.82 54.16 54.54 Index 100A/B NOR Content of Base Polyol 105 0 105 -3 105 -19
-8 105 -19

-20-

from about 1.2 to about 8 pcf, and most preferably from about 1.5 to about
5 pcf.

Catalysts suitable for the polyurethane foam of the present
invention include, for example, amine compounds and organometallic
compounds. Suitable examples of such catalysts include tertiary amines,
such as triethylamine, tributylamine, N-methylmorpholine, N-ethyl-
morpholine, N,N,N',N'-tetramethylethylenediamine, pentamethyi-
diethylenetriamine and higher homologues (as described in, for exampie,

) DE-A 2,624,527 and 2,624,528), 1,4-diazabicyclo(2.2.2)octane, N-methyl-

( N'-dimethyl-aminoethylpiperazine, bis-(dimethylaminoalkyl)piperazines,
N,N-dimethylbenzylamine, N,N-dimethylcyclohexylamine, N,N-diethyl-
benzylamine, bis-(N,N-diethylaminoethyl) adipate, N,N,N',N'-tetramethyl-
1,3-butanediamine, N,N-dimethyl-B-phenylethylamine, 1,2-dimethyl-
imidazole, 2-methylimidazole, monocyclic and bicyclic amines together
with bis-(dialkylamino)alkyl ethers, such as 2,2-bis-(dimethylaminoethyl)
ether.

Other suitable catalysts which may be used in producing the
inventive polyurethane foams include, for example, 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 example, tin(ll)
acetate, tin(ll) octoate, tin(Il) 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.

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

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

Foam stabilizers which may be considered preferable for use in the
inventive process include, for example, polysiloxanes, polyether siloxanes,
and preferably those which are insoluble or have low solubility in water.
Compounds such as these are 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. Patents 2,834,748, 2,917,480 and 3,629,308, the
disclosures of which are hereby incorporated by reference. Other of

( surface active agents including non-silicone types may also be employed.

Further examples of suitable additives, which may optionally be
included in the flexible polyurethane foams of the present invention can be
found in Kunststoff-Handbuch, volume VII, edited by Vieweg & Hochtlen,
Carl Hanser Verlag, Munich 1993, 3rd Ed., pp. 104 to 127, for example.

The following examples further illustrate details for the preparation
and use of the compositions of this invention. The invention, which is set
forth in the foregoing disclosure, is not to be limited either in spirit or scope
by these examples. Those skilled in the art will readily understand that
known variations of the conditions and processes of the following
preparative procedures can be used to prepare these compositions.
Unless otherwise noted, all temperatures are degrees Celsius and all
parts and percentages are parts by weight and percentages by weight,
respectively.
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EXAMPLES
The following compounds and materials were used in the working

examples of the preseéent invention:

Polyol A: A propylene oxide adduct of sorbitol, containing 8%
ethylene oxide with a hydroxyl number of 28.

Base Polyol A: A propylene oxide/ethylene oxide adduct of castor oil

(Base Polyol E) with a hydroxyl number of about 52
and a viscosity of 796 centistokes (cSt) at 25°C
prepared by using a double metal cyanide complex
catalyst. Renewabie oil content ~ 29%.

Base Polyol B: A propylene oxide/ethylene oxide adduct of castor ol

(Base Polyol E) with a hydroxyl number of about 55
and a viscosity of 703 centistokes (cSt) at 25°C
prepared by using a double metal cyanide complex
catalyst. Renewable oil content ~= 31%.

Base Polyol C: A propylene oxide/ethylene oxide adduct of castor oil

(Base Polyol E) with a hydroxyl number of about 107
and a viscosity of 579 centistokes (cSt) at 25°C
prepared by using a double metal cyanide complex
catalyst. Renewable oil content ~= 59%.

Base Polyol D: A propylene oxide/ethylene oxide adduct of castor oil

(Base Polyol E) with a hydroxyl number of about 133
and a viscosity of 607 centistokes (cSt) at 25°C
prepared by using a double metal cyanide complex
catalyst. Renewable oil content ~= 74%

Base Polyol E: Castor oil with the trade name DB® CASTOR OIL

which is commercially available from Caschem

Renewable oil content ~= 100%.
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Base Polyol F: Hydroxylated soybean oil with the trade name Vikol 19

which is commercially available from Arkema with a
hydroxyl number of 153. Renewable oil content ~=
100%.

Base Polyol G: Soybean oil (non-hydroxylated) with trade name AR®

Soybean Oil which is commercially available from
Cargill. Renewable oil content ~= 100%.

Base Polyol H: Hydroxylated soybean oil with trade name Agrol® 3.0

which is commercially available from BioBased

\ Technologies with a hydroxyl number of 104.
Renewable oil content ~= 100%.

Base Polyol I: A propylene oxide/ethylene oxide adduct of castor oil

(Base Polyol E), R-3324, with a hydroxyl number of
56 and a viscosity of 690 centistokes (cSt) at 25°C
prepared by using a double metal cyanide complex
catalyst. Renewable oil content ~= 31%.

Base Polyol J: A propylene oxide/ethylene oxide adduct of castor oil

(Base Polyol E) with a hydroxyl number of 32,a
primary OH content of 74% by weight, and a viscosity
of 1755 ¢St at 25 °C, prepared by using a double
metal cyanide complex catalyst. Renewable oil

content ~= 18%

CTA: Isopropanol, a chain transfer agent
SAN: Styrene:acrylonitrile
T™I: Isopropenyl dimethyl benzyl isocyanate (an

unsaturated aliphatic isocyanate) which is
commercially available as TMI® from Cytec Industries

TBPO: tert-Butyl peroxide, a free-radical polymerization
initiator commercially available from Pergan Marshall
LLC.
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AIBN: 2,2'-Azobisisobutyronitrile, a free-radical
polymerization initiator commercially available as
VAZO 64 from E.I. Du Pont de Nemours and Co.

