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CYANI DE CATALYSTS CONT AI NI NG NTATE COVPLEXI NG AGENTS FI ELD OF
THE | NVENTI ON The i nventi on rm m ubl e metal cyanide (DMC) cat 8i0y$t8))
and net hods for making them hdd2zcul ar, the invention relates to DMC
catal ysts useful for making pol yet her pol on s that contain reduced | evels

of 5 a MQBl%cul ar - wei ght conponent conpared with pol ypCHER®S147Si Ng

ot her known DMC cat al ysts. BACKGROUND OF THE | NVENTI ON Doubl e netal cyanide
conpl exes are well-known catal ysts for epoxide 10 pol ynerization. These
active catalysts give polyether polyols that have | ow unsaturation conpared
with simlar poDOUBLEMETALGYANIDE GATALYSTSIOONTAINING GYCGLISt s can be

used to nmake nany pol ymer BIDENTATE COMPLE)XIN®AGERES, pol yester, and
pol yet herester polyols. These polyols are useful in polyurethane coatings, !

el astoners, seal ants, foans, and 15 adhesive.. DMC catal ysts are usually
made by reacting aqueous sol ut FilD 6IF WelEtalN¥BNTIOMhd netal cyani de salts

to f t f th t ol :
| o ol ecul ar - wei GHAS SNEATIER Utes B RUDE Rl osda by Greasaiets 2 an
al cohol, is 'naetﬁ&%dfémntétenﬁﬁahyﬂn 1 P 2PRASIAE PR r%%nift@ﬁ 2IA881t6 em&ﬂ eX' ng

agent is needed for favorable catal activi'ty re aration of typi DMC i
cat al ysts i s cdalystishessiulifor nmmg)pelyetherlptcfbjols?atuat Mam&ed%edme!s of
3,829,505, and,5 158 2. Wil sol ubl e et her di et hoxyet hane
Cral e or SN A SE AR A ETPRNET SPmarerybT RebtLS rBR% oot y)

al cohol ) are giRst kR&Nﬁq]jm@ﬁbyta%gd as the organic conpl exi ng agent, many

ot her general classes of conpounds have been described. For exanple, U S

Pat. No. 4,477,589 teaches (colum 3, lines 20-22) that the organic L
conpl exi ng agent can be ' ether, ester, am de,
nitrite, or 1 8 Ui 3= 2o GA RERDUND EECYEE S E PN o) 0514y

sul phide." Qhers tbbabtetrhetaw@udré@aﬁsexé%eeweugmow}d atalfats foMspoxiI2 78, 458

at colum 6 and U.S. Pat._No. 3,941,849 at colum 13). According to U S

Pat. N0 3, 27@lvimgrizatien. ol hase actversatalysisylivg @alyaihet rolyplsthakiavelow
bst anti al |
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N, Ndi met hyl ad@%!ﬁirtﬂe‘?m)ﬁ%thﬁﬁé’ i %n%e%ﬁmrﬁaeaeeﬁp%t&d aoégt'%ﬁgﬁsts
wth | mproved,aabi vh! Yaly(telitined Yoltinh e olRbontaisal ¥shianiavidima, Tt vely

hi gh degree crystal Ity were use for nmaking epoxide poly rrers The [
nost pdgul ar adtiediyest. cont ai ned an organi ¢ conpl exi ng agent (usual ly :

glyne)) water, exc aIt |caII zinc chloride d.the |
conmpound. Acti Vi tyﬁﬁ)q’ %B%‘XF% arso Vl@ﬁg (9¥ SRAHOH wéﬁe%Pq?%%nsa(Q,H/\?i ty
avai | abl e frometdiesdfes GHIRidtsabyStigadaEd (<@ dasretibRaghbf tthe BMC
adequate. Later, it was appreciated that nore active catal ysts woul d be

val uabl e for eampesstul A sratereslublez dewgnolsculfsiyeiost araanioneomalening t s.

Recent i nprov, t nal g ts with
excepti onal a &54}-“3% e(i@ér?r%zt aflécgﬁeér]t ’§é’?‘%%g@ orhge%gérg%}rg%%é Pat .

No. 5, 449, 8137 ld@s@@lahw coHpiANg iagkhy |sﬁllﬂi@eﬂbauﬁrcfév@mm¢é et Al aemmqt al ysts
t hat have much hi gher activities ConP)iSﬁS wth earlier DMC cat a{§/8t s. O her

hi ghl'y acti vePmparatienpipica RMGugeata isRaarbed: trrexesploindd &-dratwei ght

organi ¢ conpl n | ymer such as a pol yether (see
U S. Pat. '%E gé‘?g%%s gﬁgggﬁ'\i&@%% fa%ggﬁgt her 25 functi onal
gr oup- cont al ni ng pYViyirerwiter-SoluBly etifrs $e.¢1,4 déaslhoxielaing {oiyrme”)DbE

catal ysts are generally substantially non-crystalli i s evidenced by
powder X-ray @BMPELANGAICERPISIPEs IBORIPPYIRIRO r%?%ﬁg%%w&ﬁ?@lo' Eﬁ?em@éfm ysts

are actdye en Sheier o n !ow
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T 2002 a 1 Blabsés of w@pounds have been described. For example, U.S. Pat. No.
4,477,589 teaches (column 3, lines 20-22) that the organic complexing agent

can be “an alcohol, aldehyde, ketone, ether, ester, amide, nitrite, or
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WD 99/ 59719 3 Even the best DMC catal ysts known coul d be inproved. High
catal yst activity has sonetines cone at a price, nanely the unexpechehd[][:T 200
formati on of traces of polyether HhHaving extrenmely high (greater tha

400, 000 or >400K) nunber average nol ecul ar wei ght (M). ,This

hi gh- nromase/sarravei ght 5 conponent, even at part-per-mllipgpebsyghls can
negatively inpact the way pol yether polyols made fromthe catal ysts perform
in urethane applications such as flexible or nolded pol yurethane foans. For
exanpl e, polyols that contain too much high-nol ecul ar-wei ght conponent can
process poorly, give tight foans, or cause foamsettling or coll apse. Wai'l e
vari ous approaches 10 have been proposed for dealing with the.

hi gh- nol ecsubphide! gﬁDtharshpﬂherﬁanﬁecbsses tdemy, UG atlW @) Ridt. Noe3 D78468e,

renoval of the co darggg romthe rest_of the polyol after formation), an

i deal st r a@b§9UROY & Mt Mo Bed9th8ay @ colmnmidi heserdind & hdnat e
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hi gh- nnlec ar-wel ght po mponents, 20 particul se havi ng
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| NVENTI ON Th d mak h ls th
per T or m 25 HORENEGHRP IS PP aRaE ROV R0 ke B e et on | s

doubl e net g, fgvecdlggg,\%ﬁ;c( DMC) catalyst and a nmethod for making it. The
cat al yst COIT‘BI’I ses a npound, an organi ¢ conpl exi ng agent, and

opti d@al |y, frorfiebdatages, oDMf?aumatSWsWt hewiofg @ felativélpnkiphzdegrpel ghrer. The
key conmponent ises .a
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the total ap@aipst ebniiigedizh ord%@ﬂé Eoﬁﬂﬂémﬂ ent QuslAIVQIFREPIMAL,
PCT/ EP99/ 0314794 conpl exi ng ent, of cy glié% @ dent g\:ae@?or;}pound sel ected

from | act aXcaseimeaia b@yplcml Z'Vr‘ﬁ/é’h‘f)f‘@%) élngdh?rQMGH@@“aow%c%BV'Wor meki ng
an_epoxi de f@%éﬂgﬁﬁe?élg%ewsngﬁt\%l)fﬁte§<ce¥§e§'ﬂrlé) cﬁ{u#?éyal ﬂoﬁh@? maki ng

