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Thi s i nvewbDiodns40et at es general ly to pol yuret hane product PCprErpderead? usi ng
pol yet her polyols made in the presence of 10 al um num phosphonate catal ysts
and, nore particularly, to use of polyetherols having very |ow
unsaturation to nake pol yurethane foans, coatings, adhesives, seal ants,

el ast omer s .and ot her c .] Pol yoxyal kyl ene pol yet her polyols
are wel | PWTH%gﬁp%}ﬁcﬁ%%q&% ?ge DI[%Q e formation of a variety of

pol yur et hane products, such as foanms, coatings, adhesives, sealants and

el ast omeABUMIABMa PHePRHNA TR CAEALY 48 SBLHBIHERCS Sar e pr oduced by

pol yoxgal kyl ati on of an initiator nolecule with ethylene oxide, 20

propy! eng, @xd@ennbyt Viehenxigesy or nixtures thereof. The in- itiator

nmol ecul es contai n al kyl ene oxi de-reactive hydrogens |ike hydroxyls and

am nes. This oxyal kylation is generally conducte in the ence of a
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catalysts is that they are inexpensive and readily available.

Use of these base catalysts, however, is associated with a range
of problems. One of the major problems is that the oxyalkylation
with propylene oxide has associated with it a competing rear-

30 rangement of the propylene oxide into allyl alcohol, which con-
tinually introduces a monohydroxyl-functional molecule. This
monohydroxyl-functional molecule is also capable of being oxy-
alkylated. 1In addition, it can act as a chain terminator during
the reaction with isocyanates to produce the final urethane

35 product. Thus, as the oxyalkylation reaction is continued more
of this product, generally measured as the unsaturation content
of the polyol, is formed. This leads to reduced functionality of
the polyol and a broadening of the molecular weight distribution
of the final polyol mixture. The amount of unsaturation content

40 may approach 30 to 40% with unsaturation levels of 0.08 meq/g KOH

or higher.

[003.] In an attempt to reduce ﬁhe unsaturation content of
polyols a number of other catalysts have been developed. One

45 such group of catalysts includes the hydroxides formed from rubi-
dium, cesium, barium, and strontium. These catalysts also pres-
ent a number of problems. The catalysts only slightly reduce the



PCT/ EP0O2/ 06687 2 degree of unsaturation, are nmuch nore expensive, and sone
of-them are toxic. Like potassium hydroxi de catal ysts, these higher nol-
ecul ar wewg@hi/obapdr oxi de catal ysts are known to affect thePoalBPo2/0681 hane
form ng reaction, they are generally renoved prior to 5 work-up of any

pol yol for use in polyurethane systens. [004.] A second line of alternative
cat al yst_ devel opnent has_, been fornmati 0 I I i=d )

cat al yst®@ITshede WWEREHRF 51 ard rﬁlgla}:é,r\%% %}ég%g% ng%% @eagia%égt\)g tate.
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seem t 0 hathhghl soheenef rei@alidrheyhey sreapenassly gieabedd vibtierataunber of

di fficulties.,Ass anll b8iyvéi fddCukbyin tdtakerkshand elydtenel y high capital

cost involved in scaling up of 15 and utilization of DMC catal ysts. The
catal ysts thensel ves hav

an extrenely high cost ¢o t base
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does notinacggeuglgggog ey ot Qo9 @M NG 1p0havRY xoghaimsi 14 ithezbmg DMC cat al yst s.
Chain transter I's slow relative o, giov41, 29 ahbothe elBylene oxide
adds to GIPYYE"F Vf'or" °Che ﬁl%.g%r. chai ns, heagi€%1stth%igg§5ulw}r eacted. The
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wor K- up of  any B%%P& fo(iﬁ/oﬂ§euéimgpghfiuiﬁtéléﬁedﬁﬂf@y&iteHfﬁ“omFﬁ:a’Eaaldl ya-pol yol s
gener at e 1Isi g cata yﬁt S; B € N0L: MRY @.1diop:d Nhoreph acamaRrLs for
simlar %?]ﬂéeﬁinﬂe?%‘}fcoﬂs(ma Pty po ﬁofs .prtog;fcedl usi,ng t g%f&/é)itqgl base
cat al yst"st.iallndé@ﬂ}f%%anthaénﬁe‘éﬁtﬁeb& Bt~ 5r Een DMC Cat g Zed ol yol s have
properdi estalyerybediferenelyrbry dd6i Tatentool $BPE P Gad é%“]uéi ng, for 35
exanpl e, Lt assi uehd ek dees |10t sddecoigimrzéd £ FIRiast PPHAEST pol yol s
made uti|j zing DVC catalst saconfsisn somdin amauntsr ofs shioghr#istéeel ar
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vari oas| yotesc oifbedciasi Polapal ey 'GP tndF bt d1° e reater i han 50, 000
Dal t ons, ag@etiySencPatiets thoa SrOMigg9gBaithitdie PYCT AXGHpor At ¥ herein by
ref erencgey1 e Rheserse whithe saseccapkaliviigh thuserddEn WePERt tAI 1 in
amounts of 1 0r&at er .t han;30ahas berrvederhid i agCacamivstef should

be removed prior to work-up of any polyol for use in polyurethane
Finally, polyols generated using DMC catalysts are not

30 systems. : ‘ .
v replacements for similar size and functionality

mere “drop in :
polyols produced using the typical base catalysts. Indeed, 1t

has been found that often DMC catalyzed polyols have properties
very different from equivalent polyols produced using, for

35 example, potassium hydroxide. It is recognized in the art that
polyols made utilizing DMC catalysts contain small aTo?nts‘of
high molecular weight compounds, which can affect utlllz?tlon of
these polyols in polyurethane systems, particularly foamlég. The
so-called high molecular weight tail has been identified in

40 amounts of greater than 100 ppm and variously described as poly-
mer of molecular weight greater than 50,000 Daltons, see U.S.
Patent No. 5,919,988 which is incorporated herein by reference.
The presence of the so-called high molecular weight tail in
amounts of greater than 300 has been identified as a cause of

45 foam destabilization and collapse.
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Thus, there exists a need for a class of catalysts that can be used for

t he oxyalw@loawsn7 of initiator nolecul es by al kyl ene oxi ®#€3I/HPaz066BS

i nexpensi ve, capable of producing very |ow unsaturation polyols, does not
require renmoval fromthe 5 polyol ior to utilization in polyurethane

syst ens, d.t hat roduc o) i i g8 ddalivare the sane or
better [toﬁgn]thos«;j\‘ﬂl"llgl ’a%%fe %xeg%gij%e \é ggggﬁéga%gg%ggﬁ Breferably

t he newtdP&ssanfbe aE&y5es %’fnog‘@a C]pallr?nem Sting Systens and. equi pment
usi ng staikgaede narigkactbt N dORIPERDHE EBP%?MQ%YP FHE9 NVEXTI ON [ 006. ]
I n generalw LeEaBurdthenppeserits i dventien neauifeazenosw!l GRYAateat i on

pol yeégw%?lyglpagp&c%@ usi N A cal uni peiyyreospho natséehs , catdlbpet and
provides far thej rpoli%gli Qa‘pﬁ{(%/tgr%gggfe@mggc@ﬁé ot sah@00x Joe®rerenbodi nment
the pr eEMCRVent i on i s. a fs)o Iyléglgggalggl gfgggépcfao%li?gqsaccgé#e@gbgp a
process &&FpPeFhgt ﬁepg{'%?) B2 pr ovi di g.at_least one alkylene oxide;
provi di ngheatelveakassowé FALIHYHS &Farb‘?ro"f?’e%uﬁ% FiVingdat T east one al kyl ene
oxi de reagiipwenhyusitogeandarharingaeHerlad readtti¥e -al kyl ene oxide with
the ajg least one initiator nolecule in the presence of an al um num

phOSphOﬂg}D&Ag{ t gk Vsiz tevEQEre@ pol yether polyol; and reacting the pol yether
polyol formed in step c) with at | east one polyiso 25 cyanate in the

presence of a blowing agent to forma polyuret . 0 owAnot her
enbodi meM0%fl the h Fo ?%rnéf’cct)rrﬁo}g%%%ﬁ &%lofn Byl 5 1

| O JBLLEL, SRTRLISING &
pol yur et iaveeurat éoi a0l ysEBeEP hbIRF OSBFES t & P50 %P r Bt e gF olip” consi sti ng of
f1 exi bbecdoanst bhgigrdodrs, foxdddingyse akh@olyesethiars g‘ﬁ?%,cae“f%%ners and
t her mopl astics, and al um num phosphonat e catal yst having the general
structure,of . RPO (ONLRBY) Re0F iRSpduesnofinsandial uin ruppphospiomst e
cat al yst V\Herei n reo&%iggtt?o rb%ggggrgonggquﬂgrw;stepge@fesents oxy
35 gen; feyarpéf'rogggﬁ sl i n &2 }r(iﬁee_s OQXQEIQ@% 1308l kyd i-9roup, or
an aryl provingngtReafidOR® Pndependent y%fﬁp(o rise a_ halide,.an alkyl
gr oup20aht s koxyogeowks MaviapyRt ghsasy, OBF HY &PV 0%y rouB, and/ or
resi duesagbg&ai deabumaqumephospbastatee phYEErRUPKRE? 'Véﬁ:ﬁ’o&'ﬁe?ﬁ, sai d
al umi num phosphnaher i Sdy eseatuBs ire 46 metssnok PE oM EpFORPHat el y 0. 001
to 5.0 \Ae%gsthcpnert%eggt%ecd BNeother tRuabinet ghtyol; téael pelhyuiey hidite.
Resi duesP8F"RHTT al um Iao h cat al 5t 1aR8t consigderedot 0 be

( g ofuggxgn% $RONAL @) Cat ¢ :

al um nurrPBFﬁS%HI‘ﬁfn&P €% salts, © tae']olcorw?%%lé&%etd HhegHghy 3JdifpeARaxy gen

bonds 2548yvanate in the presence O
foam.

[008.] Another embodiment of the invention is a composition

of matter comprising a polyurethane material, preferably selected

30 from the group consisting of flexible foams, rigid foams,.
coatings, adhesives, sealants, elastomers and thermoplastics, and
aluminum phosphonate catalyst having the general structure of
RPO- (OA1R'R")2 Or residues of said aluminum phosphonate catalyst,
wherein P represents pentavalent phosphorous; O represents OXY-

35 gen; Al represents aluminum; R comprises a hydrogen, an algyl
group, Or an aryl group; and R’ and R” independently comprise &
halide, an alkyl group, an alkoxy group, an aryl group, Or an
aryloxy group, and/or residues of said aluminum ?hosphonate. In
a further embodiment, said aluminum phosphonate 1s present at le-

40 vels of from approximately 0.001 to 5.0 weight percenF based.on
the total weight of the polyurethane. Residue§ of said aluminum
phosphonate catalyst are considered to be aluminum phosphonates
salts, often crosslinked through aluminum-oxygen bonds.