TAPP: Tert-Amyl Peroxy pivalate, a free-radical
polymerization initiator commercially available from

Degussa Initiators

Renewable Qil Content:  In Base Polyols A through J, this is defined as:

wt. of renewable oil starter % 100%

wt. of base polyol

As used in the definition above, examples of renewable oil starters include

(but are not limited to) castor oil, hydroxylated soybean oil, etc.

Viscosity: Viscosities were measured by Cannon-Fenske
viscometer (cSt at 25 °C)

Filtration Filterability was determined by diluting one part by

Hindrance weight sample (e.g. 200 grams) of polymer polyol

(i.e. filterability): with two parts by weight anhydrous isopropanol (e.g.

400 grams) to remove any viscosity-imposed
limitations and using a fixed quantity of material
relative to a fixed cross-sectional area of screen (e.g.
1 1/8 in. diameter), such that all of the polymer polyol
and isopropanol solutions passes by gravity through a
150-mesh screen. The 150-mesh screen has a
square mesh with average mesh opening of 105
microns and it is a “Standard Tyler” 150 square-mesh

screen.
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GENERAL PROCEDURE FOR MACROMER PREPARATION:

Macromer A: Prepared by heating Polyol A (100 parts), TMI (2
parts), and 100 ppm stannous octoate catalyst at
75°C for 2 hours.

GENERAL PROCEDURE FOR PREFORMED STABILIZER (PFS)

PREPARATION:

The pre-formed stabilizer (PFS A) was prepared in a two-stage

reaction system comprising a continuously-stirred tank reactor (CSTR)
fitted with an impeller and 4 baffles (first-stage) and a plug-flow reactor
(‘,., (second stage). The residence time in each reactor was about 60
minutes. The reactants were pumped continuously to the reactor from
feed tanks through an in-line static mixer and then through a feed tube
into the reactor, which was well mixed. The temperature of the reaction
mixture was controlled at 120°C. The product from the second-stage
reactor overflowed continuously through a pressure regulator designed to
control the pressure in each stage at 65 psig. The product, i.e. the pre-
formed stabilizer, then passed through a cooler and into a collection

vessel. The preformed stabilizer formulation is disclosed in Table 1.

Preformed Stabilizer Composition:

PFS A
CTA type isopropanol
CTA concentration in 30 -80%
feed, wt-%
Macromer Macromer A
Macromer concentration 10 -40%
in feed, wt-%
Monomers concentration 10 -30%
in feed, wt-%

TBPO concentration, wt- 0.1-2%
%
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POLYMER POLYOL PREPARATION: (used in Examples 1-13)

This series of examples relates to the preparation of polymer

polyols. The polymer polyols were prepared in a two-stage reaction
system comprising a continuously-stirred tank reactor (CSTR) fitted with
an impeller and 4 baffles (first-stage) and a plug-flow reactor (second
stage). The residence time in each reactor was about 60 minutes. The
reactants were pumped continuously from feed tanks through an in-line
static mixer and then through a feed tube into the reactor, which was well
mixed. The temperature of the reaction mixture was controlled at 115°D
or 120°C. The product from the second-stage reactor overflowed
continuously through a pressure regulator designed to control the
pressure in each stage at 45 psig. The product, i.e. the polymer polyol,
then passed through a cooler and into a collection vessel. The crude
product was vacuum stripped to remove volatiles. The wt-% total polymer
in the product was calculated from the concentrations of monomers
meas’ﬁred in the crude polymer polyol before stripping. The preformed
stabilizer (PFS A) described above was used to produce the examples in
Table 1.



26.2926.11 49.16 50.66 % Wet Set 50%37.83 43.63 39.04 35.95 39.72 41.23 44.64 45.31 Ct %
*Comparative example -46- Table 4A:Semi-Rigid Foam Formulations for Examples 28-34 Example
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Table 1A: Polymer Polyols 1-7 — Formulation and Properties

Example 1 2 3 4 5 6 7
PMPO

Product

Base Polyol | A B C D E E F
(% by wt.) . (55%) | (65%) | (55%) | (65%) | (60%) | (55%) | (55%)
% by wt. - 45% 45% 45% 45% 40% 45% 45%
solids

S:AN wt. 65.2: |65.2: |652: |652 |652: |652: |652:
ratio 34.8 34.8 34.8 34.8 34.8 34.8 34.8
PMPO

Process

PFS A’ 8.33% | 8.33% | 8.33% | 8.33% | 12.5% | 12.5% | 8.33%
Total CTA' 15.0% 50% |5% 5% 75% [7.5% |5%
AIBN 0.32% | 0.32% | 0.32%

Initiator’

TAPP 0.35% | 0.53% | 0.53% | 0.35%
Initiator’

PMPO

Product

Properties

Viscosity 5659 | 4643 |4364 |4896 |4465 |6148 |9197
(cSt, 25°C)

OH number” | 29.2 [53.8 [59.0° |79 101 104 84.1°
150-mesh 100% | 100% | 100% |100% | 100% | 100% | 100%
filtration

1: %’s by weight
2: OH number for the polymer polyol
3: calculated OH number



28*29 3031 32 33* PMPOB 83 8 PMPO EX. 5 PMPO Ex.6 PMPO Ex.7 88.5
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Table 1B: Polymer Polyols 8-13 — Formulation and Properties

Example 8 9 10° 11 12 13
PMPO
Product
Base Polyol | 50%E/ | 75%E/ | G H (55%) |1(55%) J (55%)
(% by wt.) 50%A | 25%A | (60%)
_ (55%) 55%)
% by wt. 45% 45% 40% 45% 45% 45%
solids
S:AN wt. 65.2: 65.2: 65.2: |65.2:34. |65.2:34.8 | 65.2:34.8
ratio 34.8 34.8 34.8 8
B PMPO
( Process
PFSA' 8.33% |8.33% |12.5% | 8.33% 8.33% 8.33%
Total CTA' | 5% 5% 7.5% | 5% 5% 5%
AIBN 0.32% |0.32% 0.32% 0.32%
Initiator’
TAPP 0.53% | 0.35%
Initiator’
PMPO
Product
Properties
Viscosity 5563 5287 77380 | 2566 3870 19432
(cSt, 25°C)
OH 65.5° |84.0° |NA 54.2 39 19.3
number?
150-mesh 100% 100% | 100% | 100% 100% 100%
( filtration
1: %’s by weight
2: OH number for the polymer polyol
3: calculated OH number
4: comparative example of non-hydroxylated soybean oil used instead

of NOP derived polyol.