DMC cat al yst's XI'ng agent co
aliph&tic aiomrlmelncahdtamdamI(KQH)wantthghtwmmadeqedatect bateflr ibwdsact ans

and | actones offers val uabl e and un ect ed efits. In particular,
o yether | FARVBHE R dant A (b Ve ARy eoweHl Rerva sablEc! IAFEr Sl

hi gh- nol ecLgog,qm\g@élgmatwogﬁ&?&grﬁgnhwé%@@@@s conponents. This reduction

makes the pol yols process er in urethane’applications such as flexible
and nol ded foansReeenﬂ:)lETwuoNEﬁdeESdIRIWC@ateWsTHEchINMEQISFIP(a\lecmoali@a;is of the

i nvention conprise doubl.e ni de DI\/Ck an_qrganic
conpl exi ng M?tsrﬂ"% EF%ethHgF %‘%{V‘%@‘?RP’“% S PEREY pedﬂmg? Doubl e
net alacyanige. cpgpowsls susry 813 | deddiet ng@mﬂa@naw eambeprﬂcmctdronom oduct s
of a water-soluble netal salt and a water-soluble netal 20 25 30

crystalline catalysts that have much higher activities compared with earlier

DMC catalysts. Other highly active DMC catalysts include, in addition to a

low molecular weight organic complexing agent, a functionalized polymer

such as a polyether (see U.S. Pat. Nos. 5,482,908 and 5,545,601) or other

25 functional group-containing polymer (U.S. Pat. No. 5,714,428). Highly active

DMC catalysts are generally substantially non-crystalline, as is evidenced by

powder X-ray diffraction patterns that lack many sharp lines. The catalysts

are active enough to allow their use at very low concentrations, often low

enough to overcome any need to remove the catalyst from the polyol.



cyani de salt. The water-soluble netal salt preferably has the general
formula MX)~ in which Mis selected fromthe group consisting of Zq&d e
Fe(11)) Ni(11), M(I1), Co(l11), Sn(I1), Pb(I1), Fe(ll11), M(IV), M g),72002
AL, MV, V(IV), Sr(11), WIV), WVI), Cu(11l), and’Cr(lli). Mre
prefer P YP/5M?s sel ected fromthe group consisting of ZRAWEPIIBHETI ),
Co(l'l), and N (Il). In the formula, X is preferably an anion selected from
the group consisting of halide, hydroxide, sulfate, carbonate, cyani de,

oxal ate, thiocyanate, isocyanate, isothiocyanate, carboxylate, and nitrate.
The value of nis from1 to 3 and satisfies the val ency state of M

Suitable netal salts incl for exanple, zi chloride, zinc brom de,

zi nc acetate, zéYu%” g@e@%ﬂiﬂ@@&%ﬁ‘@?“ﬁﬂ%’b@ﬂ%@ileéfnpi‘i"fﬁfj-n‘T"QIh&?@'YStr on(11)
sul fate) i I ! C (A chlorl [ iocyanat e,

ni ckel (I) I )Jcﬁgﬁtka@aggﬂﬁgﬂaea ﬁm%ia{‘ra;%ré,gé]'arﬁ\)éJhtgﬁ'ethﬁ%%p%gaédré@@%ﬁég t her eof .
Zi nc hal i adfrazes gipefyatherchavingexicemaly-high (greater thaf 40C100008r2400K) 99/ 59719

PCT/ E P99/ 03147 The wat er-sol ubl e net alw?yani dﬁ. salts used to nake the
doubl e net®MRGH AEEAg8 nPiRRIal seeight i Mihe iThlRigmQleesiarwsighthave t he

Qonsrat i gt Rari BYeha i ber it sk, coh iR G imadi e WayDl P
Dt erhbl . M L5 St 0t ot fLom { oo otp. sons! S11 26 of Oo(tI T s Go(111)
B 1y - Fspehias RedBle B Maiied Polyiraiand 10ars. TheERatale. als Batetal
cyani de 52l gitos Al AgRAoRbUARARIGH CdHPENScBhbrobdsdirkogibl 2 Y i's

an al kal i metal ion or a I ne ea fon. Ais an ected
from t he dightifoamsspecange fdamaeitiliog anadllapsde Whig vatieys epptoachee, 10

cyani.de, al ate, thioc t . socyanat e, ,i sot,hi ocyanat,e, carboxyl ate, and .
M tiSte, BEVE REYmATIPaRes TPk iegunE R ehe HionHaiceMal eI o MPORE sum of .

the char ggs f reforrBulaBibe of thaLaESSe, Bt bEthedtorfbonattificHR ltige rest
wat er - sol ubl'e netal cyanide salts include, for exanple, potassium

hexacyanociliae iy aftey forpumationsi amideak atgtagyhweyldbegin yith sloe astslyah

hexacyanof eryat.e(l.L ]) al.CJ e(l11), lithium
hexacyanoiafqdaﬁllﬁﬁ'%%)ozr eg'ﬁﬁg%%re%%ﬁ?g%%&gﬁ%%g@p@&%gubI e nmetal cyanide
conpounds that pasurhginyseded DMOeatalysobrostil neddate, A brsfeasdrptadyst zi nc
hexacyanocobal tate(l11), zinc hexacyanoferrate(l]l| [

hexdd-~andveyidahaye hjgh actviy %imibarHagaes/ahm%swa%té%zi@ljzi Réaw&t@'m?

h t i ke. t I f ifabl

doupl & et e, GBS Ino ndlif (4.6 o [ USY, ERCNBED ERTOAMET0 e
t eachi ngs H#82t0@8). aAprefmrozpanteipyst euldi stilbgiveeddy@mreduZisneith low

h bal t.at f d. T tal yst the i t i ncl ud
2 or yan o BGRBES BRY QuBHTeRuReNs Hgalh BPLBNEI. 1R FENSRP WY Tt ot at o
conpound. J@auaé@%hcaﬁt élm%én@oﬂﬁﬁﬁtﬂn&@wI@r-@bl@%ggbwo‘ﬁ@bmn@ned,cohol S

i ncl ude, for exanp n- propyl al cohol) i sopropy cohol , isobutyl

al cabl , traticoiany thalsedraling nembeirgderage sholeculandvaiglts| greaterahanni xt ur es
t hereof . Br.an h{&bﬁb@ohol s are preferred; tert-butyl alcohol is

parti cul ar?tﬁP"fC)tr d. in addition to the al cohol, the conpl exi ng agent

i ncludes a cyclic, 30 bidentate conpound selected fromthe group consisting

of lactans and
SUMMARY OF THE INVENTION

The invention provides a way to make polyether polyols that perform

25 more consistently in urethane applications. The invention is a double metal
cyanide (DMC) catalyst and a method for making it. The catalyst comprises

a DMC compound, an organic complexing agent, and optionally, from about

2 to about 80 wt.% of a functionalized polymer. The key component is the

organic complexing agent. It comprises a C,-C; aliphatic alcohol and from

30 about 5 to about 95 mole percent, based on the total amount of organic



.1V0 '991 59719 6 | actones. Preferably, the lactamor |actone is at |east
partially soluble in water. Especially preferred are C3-C6 | actans ﬂgﬁmm‘m
| act ones. Lactans are cyclic am des. Many are conveniently produced
dehydrati ng cormmon am no acids. The | actans can be substituted on the 5

ri ng cCayipisse@fo on the nitrogen atomw th one or nore al roxyal kyl ,
hydr oxy, hal ogen, or al koxy groups, or the l|ike. Suitabl ?‘%QEF%&@P%MI ude,

for exanple, ~-propiolactam 2-pyrrolidone, 1-nethyl-2-pyrrolidone (N

met hyl pyrrolidone)) b-val erol actam e-caprol actam -
1- (2- hydroxyetyl)-2pyrrolidone, 1-ethy4-2-pyrrolidone,

met hyl - 2- oxo-. 1- pyrrol i di neacetate, and 10 the |li ke, and m xtures thereof.

Par ti cul ar¢gmpiediey rgeniref $cyeale bidenthcamgonyd rsellésion éons lndtams
2-pyrroli doné,\ and 1- rrg_hhyl -2-pyrroli donqe. Lactones are cyclic esters. Like
the | act an@Nd {ardonat dREINQIIBAIRRINEIVIeRHa PrreSsapmaking rmeasxigeky | |,

hydr oxyal r or al koxy groups, or the like. Suitable
| act ones %é:lyﬂﬁye%%?@gt%é;ghp : s'~3- propi ol act one, 15 y-butyrol act one,

b-val er o: actoneWesuqm'isbmgilyh‘@m&jl tl’ﬂm?al&ineg IDM@,cr?MigsﬂsiwftmEQﬁJlnﬂphﬁkiagf. ' cohol
y-Butyrol actone i s particul ar preferred. Both the C3-CS aliphatic al coho
and t%e cy’get mfgl‘ﬁ'%@ead'ﬁ%ﬁﬁne & &3 E@SHB?@)C Algehel and A \WEliGhat s
hi ghl'y act; | |dcBLHhE o ' ke of

i G- 0! eciran e B dieaot ol SR cking hatibhRtorta AP ARY 21 ¢
conmpound i snexpeadted penkbtscdn phyteulangsolpether polydlsirmadé frokethermatalysts
disclosed in U S. Pat. No. 5,470,813), but l yol s made from at al yst
can cont ai W%ﬁ&b&%ﬂﬁ&ﬁfiéew’%&fQ'Q%rmpffzé%@w%t 0 HF2AlRE tRRR 4@@%ent. on
t he ot her ' iol | i pégg%g -y ald as the
conpl exi ng&gfg’gr?tnfgh%sﬁgr%gtrgle?g?? {Tgar‘\(ggttggwgie&szgre a%&e ;}Hlugévtﬁggtei vity
andl '} gi vapplitatoins suathadflesiblenand owdlded fiearght di st ri buti ons and hi gh

viscosities. The relative anmounts of C3-CS aliphatic al cohol to cyclic,
bi dent at e conpound needed in the catal yst can vary over a w de range, and a

skilled person can ORTAMEDIHRELRIPTONDFTHRONYBINTMOR¢Osity) and the
i ke, by varyi n&% gnst%GTf 20G&2 PCT/ EP991031.t7 30 them However pc):r eferred
2 12

catal ysts will i Eyention copRiiseud dogble metal cyanide (DMC)
compound, an organic complexing agent mixture, and optionally, a

15 functionalized polymer.