45



WO 03/ 054057 PCT/ EP02/ 06687 4 [009.] In a further enbodinent, Ris a

met hyl group; and R and R' i ndependently conprise one of an ethyl group,
an et hoxywogsosgs7 a propyl group, a propoxy group, a butylPCFrEPOp06687 but oxy
group, a phenyl group, or a phenoxy group. 5 [0010.] It is another object
of the invention to provide a polyurethane product conprising greater than

0. 001 \(I)\ﬁé\ 4 perc?g}&l of .3l yn&&g{%@ asphenal & gatalY Yroand/ efd aum num

phosph cata resi dues on_.the t I ht, .0
ponure@W@ﬂ%’P@dﬁPSH%%?FU%SPﬂpEﬁiﬁﬁQ?ﬁnfﬁﬁgéptgﬁgtiﬁggga%ﬁs%iﬁgiing t he
gener al grstp uct wreprpt REOP( CATR WY FheYRi f qb‘t?' pPeddit § oxygen; P
r epr esegtsuperd anaheht gyups phorausienAxyr epP8sent s al um num R conprises a
hydrogen, an al kyl group, or an aryl group; and R and R' independently
conpri S?oﬁ&@?]' i de,ItaFSaa{ hed’ OB FALKOXInAdntgbAUy vyl agroup, or an
aryloxy grotp. ina Lutther eppodisc neatcoR L ofbt iWeigrouperand: R and
R' |nde58ﬁﬂ%¥ﬁqﬂﬁq€oﬁﬁ? e “Ghe of. a etgy? aroup, a ﬁgggﬁgﬁaggoup, a propyl
E pR BTN BROBBROTE SBUEY T BROuR LBt SRy S ot
group, afpabpohapm §rResRRon tHufy ﬁ%o o ut'oxy group, a ph ﬁXl group, or
a phen-caxylgﬁtnqmsidEGS[bﬁﬁEﬂ.Pnl¥h¢s$9§ﬁétH%%gﬁﬁﬁQ§cfh%fp?%¥¥rﬁgveﬁ?ion to
pr oviige poaRet y Waakhanenprodpobshormese aetotds hdarsna HOFE8ETRbnpri si ng
the stegps, of,Pf Q4 dipBg (@1 @ash ofe=raliky| eneemeasders prpxxdedi;ng at | east
one initiator mpl e%‘:{'tgvg'féﬂé‘%héépﬂl@@oﬁs;oﬁ@ abkyd enesoxiweindm;r gact i ve
hydrogeﬁ?pﬁFﬁﬁ?Qﬁr? an_al umi_num h€§¥g) at g cat al st sAsup daser kbed herein,
prefera&PvPFhS%ﬁEh%@ﬁﬁPg%ﬁ’FWbﬁlgy 0 5.0 mel%ﬁﬁlperg t based.on the
t ot al wemghR”oinddR?W@§P9§¥H%W@56F9oﬁ;haH%§§Ct?ﬂdg& 8 3f1§gast ng.g?kylene
oxi deisnigibupheantatyaagtoane on Akt REYEAIXEFEERE e 13t AET ee%@ﬂ@% of an
al um numpphosphonat ee38ycagmiupst ahd X 'oramdaRpolyeadradepbty dto"Bf *RA&vi ng
reacti vegltngygrfoggngﬁhyl%gaéw} eleY @Ehbﬁy?lsdr_dm@el ar gestvd pobwfs@cw@apéifj and/ gr
i socyanate pre-polyner a u nal o8k rbegctéve hward sa
poIyethéFOHBPyﬁlg#%ét@F@%ghG%%%ggﬁ%;a&%ggt?ng éﬁﬂaﬁfh %ﬁ, and op- tionally,
wi th addi®vi gmarPsubst ances havi ng reactive hydrogens, 35 in the presence of
a uretthane pronoting catalyst; and optionally, blow ng a eq%s,
cross-|ipjans] surfwacisanhsthdyd ldbaest f grentavenytt &Ri BANT S Aid
st abi | i &8, L0042 Ioddauts enatdiencobrenty oo eherégnsentPBAr BN GPPde a 40
met hod téaroogciggbfhﬂ%glXyrfggg%n%ngrngymenQO@anﬂsirp;owéétﬂ@rﬁ} a polyol
conmponert“ESnpri 81 n at | east_one palyoxyal ku.eneomolatxyetheroxpialey ol
produced-§3F % R&Spt € ol an. a um num phosphanatie ate catalyst as

25 reactive hydrogen; providing an a
described herein, preferably in an amount of from 0.1 to 5.0
weight percent based on the total weight of the polyether polyol;
reacting the at least one alkylene oxide with the at least one
initiator molecule in the presence of an aluminum p?osphonate

30 catalyst to form a polyether polyol D) having react1v§ hydrogens;
providing at least one organic polyisocyanate and/or 1socyénate
pre-polymer E) having functional groups reactive t?ward said
polyether polyol reactive hydrogens; reacting E) Wlth D), and op-
tionally, with additional substances having reactive hydr?gens,

35 in the presence of a urethane promoting catalyst; and ?ptlonally,
blowing agents, cross—-linkers, surfactants, fillers, pigments,

antioxidants and stabilizers.

[0012.] Tt is another object of the invention to provide.a

40 method of producing a polyurethane product comprising reacting a
polyol component comprising at least one polyoxyalkylene poly-
ether polyol produced in the presence of an aluminum phosphonate
catalyst, and having an average equivalent weight of from about
100 to about 10,000, and an organic isocyanate in the presence of

45 if desired ,a catalyst, a blowing agent, and optionally, crossT
linkers, surfactants, flame retardants, fillers, pigments, antil-
oxidants and stabilizers. It is a further object to provide a



catal yst, and having an average equi val ent weight of fromabout 100 to
about 10,000, and an organic isocyanate in the presence of 45 if desired a
cat al yst ,we Bloswsng agent, and optionally, cross- |inkerspPCImPhzedeant s,
flame retardants, fillers, pignents, anti- oxidants and stabilizers. It is
a further object to provide a WO 03/ 054057 PCT/ EP02/ 06687 5 nethod wherein
sai d pol yet her pol yol copprises, a styrene 1o-_ nitri r ol ymer

pol yol 8p&pet sThGTStRdSEh Oolé’ﬁﬁg%lﬁﬁ%i ES _ggﬁé%{les%sblg EF%%%%ra?g&%n&xt ure of

at | easnibnéleornadiit PORANSHAYEPhetSRFEPY Bl U 9 &88T %%r%FSFtapol ymer
pol yol dilepessé doaandrt AenBctusanetonprliesss ane |OOVERE1IPRAMPOLYBTRST |t is a
further ,ghj;6ctarRf o heakoverd ieatt opqivaeirdeolpobdlicperateoragidngheo the above

descri r OGESS: t hat| ar 8,18 rohkct ed fromthe group consisting of
flexib gg?lgaér')rs, r%sd foans, 10 coatings, adhesives, sealants, elastoners

and thernoplastics. [0014.] It is.an ohject of the inventi 0 provide a
pol yur e-[00hARE el d<t dfe? & ' s?%ecgc & agfg?ohmberno&l?(r:lt t%f %ﬁ;’}g% ani ¢ pol y-
i socyanatredutth acquaidyol tonpPenaheve sHFGFPRY RCISISE bt Gy °T5 et her
pol yol haviBg BroreGihievaremp awmisghtimd it fleashloOBaawd E&Md F°P8Png a
react{pnQredyet l&{he%&%y', ene 1exikde @ tameirs hynolt oshdrmop Lamsttiiconal ity

initiator nolecule in the presence of an alum num phosphonate catal yst. 20
[0015.] 1t is_an object _of the. invent] Vi et hod,o10f,-Broduci ng
a pol yur'®Phant el ailé‘Jt &ﬁe?nc%%]p?ﬁtsf%g%éeggltviteﬁt%g é%ﬁé/ﬁzﬁé(?ﬁqﬁgglggnpri si ng
at | eastthene pbrseEias KPTBRESPYI §- %?%té‘ronpé’?ﬁ%fc‘grooduceé n t 21 fesence of
an al umiinweyphasehortat @ pehyal YORPORARE HPBFGaRTE 35dEFahat™ Y the
presetsatiorl bol@si Needids anonpiorlent evaiuditnoéxaenddss, 98hEsprPBRal |y a
cat al ystrpri%iaéugfﬁgé@c%n Brbhow BY pEeRtLemndxate efddet Byehwimunt of an
flame t ar dant er.e.th I IRabi-tYede td¥Fe apoh yalint@nponent
(a) and fte%t&ﬁﬁ?%l e&tlglﬁégggg}({g&ieguﬁgggﬁthanlpz. 3; and a product by this
pr ocess.PESEPRODIES 3% WE an object of the invention to provide a method
of producing a pol yurethane adhesive conprising reacting a polyol
conpopentoaasnPr i si Mg iat aheabiedn@Lpbhy okyanEy)PEnEC p%‘f%}’égﬁe? ™ %10 ol
produced,d RtREcPRESLNE ok etml eibatomphosphonaied 3Bacata¥ yst, and an
excess Ofolgf anLGoLI0GY 2Rbeibihd he peesenas gblybtvalesileed polone or nore
chain ext ers agg%o uic 1Ba[-ully pggggillcygtof anSHI fRct@nbhospidreamieng agent,
and an et PG POEYRhoRATCUCSE a0 Tl afe rg%a{rgacrﬁt, apd. A P1eduet adws Adai s
process. CARIYEG1 7214 |37 L IFR 0] EEY 26T T he' | nV?ﬁtl on fo.provide a method
of presducioge arpobyer@dtdianexsest st éﬁﬁp‘t"?"s‘ic’r?q, gattThyg 4 -pol vol
surfactant, a blowing agent, and an effective amoun of an-flame
retardant where the overall functionality of the polyol component

(a) and the chain extenders (¢) is less than 2.3; and a product

by this process.

30 ‘
[0016.] It is an object of the invention to provide a method

of producing a polyurethane adhesive comprising reacting a polyol
component comprising at least one polyoxyalkylene polyether
polyol produced in the presence of an aluminum phosphonate

35 catalyst, and an excess of organic i1socyanate in the presence of
if desired , one or more chain extenders, and optionally a
catalyst, a surfactant, a blowing agent, and an effective amount
of an flame retardant, and a product by this process.

40 [0017.] Tt is an object of the invention to provide a @ethod
of producing a polyurethane sealant comprising reacting a polyol
component comprising at least one polyoxyalkylene polyether
polyol produced in the presence of an aluminum phosphonate .
catalyst, and an organic isocyanate in the presence of if desired

45 , one or more chain extenders, and optionally a catalyst, a
surfactant, a blowing agent, and an effective amount of an flame
retardant where the overall functionality of the polyol component



conponent conprising at |east one pol yoxyal kyl ene pol yet her pol yol
produced in the presence of an alum num phosphonate catalyst, and an
organi c iwoapan@se in the presence of if desired 45 , onePoca/EPO2Z/@S68hai n
extenders, and optionally a catalyst, a surfactant, a blow ng agent, and
an effective anount of an flane rgtardant where the overall functionality

of the polyol conponent WO 03/ 054057 .PCT/EPO 7,6 ): @an chain
ext ender@) ()< jthegFRRIR YR e’é?’SP?%o 3. 81:%%%&6‘%%?10%0%,[&%; '?higrsl(!1 Bfocess.