PNIPO Ex,4 87 PNIPOEXx.3 8585 81 PMPO Ex. 2 Polyol B 151515 1311.519
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In the preparation of polyurethane foams, the following materials were
also used :
PMPO A: acommercially available polymer polyol blend having a OH

number of 30 and a total SAN solids content of 10% by
weight. The base polyol of this PMPO is a propylene and
ethylene oxide adduct of glycerin and sorbitol and has an OH
number of about 33.5, an average nominal functionality of
about 4.0 and a primary hydroxyl content of 80 to 90% and
does not contain a renewable oil derived polyol.

PMPO B: a commercially available polymer polyol blend having an OH
number of about 28 and a total SAN solids content of 44%
by weight. The base polyol of this PMPO is a propylene and
ethylene oxide adduct of glycerin and has an OH number of
about 53, an average nominal functionality of about 3.0 and
a primary hydroxyl content of <10% and does not contain a
renewable oil derived polyol.

PMPO C:  a commercially available polymer polyol having an OH
number of 20 and a total SAN solids content of 43% by
weight. The base polyol of this PMPO is a propylene and
ethylene oxide adduct of glycerin and has an OH number of
about 35, an average nominal functionality of about 3.0 and
a primary hydroxyl content of 83 to 90% and does not
contain a renewable oil derived polyol.

Polyol B: a commercially available polyether polyol having an OH
number of 650 and a functionality 3, which is a propylene
oxide adduct of glycerin. It does not contain a renewable oil
derived polyol.

Polyol C: a commercially available polyether polyol having an OH
number of about 35, a nominal functionality of about 3.8 and

a primary OH content of from 83 to 90% by weight, which is



15 Water 333333 DP-10222 2 Niax L-620 1.1251.125 1.125 1.125 1.125 1.125 1.125 Niax
L-635 Niax L-626
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a propylene oxide/ethylene oxide adduct of glycerin and
sorbitol. It does not contain a renewable oil derived polyol.
TDI: toluene diisocyanate containing about 80% by weight of the

2,4-isomer and about 20% by weight of the 2,6-isomer

PMDI: a polymethylene poly(phenylisocyanate) having an NCO
group content of about 32% by weight and a functionality of
about 2.4

DEOA: diethanolamine, a commercially available foam

crosslinker/foam modifier from Air Products

DP-1022: 2-methyl-1,3-propanediol, a foam modifier (extender) having
an OH number of about 1240, commercially available as
NIAX Processing Additive DP-1022 from Momentive

Performance Materials

NIAX U-2000: a silicone surfactant, commercially available from
Momentive Performance Materials as NIAX U-2000
NIAX L 620: a silicone surfactant, commercially available from

Momentive Performance Materials as NIAX L 620
NIAX L 635: a silicone surfactant, commercially available from

Momentive Performance Materials as NIAX L 635

DC 5043: a silicone surfactant, commercially available from Air
Products as DC 5043
NIAX L-626: a silicone surfactant, commercially available from

Momentive Performance Materials as NIAX L-626
NIAX A-1: an amine catalyst, commercially available from

Momentive Performance Materials as NIAX A-1
NIAX C-183: an amine catalyst blend, commercially available from

Momentive Performance Materials as NIAX C-183
NIAX A-33: an amine catalyst, commercially available from

Momentive Performance Materials as NIAX A-33



0.375 0.3750.375 1.50.3751.50.3751.50.375 1.50.375 1.5 Ortega! 501 1.51.5 Dabco T-9
0.250.150.250.150.25 0.150.250.150.25 0.15 0.25 0.15 0.25 0.15
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DABCO T-9: a tin catalyst (stannous octoate), commercially
available from Air Products as DABCO T-9

T-12D: a 25% by weight solution of DABCO T-12 catalyst

(dibutyltin dilaurate) available from Air Products in
diisonylphthalate (available from Ashland Chemical)
Ortegol 501: a cell opening additive, commercially available from
Evonik Goldschmidt Corp. as Ortegol 501
FIREMASTER 550: a flame retardant, commercially available from
Chemtura as FIREMASTER 550

Examples : The free-rise flexible and semi-rigid foams in Examples 14-
19 and 28-42 were prepared by the following procedure:

All the formulation ingredients except Dabco T-9 catalyst (if used)
and the isocyanate component were added to a one-half gallon cylindrical
container fitted with baffles. The contents were mixed at 2400 rpm for 60
seconds with an agitator having two turbine impellers. The mixture was
then degassed for 15 seconds. Dabco T-9 catalyst, if used, was added at
this time. After degassing, the contents were mixed at 2400 rpm for 15
seconds, during which period the isocyanate component was added with
about 7 seconds of mixing remaining. The mixture was then poured into a
14 x 14 x 6-inch cardboard box, where it rose freely until the reaction was
complete. A batch size sufficient to give a bun height of ~ 9 inches high
was employed. The freshly prepared bun was cured for 5 minutes in an
oven at 120°C and then allowed to cure at ambient conditions for a
minimum of 2 days. Observations made during foaming and cure are
provided in Tables 2B, 4B and 5B. The cured buns were then trimmed to
12 x 12 x 4 inches using a band saw. These samples were then
conditioned for at least 16 hours at standard temperature (~23°C) and

humidity (~50%) before testing for physical and mechanical properties.