Double metal cyanide compounds useful in the invention are the
reaction products of a water-soluble metal salt and a water-soluble metal
cyanide salt. The water-soluble metal salt preferably has the general
formula M(X), in which M is selected from the group consisting of Zn(ll),

20 Fe(Ih, Ni(l), Mn(ll), Co(ll), Sn(ll), Pb(ll), Fe(ill), Mo(IV), Mo(V1), Al(lil), V(V),
V(IV), Sr(ih), W(IV), W(VI), Cu(ll), and Cr(ill}. More preferably, M is selected
from the group consisting of Zn(ll), Fe(ll), Co(ll), and Ni(ll). In the formula,
X is preferably an anion selected from the group consisting of halide,
hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate, isocyanate,

25 isothiocyanate, carboxylate, and nitrate. The value of nis from 1 to 3 and
satisfies the valency state of M. Suitable metal salts include, for example,
zinc chloride, zinc bromide, zinc acetate, zinc acetonylacetate, zinc
benzoate, zinc nitrate, iron(ll) sulfate, iron(ll) bromide, cobalt(ll) chloride,
cobalt(ll) thiocyanate, nickel(ll) formate, nickel(!l) nitrate, and the like, and

30 mixtures thereof. Zinc halides are preferred.
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1 8 0 C 12002 WD 99159719 PCT/ EP99/ 03147 _. ~ ,. nole percent, based on the

" total anmpunt of organic conpl exing agent, of the cyclic, bidentate 1Bq§T7W2
conmpound. More preferred are catal'ysts that contain fromabout 10 to a

80 nol e percent of the cyclic) bidentate conpound; nost -preferred is the
range fwneesot 20 to about 60 nol e percent. 5 Catal ystsprat/epheosigwventi on
optionally include a functionalized polyner or its water-soluble salt. By
"functionalized polynmer" we nean a polyner that contains one or nore

functi onal groups containing oxygen, nitrogen, sulfur, phosphorus, or -
hal ogen, wherein the polyner, or a matér soluble salt derived fromit, has
rel atively good water solubility, i. at | east about 3 wt.% 10 of the

pol yner or its s&hewatesepluble r@etarl@mamlde@ﬁ&susa@léo makﬁethedoublermztajures of

organi o socdahtte EpMaintisyeb AR hé Matdftian, PERRAER, v Bl befibd]) ' ©
al cohol a$&nﬁﬁﬂé (M)M(CM%R)"C |r$0.1hlit91 M ISYSéIécthﬁQSmatﬁé dr@ﬂp'c@ﬁ@fsﬂﬁ@%?' ng the
functi onal ize he catal yst structure during

formation M”hf%ﬁ%cCp(H)a@pﬂH) dif(ltlh&rﬂﬁht&ﬂré(l||)ne|‘t/|élK|“b3}é(Hl )bl ctl&)rfﬁ)im(thlﬂﬂd

o Bor at ST boV I EFE. Y MR 8 6aRY, AT I rpleRi) Y57 b Ui

5, 545, 601, doh@nsmg@mcngﬁ) QIo (whi Bb&larwe(nu)mrrm)r &80, 4Rt Ri(N).byhe efzgsrence. A
particularly preferred catalyst of the invention incorporates a polyether
pol yol 20 #9ldNe metateyaride ﬁ@&@aﬁcqqm@ﬂ ong %mogauqfém%e meaialsi dRdhe zed

I P
pol Y acr yi 12 HER, . B o EH et ipd F ARIAE, S, iRV bRy K ik Bl

met hacryl at&)@cte@cﬁﬂomttmgrcrcw dft>113|atd@emf)hal@@ y\ydmundacwlf@ue) carpohate, nyl
al cohol ), poly(N-vinylpyrrolidone) N, 25 vi'n rroI | done- co- acryl I C
aci )10 pol yYRNIA], Gﬁxﬁ{ﬁtﬁﬂhm?ﬂaﬁ éfé’f’? {%tk}'ioﬁygbg GﬁFRQXY 3181 3% ny |

chl ori de), ( I [ lyd vi nyl
cul fatey so el ié?wgnﬁcﬂﬁfeqﬁf%@@ﬁf&%*e“ﬂ D LB Fertam B
pol ymer s archatgesrdflzd,iandkt Saldtates tNe. cr&rgézqu'B Suhabl%.aatlelmgmmé whi ch
are mcorpora%d herei n by reference. 0.C T 2002 WO 99/ %7@%?

PCT/ EP99/ 030! §YahgesFHE 1TkAR fORIATHR'S n%?taswah erasyrnesaRRliaded!ls r om

about 2 to ﬁﬁ@%luﬁph@&a%ﬁof&ﬁﬁté{ﬁ%%d{ﬁswﬁf RELASRINGFerBR (AH BARIM CONt ai NS

f rom about to abou functionalizZed pol yner; nost preferred
i s tH& r andeexacyanabobaltate(lfh lhom hewmayanpiidate(ill), and the like.

Examples of double metal cyanide compounds that can be used in
the invention include, for example, zinc hexacyanocobaltate(lll), zinc
hexacyanoferrate(lll), zinc hexacyanoferrate(l!), nickel(ll)
hexacyanoferrate(ll), cobalt(ll) hexacyanocobaltate(lll), and the like. Further

20 examples of suitable double metal cyanide compounds are listed in U.S.
Patent No. 5,158,922, the teachings of which are incorporated herein by
reference. Zinc hexacyanocobaltates are preferred.

The catalysts of the invention include an organic complexing agent
comprising an alcohol and a cyclic, bidentate compound. The alcohol is a

25 C,-C, aliphatic alcohol. Suitable alcohols include, for example, n-propyl
alcohol, isopropyl alcohol, isobutyl alcohol, tert-butyl alcohol, tert-amyl
alcohol, and the like, and mixtures thereof. Branched alcohols are preferred;
tert-butyl alcohol is particularly preferred.

In addition to the alcohol, the complexing agent includes a cyclic,

30 bidentate compound selected from the group consisting of lactams and



5 Catal ysts of the invention are preferably substantially non-crystalline.
"By "substantially non-crystalline,” we nean |acking a well-defined|c§ yst &l
structure, or characterized by the substantial absence of sharp lines in
the powder X-ray diffraction pattern of the conposition. Conventional zinc
hexacngggg%g#gate-glyne catal ysts (such as those described in U S. Pat. 10
No. 5, 158, show a powder X-ray diffraction pattern-cdTERPAYrany
sharp lines, which indicates that the catal yst has a hi gh degree of
crystallinity. Zinc hexacyanocobaltate prepared in the absence of a -
conpl exing agent is also highly crystafline (and is inactive for epoxide
pol yneri zation). In contrast, catalysts of the invention are preferably 15

subst ant | aldofoRes- FrRiably, M ISALA YoloheibeiDusrLlRRILapLieRt U e

uni que infrared spectra. p at al hi ghly
active, substentEspégiathpprefesrsdaréiCieCy ladtamisesnd ldbohéd. absor pti on bands
for free Zn- CH ll brati ons at _36506jpn1 ' é&?d 642 cm'. In contrast, preferred
catal ysts of th&3CH/BRFECYASI@Disashe MaMARIR GNVeRRNRIecge8H¥bbances

at these ‘é‘@éﬁ%&'fﬁ?ﬁpﬁ:orﬁ%ﬁ%ﬂp@g&w i I%%E?rﬁé%hfﬂés%stﬁﬁfe% tdhe 1 ack

of infrar sor pti on ban ree Zn- appears to correlate well with

reducgd f oringtéarbon$ onioghthentizogématovai with opel yromore ralionemidroxyseieyl Exanpl es
1, 2, 4, and C10; Tables 1