[ 0018. ] pkbduct &y 6bjecerafestthe i nvention to provide a nethod 5 of
produci ng a thernoplastic polyurethane article conprising re acting
conmpounggoWpith are ieast iorgeb@vaf diliesdoyamates behpchvidma petked a pol yol
conpor%egtf_ ﬁg{gﬁfdﬁl ng @ﬂeg.r@%ﬁtas@mg B9l )R¥YBAKY | 818 c1potymihieringotgol

iT e

produce esence 0 a st said pol yol
conponeRE thadi FRFPRRD %éﬁ%ﬁgl%gen%ggg W phosphanplansetalwstn pol y

ecul ar ht, of fr 0, and an
or gani ¢ Piré e yamatlaoli ROTRRISH e SERRE O Y F@g%%llsrtec? "3 8%& stl?{gzli&%lgovw ng
agent, aodyedpti @oalvby mredudescanthe PTERASRTS 3 Eder™HNT" an ef fecti ve
amount ghoaphédaiee caetaysantsaivhereydlheompenenbfiahadi 3BcYERTaCE  groups of
the cymERent1dPlelignt hes stBrof 0SB yeanat eaneant iorgabc g orqyenstet he
component s Egipéeg,gegc' f uSedl, 532l daChRid caxt8nder divwihsosy@anNr axtnat el y

1: 0.9 td™ 1S a product by th : . cand oth
f eat ur eSPEAER AR é@j@ga‘é‘faq isayf:%?/leri-eq{ti%ggi Ja[r%p%% Ll DERReA N ot

nw| rent to
those slaroliet ¢h arhdlame FPHFRSBO L B G& 53%8%%%&%?% | olr'\rrg% "%Bgréef erred
embodi Mejtioup PETA {HEDDESORMFT| @ON OF HMePREPERRED ENBEBIFRENGT*{'0050. | The
preseqy JRyentbonli sehpsesntise=0f aad unifnuweds phiok pheaat < CiEFyses to
catal yzefrtofr}lea%y&li%t%tlboﬂz@f g iy ti: 81 Or andDbeptb@sct Uyetbis tovosesat al yst
enabl es production of polyols having very |ow unsaturation conpared to a

simlar size polyol produced using typical | y$t snid Nnaddition,
ot her t hEaPrQ19t-Ee vEmPsEofPde t%-éeet &Fgﬁlﬁ%%t l?%éit ?gﬁgn%é%efag%ﬁ sflggﬁve 30
proper t i eiprt il 1 drecdnive TOEREARRAISELL BY TSR ChostSPridudced Using  t he

typi cad Laseeceai Béysiscribeiat i ruRrpiRsESoRBPRIES ™M ysts can be
synthesized in a very strai ghtforward manner and are in- expensive conpared

to the g . t 752RABF e OfrErERLkS i m@onttiese very | ow unsaturation
pol yol S.B%Iﬁgge%%lé%ﬁ)f ound that 35 al um num phosphonate catal ysts did not

have to be renoved after formati of .1h | i its utilization
T S R A R L e,
sub- 85i ]bmﬂﬂhohatex¢%‘tawt|§oF9Lﬁ%%mﬁ§ %ﬂpﬁgﬁ %{y‘?% Zf.OI%_ Ocegul esl Gt
utilize hasewatal ysés cuchiascportlassi enithyasr &¥PdeC it t™h oéuBgi%‘ch $10 tiall y
no modi f{cat]one 401 dhaueceduten dinbhked tive aDMnEl g ssize polyol
produced using typical base catalysts. Tn addition, other than
the very low degree of unsaturation, these polyols have .
30 properties that are the same or better than those produced using
the typical base catalysts. The aluminum phosphonate catalyéts
can be synthesized in a very straightforward manner and arelln-
expensive compared to the other catalysts capable of producing
these very low unsaturation polyols. We have also found that
35 aluminum phosphonate catalysts did not have to be removed after
formation of the polyol prior to its utilization in poly?rethane
systems. The aluminum phosphonate catalysts can be readily sub-
stituted in existing polyurethane oxyalkylation procedures that
utilize base catalysts such as potassium hydroxide with substan-
40 tially no modifications to the procedure. Unlike the.D¥C class
of catalysts these aluminum phosphonate catalysts exhibit no lag
time and are capable of polyoxyalkylation utilizing ethylene

oxide.

45 Synthesis of the aluminum phosphonate catalysts



of catal ysts these al um num phosphonate catal ysts exhibit no lag tinme and
are capabl e of pol yoxyal kylation utilizing ethylene oxide. 45 Synthesis of
t he al um womsphmsphonat e catal ysts WO 03/ 054057 PCT/ EPO2/ @68&EP0Y066BD021. |
The al um num phosphonate catal ysts of the present in- vention can be
produced by a nunber of processes, -one of which is described in detail
bel ow. I n general the frolcedure i nvol ves re-_acti ng %ent as\éalte%_
phosphorfi0824el d withg alyinugyBEPFPRATEF S5 CaF Y Hiim® o% UHd 0 “pioduce an
al um numephosphomrate. pTddugrshba- avelrds: phoBIPRATSESacPE’ hat15kelSuit abl e
have t heegenerad ist Hdeail W oaf. RPO(SeZalwhies ainpceRureptwsdives d<hydr ogen
group, apd, al Kyl GL04Pen Opr@3p8biic HAWWibhrepasenbst Auypesdt aval ent phos-
Phoroy? e R g ¥ Gk nd 4, reRLESER! Sndpdiegen. Seneptdrgxanpl es
i ncl ude PRBSPABNTCac d, rr%%nﬁggos honi.¢ _acid, et hyl- _phosphanig.acid,
propy| p@3FRENPROSRICHLC| 20425 eB=® Bt ylap%%s- oni ¢ ac?%g, nd
phenyl ptresehofhi RPAEHN 2 » THeeF§in:s BbEERIIRAEES Al Wﬁpcgﬁgﬁm %have t he
gener al sSkkUCtHtep 0forAAR Sryl whrerpi nP 1Rpresentfret MARtgFBLPRt MO8 kyl group,
an al Koxypoghayp, o aepae¥bnidd @ivaen,; atd ah rapykexytghodpesSone Sorenpl es
i ncl uge et,gagng%%gymalla-de AYEBnddiiceb By AlMHERRMIBhod i k02 Adl LN -
tri-n-propylalum num, LLLoBrblaRaxypl Wil -t £l -d:5asbut vhahroaun
tri-sec PPEPOT 2 unt - TH —ter -Eut. |al uri num _ tri-ig spy% | um num
tri -sec-Hhﬁ’mtcoi‘y‘hql%maﬁén?h?%’lﬁ’é’ls?- 8ﬁ¥%><aycall ani num L ﬁ Ay iurri.num and
20 tri- piemoxyal corioavrds| baoR . gheadeRETAk rﬁh"ﬁuﬁﬁ‘bg%rﬂfnﬁtlg gat a"fa}iﬁgtelﬁccor di ng
to the mpraseatmbttvanigironp, birs (Edikivs obeeyd alkant ReHnNsRyPphdR fotat e, is
synt h@g;ic%l%qpe}s o0l QWS ohy S@tdild .onsohe Ge:2impgesf imetude phosptianiad u25 acid in
125 m at. %]E;X %g% drQhihaR iS-1diasefaRethining 260 ¥bropylenmeyen, f | ask at
ey

appr oxi Mt i th.nagneti.c .Stifr JS | gl.ass i NG -100 n
of trii s%ﬁWPﬁPHWWﬂHhmE%& v\t[-elilgﬁt%% %%% t|lumyﬁbﬂg ¢rid sa2Spavyl -

. lon Lo fouene. (Ls ddansferred
into a 500UNErd-AEEK DGUAET Ut EonEd T3S USRERE W th ni trogen. . The flask
al s0 i nctaideduaisnt Herimbaet drutoragherieuyt itr 1BRFDER] G588 M %hddi ti on
funnebp dhie pHehbkgohutiyal um num sol ution is cooled to O4C using a sodium
chloride and ice water bath. The flask is swept wth nitrogen throughout

the setup e edur g, Shg:MEL %%%HQQ@&@%& setaridien ks added to the
addi tion ¢ el an t?hen S de bdrt Efﬁ%‘i ?m&?hﬁ];ﬁ;és@hbﬁ@@g,_t yﬂ@! umi num
sol ut i onPXRRFEE ATHPRTSTen BFZ ket® ua?, . resulting selution s a
clear, cefmessged woOFEYEAEBus AUt of” d '%ér% s Very ? & exot hermic
react penaciAf tier 135l mbfoft HeymbebsaNaopRERt ¢ sacidsihg>bedh aaééé.aﬂ t he
reaCtionePdéﬁﬂHy%riSlé%KNMtyap@f@&ihdﬂ@lapbﬁﬁ&hﬁ@i@ﬂ?gQ§ﬁmy @ﬁarrlng.
Using a glass syringe, 100 ml of triisobutylaluminum, 25% weight
solution in toluene, is transferred into a 500 ml 3-neck round
bottomed flask swept with nitrogen. The flask also includes a
30 thermometer, magnetic stir bar and a 250 ml addition funnel.
triisobutylaluminum solution is cooled to 02C using a sodium
chloride and ice water bath. The flask is swept with nitrogen
throughout the setup procedure. The methylphosphonic acid
solution is added to the addition funnel and then is added drop-
35 wise to the triiscobutylaluminum solution under a nitrogen blanket
at 0eCc. The resulting solution is a clear, colorless,
homogeneous solution and there is very little exothermic
reaction. After all of the methylphosphonic acid has been added
the reaction mixture is slowly warmed to approximately 25°C and
40 held there for 1 hour with stirring. After 1 hour the stirring
is stopped and the mixture is maintained under a nitrogen blanket
for approximately 12 hours. Then the nitrogen is stopped and the
volatiles are removed by wvacuum stripping for 3 hours at 25°C.
After the vacuum stripping is completed the vacuum is relieved
45 and 75 g of toluene is added. The toluene solution is stirred
for 1 hour and the resulting clear, colorless, homogeneous
solution is used as detailed below. This synthetic pathway is

The



40 held there for 1 hour with stirring. After 1 hour the stirring is
stopped and the m xture is maintai ned under a nitrogen bl anket for

appr oxi mewelog/0i@shours. Then the nitrogen is stopped and tPoa/EPODO@&BT | es are
removed by vacuum stripping for 3 hours at 254C. After the vacuum
stripping is conpleted the vacuumig relieved 45 and 75 g of toluene is
added. The toluene solution is stirred  far ur, and the resuyl.ting clear,
col or | esEimiggrogeneis TeBEF R ot it euiléfcfcglse égﬁgﬁ]‘é%"bgfaﬁ% %hilésl'synt heti c
pat hway drsiWDe@3? BER05Z URCTPRPGEDOB8 8T 0 Lad VAP af 1%y OPRALRY diStted i n t he
articl e gy yMerkz R iddsdnept clalarobgdrit |adl propylene oxide”, Journal

" Al kyl al demipgphesphonatecaahad viAed 000 NG IIpeniong2 tmmrerpdhy imedzat-i on of

epi chl orohydri yl ene oxi de", Journal of Organonetallic Chem stry
2000, %9’%@9%0592%%98 en(r%%i'n incorpo- 5 rated by reference. [0023.] The

formation of polyols for use in o%urethfg)ne SysS: tegs ut')L(Iizin 2

pol yoxyalt@@3atli on Bte £RTTAFomIr PRBY LU 05 at kA%eNETEXIHES T8 wel |
known i ncdrte uantizTie predpotyalviehiem 19F FodphbitE E8L&FYSR P¥Xan be used
as repl aceRERLs bRiadnse weal alysts ihntisaibsttant Thé |preslehtprboesses used for
the bi‘@‘*&h t Al uSLS. M A1 sk 8Weai fheaR¥ea CAaNGES abeméttes moackdsee. As non-| i -
i ting exarjles. al Uy, phosphonal g, cal Al LSeBarbberdsgdss0  make
hompgened 5l ﬁo?&asfuk A ainl, on odycts, T. e.thgomr)ggéég;%r S; ad5, hiet,er.ogeneous
pol yoxy afadalatsitsnprodiitt s M- i 2 g’?@??% pol Vet hef - pol yol S rious

copol ynens;inonekatbhes peilyreRren HRAASREORRES | SIS 1Y BFS a‘?af”f éﬁeﬁ%e‘go osition,
e.g. bl ogkke apabyaresus [(0024xYalitliakdohaseodisttal y5tS, ROFEPRFERYNR/ al uni num
20 phesphonatf;sabak Yisdiyorke1 al &1icsepsbduaes, Pr.ef enatmnionapeyeter vel s of

al | conpopent:s used; i %%)}sgyméﬁg MBLi00al RRGIJI9Rsrareading eecbadmw 0. 1
wei ght per e_n]I ‘of “{ he .