Niax A-1 PMDI 89.93 90.04 90.04 90.11 90.38 90.13 115 89.93 Index (100A/B) 115.5 115 115
115115 115.5 NOP Content' of Base Polyol 0 76 76 79 81 70
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Examples : The molded foams in Examples 20 to 29 were prepared by
the following procedure:

All the formulation ingredients except the isocyanate component
were added to a one-half gallon cylindrical container fitted with baffles.
The contents were mixed at 3700 rpm for 60 seconds with an agitator
having two turbine impellers. The mixture was then degassed for 60
seconds. The isocyanate was added to the container and the contents
were mixed for & seconds. The mixture was then poured into a
preconditioned mold (15x15x2"), preheated to 65°C, while shaking the
mixing container to ensure that the required amount was transferred to the
mold. The mold was immediately clamped and sealed. The foam
reaction proceeded for the prescribed demold time of 4 to 5 minutes, after
which the foam was demolded. The foam was aged for seven days at
room temperature prior to measuring physical and mechanical properties.

The physical or mechanical properties of the molded and free-rise
foams were measured per the procedures prescribed in ASTM D3574-05
unless noted otherwise below. Wet Compression Set (50%) was
determined by measuring the height of three 2x2x1” specimens per
sample, compressing to 50% of their height, holding for 22 hours in the
compressed state at 50°C and 95% relative humidity, removing the
specimens from the compression fixture and allowing the specimens to
recover for 30 minutes at room temperature, remeasuring the height and
then determining the average percent height loss relative to the original
height. Air flow was measured on 2” x 2” x 1” thick specimens using an
AMSCOR Model 1377 Foam Porosity Instrument.



0 Renew. Oil Content2 of Base Polyol 45 45 58 81 22 0 *Comparative examples. 1: NOP Content
(%) = 100 x wt. of renewable derived polyol / total wt. of base polyol 2: Renew. Oil Content (%) = NOP
Content x renew. oil in content of NOP (%) /100 -47- Table 4B:Processing and Properties of
Semi-Rigid Foam Examples 28-34 Example 28*29 30 31 32 3334* Processing Details: 8 8 8 Cream
Time (sec) 8
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Table 2A: Free-Rise Flexible Foam Formulations for Examples 14-19

Example 14* 15 16* 17 18 19
PMPO A 70 70 70 70
PMPO B 30 100
PMPO Ex. 30
2
PMPO Ex. 100
1
PMPO 30
Ex. 11
PMPO 30
Ex. 12
Water 2.4 2.4 2.3 2.3 2.4 2.4
Firemaster |2 2 2 2
550
DEOA
Niax U-
2000
Niax L-620 0.45
Niax L-635 0.64
Niax A-1 0.03 0.03
Niax C-183 | 0.2 0.2 0.2 0.2
Dabco T-9 0.1 0.175
T-12D 0.16 0.16 0.18 0.1
TDI 32.86 |32.95 |30.57 30.78 | 34.16 33.11
Index 107 107 115 115 107 107
(100A/B)
NOP 0 ~21 0 ~100 ~21 ~21
Content' of
Base Polyol
Renew. Oil |0 ~6 0 ~29 ~16 ~6
Content?® of
Base Polyol

N[N
—_—
N[N
—
N[N
—
N[N

- =

* Comparative examples.

1: NOP Content (%) = 100 x wt. of renewable derived polyol / total wt. of
base polyol

2. Renew. Qil Content (%) = NOP Content x renew. oil in content of NOP
(%) /100



888 Settle (%) 0.6 1.9 0.0'1.3 3.1 2.5 1.3 Fine - Medium (AB) Cell Structure Very fine (AA) Fine
(A) Fine (A) Fine - Medium (AB) Fine - Medium (AB) Fine - Medium (AB) Testing Details: Density
(Ib/ft3) 2.60
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Table 2B:  Processing and Properties of Flexible Foam Examples 14-19

Example 14* 15 16 17 18 19
Processing Details:
Cream Time (sec) 8 8 10 10 9 9
Other good good good good good good
blowing blowin blowing | blowing processing | processing
Test Details:
Density (Ib/ft") 2.33 2.38 2.42 2.46 2.39 2.32
Resilience (%) 55 53 28 22 47 53
Air Flow (ft"/min) 1.63 1.32 2.08 1.2 1.65 1.32
IFD Height (in) 3.99 3.99 4.07 4.1 3.99 4.00
IFD 25% (Ib/50in%) 38.46 41.12 132.61 146.98 31.25 34.13
IFD 65% (Ib/50in°) 86.55 92.43 271.06 | 332.19 71.69 76.46
IFD 25% Return 30.73 32.87 82.99 82.50 22.99 - 26.37
(Ib/50in%) !
Return Val.@ 25°C 79.90 79.93 62.58 56.13 73.54 77.26
(%)
S.F. 65%/25% 2.25 2.25 2.04 2.26 2.29 2.24
Tensile strength (psi) | 22.54 24.06 27.46 25.62 21.38 20.19
Elongation (%) 119.20 125.80 | 74.46 55.50 133.9 127.2
Tear Strength (pli) 1.45 1.52 2.62 1.79 1.56 1.47
Comp.Set 90% (Cd) | 5.65 6.65 6.87 13.30 7.94 5.56
(%)
HACS 75% (Cd) (%) | 7.91 8.63 7.38 17.10 16.18 12.87
Wet Set 50% (Ct) 11.24 17.38 5.52 17.33 17.55 14.53
(%)

Examples 14 and 16 were control examples which used 100% conventional polymer polyols.
Example 15, 17, 18 and 19 are representative of the invention.