nd 2). In addition, .catalysts of the invention
uni quel y sV B@@Qeen@rﬂgoﬁag'%%ﬁy‘ﬂ °"a‘g§db<61 {%ﬁta?%e@qta%m'ugééw cm' for
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PCT/ 599/ Ol and raixdurak tyerdse d PaftiRi&®p Bleféned %r@ﬁ@le@aﬁérﬁ%n‘iﬁ' tin-
t hes presence of the organic conpl exi ng agent and optional functionalized

pol yrer . TR¥riolidames suempr &xpyisolidpaet and fpoeditl-<-aywolideiaided with eit her

both of th It s i h dded h |
ol urry i e at SRR AR ek Tb st e HER e Ml et b imE £ S
general |y pihgf Qubgitudrits ehnaK alkye Hidregfdik@l hiyBeoxe0 Malieen) dradiedty

conponents wth either aqueous solution, or both, before combi ni ng the
react ant s. OT0KPS. @5 the likgy eSHitablpdactpres Ksludedor exarveln Prefegidladane,

pr evitaust y Vg orictdfe, Glalenfiabtofit)c-REBE g gl hE Ry Eoa TG
5, 714, 428, théreof.eacBuhgsiactonshisglarticudarippoefeoreat ed herein by reference). In
one preferred n%oﬁﬁ?hg Eafé]seal-}prl]w\é igtailgoqioltarr]w% t%\écégc(ﬁb, 8fdoe|%?a§tgtc%mpound
are needed to give a catalyst that is highly active and also gives the
desirable reduction in the amount of high-molecular-weight polyether
20 component. If the cyclic, bidentate compound is omitted, the catalyst has
high activity (like the ones disclosed in U.S. Pat. No. 5,470,813), but polyols
made from the catalyst can contain undesirable levels of the high-molecular-
weight component. On the other hand, if only the cyclic, bidentate
compound is present as the complexing agent, the catalysts tend to have
25 relatively low activity and/or give polyols with broad molecular weight
distributions and high viscosities.

The relative amounts of C,-C, aliphatic alcohol to cyclic, bidentate
compound needed in the catalyst can vary over a wide range, and a skilled
person can control catalyst activity, polyol viscosity, and the like, by varying

30 them. However, preferred catalysts will contain from about 5 to about 95



conmpound is included in one or both of the agueous reactant solutions. In
other words, it is included in the aqueous netal salt (e.g., zinc c I@ﬁtpﬁh
15 solution and/or the aqueous netal cyanide salt (e.g., potassium !
hexacyanocobal tate) solution before the two solutions are m xed. The

react afYO 8¥PAt? ons are conbined using efficient mxing (PETEPYBINY by
honogeni zati on or high-shear stirring, e.g.) to produce a catalyst slurry
that contains the DMC conpound. The catalyst is then isolated, usually by
20 filtration under pressure, and the ?esidue is washed with an aqueous

m xture that contains the C3 C5 aliphatic alcohol. Optionally, this washing
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esul t_f i K ident ate 30 d. First,
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manuf act ur gulfdMphos§SReiusSof RalbBBA OVREreh tad Pélyn‘fém_ér avaNeysAnBlel s wast ed
catal yst. The invention includés a process for making an epoxi de dpol yner.
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epoxi de pol yner, can be, for exanpl a pol yet her Pol,yol derived fromthe
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art de usi ng conventj onal cat al ysts can be nade with the catal ysts of
t he ﬁvgnt PEﬁP?p’g%foerékﬁ @?U%‘?@ EV%YBBGI%P?Q@WW 20 oxet anes (gs
taught in US. '?‘%ﬂﬁélheﬂo%fe?prggl??%e‘bBE)uﬁél%r%liéQ&’%&%ﬂgﬁ'é&fsgtit%l ¥ghthers, or

with anhydrides (as taught in U'S. Patent Nos. nd 3,538,043) to
gi ve pol yedtaarporatpolypolyethest are fatght én THe patpitas i D4831908bianst her ,

I ter, t t I ' is full
Gostr bed, S1B0Bebyprdcering of Mpfae ReaPos s dfidls Sh Fefaleras Yo
4,472, 560, iBcéfrbrafes, i A !
3 578 457, Pang L C Sehue ATt and S D Har b S By beecanbe. 32nd

AnnudP Pol partberdnetionaliger malyraer. Conf. (1989) 360. The teachings of these
S batents el SRk Yo BEhERl pAEE ok Bl 15t e
poly(acrylamide), poly(acrylic acid), poly(acrylic acid-co-maleic acid),
poly(alkyl acrylate)s, poly(alkyl methacrylate)s, poly(vinyl methyl ether),
poly(vinyl acetate), poly(vinyl alcohol), poly(N-vinylpyrrolidone), poly(N-
25 vinylpyrrolidone-co-acrylic acid), poly(N,N-dimethylacrylamide), poly(4-
vinylpyridine), poly(vinyl chloride), poly(acrylic acid-co-styrene), poly(vinyl
sulfate), poly(vinyl suifate) sodium salt, and the like. Many other suitable
functionalized polymers are described in U.S. Pat. No. 5,714,428, the

teachings of which are incorporated herein by reference.



1 8:0 CT 2002 WO 99159719 PCT/ EP99/ 03147 11 Pol yet her polyols (or nonols)
made with the catalysts of the invention preferably have average hydrpgy] ZUUZ
functionalities fromabout 1 to 8, nore preferably fromabout 2 to 6, and
most preferably fromabout 2 to 3. The polyols preferably have nunber

aver ageydygd,efyd ar weights (M) within the 5 range of abggéTﬁzg%@gﬂabout

50,000. A nhore preferred range is fromabout 1,000 to a nost
preferred is the range from about 2,000 to about 8,000. The invention

of fers unexpected benefits for pol on S. In particular, polyols mde using
DMC catal ysts of the i nvention cont ai g reduced | evels 10 of

hi gh- nol ecul ar - wei ght conponents conpared with simlar catal ysts prepared

wi thout a cycli wei ght
conponent is qu-ghpl???ﬁgﬁsﬁ}&gﬁa Sﬂl dm:ﬂ&?u@ 86”3\8;' %I cﬂfgrﬁg*&cgélvem ent
way to nmeabhout 8OhvkYcohthersatalyss B;efgmblyqetharemtalggt cdritaimetfagn aployit (GPC) . A
suitable t chrg{ﬂﬂ is giesfc%i bed b?'\l@ﬁw I n anple 15 B. Pol yol s made
accordi ng iAhYq othedHastignalzed Pelymel QSéegef@ﬂﬁ%lsabsm@ng@ ppm of
pol yet her F&ﬂ%&éﬁﬂt er average nol ecul ar wei ght greater than
400, 000 (f R &&P%Q%:Wg made with nost highly active DMC

cat al5yst S nor rmﬂ:iagalysi)slbathe imvghtion be pieserably $eestantidi nr@m}cr?ﬁatbrhermt erial
havi ng Mh >400 thisredﬁctlonlnthe]\ak mount o

mol ecul ar -Rhgi ﬂ-ﬁ?StBB '?/'31 NeBrRYHEnNeaye {ppearac 'W.aawel'vv@f@@ﬂpW§ﬁahg| y found
that pol y@_}v)%c%ret o7 chaYSabHodd B911Aé SLBSanYaPasSel BPof SURBTIMEL A B T oam

test" a sénsitive foamt esigned to revea ther or not
pol yol s wigdwdeu Xeradyodifiraetian ipagtear of dheapsrepositiohe Cioelentiodd! |zngol yol s

e el L e i X3R0S eldlnd) WIS B e s
exanpl es mesebyi5d b2t sAbW 4 fp@w@révemawa;ﬁrmw paltehi- Sgnﬂarhlh@f?né‘rﬁ will
recogni ze many variations that are within the spirit of the |nvent|on and
scope of tsharpl hnes. wiich indicates that the catalyst has a high degree of
crystallinity. Zinc hexacyanocobaltate prepared in the absence of a
complexing agent is also highly crystalline (and is inactive for epoxide
polymerization). In contrast, catalysts of the invention are preferably

15 substantially non-crystalline.

Catalysts of the invention also feature unique infrared spectra. Many
prior DMC catalysts, particularly the highly active, substantially non-
crystalline varieties, exhibit absorption bands for free Zn-OH vibrations at
3650 cm™ and 642 cm™. In contrast, preferred catalysts of the invention lack

20 these bands or have reduced absobances at these wavenumbers. These
observations are significant because the lack of infrared absorption bands
from free Zn-OH appears to correlate well with reduced formation of high-
molecular-weight polyol components (see Examples 1, 2, 4, and C10;
Tables 1 and 2). In addition, catalysts of the invention uniquely show a low-

25 energy carbonyl absorption (e.g., about 1630 cm™ for 2-pyrrolidones), which
suggests the presence of a stable complex of the cyclic, bidentate
compound and the DMC catalyst.