articular_c t referably at or bel ow
0.05 wei ghtdpercén .c?rﬁ)pcﬁlltﬁg%é u'r?ggp?gggo%ﬁﬁgﬂfrghy m nor changes
required for optimzation of a pro 25 cess using an_ al unmi num phosphonat e
cat al yst [0@24y.] adj Ustiksy baseeratdpdss bRe RRAFAFS dF“tdiPonents, woul d be
vel | vt phssgihmanbi bhtylysafs ene wfteor denat yiwki | Prefetaid varetahd Soul d not
require gi eis: Shieospardventatd am pB0yb00BSRthnnt Fearionsl evel ¥
sui table Tor_fhe jpresent;, d nwentionr ichel yaer addialrntbigdirs: havsng at | east
one al kyPené"oxi de re%;l;tl ve By61$ Qgﬁ%g, §U§Qr@§ngl cehol 511 pRl vhydri c al cohol s
and ami nBretRRRIINGS. © .aerﬁg’l es of a 1c}ho g ncl ude aliphatic gn%r@u omatic
al cohol sstee@hthes Payrgined CHRBPSS MGW-phenor” o&tlyfp%ﬁe ol and 35 C12 to
C18 f ast yeat codioles anExhwmpiam ShosPROTEGEY RFER 135l Eofiol 3 45 EFHAE Wi ol s,
triols, apdehighemmbunesiohaomaboehicd s woudf ke weddcrbslin k¢ &bt bttol .
Ani ne coppoynds,d nElaudery heidnamhneise sehand would not require exten-

sive experimentation.

30 [0025.1] Tnitiator molecules suitable for the present invention
include all initiators having at least one alkylene oxide
reactive hydrogen such as alcohols, polyhydric alcohols and a@ine
compounds. Examples of alcohols include aliphatic and aromatic
alcohols, such as lauryl alcohol, nonylphenol, octylphenol and

35 C12 to Cl8 fatty alcohols. Examples of the polyhydric alcohols
include diols, triols, and higher functional alcchols such as
sucrose, and sorbitol. Amine compounds include the diamines such
as ethylene diamine, toluene diamine, and other polyamines. In a
preferred embodiment these initiator compounds are utilized to

40 form oligomers having number average molecular weights of from
about 200 to 1500. These oligomers can be formed utilizing known
methods, e.g. self-catalyzing initiators or base catalysts, to‘
add a plurality of alkylene oxides to the initiator molecules.ln
a pre-reaction step. The oligomer molecules can then be utilized

45 with the aluminum phosphonate catalysts of the present invention.



as et hyl ene di am ne, toluene diam ne, and other polyamnes. In a preferred
enbodi nent these initiator conpounds are utilized to 40 formoligoners
havi ng nuwbes/oaweT age nol ecul ar wei ghts of from about 20@CTEPLHOBS7 These
ol i goners can be forned utilizing knowmn nethods, e.g. self-catal yzing
initiators or base catalysts, to add a plurality of al kylene oxides to the
initiator molecules in, _a pre-reacti S i ecuhes can
t hen be OPPFZzed E%’evwagwnirﬁlén Eﬁﬁﬁﬁ#% tg%laﬁl%-%fes (ygafggge%rifofsiggg present
i nvent i o1eREWER 0SFHDBAES7 PP IPGS/ @%%QJ@O ?@8?6?’59 aTﬁ’gré%u%i num phosphonat e
cat al ystThisf mb@ef pragsent cam-takenthent @dh of §8PREILSEd ¥ LS Wit £ §8rsLon s of
a vari ety +@f eShgBsne okhiils, mdiphileati oxidran buakeenshexfidem - EFBFPRg an
exi Stié‘%gr&% ol o Wit ebhybenmeexi d8a JuIRpY bereled deidbat yI®mwe oxide,
epi chi o 5o§gd“r§'1be°f DL 3105 Lhpss: and phbar Alkyleoe . dey. The
pol yol s ROAN°B8 Pr'epar &4 Usi ng .any  of .1 he known, gataliystS.anghgmy, range in
si ze fr@mrgendhbetzaiEriga eeéﬁﬁ‘é'?ra,el Tt \QP g%o 610,000, Daltons. An
exanpl e 16f, 00Ri Bahbelisi cARi SFAHGc8EsthEs -dlgéF?Bjeodl BEPGW T - exanpl e 5. As
used in ddiabpaesentw Sipeekanwke iSon 26 wrf diraiths, PIeFE e FRPF Hi 19346
mol ecy &S At gedechd @eenchmpassort helshdre isypihicaidednicei eremadsISecul es,
ol i gomer%eag pel t\{_‘?(gisc 105 nbe; I fbedcasedlesnibbasrd mntthbelspecita cat i on,

p anp

[ 0027.] eCiTIC s_of kL L 4 the al um num 15
phosphorR @CAE&RTsTS erscﬂg%eép:%sg%lsi%@%dnﬁlgﬁfté%lg described in detail

bel ow. The general procedure conprises_ react i,ng the i . i tiﬂl&r Ug[rnt)l ecul e
with at (eEEst.lone sbécfdrecwiiriesoriathf dtird 26F - aIKy | BRebXides i n the
pr esens e sdHiaadk ush tulvsphosphdrraeeseat alyesng omyasiec glesaFkyFene oxi des

i ncl ude g%@'lle%%lg%i. deyn2Qepeppy e caxt-desoryutipk e measkiide, thadin-
epi chl or 0%%5@ n._ The i kin 2t ofedm! egul g1i@ndrichexalkrenemoxtdes aif oxi des
are react or "pe

.%
riods rom 15 m.pu o~hbhgcéeaction i s
gen- era?1§y%%ﬁﬁﬁﬁigﬂsaFlgﬁ? S P%?fﬁgméﬁwﬂQﬂk% nbhet

perat ure o om 95. C - and nost
pr ef er abtataity sé st-enBepEtatr élgirf%%ee.r?xfggsd?% e@y%%/aﬁgége kyl ati on
r eact ponsremduet edidecdrdivhgne ekl predetR PSRBT G wi FPSr€8UIt in the
formatiog. 9f RAlsahs havivng shEsAtenatixode| er WEldesorre e ERENTYE 015 neq/ g
KOH Nbs%ePIc? Lrabley the mnoteseehing hsuusi | iedreacpraddcedpdt yol s havi ng
unsaturation levels 9 liess t%gggrapcﬁjeoogegﬂgn K@k ¢ 3D [16028:,] aGeneral |y,
the al unfhRah HHESSRSHSE € cat a Sts. ar ebe‘é%%ﬁzﬁﬁﬁé levebs ©f foxgano. 1 to
5.0 wei ghes pertm-2hakelf 6n "THE" Total el ghi of the final, Ruadugs, nost
pr ef erabkylatidrewsiagtypns f%ﬁﬁé?ﬁdt%c@.rg?“ﬁgiﬁég _peePcen%. e not abl e
di ff er engelbetawan 35 the SHroathom PheSpHEhAL A ERFaP)ET S Che present
i nventi 0B.a00of less than 0.015 meg/g KOH. Most preferably, the pro-

cedure is utilized to produce polyols having unsaturation levels

of less than 0.010 meg/g KOH.

30
[0028.] Generally, the aluminum phosphonate catalysts are

utilized at levels of from 0.1 to 5.0 weight percent based on the
total weight of the fimal product, most preferably at levels of
from 0.1 to 0.5 weight percent. One notable difference ?etween
35 the aluminum phosphonate catalysts of the present invention and
the DMC catalysts is that the aluminum phosphonate catalysts do
not exhibit any reaction lag time during the oxyalkylation
reaction. Another difference is the absence of formation of the
so-called high molecular weight tail found in polyols prod?ced
40 using DMC catalysts. Once formed, polyols of the present 1?ven-
tion can be utilized in any of the polyurethane procedures 1in-
cluding formation of foams, coatings, adhesives, sealants,
elastomers, and polymer polyols, such as graft polyols.

45 [0029.] Tt is not necessary to remove the catalysts of the
present invention after formation of the polyols prior to thelr
utilization in polyurethane systems. In some embodiments it can



the DMC catalysts is that the al um num phosphonate catal ysts do not

exhibit any reaction lag tinme during the oxyal kylation reaction. Another

di f f er encwoOi08/0540687 absence of formation of the so-called WRCghEPoDO@8LI ar

wei ght tail found in polyols produced 40 using DMC catal ysts. Once forned,

pol yol s of the present inven- tionigan be utilized in any of the

pol yur et hane procedures in- c i o] tJ ; fm goatings,

adhesi vebse, %‘53@%&5’, hoévlegg br’éileérjgl,eglgvé Eo (}/dr%e%%lmélﬁyolls gughA & aft

pol yol s.c4B1ygo2or¥19% 5o Thbk %Fe&fé&ié?%tjt roérrgv% Rhecafal ysts of the

present theetendarafnehotsr e tofhe - HdoFoF§mBralortt 828 hei r

utili zatdzpmaliyietpoby unet kanelsyst e, benusidrgednbodiermres erre gt iRod

03/ 054857 RCH-GR024P66RT a10niden desspabhese hawetests tie thmover tHie al uni num

phOSphon%eegfcggﬁ!i%ﬁg S L dQunfiduhhetichitdd maghbonuofsitheapolymis. Any of
met hods

baraly e KDoA BN & ! ! ¥ i tal ysts or DMC
cat al yst¥Tan B8 BEFHiTEIPIenE B%@?‘Stﬁ'?‘féﬁ' mEﬁ% pBlnP a5k 68

|yt an OBe . ol remyal of bhe
al um numiigsplRékas et ALPSt S SIUAEBEGh t QB G B nder STt or the
al uni nurbes Ul tasefagnes i BPlYFaaripgawie &% O£05Be RAUYdRanpf LYY S
Magnese!l &# )ohd Rinsesoimoung tneclwikesmoastdi of siliggnuhathaspnanghe al um num
TEe boimg?é%[l 'tlnBEnl cad dlhencnbeadi Ideabety f f0m mﬁuggm tor iab@tflitoBlque of
t he pol yol s.. "Pol yol s, 10 t i N i q dehu anRtSopf al um num
phosphon‘ﬁ?leghtcgt%F%'f ot %Elg%s? u%%@%%tgg?gﬁ&gﬁﬁ oﬂ{,ﬁf“t%b‘}'éhogeoéaéo about
5.0 wei ghtaiyEtcdht oSt K8 FRAIPPOIN6I “"Based updn the anount of catal yst
util i zedakuwdiramy phperles teg CaE2tHE pol yol to renove the al umi num
phosphenate catal yst. 15 [0030.] One advantage of the al um num phosphonat e
cat al yst o@fo .1t he preseptantayensi amd slthimubadt@sshonrdtey cateleapaiie of
produc- [ng polyals;havingnrsushchowddraaker aldyorrkevapablef off pro@xanpl e,
| ess than 0.7 q KOH, e : i ghsfdpch £ ondd kyarP1eol yol s.
For exanpf® PIEa's E%‘sﬂéﬁ)Isélggs%%‘gmar&[a??g%@iﬁ éfei{[i%ﬁ cProdyce,a 6000
u

mol ecul ateskighn Or P8P Fef/i9n§O% 19°% §%20°p8r cent et hy] ene .0xide cap with a
f unct 20nablyylof Zog. exemmicul dtbeS ARSSHBISt YO Dy She of "ordinary skill in
the art, pasaide sicoeooholdimlapovgihti eieaseayinheé éPm"tﬁ’]tzooPeE%éfur ation
nat ural | ¥, PELeaSeS de25a5viwhah Fenconsiadetpdf/er.y .| ots urmsddubat ¥Bh may be

hi gher ag_the.o0alyoloSh7 & aiekeases1i 0a3int Jhe peesmntsiizont Lo

provi des po{;%ur-et AN BF OGNS L5 P USH AR LLeXE Bie oLy iigkdehoan,

coat i ngsP°& Jes’rf%f’é‘?, §8al =30 an el astomers_ and tperppplasticgpuhi ch are
t he r @3csPorhdr oducssofest V¥ i@ﬂeurifs?i 1§~ at Uni ndm phosphonat e cat al yst s,
whi ch pobydirsl havae vecyedgf®-unsat urati on when conpared to the