2.59 2.52 2.34 2.26 2.66 2.48 Air Flow (ft3/min) 0.03 0.05 0.04 0.04 0.04 0.03 0.03 CFD 50% (Psi)
13.98 10.90 14.48 12.92 14.56 10.65 11.96 Tensile Strength (Psi) 28.10 29.40 27.40 25.10 5.70 30.40
28.00 Elongation (A) 12.20 10.80
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Table 3A: Molded Flexible Foam Formulations for Examples 20-27

Example 20" 21 22 23 24 25 26 27
PMPO C 53.5 275 | 275 27.5 27.5 53.5 27.5 | 275
Polyol C 46.5 46.5 | 46.5 46.5 46.5 46.5 46.5 | 46.5
PMPO Ex. 13 26

PMPO Ex. 3 26

PMPO Ex. 4 26

PMPO Ex. 7 26

PMPO Ex. 6 26

PMPO Ex. 5 26
Water 4.26 426 |4.26 4.26 4.26 4.26 426 |4.26
DEOA 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
DC 5043 1 1 1 1 1 1 1 1
Niax A-33 0.32 0.32 |0.32 0.32 0.32 0.32 0.32 |0.32
Niax A-1 0.08 0.08 |[0.08 0.08 0.08 0.08 0.08 |0.08
TDI 50.82 |50.79 | 5247 |53.06 |53.52 |50.82 |54.16 | 54.54
Index (100A/B) 105 105 105 105 105 105 105 105
NOP Content’ of | 0 ~19 ~19 ~19 ~19 0 ~19 ~20
Base Polyol

Renew. Qil 0 ~3 ~8 ~14 ~19 0 ~19 ~20
Content® of Base

Polyol

* Comparative example

1. NOP Content (%) = 100 x wt. of renewable derived polyol / total wt. of base
polyol

2: Renew. Oil Content (%) = NOP Content x renew. oil in content of NOP (%) /
100



10.80 8.40 2.70 12.10 15.40 * Comparative examples -48- Table 5A:Semi-Rigid Foam Formulations
for Examples 35-42 Exam 1e35*36 PMPO B80.7 37 38 i 39 404142* 80.7 PMPO Ex. 5 PMPO Ex. 6
92591
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Table 3B:  Processing and Properties of Molded Flexible Foam
Examples 20-27

Example 20* 21 22 23 24 25 26 27
Processing '
Details:

Characteristics | Good | Good | Good | Good | Good Good Sub- Sub-
surface | surface
voids voids
Cell Structure Fine Fine Fine Fine Fine Fine Fine Fine

(A) (A) (A) (A) A) (A) (A) (A)

Test Details:
Density (Ib/ft®) [ 2.13  [223 [208 [2.10 [217 2.18 2.23 2.52
Resilience (%) | 59.00 | 57.00 | 48 47 45.5 60.5 42.5 42
, Air Flow 252 [139 [206 [235 |1.61 2.23 1.16 1.05
{ (#min) _
IFD Height (in) | 3.81 [3.87 [389 [3.90 |[3.85 3.84 4.09 3.91
IFD 25% 50 52 55 55 64 49 64 64
(Ib/50in?)
IFD 50% 91 88 106 107 121 90 124 122
Ib/50in?)
IFD 65% 142 131 163 166 184 141 192 188
(Ib/50in?)
Return Val.@ | 70 71 61 58 54 71 54 53
25°C (%)

SF.50%/25% | 182 |[172 [193 [194 190 1.84 1.95 19.2
S.F.65%/25% | 2.83 |254 |296 |3.01 2.89 2.88 3.02 2.96
Tensile strength | 25.19 | 1525 [ 2646 |[23.78 [29.15 [2229 |[27.00 |28.12
(psi)
Elongation (%) | 89.20 |61.86 |79.62 |69.17 |76.08 |83.27 |71.05 |7364
Tear Strength [ 155 [177 [162 [157 |[1.49 1.59 1.76 1.76
(pli)
Comp.Set 90% | 13.14 | 3024 [ 1856 |11.95 [ 1595 |16.30 |27.46 |32.24
(Cd) (%)
HA Ld Loss 135 | 010 |-257 |-2.90 |-1.60 1.14 5.67 6.59
50% (%)
HACS 5)% (Cd) | 20.36 | 51.82 | 37.10 | 21.03 | 2629 |26.11 |49.16 |50.66
(%)
Wet Set 50% 37.83 | 4363 [ 39.04 [3595 | 3972 |4123 |4464 | 4531
(Ct) (%)

* Comparative example



PMPO Ex. 7 PMPO Ex. 4 87 88.6 PMPOEx.385 PMPOEx.2 81 PololB19.31513i197.5
911.419.3 Water DP-1022
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Table 4A:  Semi-Rigid Foam Formulations for Examples 28-34

Example 28* 29 30 31 32 33 34*

PMPO B 83 83

PMPO Ex. 5

PMPO Ex. 6

PMPO Ex.7 88.5

PMPO Ex. 4 87

PMPO Ex. 3 85 85

PMPO Ex. 2 81

Polyol B 15 15 15 13 115 |19 15
( Water 3 3 3 3 3 3 3

DP-1022 2 2

Niax L-620 1125 [1.125 | 1125 |1.125 |1.125 | 1.125 | 1.125

Niax L-635

Niax L-626 0.375 10.375 |0.375 |0.375 |0.375 | 0.375 |0.375
Ortegol 501 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Dabco T-9 0.25 0.25 025 025 025 1025 |0.25

| Niax A-1 0.15 0.15 0.15 0.15 0.15 0.15 |0.15
PMDI 89.93 [90.04 |90.04 |90.11 |90.38 | 90.13 | 89.93
| Index 1155 | 115 115 115 115 115 115.5
(100A/B)
NOP Content' | 0 76 76 79 81 70 0
of Base
Polyol
Renew. Qil 0 45 45 58 81 22 0
_ Content® of
( Base Polyol

* Comparative examples.