The invention includes a method for making the catalysts. The
method comprises reacting, preferably at a temperature within the range of

30 about room temperature to about 80°C, aqueous solutions of a metal salt




~80cr zoo2 1.V O 99/59719 12 CATALYST PREPARAT10N EXAMPLES EXAMPLE 1
PCT/E P99/ 031. 17 This exanple illustrates the preparation of a

substantially noncrystalline zinc hexacyanocobal tate catal yst that
i ncorporates 1-(2 5 hydroxyethyl}-2-pyrrolidone (HEP) as a conpl exi ng agent

i n addiwooessetust ert butyl al cohol and a 1000 nol. wt. pol weitaeiogdsal .

180CT 2007

Agueous zinc chloride solution (120 g of 62.5 W.% 2ZnC 2) is diluted with

dei oni zed water (230 g) and HEP (50 nl)
Pot assi um hexacyanocobal tate (7.5 g)
wi th dei oni zed-water (100 mL) and HEP-9 (20 nL) (Sol ution 2).
prepared by dissolving a 1000 mol. wt. polyoxypropyl ene diol (8.0 g)

in a one-liter beaker (Solution 1).
is dissolved in a second beaker

10
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EXAMELE 2 THd Opg b%eoﬁ:ﬂ&&%fxéﬁﬁl 8,714,428 | thewdeackinga pef ¢ whicha a1 50

m Xt ure of;
react ant éo

begli‘%r%s ePéfH??r] ”g@lﬁ%ﬁﬁfd tent-butyl alcohol replaces HEP in

E 3 The procedure of Example 1 is

fol | oned, excepintdred mrefdrtetb methiodr ef dhe Nnwentiy,- ﬂ}epy::ycknct | bideatzed
UYL sonol & o @é’e‘idﬂrg“gﬁ%sz&ﬁﬁc@é%ﬁf’e'#%%%% A0 ﬂpuonay fol | done)
1520 ISR Sl AR 1 e SBLABHMANANS o o HREUIPLE ©
2- pytd ol i dewlatiand arm‘/op btitey | aqwemel meta| azyesidaEFsalh (ee@ct potasSadrati ons 1
and 2. hexacyanocobaltate) solution before the two solutions are mixed. The
reactant solutions are combined using efficient mixing (preferably by
homogenization or high-shear stirring, e.g.) to produce a catalyst slurry that
contains the DMC compound. The catalyst is then isolated, usually by
20 filtration under pressure, and the residue is washed with an aqueous mixture
that contains the C,-C, aliphatic alcohol. Optionally, this washing mixture
also includes a functionalized polymer. The catalyst is then isolated as
before, and additional washings with the C,-C; aliphatic alcohol or aqueous
mixtures containing the alcohol and/or functionalized polymer are used.
25 Preferably, the final wash uses no water.
The method of the invention offers some valuable and unexpected
benefits for catalyst manufacture that result from using a cyclic, bidentate
30 compound. First, DMC catalysts made in the presence of the cyclic,



20 EXAVMPLE 6 The procedure of Exanple 1 is followed, except that a
m xture of 2-pyrrolidone and tert-butyl al cohol repl aces HEP in re
Solutions 1 and 2. 25 EXAMPLE 7 The procedure of Exanple 1 is foll
except that a 10190 m xture of y-butyrolactone and tent-butyl alco

repl ac g reactant Solutions 1 and 2. 30 180C 99/ 59719
PCT/ EPe\ngg i}B , ~ 14 EXAMPLE 8 The procedure of Exarrpl Cﬁﬁ%/o%/}gfl owed,

except that a 25175 nixture of y-butyrol actone and tent-butyl alco
replaces HEP in reactant Solutions 1 and 2. 5 EXAMPLE 9 The procedure ofs

Exanmple 1 is foll owed, except that S-ygferolactam (40 g in Solutio
I n Solution 2) repl aces HEP. 10 - - COWPARATI VE EXAMPLE 10 The procedure of

Exanpl e 1 e E’% b QiRshoRCSRte rttowawqeﬁy i Y C%’ét%ﬁ@% gp'trb&gtsn
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EXAMPLE
This process comprises polymerizing an epoxide in the presence of a DMC

catalyst of the invention. Preferred epoxides are ethylene oxide, propylene
oxide, butene oxides; styrene oxide, and the like, and mixtures thereof. The
process can be used to make random or block copolymers. The epoxide
polymer can be, for example, a polyether polyol derived from the
polymerization of an epoxide in the presence of a hydroxyl group-containing
initiator.

Other monomers that will copolymerize with an epoxide in the
presence of a DMC compound can be included in the process of the
invention to make other types of epoxide polymers. Any of the copolymers
known in the art made using conventional DMC catalysts can be made with
the catalysts of the invention. For example, epoxides copolymerize with
oxetanes (as taught in U.S. Patent Nos. 3,278,457 and 3,404,109) to give
polyethers, or with anhydrides (as taught in U.S. Patent Nos. 5,145,883 and
3,538,043) to give polyester or polyetherester polyols. The preparation of
polyether, polyester, and polyetherester polyols using DMC catalysts is fully
described, for example, in U.S. Patent Nos. 5,223,583, 5,145,883,
4,472,560, 3,941,849, 3,900,518, 3,538,043, 3,404,109, 3,278,458,
3,278,457, and in J.L. Schuchardt and S.D. Harper, SP! Proceedings, 32nd
Annual Polyurethane Tech./Market. Conf. (1983) 360. The teachings of
these U.S. patents related to polyol synthesis using DMC catalysts are
incorporated herein by reference in their entirety.




25 This exanple illustrates the preparation of a substantially non

crystalline zinc hexacyanocobaltate catal yst that incorporates 1-(2 0CT 2002

hydr oxyet hyl ) - 2- pyrrofi done (HEP) as a conpl exi ng agent in addition 1[%

tert-butyl al cohol (but wi thout a polyether diol). Aqueous zinc chloride

sol uti oWQ®207y of 62.5 wt.% ZnCl 2) is diluted 30 with depomneersdnet er (230
and HEP (50 nL) in a one-liter beaker 18 0CT 2002 WO 99/5971 9

PCT/ EP99/ 03147 15 (Solution 1 ). Potassium hexacyanocobaltate (7.5 g) is

di ssolved in a second beaker wi th deionized water (100 nlL) and HEP (20 nl)

(Solution 2). Solution 2 is added to Sblution 1 over 40 nin. while "

honogeni zi ng at 20% of maxi mumintensity. Follow ng the addition,

honpgeni zati on 5Pelygtherpsiycs (arovenelskmeideywithoihelcatalyats afitbe irventioon

cake 1 5 1 odTEIT R PRve eRRr YRR R R A TS R AR R, e YS!
dei oni zed vgreesrabhpfriok) absno2its m@aﬂ%ais,apfbf@tamg%nma%at brtof®r THE m n.
The catalyst is isolated as descri bed above. 10 The cake is reslurried in

t ent - but yl Rol¥@Bgre{erasly mayveanunbaoayzjege redlegylataveightsednbeitkin tiae

soc. %o i n1enEF PR BeaT0 SR DR R alRe ARt e BB R R
11 is foll owedd ®xaBput 4RBOOZrRystr Sriefsipae i eind agrge Hkdhidbdgag bedtto
Sol utions 1 and 2, COVPARATI VE EXAMPLE 13 The procedure of U S. Pat. No.