[o031.1] The present invention provides polyurethane products,
such as flexible foams, rigid foams, coatings, adhesives, seal-
30 ants, elastomers and thermoplastics which are the reaction
products of polyols made using aluminum phosphonate catalysts,
which polyols have very low unsaturation when compared to.the
same size polyol made using base catalysts and lack the high mol-
ecular weight tail as found in polyols made using DMC cata}ysts.
35 The combination of these polyol features improves the quality of
the polyurethane foams produced using the polyols. Low
unsaturation provides a more uniform product since low
unsaturation frees reactive sites. The high molecular weight
tail of polyols made using DMC catalysts is recognized in the art
40 as interfering with good quality foam production, thus the ab-
sence of the tail in low unsaturation polyols of the invention

contributes to higher guality polyurethane.

[0032.] The production of flexible polyurethane foams by re-
45 acting polyisocyanates, for example aromatic diisocyanates, with

compounds which are reactive toward isocyanates, for example

polyether polyols, hereinafter also referred to generally as



sane size polyol made using base catal ysts and | ack the high nol- ecul ar
wei ght tail as found in polyols made using DMC catal ysts. 35 The
conbi nat i wo 03f05408ese pol yol features inproves the qualityPCi/EPDR@6687
pol yur et hane foans produced using the polyols. Low unsaturation provides a
nmore uni form product since |low ungaturation frees reactive sites. The high
nol ecul ar ., ve| tailaf pplynlis-gadenlisi Re-BDhEc£ataaldy st scissg-ecogni zed in
e RO IR an
sence of-PKETEat? l'ie“rf3 PoR° thsat ur a?. or pol'yo 0?15?% €. nven%ig%@l_ contri but es
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method, the compounds which are reactive toward 1socyanat?s, the

flame retardants, the blowing agents, the catalysts and, if used,

the auxiliaries and/or additives are combined to form the % com-

30 ponents and the polyisocyanates, if desired in admixture with ‘

flame retardants, auxiliaries and/or additives and inert, physi-

cally acting blowing agents are used as component B. Thus, the A

and B components only have to be intensively mixed before produc-

tion of the flexible polyurethane foams. The reaction mixtures

35 can be foamed in open oY closed molds and also to give block

foam.

[0035.1] The production of rigid polyurethane foams based on
isocyanate is well known in the art and comprises mixing two com-

40 ponents A and B. Typically, the compounds which are reactive to-
ward isocyanates, the flame retardants, the blowing agents, the
catalysts and, if used, the auxiliaries and/or additives are com-
bined to form the A components and the polyisocyanates, if de-
sired in admixture with flame retardants, auxiliaries and/or

45 additives and inert, physically acting blowing agents are used as
component B.. The various permutations of methods for the prep-
aration of polyurethane-containing foams are well known. For a
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tions typically use a 100-300 NCO index whereas flexible foam

compositions typically use a 70-115 NCO index.

30 . -
[0038.] Polyols known and customary for producing rigid foams

are, for example polyether polyols with 2-8 hydroxyl groups, pre-
ferably having a functionality of at least 3, most preferably aF
least 3.5, and a hydroxyl number of greater than 100 mg KOH/g, in
35 particular greater than 300 mg KOH/g, able to be prepared by '
addition of ethylene oxide and/or, in particular, propylene oxide
onto at least 3-functional initiator substances, for example aro-
matic amines such as tolylenediamine or diphenylmethanediamine,
or polyfunctional hydroxyl-containing compounds such as sorbitol,
40 sucrose, mannitol, lignin, condensates of phenol and formalde-

hyde.

[0039.] For rigid foams, the polyol component also includes
" chain extenders and/or crosslinkers. Chain extenders used are
45 bifunctional, low molecular weight alcohols, in particular those
having a molecular weight of up to 400, for example ethylene
glycol, propylene glycol, putanediol, hexanediol. Crosslinkers



tions typically use a 100-300 NCO i ndex whereas flexible foam conpositions

typically use a 70-115 NCO i ndex. 30 [0038.] Pol yols known and custonmary

for produworigosdiogi d foans are, for exanpl e pol yet her pol PolTEPI2/0dE82- 8

hydr oxyl groups, pre- ferably - having a functionality of at |east 3, nbst

preferably at least 3.5, and a hydipxyl nunber of greater than 100 ng

KCH'g, 1 Qq c%%z%arattl cubay gl%é?Elérﬁﬁq 300 A5 &9, wabhe: 1.9 cBRoPE epar ed by

addition.of e |.ene_oxi de and/or,. I.n.particular tgro gﬁe %lOXIde onto at

| east B-Fﬁﬁc?¥?ﬁ$ e PhYETER l’t§ﬁﬂ%§%ﬁ%ﬁé§?°?%?eb§§%b 8T 4rd- fatic am nes such

as tol yl EReERLMiaTe SeFLHFPhenPEnBP HafOdVaRfhes 2or Us8I V¥ JIES Bhafte

hydr oxyl ecottredmi agdchnpourrdspbatic @ndsdrbbaoticul@rsacensdc rRAANIO!

l'i gni n5 epaglensat es of phenol and fornal de- hyde. [0039.] For rigid foans,

t he pol yol conponent also includes chain extenders and/or crosslinkers.

Chai n ext rs used are 4 if 1] : . i I ols, in

particulégggﬁﬁge ﬁ?&ﬁ%%sééhgfggﬁfg#P&%%th%g%%Q%%E%gbgébwﬁggghggéﬁg?e

et hyl ene®lgpymsrs dFéB@I%ﬁﬁ?ﬁjﬁ%ﬁbl?y'Eﬁfﬁgéﬂ?dﬁql HERSNRE 61/ EPbss| i nkers WO

03/ 05405 #xRETY ERFRMO668 7 1iBocygYL &t e VAR EEROWNGST HREER GHEl FeRBW Yol ecul ar

wei ghtioakeeind sisodvanaexantor gkyuwrolpoliethet mdloopeopkerginatter

pent aer yheh t Ol ferrSMC EOSEerMra30fbis AolyAShpodyd Saeyianat edesdreduse i s nade

of the ggﬁ%rgd% ye,%%ggk W 2loi-BBaE 4 6 3R 1 h N Pardretehat & QAR GsPY) Vi so- 5
40. 0

cyanat es. s. of, preparin t e i ants and
e?/ast onefB ? SFarafi 4 153w161§)g I@1§en 1%,608 I:thérda%qg,sby a§§g§aﬁplse

rat | actl ng pol yir socyanat es or

aronaticaﬁﬁ'%ﬁdyﬁﬁéﬂ§§§,%ﬁtQ?WﬁSﬁbﬁﬁﬂﬂggﬁhicﬁ?ﬁﬁ%lfgggFFQ%tfbs?émard
i socydfateshodoramak applar ol ePREPL HolFers 1 Heidisnartair sttsedfEferred to
gener al | yaasipalyetthewohs, agends, i fudesiteads, ctiam addt ehcks s aadd/ or
crosslinkeis: idyhRcREesensar of. oatalnest.ss, 1andis3;f edesd rah; bl owi ng agents
flame retaigandsy, sl bl 210 o4, 208/ Ahiadd! Ehaelseﬂe%e%egr@idjq kgown- For a
reference’to Ssai net hods an o_,vari . Nels = |.i.n s, chain
extender§Per%ﬁ?hﬁﬁgf%feg?fﬁﬁ?%§_Sﬁ%nygﬁtf%#ﬁé@%%ﬁ%i%aéghgéézéﬁit?%es, and
pol yi st panapesinagspopated piRreiRoRY FIF567S83: 6, 103, 850; 6, 197, 839; and
6,310,114, as well as the references cited therein; said references and
t he teachipngs.pf saivgipal endsiage, 203Hwerieby ., | seoiqudsated dHaséoneby
reference. [ 094ds lupbhPbed o tPallngs, aadheshdesy weallantsr and téhastoner s
are baset dPeR. POlIQ)RaPay| fkdloL So AA/RE kAL O0s, prrefle_PéMyataglbﬁatﬂ@d the
i socyanat’es Us ar € polyl socyan reféera . . di anat es.
To_ obth LAFPFE oot opby O P ALt THRE Paoge & ABiLEn7 idl Lagey

of coatings, adhesives, sealants and.elastomers, the molecular

weight of the isocyanate reactive component, e.g. the polyether

polyol, is varied wherein typically a higher molecular weight

polyetherol is desirable to increase flexibility, while increased

30 functionality of the polyol is desirable for improved abrasion

registance and rigidity.

[0042.] Elastomeric polyurethane polymers have heretofore been
used in the art for compounding sealants or adhesives for bonding

35 or adhering a variety of materials. Such polyurethane polymers
are often prepared to have terminal isocyanate groups. On expo-
sure to atmospheric moisture, the isocyanate groups react with
water to form amino groups with the evolution of carbon dioxide.
The amino groups so formed further react with available iso-

40 cyanate groups to form urea linkages, thus effecting a cure of
the polymer in the sealant and binding the materials to be ad-

hered.

[0043.] In general, an elastomer is prepared by reacting a

45 polyoxyalkylene polyether polyol with an organic isocyanate in
the presence of a chain extender. The chain extender may be a
diol or a mixture of triols and diols such that the overall func-
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nents or in the form of mixtures.

[0046.] The mixtures for preparing the TPU are usually based
at least predominantly on bifunctional isocyanate-reactive

30 substances, i.e. the mean functionality of the isocyanate
reactive component is preferably from 1.8 to 2.6, particularly
preferably from 1.9 to 2.2. The TPUs are thus predominantly un-
pbranched, i.e. predominantly uncrosslinked. To set hardness and
melting points of TPUs, the molar ratio of the formative compo-

35 nents, that is the isocyanate reactive component and chain ex-
tenders is usually varied in a range from 1: 0.8 to 1:10, with
the hardness and the melting point of the TPUs increasing with

increasing diol content.