1: NOP Content (%) = 100 x wt. of renewable derived polyol / total wt. of
base polyol

2: Renew. Oil Content (%) = NOP Content x renew. oil in content of NOP
(%) /100



3i 3 33i 3 33 Niax L-620 Niax L-635 11111 11 Niax L-626 Ortegol 501 0.330.33 1.51.5 0.330.33
1.51.50.33 1.5 0.330.330.33 1.51.51.5 Dabco T-9 0.250.25 0.25 0.25 0.3 0.30.30.25 Niax A-1
0.150.15 0.15i 0.150.15 0.150.15 0.15 PMDI90.1489.94
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Table 4B:  Processing and Properties of Semi-Rigid Foam Examples

28-34
Example 28* 29 30 31 32 33 34*
Processing
Details:
Cream 8 8 8 8 8 8 8
Time (sec)
Settle (%) 0.6 1.9 0.0 1.3 3.1 2.5 1.3
Cell Very | Fine Fine Fine - Fine - Fine - Fine -
Structure fine (A) (A) Medium | Medium | Medium | Medium

(AA) (AB) (AB) (AB) (AB)
Testing
Details:
Density 260 |259 |252 |234 2.26 2.66 2.48
(Ib/t%)
Air Flow 0.03 |0.05 |0.04 |0.04 0.04 0.03 0.03
(ft*/min)
CFD 50% 13.98 [ 10.90 | 14.48 | 12.92 14.56 10.65 11.96
(psi)
Tensile 28.10 | 29.40 | 27.40 | 25.10 5.70 30.40 28.00
Strength
(psi)
Elongation | 12.20 | 10.80 | 10.80 | 8.40 2.70 12.10 15.40

(%)

* Comparative examples



90.01 90.03 90.1 90.1190.1290.14 Index 100A/B 115 115 115 115115 115115115 NOP Content' of
Base Pol ol 0 76 79 70 88 85 82 0 Renew. Oil Content2 of Base Polyol 0 45 58 22 88 85 82 0
*Comparative examples
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Table 5A:  Semi-Rigid Foam Formulations for Examples 35-42

Example | 35" 36 37 38 39 40 41 42*
PMPO B 80.7 80.7
PMPO Ex. 92.5
5
PMPO Ex. 91
6
PMPO Ex. 88.6
7
PMPO Ex. 87
4
. PMPO Ex. 85
: 3
PMPO Ex. 81
2
Polyol B 193 |15 13 19 75 |9 114 1193
Water 3 3 3 3 3 3 3 3
DP-1022
Niax L-620
Niax L-635 | 1 1 1 1 1 1 1 1
Niax L-626 [ 0.33 |[0.33 [0.33 |[0.33 |0.33 |0.33 |0.33 |0.33
Ortegol |15 1.5 1.5 1.5 1.5 [ 1.5 1.5 1.5
501
DabcoT-9 |0.25 (025 (025 (025 |03 |03 0.3 0.25
Niax A-1 0.15 |0.15 |[0.15 015 |0.15 |0.15 |0.15 [0.15
PMDI 90.14 | 89.94 | 90.01 | 90.03 | 90.1 | 90.11 | 90.12 | 90.14
Index 115 115 115 115 115 | 115 115 115
, (100A/B)
\ NOP 0 76 79 70 88 85 82 0
Content’
of Base
Polyol
Renew. 0 45 58 22 88 85 82 0
Oil
Content®
of Base
Polyol
*Comparative examples

1: NOP Content (%) = 100 x wt. of renewable derived polyol / total wt. of
base polyol

2: Renew. Oil Content (%) = NOP Content x renew. oil in content of NOP
(%) /100




1: NOP Content (%) = 100 x wt. of renewable derived polyol / total wt. of base polyol 2: Renew, OIl
Content (%) = NOP Content x renew, oil in content of NOP (%) / 100 -49- Table 5B:Processing and
Properties of Semi-Rigid Foam Examples 35-42 Example 35* 36 37 38 39 40 41 42* Processing
Details: Cream Time (sec) 10111099999
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Table 5B:  Processing and Properties of Semi-Rigid Foam Examples

35-42
Example 35* 36 37 38 39 40 41 42
Processing
Details:
Cream 10 11 10 9 9 9 9 9
Time (sec)
Settle (%) 0.1 0.0 0.0 1.2 0.0 0.0 1.1 0.5
Cell Fine |Fine |Fine |Fine |Fine |Fine |Fine |Fine
Structure: (A) (A) (A) (A) (A) (A) (A) (A)
Testing
Details: _
Density 2.36 |257 (248 202 |249 (244 |220 |243
(Ib/ft%)
Air Flow 003 |003 004 003 |004 (003 012 |0.03
(f*/min)
CFD 50% 9.89 |13.35/12.81 (861 |11.28 |11.18 |10.49 | 9.70
si)
Tensile 11.90 | 14.10 | 17.10 | 18.70 | 22.00 | 22.30 | 1.00 | 12.50
Strength
(psi) .
Elongation |9.70 |860 |9.70 |10.50|7.80 |12.20|0.70 |7.70
(%)

*Comparative examples



Settle (Y1) Cell Structure O Fine (A) 0.0 Fine (A) 0.0 Fine (A) 1.2 Fine (A) 0.0 Fine (A) 0. Fine (A) 1.1
Fine (A) 0.5 Fine (A) Testing Details: Density (113/ft3) 2.36 2.57 2.48 2,02 2.49 2.44 2.20 2.43
Air Flow (ft3/min)
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In Tables 3B, 4B and 5B, the notations for cell size are further defined as:
AA  represents very fine cell size
A represents fine cell size

AB  represents fine-medium cell size

Examples 20,28,34,35 and 42 were control examples which used 100%
conventional polymer polyols. Examples 21-27, 29-33 and 36-41 are

representative of the invention.

Although the invention has been described in detail in the foregoing
for the purpose of illustration, it is to be understood that such detail is
solely for that purpose and that variations can be made therein by those
skilled in the art without departing from the spirit and scope of the

invention except as it may be limited by the claims.