5,470, 813 (IHHH.E08) is used to 20 prepare the catalyst. The conpl exi ng

1912 and Compar 5t PyAvERH, P9tz un SRS BRRAFIRE Aoyalf yHAEPYe S TTE ©°
i nvention gislyoktmbadeidsity DMC alatalystsofrthdénventidmecaitabereeiiceti iavels

functjonalized polynmer. In particular, polyols de .using 25 the catalysts .
of thd i nvedlt ?wdﬁh-emieamr-w&meeom@ﬁgf%f ORATE Mé@'uﬁami%icgtﬁlyqts 400, 000

o ) ARl ATRAAATE AP BIAEIPELHRioUbR Irle ppA ok Aol S 1T
PCT/ EP99/ 03inofst ATt @oraFoATAISY §TISntifRaL YL aBYNSHERIS XML E A4
2ddi ng. pr oy RUEEHBVETERt Ban U RSl S Co PReE: b gp permeaton
chromatography (GPC). A suitable technique is described below in Example
15 B.
Polyols made according to the invention consistently contain less than
about 10 ppm of polyether components having a number average molecular
weight greater than 400,000 (i.e., Mn > 400K,. Polyols made with most
highly active DMC catalysts normally contain higher levels (at least 10 ppm)
20 of material having Mn >400K. While this reduction in the amount of high-
molecular-weight polyol component may appear trivial, we surprisingly found
that polyols of the invention consistently pass the “supercritical foam test”
(SCFT)-a sensitive foam test designed to reveal whether or not polyols will
cause foam settling or collapse in the field--while polyols made with other
25 highly active DMC catalysts did not always pass the same test. Example A
below explains how to practice the SCFT.
The following examples merely illustrate the invention. Those skilled
in the art will recognize many variations that are within the spirit of the

invention and scope of the claims.
30



5 containing the zinc hexacyanocobal tate catal yst and a propoxyl ated +.
glycerin starter (hydroxyl nunber = 240 ng KOH g). Catalyst |evels df GOLGH
ppm (see Tables 2 and 3) are used. The hydroxyl nunber, viscosity, and

pol ydi spersity (by GPC) of each product is neasured by sfandard nethods. A
GPC tec ee Exanple B) is used to neasure the 10 amount_ of pol yo~
corrponeﬁ?bﬁg\%7ﬁ1€ a nunber average nol ecul ar wei ght (M) grpgé[fEéar”/Pﬂéh about
400, 000) and the anmount present (in ppm is recorded in Tables 2 and 3.
"N.D." means "none detected." Each polyol is also evaluated in the
“supercritical foamtest” (SCFT), whi ci2is described below in Exanple A
Each polyol's 15 performance is conpared agai nst the perfornmance of a
KOH based pol yol (3000 GATALXYST PREBARNYANEXNAMPLES ol ) in the sane
test. The settling of both sanples Ma%ured The ratio of the %settle
in the foam made using the KOH sta kst he % settle in the foam made
usi ng the pal yol t I g,te?,g est of
0.6 20 or great e-l;ﬁlg @%‘a ﬁ% ﬂﬂjs'tr%éé;sg tﬁél er%ﬁéiﬁf‘ogl és%gt?ﬁ ng-ﬁghfa | s.
rati o of 1o®ys’takhne et hemay@s\toedbpbatyeolcqielyfsbrmatasnwbbreaes a1KoH based
pol yol. in tes rati i ndi cat es that S |l e

ot bePt or VRSBt 7adlrofd e THER) Be Ak apEinis doentdp 2k Rt ° he
KOHbased prityl@licsthsdhdea %U%trhbﬁmﬁf péljye%erflﬂgl the tested IOOI yol shows a %
settle of 25 31 % the tested polyol has a KOH sanple ratio of 11131 =

0. 35, which fal I/%qu&celstesc chkmde golgtion ¢130 2002625 w00 GRYisdilutedEXAMPLE A
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"stressed" 150P&é§éummexzb9aﬁ@édaa|@tté N5 Q) is cﬁf@cnae& & b%‘é‘éoﬁé beakessed

because it is intentionally nmade sensitive to the presence of

hi Igh 1:6>o| ecm*lwﬁrdmengﬁﬁ woaieymOOcm@@ndrHEPm@ fBLs(%@lUllsn@r effleprf 3dgm t he
ol et her rEatd By HERNEAE 4 18B0fRol S, o E8pipledd ol ¥ o
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cake box. mrises~and cures 0 set apse) is
noted5 15 ExAMPhiinBThe homogenizer is stopped. Solution 3 is added, followed by

slow stirring for 3 min.

»

The reaction mixture is filtered at 40 psig through a 20 ym nylon
membrane. The catalyst cake is reslurried in a mixture of tert-butyl alcoho!
(130 mL) and deionized water (55 mL), and is homogenized at 40% intensity
20 for 10 min. The homogenizer is stopped. More 1000 mol. wt
polyoxypropylene diol (2.0 g) dissolved in THF (2 g) is added, and the
mixture is stirred slowly for 3 min. The catalyst is isolated as described
above. The cake is reslurried in tert-butyl alcohol (185 mLlL) and
homogenized as described above. More 1000 mol. wt. diol (1.0 g) in THF
25 (2 g) is added, and the product is isolated in the usual way. The resulting
catalyst residue dried in a vacuum oven at 60°C, 30 in. (Hg) to constant

weight.
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Measur enent of H gh Ml ecul ar Wei ght Pol yol Conponent by Gel Perneation

Chr omat ogr aphy (GPC) The nol ecul ar wei ght of the high nol ecul ar wei dig (CT 2002

conmponent of the 20 polyol sanples is quantified by conparing elution timnes

in a GPC colum with that of polystyrene sanples of known nol ecul ar

wei ght §,o JfaR~7{g action of the sanple having a nunber aver ageFped,eq4H ar

wei ght (M) greater than 400,000 is then determ ned by standard nethods. A

Jordi Gel DVB 103 angstrom col um, 10x250nm 5 mcron particle 25 size, is

enpl oyed with a nobil e phase ~rrhi ch ClSnSi sts of tetrahydrofuran. The
t

»

detector is a Varex Mdel |IA evaporatirve |ight scanning detector.

Pol ystyrene stock solutions are fro §ol ystyrenes of different

nol ecul ar wei ghts by dil uti on vvit é—% rofuran to form standards
containing 2, 5 | Sgggg r by 30
wei ghing 0.1 TP ggf)y ley‘fs%g&gﬁce’ oun ei%%tfpgf@ﬁﬁ Xi@'& ng +.

1 8 CCT ZQﬁZNWﬁeﬂWIE@W&oWﬁ&%&@l@&%l alcohdBrémhcedh HEPINFHEIA® t he
sanple to §‘df ust the total weight of the sanple and solvent to 10.0 g.

Sanpl es ofS@HEORAIT BRE-on sol utions are sequentially injected into the GPC
colump. Duplicates of each polyether polyol sanple are then injected)
followed by a reinjection of the various polystyrene 5 standards. The peak
areas for the standards are el ect EOOARIREILE/ 3i nt egrat ed, and the

are el ect 1 oni Lalls HACEHES %fé&évta@?tg@%weioés@%{tﬁa?h SBS oG bt ) on
of mater i abf N%bﬂ%@é?ﬁ@h@&@e'ﬁ Feblipé SRR dAROES Fikp P EXAMRLE 15 and

COMPARATI VE EXAMPL The proce ure Exanpl e I's generally toll owed,
except thabolutiensiihesdf2or each filtration step (see |ast paragraph of
'Examﬁge 1) are noted. The filtration tinmes: first filtration: 4 mn.; _
secold: 6 mn.; third: 4 mn. For conparison, the filtration tines are al so
"noted in making a 15 catal yst by tdieapeeeedure of Conparative Exanple 10.
The filtration times noted: first filtration: 17 mn.; second: 32 mn.
third: 4 min. ThbBer prgadirdedbisemae t natfodavaty sixcephdeat polydnygr esence

or i or e il G T BsERTSHAR ' JUERLFREAE pbReke/ BB, hem 20 The

precedi ng exanples nerely illustrate the invention; the follow ng clains
define the scope of the invention. Table 1. Cafal yst
Char®terizationl nfrared spectrun’é&ﬁM%&Erﬁg agents (nole %9' Ex #

The procedure of Example 1 is followed, except that a 50/50 mixture
of 2-pyrrolidone and tert-butyl alcohol replaces HEP in reactant Solutions 1
and 2.

20 EXAMPLE 6
The procedure of Example 1 is followed, except that a 25/75 mixture
of 2-pyrrolidone and tert-butyl alcohol replaces HEP in reactant Solutions 1
and 2.