40 [0047.] For TPU formation, preference is given to using poly-
etherols derived from 1,2-propylene oxide and ethylene oxide in
which more than 50%, preferably from 60 to 80%, of the OH groups
are primary hydroxyl groups and in which at least part of the
ethylene oxide is arranged as a terminal block. The poly-

45 etherols, which are essentially linear in the case of the TPUs,
have molecular weights of from 500 to 8000, preferably from 600
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40 per ceMXAMPLE whi gHVPTPRDYREti@VPhE tHPd dBsEHF I "PRESHHYventi on, the
following exanples are given by way of illustration. 20 EXAMPLE 1:
Oxypropyli@pabipn ofa a gkdiod nitdraten fmisted eufd@506.d iA ¢hgadddominht r ogen
flushed ayhogl a¥e, iH15RREEetbM thycdDGhg,i10k 8 Retyd eR¥lese ikeatahaving a
number, average molamulal 1de IO0t 8 (00388 1001810k 8:25% by wei ght
solutl%n af 9 O . . -
bis (diisobutylaluminum)methylphosphonate in toluene and tetra
hydrofuran, with agitation. The solvent is removed by batch vac-
uum stripping at 110°C for 0.5 hours. Then 1886 g of propylene
oxide is fed into the autoclave at a rate of approximately 300 g/
30 hour, at 110°C and a pressure of less than 90 psig. The contents
are reacted to constant pressure at 110°C for approximately 5
hours. The autoclave is then evacuated to less than 10 mm Hg for
60 minutes. The vacuum is then relieved. The produced poly-
etherol is a clear fluid having a number average molecular weight
35 of 4655, a hydroxyl number of 24.1 meq/g KOH and an unsaturation

of 0.005 meqg/g KOH.
EXAMPLE 2: Oxypropylenation of a triol initiator molecule

40 [0051.] A 5 gallon nitrogen flushed autoclave is charged with
1900 g of a glycerin propylene oxide adduct oligomer having a
number average molecular weight of 700 and 220 g of a 25% by
weight solution of bis(di-sec-butoxyaluminum)phenylphosphonate in
toluene and tetrahydrofuran, with agitation. The solvent is re-

45 moved by batch vacuum stripping at 110°C for 0.5 hours. Then
14100 g of propylene oxide is fed into the autoclave at a rate of
approximately 1000 g/hour, at 110°C and a pressure of less than
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Ho for S HLAUL S NS HAEHIM R L0E Il 108V Rl o JN P LAGHE B LAY 5ot Ner o
is a clear fruja havi ng a, nunber aver age ol ecuf ar- Wi % of % a
hydroxyl uRBePSHTY 551 ARt PRGA AN Grf (HASSEUFALI B EIBE B UTS feaky KOH
EXAMPLE Z:106Rypeoppnaeatnahebf aberrel T pateslaid dcultberacaoostcf A 5
gal | on Fitdo ages tharshedmautocfavé0i simharsged Thet vacl@0Qsgtindn aegl ycerin
propyl ene i@xbdewaddust: robkg P NMBte Ravtaga covuabeto amar-aganaoteais-ar wei ght

Of 7OQ ar&%%ég 900% sEEa%ég nyilv\?eirgﬂixsigd# if%_@ Pi;:moval of the catalyst.
bi s(di -sec-

uto um nu henyl phos nat n__tol.uene
t et rahydrk ufaﬂ?g’%ist R &gi g?’f%%.vplfﬁe&g&(;l%eo%t M?gn?s’eo%g arﬁ)dsggob Yat ch vacuum
stri ppi nglader1ienol fiurpab Huis. ThentrSpiedocgnot T 45 R dtide is fed
into the thuboghavike dtilgeraekendnt appibxiheattélyrapdoighasar freg 1r¥04C and a
pressur e @ftihgssut harend®al3s 05405 paPCl - BRE2/ 0668dsd1R Wkhpdbgod The rat e of
propyl ene.Qxh gy addidd N £l 8+ Al 65t gdo@squreeeded &L Mundtal ththe art
ConcentratlO@agfcéﬁgf%%%t%gepéf“) s&8fis 94 Pp%% 98 DRW 8%ndhe Gerhents

are reactaélél,to cOonst ant, pressur t 110 or _approximately 5 urs. The
aut ocl avé“eid'éuflh‘é‘ﬁl%cfd&ﬂgﬁﬁ BERSY %85%‘3]?6?1 r%zolﬁeﬁgn\?‘f—!gpafrgﬁ cgﬁgn‘llnn[}[%gs. The
vacuunt} sizienange 9§ oredtart W tPobent04 FécEBRE ent™ S ol BEF 1% #6590 and
trans- femeadhtatad standard éind twcupnxs tzimoetontr bemsy dhapf 1§ Hee dat al yst .
The cont eqy:S 1ar6utr eat@@ WMLt hoOGhg odcivhagreseklidvandiitBOngtafgenwat er for
1| hour t atTlflepéﬂ%r Ti?ﬁiitdr %tewgu@&rgle BE§ AfifudR anbggaé&fnkﬁllﬁeugik Me?gh;cl ter
el ement unti e filfrate ls [ - [ VAl e
parti cul acirye 517 %he%ofgérr)ox Etﬂmﬁg]o%ﬁ%f %gﬁald&?{@ %ﬁ%se ialgltrg%fgon prlggedur es
are wel? ¥ndwAPP meFe KO- and can conprise use of systens as sinple as
Buchner funnels with nmediumweight filter paper designed to renobve

parti cl esExanrt.Res 150siaZéyvilangeiaf ofr eateiolt Hant5@ten mod@cHier ons. The
filtrate was then heated to 1059C and vacuum stri pped at | ess than 10 mm

ng for 1 B4 AI L&‘rs ljgaEQHﬁ 1heopRaUEdred alikeyeg anissh c_fi!'af;f&gﬁ?-tlg?lze
Cl ear (0]0) er.o asS a I le e - , a
hydroxé# dodr ggfa2?91.3’:’§:er¥\%n/ r%ﬁgedg}g &j.ab%gﬂggglrc gﬂo(%{ ?ﬁghg%fni%% nmeq/ g
KOH EXANPERST: 2URRA % VICeRSETdN “@Fggtt?‘?m i ﬁﬁgug %rg 7ol &cf écﬁ 0052.] A5

in

gal | on niveisgensplusinst odubbe | diisobs tetal ged R pRthylphosphonat

toluene and tetrahydrofuran, with agitation. The solvent is re-
nmoved by batch vacuum stripping at 110°C for 0.5 hours. Then a

30 mixture of 8304 g of propylene oxide and 2010 g of ethylene oxide
is fed into the autoclave at a rate of approximately 1000 g/hour,
at 110°C and a pressure of less than 90 psig. The contents are
reacted to constant pressure at 110°C for approximately 3 hours.
The autoclave ig then vented to 34 psig and 1780 g of propylene

35 oxide is fed at a rate of 2000 g/hour into the autoclave at 110=C
and a pressure of less than 90 psig. The contents are reacted to
constant pressure at 110°C for no more than 5 hours. The auto-
clave is then evacuated to less than 10 mm Hg for 60 minutes.
Then the vacuum is relieved with nitrogen and the polyol recov-

40 ered. The clear fluid polyetherol has a number average molecular
weight of 2100, a hydroxyl number of 69.8 meqg/g KOH and an
unsaturation of 0.019 meqg/g KOH.

EXAMPLE 4: Oxyalkylenation of a triol initiator molecule
45



25 3528 g of a glycerin propyl ene oxi de adduct oligoner having a nunber
average nol ecul ar wei ght of 700 and 250 g of a 25% by weight sol ution of

bi s(di i sowotogiosdoaTi num net hyl phosphonate in tol uene and PetrEPaydie8t ur an,
with agitation. The solvent is re- noved by batch vacuum stripping at 1104C
for 0.5 hours. Then a 30 m xture of 18304 g of propyl ene oxi de and 2010 g of
ethyl ene pydggie] is Aed dantlantﬂﬁt@geackmalai aatbal &vofi ApRReYédBiiehy 1000

g/ hour, = af, L1QQC, apd, @er@.ﬁqeg?b']{) §§§§et:ﬂﬁﬁc%009§ g&%v&?&'tae”ts are

react ed to constant res for pr ours The
aut ocl ave T FhEN T2t eSué?lr "é? P 77@8 H@ p‘%%l 35b%X| de is fed

at a rat eW%lrghzfoeelaﬂmmofu REs ¢ @hﬂes Féﬁ%?]awna?“)ﬂmﬁclpwhan%?%s%hre of
| ess t hantdepsi gnd Thet wedwdenfsran.e wishcagitatd onconBitaarsolyeessig eeat 110QC
for no noieddal babewirsmculiies atippingl aveliced iep evaciAied tthdress than 10

mm Hg forp&h e@tgisop 1@&%%&&)& VAC YR 18t d ehnieC%GdoM -/ @ttaog@ae yxd the

pol yol flyi ol yether rage
nmol ecul ar&g)%\e ﬁ?{;g?y dg)g) %/ﬁﬁﬁr'r oa% (I;Llﬁ érb%réﬁ'%f ngggﬁma e an
unsat ur at 1 brs d‘% -0. D19 Y, ‘% R GG EPRY | R gﬁ i jg'rbt Fi ol

i ni ti at®riome@pyPsins: iy @3?19‘51?1%)57 TheTPERYZAY6687 Gien [MEe584] EA 3¢ gal | on
ni trogen fdigshed aus oclcvethgletargedewis Eed7@® g ovite ol yoergfhquropyl ene

oxi de addauet110lcgen®ra hadsegra omurdder taeragesagl ecrlarconebgid «afe 700 and

é?g(gi?; > :gHP¥o ¥ﬁ?éﬂyhts %Q%éfyé %Eallogc %gr aFEro§;%§tely 3rhoursrofuran
with a |t§? é‘% th rT;I)£ X Q CSL% %B £O fbSS t%‘g géacuu%stgig@){& at 1104C
1&’ ocl ave at

for O. h‘bft?rss Then t%Z’Gcﬁu’Bfl% %F&ﬂ% %Bﬁhdéllt??%rﬂ FHt &
ar at e ofrecyypresi nditd w1600 HiibpelvatherdQhagnd »upreas $HeEadT Modss t han
90 psig. dhaseonteghs o e268act éd/droxgdnsimdretr PEeSSUT encal/g1EQO @nt0 ahor

appr oxi mat & W32 R08k Sor Dhe1auheelAkenl s then vented to 34 psig and 415 g
of ethylene oxide is fed at a rate of 400 g/hour at 1109C and a pressure

The_contents a a_Hct ed to contstant ;pyessure at

fol th
21098? an %’x f%ﬁ%}@?thﬁ?%lng'Yhégau é? éné oxid

R7e °E9% en %evaclat ed to | ess
than 10 n?ﬁJH@mIeér 60 mn 15 utes. Then the vacuumis relieved with nitrogen
and the polyol recovered. The clear fluid polyetherol has a nunber average
nol - ecul mos&ei]ght 0f1 3255 pnanhythgexy F1umehdie muabebdvey ineghgrddHwend an
unsat uratj@p ¢f o@ Qlcjl-l}}@ylﬁ Ly 120, EXAMRA B Biucteb M qilexCappimg am t h

ethyl epe x| dee Fhofadd ool ﬁ%@r PkOQé%jooAaadggwwaw 9gef:fil-ushed

aut ocl &ve" |s char % rin opyl.e adduct
ol i goner A QZ%Y ri'[?rf‘t?‘é‘rt &Vetage Iejcélfde % ?élx aqﬁgéurg)ﬁ%l 25 g of an
apprOXI nylphosphonate in toluene and tetrahydrof ura with agitation
The solvent is removed by batch vacuum strlpplng at 1252C for 0.5
hours. Then 360 g of ethylene oxide is fed into the autoclave at
30 a rate of approximately 600 g/hour, at 130°C and a pressure of
less than 90 psig. The contents are reacted to constant pressure
at 130°C for approximately 1 hour. The autoclave is then evacu-
ated to less than 10 mm Hg for 60 minutes. Then the contents are
cooled to 80%C, the vacuum is relieved with nitrogen and the
35 polyol is recovered. The clear fluid polyetherol has a number
average molecular weight of 4906 and a hydroxyl number of 34.3
meqg/g KOH, indicating addition of approximately 38 ethylene ox-
ides per oligomer.