0.03 0.03 0.040.03 0.04 0.030.12 0.03 CFD 50% si) 9.89 13.35 12.81 8.61 11.28 11.18 10.49 9.70
Tensile11.90 Strength (psi) 14.10 17.1018.70 22.00 22.301.00 12,50 Elongation.__ (%) 9.70 8.60
9.70 10.50 7.80 12.20 0.70 7.70
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WHAT IS CLAIMED IS:

1. A polymer polyol comprising the free-radical polymerization reaction

product of:
@ a base polyol selected from the group consisting of:

(b)  one or more hydroxylated derivatives of one or more natural oils,

(c) one or more polyols which comprise the alkoxylation product of one or
more natural oils which naturally contains at least one hydroxyl group
with one or more alkylene oxides,

(d)  one or more polyols which comprise the alkoxylation product of one or
more hydroxylated derivatives of one or more natural oils with one or
more alkylene oxides;

and

(e) mixtures thereof;

(2 at least one ethylenically unsaturated monomer,
and

(©)) a preformed stabilizer,

in the presence of

4) a free-radical polymerization initiator,

and, optionally,

5 a chain transfer agent.

2. The polymer polyol of Claim 1, wherein said base polyol additionally
comprises one or more conventional polyol components selected from the group

consisting of polyether polyols, polyester polyols and mixtures thereof.

3. The polymer polyol of Claim 1, wherein said natural oils of (1)(b) and/or
(2)(d) do not naturally contain one or more hydroxyl groups prior to being

hydroxylated.

4. The polymer polyol of Claim 1, wherein (1)(b) is the hydroxylated

derivative of soybean oil.



*Comparative examples -50- In Tables 3B, 4B and 5B, the notations for cell size are further defined
as: AArepresents very fine cell size Arepresents fine cell size ABrepresents fine-medium cell size
Examples 20,28,34,35 and 42 were control examples which used 100% conventional polymer polyols.
Examples 21-27, 29-33 and 36-41 are representative of the invention. Although the invention has
been described in detail in the foregoing for the purpose efallustration, it is to be understood that such
detail is solely for that purpose and that variations can be made therein by those skilled in the art
without departing from the spirit and scope of the invention except as it may be limited by the claims. -
51 - WHAT IS CLAIMED IS: 1.A polymer polyol com ri_singfthe free-radical polymerization reaction

|

product of: (1)a base polyol s&lReRAYFBRT MMl dBHRidiNY 6reiB)SHL R MR I HEARARKSES an

derivatives of orgikexngiemplati&ils: ¢akseeoar more polyols which comprise the alkoxylation product
of one or more natural oils which naturally contains at least one hydroxyl group with one or more

alkylene oxides, (d) one or more polyols which comprise the alkoxylation product of one or more
hydroxylated derivativess of orenergoRiaéaiaiabPis Gitinene wharene sei|poR eX(dRs)) Barnisidaaries

thereof; (2)at least one ethylenically unsaturated monomer, and (3)a preformed stabilizer, in the
orsence of (4 AE0 RABE R GERRH 2o PRGOS NG EhSOTBRP Bl ranefer agent. 2 The

polymer polyol of Claim 1, wherein said base polyol additionally comprises one or more conventional
polyol components selected frgm the group consisging of polyether polyols, polyester polyols and
mixtures thereof. 3.Thd polymTj?eprﬁghﬁr(ﬂﬂW 19&/\5#@?@]&5&1‘(8‘?@{5@? IQ@V %i)@bf%\fﬁfﬁﬁ%d) do
not naturally cqssniol DR @Y are&kusdiaxyroppoas s o épaeitdrir pruesadeol haipabimaraalyol of
Claim 1, wherein él?&%) 'Bthg hé/drcix lated derivative of soybean oll.

cyan e MC) catalyst.

8. The polymer polyol of Claim 1, wherein (3) said preformed stabilizer is

free of natural oils and/or derivatives thereof.

9. The polymer polyol of Claim 1, in which the solids content is at least
20% by weight, based on the total weight of the polymer polyol.

10.  The polymer polyol of Claim 1, in which the solids content is at least

30% by weight, based on the total weight of the polymer polyol.

11. The polymer polyol of Claim 1, wherein (2) said at least one
ethylenically unsaturated monomer comprises a mixture of styrene and acrylonitrile in
a weight ratio of from about 80:20 to about 40:60.

12. A process for the preparation of a polymer polyol comprising:
(A) free-radically polymerizing:
(1) a base polyol selected from the group consisting of:
(b) one or more hydroxylated derivatives of natural oils,
(c) one or more polyols which comprise the alkoxylation product of
one or more natural oils with one or more alkylene oxides,

(d) one or more polyols which comprise the alkoxylation product of



-52 - 5. The polymer polyol of Claim 1, wherein said polyol (1)(c) comprises an alkoxylation
product of castor oil. 6. The polymer polyol of Claim 1, wherein said polyol (1)(d) comprises an
alkoxylation product of a hydroxylated derivative of soybean oil. 7. The polymer polyol of Claim 1,
wherein said polyol (1)(c) and said polyol (1)(d) are alkoxylation products prepared in the presence of
a double metal cyanide (DMC) catalyst. 8. The polymgr-polyol of Claim 1, wherein (3) said
preformed stabilizer is free of natural oils and/or derivatives thereof. 9. The polymer polyol of
Claim 1, in which the solids content israt dparbRO Hy BMowpistet brseamrRieriair veiabiohtrarapbirper
polyol. 10. The polymer polyol of Claim 1, in which the solids content is at least 30% by weight,
based on the total weight of the polyYE} BBf/6f. More BKMRREBKIARS: polyol of Claim 1, wherein (2)
said at least one ethylenicallyggsaturated monomer comprises a mixture of styrene and acrylonitrile in
a weight ratio of from about 80:20 to about 40:60. 12. A process for the preparation of a polymer
polyol comprising: (A)free-radighlly pBRHE S 80fa base polyol selected from the group consisting
of: (b) one or more hyqmxylatgdstesiviiyesHyiaABaR) oSt aeel horeiadolyols which comprise the
alkoxylation product of one or more natural oils with one or more alkylene oxides, (d) one or more
polyols which compris@ﬂ‘fje alkoxylation product of - 53 - one or more hydroxylated derivatives of one
or more natural oils wittgpne arpreis akylenmmxzgles; and (e)mixtures thereof; (2) at least one
ethylenically unsaturated monomer, and (3) a preformed stabilizer, in the presence of (4) a free-radical
polymerization initiator',rhﬁ% BEMR/,O(S) a chain transfer agent. 13. The process of Claim 12,
wherein said base polya)) additiofredyr saivariselymea Litivanaidamentional polyol components selected
from the group consisvt\;?qg O%Qgﬁ;ﬂer polyols, polyester polyols and mixtures thereof. 14. The
process of Claim 12, Jeftpl dtural oils of (1)(b) and/or (1)(d) do not naturally contain one or
more hydroxyl groups [Blor togdbetrgnydrefytasgent.  15. The process of Claim 12, wherein (1)(b) is
the hydroxylated derivative of soybean oil. 16. The process of Claim 12, wherein said polyol (1)(c)
comprises an alkoxylation product of castor oil. 17. The process of Claim 12, wherein said polyol
(2)(d) comprises an alkoxylation product of a hydroxylated derivative of soybean oil.