25 EXAMPLE 7
The procedure of Example 1 is followed, except that a 10/90 mixture
of y-butyrolactone and tert-butyl alcohol replaces HEP in reactant Solutions
1 and 2.
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Absor bance, 642 crri' tart-butyl alcohol HEP, NMP Functionalized

Pol ymer 10821801 K pol y(PO di ol 20530471 K poI y(PO di ol 4033670PVPC 18 (CT 2[][]2
100. 225100001 K pol y(PO) diol HEP = 1-(2-hydroxyethyl)-2-pyrroiidone; NWP =

N net hyl - 2- pyrrol i done; PVP = polyvinyl pyrrolidone) ' Based on the total
anount of t- butyI al cohol + the cyclic) bidentate conpound. O .o ~a Jnb
0o wp WSRIB ON Table 2. Effect of Catalyst on Pol PEIT/EP99/03147

Per f ormanceCat al yst ex. #123456789C10Qx her conpl ex. agent (with t-butyl

al cohol') HEP50% ~1MP25% NVMP HEP50% PYR25% PYR10% GBL25% GBL VL
noneFunctional i zed polynerl K dioll Kydioll K diol PVP1 K diol~~ K dioll K
dioll Kdioll Kdioll K diol ppmcatal yst50100100100505030305030Po0l yol

properti esMm Mil. 091. 071. 061. 081. %%%@1 241.121.030H # (g
KOH g) 56. 856. 956. 356. 855. 655. 156. 6. 2Vi scosity

(cps) 5805505826%5@2@&@5%@5#5925@@@4@@@@1@ wixce itk B.23//6 D. N
D.N.D.N.D. 6N.D. N. D. N

KOH sanpl 0PgYie 96y- tﬂﬁwoﬁqtoﬁg@W@@@YW@L@ODQU"?@@WSHEBHM pedeanyh passl ow

passpassp | passpassf ai | HEP=1- (2- hydr oxyet hyl ) - 2- pyrrol i done;
NVP= aﬁélu(? n%;fégﬁs%one PYR= 2-pyrrolidone; GBL= y-butyrolactone; PVP=

pol y\ﬁ nyl pyrrol i done); VL=b-val erol actam N gh nol ecul ar wei ght polyol
conmponent (by GPC) is the anpunt ‘Exﬁﬁ]@o' e with Mnh >400,000; N.D.= none
det ect ed.

The procedure of Example 1 is followed, except that
O-valerolactam (40 g in Solution 1, 10 g in Solution 2) replaces HEP.

10 Cos COMPARATIVE EXAMPLE 10
The proceaure of Example 1 is foliowed, except tert-butyl alcohol
replaces all of the HEP used. This catalyst is prepared essentially by the
method of U.S. Pat. No. 5,482,908.
As Examples 1-9 and Comparative Example 10 show (see Table
15 2), including a cyclic, bidentate compound in the preparation of a
substantially non-crystalline double metal cyanide catalyst offers
unexpected benefits. In particular, polyols made using the catalysts
contain reduced levels of high-molecular-weight (> 400,000 mol. wt.)
polyol component. In addition, the polyols perform better than the contro!
20 polyols (ones made using a catalyst not prepared in the presence of a
cyclic, bidentate compound) in the supercritical foam test, i.e., they exhibit

a reduced level of settling compared with prior DMC-catalyzed polyols.

EXAMPLE 11
25 This example illustrates the preparation of a substantially non-
crystalline zinc hexacyanocobaltate catalyst that incorporates 1-(2-
hydroxyethyl)-2-pyrrolidone (HEP) as a complexing agent in addition to
tert-butyl alcohol (but without a polyether diol).
Aqueous zinc chloride solution (120 g of 62.5 wt.% ZnCl,) is diluted
30 with deionized water (230 g) and HEP (50 mL) in a one-liter beaker




OJNOror?b~0.00wJabOC7 --a 00N Table 3. Effect of Catalyst
on Pol yol PerformanceCatal yst ex. #1112C1l3Q her conpl exi ng agent (\Mf@UCTZOUZ
t - butyl al cohol ) HEPPYRnoneFuncti onafi zed pol ymer nonenonenoneppm

cat al yst 505050Pol yol properti esMM Wnl. 111. 141. 04CH # (ngy
KCOH g) 5SWaB&/59856. 5Vi scosity (cps)591616567>400K nol . wt.
(ppmM N. D. N. D. 23SCFT results: KOH sanpl e0. 67

1. 00. 28Pass| Fai | passpassf ai | HEP=1- ( 2- hydr oxyet hyl ) - 2- pyrrol i done; PYR =
2-pyrrolidone. Hi gh-nol ecul ar wei ght polyol component (by GPC) is the
amount of sanple with M1 >400, 000; N.Dl¥ none detected. O ~a in ~o Nn -0
OwOOON 18U-~T 2002 w0 99159719 22 PCT1EP99/03147 CLAIMS 1. A

cat al yst WOWtWTﬁ}IEGtBSS{LH‘)’I hexaoydhecatstitate ¢3.ard) ded(sﬁmﬁaecbmrmound (b) an

e] h hol. and f 5 t
057l & 5 SBBACH PRI Rt DP BN ZHOUREr 87 OO RS BLD(EA g (SGBRED of &
cyclic, bi Q§n@é|@n6ﬁ>m§%eﬁeﬂoe§élﬁﬁoﬁ MOS0 BHiR WO RO ABdigeRtkify al act ans

and Iactones
20% of maximum intensity. Following the addition, homogenization

5 continues at 40% intensity for 10 min.

PCT/EP99/03147

The reaction mixture is filtered at 40 psig through a 20 um nyion
membrane. The catalyst cake is reslurried in a mixture of tert-buty!
alcohol (130 mL) and deionized water (65 mL), and is homogenized at
40% intensity for 10 min. The catalyst is isolated as described above.

10 The cake is reslyrried in tert-butyl alcohol (185 mL) and homogenized as
described above. The catalyst is isolated as described above, and is

dried in a vacuum oven at 60°C, 30 in (Hg) to constant weight.

EXAMPLE 12
15 The procedure of Example 11 is followed, except that 2-pyrrolidone
replaces HEP in reactant Solutions 1 and 2.

COMPARATIVE EXAMPLE 13
The procedure of U.S. Pat. No. 5,470,813 (Example 1) is used to
20 prepare the catalyst. The complexing agent is tert-butyl alcohol only, and
no polyether is included.

As Examples 11-12 and Comparative Example 13 (see Table 3)
show, the benefits of the invention are not limited to catalysts made in the
presence of a functionalized polymer. In particular, polyols made using

25 the catalysts of the invention contain reduced levels of high-molecular-
weight (> 400,000 mol. wt.) polyol component and perform better than the
control polyols in the supercritical foam test.
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(c) optionally, from2 to 80 wt %of a functionalized polynmer. 2. A

catal yst according to claim1l wherein the DMC conpound conprises a FP@ET 2007
hexacyanocobal tate. 3. A catal yst according to claim1l or 2 wherein the
C3-C5 aliphatic al cohol conprises tert-butyl alcohol. 4. A catalyst
according to any preceding claimwherein the cyclic, bidentate conmpound is
sel ect e\y%fgi%l"ﬂ‘t%e group consisting of 'y-butyrol actone, PCT/EP99/03147

N- net hyl - 2- pyrrol i done, 2 pyrrolidone, 1-ethyl-2-pyrrolidone,

8-val erol actam E-caprol actone, E-caprolactam nethyl-2 "
oxo- 1-pyrrolidi neacetate, and 1-(2- hydji?xyet hyl)-2-pyrrolidone. 5. A

catal yst according to any precedi ng clafmwherein the organi c conpl exing

agent conprises fr, % of C i i conpound. 18
B0 So0n W oo e Ds ek e &g S s ﬁg%ﬁéh%gﬁﬁi@tcﬁﬁdi ng to any
precedi ng cl ai mwherein the functipnaMm@eas j@ol ymer conprises a pol yet her.

7. A catalyst according to any preceding claimthat is substantially

non-crystal | i ne Ggne@Mpeoceduray Typical walah opolynzygyropylert: trialscareal yst
according to claim7 that lacks infr.ared ahsorption bands at abput 3650
e 1 and atUEDAEDY AtdTep AR TS pliBe Seler Bl Bornag A etarhie ol al m
whi ch 5conprdoyRsinfiPiRedzihe heRaWhatb&ibdltate bHRAYdtR hipdpohiymer . 10. A

met hod of preparing a catal yst”according to any precedi ng cl ai m which
conpri ses rayearimstasendbydroxyl numbas=E4GmelK@H/ghl Cajalistlenelsaf 3dyani de
salt in th n n.or i Xi nd ionally, from2
to 80 wt %‘310(:¥H §B§\J§§P?ﬁ%@?? %e%?(ggﬁgﬁég?éﬁo Tg%o @&Xﬁ%ﬂggé Vrlr%ct%gfty'cyani de
(DMC) cat alarst Eo%%rp%iréitytm GPIy Ui @achmirbaxchig ragaslredPbpetaRarg C3- CS

al i phatic alcohol and from5 to 95 mole % based on the total amount of

organi ¢ corfpeiiadsy AGRE teehnigueyees ExapirieR)ds dseshtoonaased et ed from the -