40 EXAMPLE 6: Comparison of KOH catalyzed polyols with Aluminum
phosphonate catalyzed polyols

[0055.] A series of different sized polyols are prepared using
a triol initiator and KOH catalyst. Using the same initiator a

45 similar sized series of polyols are prepared according to Example
2. The results are presented in Table 1 below.
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present catalysts. The polyols produced using the aluminum
phosphonate catalysts have a much higher functionality and much
lower unsaturation level for a similar size polyol.
phosphonate catalysts can be used to provide terminal capping of
polyols with an alkylene oxide. The suitable alkylene oxides in
clude ethylene oxide, propylene oxide, butylene oxide and
epichlorohydrin among others. When capping with the ethylene
oxide the amount of terminal cap preferably ranges from 5 to 80%
by weight based on the total weight of the polyetherol, and more
preferably 5 to 20 % by weight. When capping with propylene
oxide the amount of terminal cap preferably ranges from 5 to 80%
by weight based on the total weight of the polyetherol, and more
preferably 5 to 15 % by weight.

EXAMPLE 7: Comparative formation of foams

[0057.1] The procedure of Example 2 is used to form a triol
polyol based on an initiator mixture of glycerin and a small
amount of dipropvlene glycol according to the procedure of the
the triol is designated polyol A. Polyol A
a hydroxyl number
The

present invention,
has a number average molecular weight of 2486,
of 60.4 meqg/g KOH, and an unsaturation of 0.011 meqg/g KOH.
aluminum phosphonate catalyst is not removed from polyol A.
Using the same initiator mixture a similar sized polyol, desig-

nated polyol B, 1s formed according to conventional procedures

using KOH as the catalyst. The produced polyol has a number av-
erage molecular weight of 2600, a hydroxyl number of 57.6 megq/g
KOH, and an unsaturation of 0.032 meq/g KOH. The KOH catalyst i

The results demonstrate the extraordinary value of the

The aluminum

]
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COﬁprQﬁ?G&Qs§e£eagTK%f%%ggL£én '&a compression set.

presented below in Table 3.

Japanese Industry Standards.
L of ASTM method D 3574 in 2002.
95 % relative humidity for 22 hours followed by a

25

at 50°C,

All parameters

The results are
were tested according

to ASTM method D 3574 except for the compression set wet method.
The compression set wet method used is the same as JIS K-6400,

Briefly,

30-minute recovery period.

The method will be included as test
the method i1s exposure

Table 3
30
Foam Air flow, [Hardness, |Tear, Break Compres-
Cubic lbs./foot |PPI Elonga- sion set
feet/ tion, wet, %
minute heat
aged, %
35 |Foam A 4.67 70.48 1.60 136.62 3.41
Foam B 3.88 74.64 1.75 129.34 3.09
[0059.] The results demonstrate that foam A produced using

polyol A, prepared according to the present invention, has very
similar to even better properties when compared to foam B pre-

40

pared from polyol B, a KOH catalyzed polyol.

Furthermore polyol

A, produced according to the present invention, has the addi-
tional advantages of a much lower unsaturation and no need to re-
move the catalyst prior to preparation of the foam.

45

and



presented below in Table 3. Al paraneters were tested according to ASTM
nmet hod D 3574 except for the conpression set wet nethod. The conpression
set wet nwphloMs4wsed is the sane as JI'S K-6400, Japanese [PCUEPD2/Y6687

St andards. The nethod will be included as test 25 L of ASTM nethod D 3574
in 2002. Briefly, the nethod is exp88ure at 502C, 95 %relative humidity
for 22 hdf0sof bl | o pragoBy rinkeheidet@ebyepeidadibdabl € a2c3@a35

FoamAi r fdnew, Warkinass réeatak¥ cakGaNpt 8starEebi chbs. JﬁeO%EE’% ongassi on set
feet/ti o%x\éﬁ%lalz/%@élggghgfé % tﬂ% QHF%]aC A4. 6770. 481 6t0?1n mfo%‘?' 41 Foam

B3. 8874 64JE 39 s denpnst]
produced Usi i 5 ?Seebdareélﬁ’o oL “«/\EE]P%C?% a}?Péﬁﬂ? ti‘h\)’“@ﬁ’ﬂ‘son has

very 40 ssll%lﬂéﬁi 1D ATbetterdpropervites A eeARscEdthe RVERRtRODF e-
pared fréecpofyedlB, thekKSrbraitcd yredl poiorektifurd henderetpod yiolvenA,

pr oduced tdeeoedh nghiyobehee psesierid bpvenidyang bes tde caddi-cidianral

advant ages of a nuch | ower unsaturation and no need to re- nove the

catal yst prior to preparation of the foam 45 WO 03/054057 PCT/ EPO2/ 06687
20 [Q060.] The foregoing invention has been described in accord- ance with
the reét’evant | egal standards, thus the description is exenplary rather
than limting in nature. Variations and nodifi- cations to the disclosed
enbodi ment may becone apparent to those 5 skilled in the art and do cone

wi thin the scope of the invention. Accordingly, the scope of |egal
protection afforded this inven- tion can only be determ ned by studying the
fol I oyizng claims. 10 15 20 25 30 35 40 45 WO 03/ 054057 PCT/ EP02/ 06687
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21 CLAIMS 1. A conposition of matter conprising: 5 a) a pol yurethane

mat eri al and b) al um num phosphonate catal yst having the general struc-
ture of RPOOS@RMR R')2 or residues of said alum num phospeorEz0@at al yst ,
wherein: 10 P represents pentaval ent phosphorous; O represents oxygen; Al
represents al um num R conprises a hgdrogen, an al kyl group, or an aryl
group; and 15 R and R' independently conprise a halide, an al kyl group,
an al koxy¢.agfrgup, an aryl group, or an aryloxy group, and/or residues of
said al um num phosphonate. 2. The conposition of matter as recited in Caim
1 wherein: 20 Ris a.neth roup; and and R' independently conprise
one of a ‘etﬁ’yFOIQP%?fptloélno)éeT%pr@oﬁ‘HﬁlS@gpropyl group, a propoxy group, a
butyl d¢roup, a butoxy group, a phenyl group, or a phenoxy group. 25 3. The
conposition @ matpeivasthecet sadteémiadl anth 1, wherein said al um num

phosphonat e S paeseitudipHoeyabsatd datamyapMoxing FREe§shddaQ0stie:5. 0
wei ght percent bagsed on dhe bﬂ&ﬁlRVﬁz Ot e Of addie oROLY VS efhangyn30 4. The

conposition of mat t er wher ei n. t he poI yure- thane material is

honaég ca } st, wh eln
sel ect ed fromth@ %up conms?ﬁﬁ of X" i bl e foans, rigid foans,

coati n"é’s, adhesi ves seal ant s, eI astoners and ther rmpl astics. 35 S. A

pol yur et hane Pprgﬁmerct@nsens@‘rﬁgl@rteah@?phqmsm 001 wei ght percent of

al um num phosphepat¢eergat akysénand/ or al um num phosphonat e cat al yst

resi dues based espidierlc@t abumeight of the pol yurethane product, said

al um num phospBARAL.& LahahystogdiaV bAUAL BEEAL oS By o up; ana
RPO(%]'R R’ 1?2 angrlégJ 1nde an i &e%%ﬁésﬁsgexgggaﬁlge gni% oeint ayal ent
phosphadr ous; rep r eSERtS urinam - R ¢ nprises ’a y ro engr an’ af’lﬁl I
group, or af §P’§Y %ﬁ%’@p, a%n%lryﬂ‘ FRUP RO r?ﬂ’eﬁéﬁa‘é’ﬁfl‘?sfo(’:@rrp??ée"% ha- | i de,
an al kyl groupsidwesldforgigraumingn phodphpnedp, or an aryl oxy group. 45 6.
The pol yuret hane product of claimb5 wherein: W 03/054057 PCT/ EPO2/ 06687 22

Ris a methylrngr&iyosaRdoR ofnthtReri Rdepandent by oM 1Seneneiof an et hyl
group,;gan R is a methyl group; and

R’ and R” independently comprise one of an ethyl group, an

ethoxy group, a propyl group, a propoxy group, & butyl group,

a butoxy group, a phenyl group, Or a phenoxy Jroup.

25 3. The composition of matter as recited in Claim 1, wherein said
aluminum phosphonate is present at levels of from approxi-
mately 0.001 to 5.0 weight percent based on the total weight
of the polyurethane.

30 4. The composition of matter of Claim 1, wherein the polyure-
thane material is selected from the group consisting of flex-
ible foams, rigid foams, coatings, adhesives, sealants,
elastomers and thermoplastics.

35 5. A polyurethane product comprising greater than 0.001 weight
percent of aluminum phosphonate catalyst and/or aluminum
phosphonate catalyst residues based on the total weight of
the polyurethane product, said aluminum phosphonate catalyst
having the general structure of RPO-(OAlR’'R”)2 wherein: O

40 represents oxygen; P represents pentavalent phosphorous; Al
represents aluminum; R comprises a hydrogen, an alkyl group,
or an aryl group; and R’ and R” independently comprise a ha-
lide, an alkyl group, an alkoxy group, an aryl group, or an
aryloxy group.

45

6. The polyurethane product of claim 5 wherein:



et hoxy group, a propyl group, a propoxy group, a butyl group, a butoxy
group, a phenyl group, or a phenoxy group. 5 7. The pol yurethane product of
Caim5, woases4sthe product is selected fromthe group ecmgiPer/idsg? of
flexible. foanms, rigid foans, coatifggs, adhesives, seal ants, elastoners
and therno- plastics. 10 8. A pol yur €t hane product formed according to a
process conpri 8 # rfbet't}W& gFepR 94 a) providing at | east one al kyl ene

oxi de; 15 b) Rir 8¢ cR'ng-naepkpedentlaneomprisatome pbl et udtehfiavicogp atadl east  one

al kyl ene oxi @ehpeaciione, hgdbogerl, g@bupl avigtioR@xgNgAdbull RUBLRRDSPRRRAt e
catal yst haviangutbe, genglak Sidibiat yreusf 2P LOMR R )2 pherein: 0 repre-

sents axygen; P represents pent aval ent phosphorous Al 20 represents

al um hum, R rrprl dr oge group, or an aryl oup; and R
and R’ |ndep 8e1ﬁ? Z" %FH"X rf %‘ﬂjé:thaf ”“aﬁ ‘alRyTe it o, Péﬂdléﬁg%d)?y gr oup,
an aryl  grogfleeredhfrany FaR yIHBUEonE) s tiaac PEngl et lat themst wwedal kyl ene
oxi de wi th tHeaas, 2Bateags. ondhasiivesat sralmmltecubkastiontdie phésenaaoof an

al um - num pboapbbsate catal yst to forma polyether polyol D) having
reactijge hydrogens; e) providing at |east one organic polyisocyanate and/or

i so- cyagate,p rEd vrn fu tional,.groups reactive 30.,toward
sai d pol get herggoiglel)%rgeac Ve %Ia%ns ccrpfdrlg%cﬁcﬁr‘?g PEP WP " BPr-and
optionally, \?m“gh FitEPEnat: subst ances having reactive hydrogens, in the

presence of g) a urethane pronoting catalyst; and h) optionally, blow ng
agents, cross)lipkevisiimguetatéant ssne 3bkfiddecbzidpt gnents, anti oxi dants and

st abi liszer s. bY. pheviminsueet hage: predust « of 44 ﬁbﬂb&lé’%&%@ st e &)k com

prises prow di ngoggedlqgﬁgh@ugkpgg)mgp%g ¥gt in an anmount of from
0.1to <F)er ent _bas ol yet her

f he
pol yol . 10 rI"he &h ke %Jdﬂ‘@t pg?s Oéiarhe caE%ﬁ%Eﬁgi ; Priotfi ding as
t he” al unmi num phog‘f‘)IPﬁ)“r?dt & (CAPRFTR 10 TaRPAr IRARUR" pRosPrTRite \Nﬁ%?@’i nn Ris a
met hyl ‘group; andelRs axggRt; i hdegreredent s ywaetBayehpnt sshawpéogbuan 26t hyl
group20an et hoxyrepmagenta pLopidunAdORO360H4GEE RCAYEROAN6687a23/1 group, a
propoxy group, aghsity, o aHPardl RIHRAXY HOWP, add RNEHHep@haHR:1Pcom-Phenoxy
group. prise a halide, an alkyl group, an alkoxy group, an aryl
group, Or an aryloxy group;
d) reacting the at least one alkylene oxide with the at
25 least one initiator molecule in the presence of an alumi-
num phosphonate catalyst to form a polyether polyol D)
having reactive hydrogens;
e) providing at least one organic polyisocyanate and/or iso-
cyanate pre-polymer E) having functional groups reactive
30 toward sald polyether polyol reactive hydrogens;
f) reacting E) with D), and optionally, with additional
substances having reactive hydrogens, in the presence of
g) a urethane promoting catalyst; and
h) optionally, blowing agents, cross—linkers, surfactants,
35 fillers, pigments, antioxidants and stabilizers.