13. The process of Claim 12, wherein said base polyol additionally
comprises one or more conventional polyol components selected from the group

consisting of polyether polyols, polyester polyols and mixtures thereof.
14.  The process of Claim 12, wherein said natural oils of (1)(b) and/or
(1)(d) do not naturally contain one or more hydroxyl groups prior to being

hydroxylated.

15. The process of Claim 12, wherein (1)(b) is the hydroxylated derivative
of soybean oil.

16. The process of Claim 12, wherein said polyol (1)(c) comprises an

alkoxylation product of castor oil.

17.  The process of Claim 12, wherein said polyol (1)(d) comprises an

alkoxylation product of a hydroxylated derivative of soybean oil.

18. The process of Claim 12, wherein said polyol (1)(c) and said polyol



- 54 - (1)(d) are alkoxylation products prepared in the presence of a double metal cyanide (DMC)
catalyst. 19.The process of Claim 12, wherein (3) said preformed stabilizer is free of natural oils and/or
derivatives thereof. 20.The process of Claim 12, in which the solids content is at least 20% by weight,
based on the total weight of the polymer polyol. 21.The process of Claim 12, in which the solids
content is at least 30% by weight, based on the total weigby of the polymer polyol. 22.The process of
Claim 12, wherein (2) said at least one ethylenically unsaturated monomer comprises a mixture of

styrene and ac(ypajtele inlRowaisiiiasio i dtoprapard B8R 2Ad p AR E0H G daubiBayeiratiganifeam
comprising the reaction product of: (1) at least one polyisocyanate component, with (Il) at least one
isocyanate-rea %@d’?ﬁbﬁﬁ%t which comprises the polymer polyol of Claim 1, in the presence of (llI)
at least one blowing agent, and (IV) at least one catalyst. 24.The polyurethane foam of Claim 23,
wherein (Il) said isocyanate- reactive compaonent additionall _com%rises at least one conventional

polyol component seledfed frdMGRE YD Yohidiinto i &P boRYe IR GoRREL SIRRBR AR dree

mixtures thereobf nahurad s RIifGRFEIABVRE RRgadiem of a polyurethane foam comprising reacting
() at least one polyisocyanate component, with (1) at least one isocyanate-reactive component which

comprises the polymer polyol of Claim 1, in the presence of (lll) at least one blowing agent, and (IV) at

least one catalyst. 26.ite proresedseledd2Sianhergind Wisaiftise apaateoieretive 0I8aN20Y by
additionally comprises at least one conventional polyol component selected from the group consisting
) EalovIahL Rt polyher polyol

of polyether poYB1ENhHGSERCPRINBIL pafmer polyo

21. The process of Claim 12, in which the solids content is at least 30% by

weight, based on the total weight of the polymer polyol.

22.  The process of Claim 12, wherein (2) said at least one ethylenically
unsaturated monomer comprises a mixture of styrene and acrylonitrile in a weight
ratio of from about 80:20 to about 40:60.

23. A polyurethane foam comprising the reaction product of:

() at least one polyisocyanate component,

with

(I)  atleast one isocyanate-reactive component which comprises the
polymer polyol of Claim 1,

in the presence of

1y at least one blowing agent,

and

(IV) atleast one catalyst.

24.  The polyurethane foam of Claim 23, wherein (1) said isocyanate-
reactive component additionally comprises at least one conventional polyol
component selected from the group consisting of polyether polyols, polyester polyols

and mixtures thereof.



27.The process of Claim 25, in which the foam is produced by a free- rise process. 28.The process of
Claim 25, in which the foam is produced in a closed mold. 29.The process of Claim 25, in which is
foam is flexible foam having elongation of at least 50%. 30.The process of Claim 25, in which the foam
is a semi-rigid foam having a 50% CFD of at least 48.26 kPa.

-B5 -
25. A process for the preparation of a polyurethane foam comprising
reacting
0] at least one polyisocyanate component,
with
(I atleast one isocyanate-reactive component which comprises the
polymer polyol of Claim 1,
in the presence of
1y at least one blowing agent,
and

(IV) atleast one catalyst.

26. The process of Claim 25, wherein (Il) said isocyanate-reactive
component additionally comprises at least one conventional polyol component
selected from the group consisting of polyether polyols, polyester polyols and

mixtures thereof.

27. The process of Claim 25, in which the foam is produced by a free-

rise process.

28.  The process of Claim 25, in which the foam is produced in a closed

mold.

29. The process of Claim 25, in which is foam is flexible foam having
elongation of at least 50%.

30. The process of Claim 25, in which the foam is a semi-rigid foam
having a 50% CFD of at least 48.26 kPa.