9. The polyurethane product of Claim 8, wherein step c) com-
prises providing the aluminum phosphonate catalyst in an
amount of from 0.1 to 5.0 weight percent based on the total

40 - weight of the polyether polyol.

10. The polyurethane product of Claim 8, comprising providing as
the aluminum phosphonate catalyst an aluminum phosphonate
wherein: R is a methyl group; and R’ and R” independently

45 comprise one of an ethyl group, an ethoxy group, a propyl



11. The pol yurethane product of Claim38, wherein the product is 5 selected
fromthe group consisting of flexible foans, rigid foans, coatings,

adhesi veswoggabant s, el astoners and therno- plastics. 12. PATMPOYNO@GSDS
produci ng a pol yurethane product conprising re- 10 acting: a) a polyol
conponent conprising at |east one po §70xy- al kyl ene pol yet her pol yol
produced in t¥&°PP eseRIEPEOKYaGTOoO® Ui huhy prozpiponat butatialgystp, and havi ng
an aver age 15pdguiVyadmntp,weirght pladndkyoprablout 100 to about 10,000, and b)
an organic isocyanate c) in the presence of d) if desired, a catalyst, a

bl owi ng agent n L rasss{i.nkers,. surfactants, flane
retardants, oee Hoﬁ)ur%l%hﬁg%hydu&a%? i%%(él,lgla%t’ s "BRECH 4619 PLRFLCE 8 A

| | er pLgnent s : S I
net hod as reci%gé &?%decfffé’f“mk% WP PRPELT Y50 Py e f hRF LIRS JoRMS comiiidses a
styrene acryl 6APRF i IS93GHREE - RABATEV Pol SRALadits. phasiarerandnd hehdmmam
conprises a fPégebles.foam 25 14. A method as recited in claim 12 wherein
said polyol conprises a mxture of at |east one conventional polyether

pol yol andz.ah heasla @repgbadldiRoky dj j nd_the foam
conpri g@s a fgggillpé,e foaLr)n 30 l1 . Agfgli%%g?{lghgo#?%rﬂeﬁ%%reﬂgﬁ)sélrﬁ%&e

according to the process as recited in claim112. 16. A rigid pol yurethane
f oam nade according to the process as 35 recited in claiml12. 17. A

t her mopl ast i c@pol § RV MPInECRRRETHT COFEE hejintop atthdeps bcwss pasyoreci ted in
claim12. 18. A palinircstchanévedadn pglpatemcnerd ng it thesphesass aas re-
40 cited in clai mlininl® phopshotaet eaa@@&heﬁhaehmﬂf‘g aa%cgrfg'kagetg the
procesgsas re- citad- aj 5 e e _seala nma
according to }%pe %&gl%gggiés%fé?%cifeég?% %ogl?mxgg. E%\%&lféllst oghog‘sf’ an

PCT/ EPO2/ 0668 21 2L %R pojryuryeatnhaﬁe el astomer nade according to the
process as reS ci ted i PEPEFPTA2PE 22, A pol yuret hane el astoner conprising a
reaction prodéct Bf desirsdergatitelystyisddpamaveasenth andol yol conponent
conprising ate) easgtionelpyl yetdwer-lpokyod, haviagtant: €qulvakens taveiaght , of at
| east 900 and conprilsirBy pidgmanid,0BnpiOduGhtaf 2Rk opyhane .pxi de and a

di - hydroxyl functionality initiator nolecule in

13. A method as recited in claim 12 wherein said polyether polyol
comprises a styrene acrylonitrile graft polymer polyol dis-
persion and the foam comprises a flexible foam.

25

14. A method as recited in claim 12 wherein said polyol comprises
a mixture of at least one conventional polyether polyol and
at least one graft polymer polycl dispersion and the foam
comprises a flexible foam.

30

15. A flexible polyurethane foam made according to the process as

recited in claim 12.

16. A rigid polyurethane foam made according to the process as
35 recited in claim 12.

17. A thermoplastic polyurethane made according to the process as
recited in claim 12.
18. A polyurethane coating made according to the process as re-
40 cited in claim 12.

19. A polyurethane adhesive made according to the process as re-
cited in claim 12.

45 20. A polyurethane sealant made according to the process as re-
cited in claim 12,



the presence of an al um num phosphonate catal yst. 10 23. A nethod of

produci ng a pol yuret hane el astoner conprising re- acting: a) a polyol
conmponentwomaps40si ng at | east one pol yoxy 15 al kyl ene pol yerhpo2/msBy ol
produced in the presence of an al un} um phosphonate catal yst, and b) an
organic iggcy nat e ce) in the presence_of d) if desired, one or nore chain
ext ender s“Tantt BB SGPABnGl IS WeCalafy tccogding f s ttdivt Pracesvvngeagent
and an effecfived difogAeisflan flane retardant f) where the overal l
functionality of the polyol conmponent (a) and the chain extenders (c) is

| ess than22. 3a 28l24etAane! YL SlRRRe cohRSTQNET 2 "BIS @CLOLdbAg- ¢ QA BE
processsas reprLdded by ELalMede ¢en/ MRY 8? b RlrQUCLAg, 2 sﬁmgyuq:et hane
adhesi ve conpyising re: fcéi':hpeqi: 3? a% a polyol component co%lr §1n§‘ at

| east one pol yoxy- -arkyPehe-pol FErker Holvdl 2Pr SUcEd sk VREIHr &fenke of an
al um num phos% _ P80c3Rd| AP igAaIhy EhpcdtersBrofudd @inbropslneanate 35
c) in the preSeiite f d)difhuvxyddfunrid coplnoy elcihdianoexhenseris, iand e)
optional |y a ti glrgstnca sfirdractlaninum gHoevwhbgaegaidtalgnd. an effective
anount 10f an flanme retardant. 40 26. A pol yurethane adhesi ve made accordi ng
to the prgges re- ~£i | | ai . A met haod of producing a

pol yur et h‘gﬁe %elgelgczglr?tg 8%%?%34%8% g-&é |rr?§:zaﬁ% % 'G5 405 F PETFEPD2] 06687
25 a) a pol y%(f lé'lgrfponent conprising at | east one pol yoxy al kyl ene

pol yet her pol yol produced in the presence of an al um num phosphonate

catal yst, anddh) ardrvgantempgooyrananerifing) aknléde presentgoof- d) if
desiretls one or mrkelehai foEydERACpsyENGrRHuORE i DNalHsy presatd Y5t ana
surfactant, a bl owpgnadePtosHhatan-£ff8cki vengmount of an flane retardant
10 where the 1gvera:énl oﬁ:BQﬁi&OPs%'J a¥1a9f t hé pol yol conponent (a) and the
chain extenders (C) .IS greater than 5.,3 to 3.0. 28. A polyurethane seal ant
made accor di njg to ﬁ(ls‘epgﬁ?:%%nscea§fr e-

if desired, one or more chain extenders, and
20 e) optionally a catalyst, a surfactant, a blowing agent, and
an effective amount of an flame retardant
f) where the overall functionality of the polyol component
(a) and the chain extenders (c) is less than 2.3.

25 24. A polyurethane elastomer made according to the process as re-
cited in claim 23.

25. A method of producing a polyurethane adhesive comprising re-

acting:
30
a) a polyol component comprising at least one polyoxy-
alkylene polyether polyol produced in the presence of an
aluminum phosphonate catalyst, and
b) an excess of organic isocyanate
35 ¢) in the presence of
d) if desired, one or more chain extenders, and

e) optionally a catalyst, a surfactant, a blowing agent, and
an effective amount of an flame retardant.

40 26. A polyurethane adhesive made according to the process as re-
cited in claim 25.

27. A method of producing a polyurethane sealant comprising re-
acting:
45



cited in claim?27. 15 29. A nethod of producing a thernoplastic
pol yuret hane article conprising reacting: a) conpounds which are reactive
towar d i swoyanstes whi ch 20 conprise a pol yol conponent c®CprEPs2/ogsat

one poly- oxyal kyl ene pol yet her pol yol produced in the presence of an

| east

al um num phosphonat e catal yst, said B%I yol conponent having an average

mol ecul ar wei ght of Pk 30OPPREBOCPMPrantn® Hth)leant cvmanicdiybspeyanat e

in the presence oklwylérfe gesieeler ddgbal ysdqucrdbiaWing PEeBhce avE )

optionally a surfagh@Mum 3nebphonsd eRdgiys@ndan effec- tive amount of an

flame ret ardagt); 39 g]_SgSathc\M#ggg M]aeter atio of the isocyanate groups of the
h um of "I

conponent
(a) and,

(b)

if u

to the S0C
§&d, 1BafF (?r’f&isﬁn‘éﬁt%%der is fromapproximately 1:0.9 to

c)

anat e-reactive groups of the conponents

1:1.1. 30. A Sher bplesited  peny e ivarechatie sxteofding ansl t he process as

recited in cl am 20ticirlly a catalyst, a surfactant, a blowing agent, and
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28.

29.

30.

an effective amount of an flame retardant

where the overall functionality of the polyol component (a)
and the chain extenders (c¢) is greater than 2.3 to 3.0.

A polyurethane sealant made according to the process as re-
cited in claim 27.

A method of producing a thermoplastic polyurethane article
comprising reacting:

a) compounds which are reactive toward isocyanates which
comprise a polyol component comprising at least one poly-
oxyalkylene polyether polyol produced in the presence of
an aluminum phosphonate catalyst, said polyol component
having an average molecular weight of from 500 to 8000,

and
b) an organic isocyanate
¢) in the presence of
4d) if desired, a catalyst, a blowing agent, and
e) optionally a surfactant, a chain extender, and an effec-

tive amount of an flame retardant;

where the ratio of the isocyanate groups of the component (b)
to the sum of isocyanate-reactive groups of the components
(a) and, if used, said chain extender is from approximately
1:0.9 to 1:1.1.

A thermoplastic polyurethane ﬁade according to the process as
recited in claim 29.