oL ougEon b0 f plf el ARRR S ok st A SSEAL AN Lo &
99/ 9719 PQMHRABAEI tHEN 2bout 40000, andntlecmbunt preamit i(ingshraplsyriier are
as deFmed irre]cgp edoifn 'lgét?!iegBZ gncti %. 9“'N.D." means “none detected.”
Each polyol is also evaluated in the “supercritical foam test”
(SCFT), which is described below in Example A. Each polyol's
15 performance is compared against the performance of a KOH-based
polyol (3000 mol. wt. polyoxypropylene triol) in the same test. The %
settling of both samples is measured. The ratio of the % settle in the
foam made using the KOH standard to the % settle in the foam made
using the polyol to be tested is calculated. A ratio in the SCFT test of 0.6
20 or greater is deemed a “pass,” while a ratio less than 0.6 fails. A ratio of
1.0 means that the tested polyol performs as well as a KOH-based polyol
in the test; a ratio greater than 1 indicates that the sample outperforms (a
“high pass”) the KOH-based standard. For example, if the KOH-based
polyol shows a % settle of 11%, and the tested polyol shows a % settle of
25 31%, the tested polyol has a KOH/sample ratio of 11/31 = 0.35, which

fails the test.
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12. A process for nmaki ng an epoxi de pol yner, said process conprising

pol yneri zi ng an epoxide in the presence of a hydroxyl group-contali nldng_
starter and a catalyst as defined in any of clainms 1 to 9. 180 06b ¢!
WO 99/59719 PCT/ EP99/031=t7 24 agent and/or functionalized polyriier are as
def i nedwigwsmyioof clainms 2 to 9. 12. A process for maki ngpaf/eepiisse

pol ymer, said process conprising polynerizing an epoxide in the presence of
a hydroxyl group-containing starter and a catal yst as defined in any of
claimse 1 to 9. .A3.A U, .A AfL. AY{S. AsS. AU. AU, L. A A

Al .. AFA, . AU. Ah, 9. A3y. AYf % AY. . AUA. kKA. UA. S. A . Af. AA3) . A@h),z) : Ead

kVej y4C\ cwy| +| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca] caEKAMRILEa] ca! +. Tz}

L e e el e e o)

] D o e i o s K I RS o OB B

3N833344mhﬁdmkﬁ8u§a§>t§eSféﬂmnhg "stressed" formulatlon The formulation is

e B Al sl el
CCYdA4DD+E

] ca] ca] ca] ca] cé,\?ca]gcai calécigal1 {a@?’%t @@]yggb%ﬁl ] ca {fﬁ{%m&%gﬁgglg%
R\ RRRSTSSS B-side is prepared from the polyol sample to be analyzed (100
T e e e U e B
[[[[[[M @mar&nélﬂaw& fﬂi attsyalrc aleaddiged @@&Mf&hﬁt@bcelﬁgéﬁ%ecraé ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca! bbbbacccntddddddGeJeTeeeef f f f
] gpgr'§| gggtearaiysh (esedurty Pdal wsle @a?ifcﬁ?ﬁé)] eapdapsa]ssafasignidprdusd] ca] cal
a] ca] ca] cal ﬁ%]rﬁ&l %‘B%%h%?] FaLERL LSRRI P14 8) FRHIE hH NS Frdey! ! 1! I D

n' p2ppp! qu
sss, sVs| wr ieap th@éd@b@ﬁé @%l@él@ﬁﬁ@i@r&kcﬁ]&ﬁtﬂg@@&@ﬂwﬂslﬂfﬁ)@@]WéllCaU] cajc

a] ca] calca]ca ca] ca] ca] ca] ca] ca] ca] ca! Vsasss, t/t CuuuvGvvv

WTWWBX VW yy }"3} a)qake| haxrh Eherfealn cispsAnchputese anedNe 3p ¢aithiag ca] cay] ¢
a] ca] ca] ca] 8 CFa] cal ca]ca]ca] ca]ca]ca]calcalca]lcal} pJnsA

Shj npr ~| wr | gﬁi:éé?écﬁ%ba? %?%:aU] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cdjoca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! TVY\ _aj | pruA(u{vql gb] XI gb] X] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] EME@ ca] caU ca] caV] ca]ca]ca] ca]c

aUc alc aJcajcaljc alc aJca

I <iS. 4prwé¥9u@%&@%f0ﬂlgﬁl m%]é‘aﬂlé‘«a]wagqﬁ] P@:]fcﬁ] o s &l 62l el cal cal ca

] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! i S. 4FUapxv{vql gb] X] ca] ca] ca
] ca] ca] ca] d%\E]rcraﬁ]aia:]rc@]lcrarU]aMraaﬂ\xcé@E’é])ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]

h O%& Lo 10%k () - & .
?%g/g] ??] ?,6\1], ggl/s Z% %%g Fye t bt the hig Rolebufér weight component of the

03A)10°8/L&((§) e{;sawa éa\fﬁé%%ﬁis(c}udrhuﬁe&#bw&@nbénhg SYtidHmles-ih'd BHOYoluknf ) - ! Y#10
with that of polystyrene samples of known molecular weights. The fraction
of the sample having a number average molecular weight (Mn) greater than
400,000 is then determined by standard methods.
A Jordi Gel DVB 10° angstrom column, 10x250mm, 5 micron particle
25 size, is employed with a mobile phase which consists of tetrahydrofuran.
The detector is a Varex Mode! IlA evaporative light scanning detector.
Polystyrene stock solutions are made from polystyrenes of different
molecular weights by dilution with tetrahydrofuran to form standards
containing 2, 5, and 10 mg/L of polystyrene. Samples are prepared by

30 weighing 0.1 g of polyether polyol into a one-ounce bottle and adding
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1"10% (& ()-s!"10% (& ()-snVeghijz[PE ! 10( 10(

10( s*s10% & é_%!M | 109 & ()-! Y& 109 (f (& ()-! Y& 10%a(a(& ()-!| Y& 10% (\ (& ()
- y}[ 9PEOIPE3HL00mug ()-13 "109% u(u& ()- !'3 "10%u& ()- PCT/EP99/03147

1'710% u! u& ()-f10% u& ()-'Y10% u& () - 4C\ WUGPE: !

|.,10% u& ()-!$#10%u& ()-Y! s$#10%u& ()-Y! | #10%u& ()- 3! x#10% u- u& ()-3!.d3
#10%uu&' ()-\ctuvw}~SH=! 10-u 10-u 1

10- ul 10% u& () - L3) 10% u& ()-!i L3) 10%& ) - s*$10% u& () - M d0" 10% u- u& () - wy| +

H} A<SHE! T YS10%00% £ ) - O () -1 f1L100& () S~f1 10%
& ()- sm(%%ipa(‘@ﬁf9%@635’3@‘.%ﬁ@é@ﬁ%ﬂf?%&@@%@ﬁ ofh8&8m8'e @ hoos () -1
10%0& () - 18868n ko IOUR (Sambples b eHeSldalibiadioh086Mitibhs are sequentially
310%0& () - | &10%O&' () - L33: 10%%& ()-1 100/@&&)-)
10908 () - Nnjecied intodthg GPOeplumrs10uRligates phagch)polgstheneolyyl sarnpe
are then injected, followed by a reinjection of the various polystyrene
5 standards. The peak areas for the standards are electronically integrated,
and the electronically integrated peaks for the two sets of each candidate
polyol are electronically integrated and averaged. For each sample, the

fraction of material having Mn>400,000 is calculated and reported.

10 EXAMPLE 15 and COMPARATIVE EXAMPLE 16
The procedure of Example 1 is generally followed, except that the
times for each filtration step (see last paragraph of Example 1) are noted.
The filtration times: first filtration: 4 min.; second: 6 min.; third: 4 min.
For comparison, the filtration times are also noted in making a
15 catalyst by the procedure of Comparative Example 10. The filtration times
noted: first filtration: 17 min.; second: 32 min.; third: 4 min.
The results demonstrate that catalysts made in the presence of a
cyclic, bidentate compound are much easier to filter compared with prior
DMC catalysts, so they will require less time to prepare them.
20 The preceding examples merely illustrate the invention; the following

claims define the scope of the invention.
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1. A catalyst which comprises:
(a) a double metal cyanide (DMC) compound;
(b) an organic complexing agent comprising a C;-Cs aliphatic alcohol and from
5 to 95 mole %, based on the total amount of organic complexing agent, of
a cyclic, bidentate compound selected from the group consisting of lactams
and lactones; a=nd

(©) optionally, from 2 to 80 wt % of a functionalized polymer.

2. A catalyst according to claim 1 wherein the DMC compound comprises a zinc
hexacyanocobaltate.
3. A catalyst according to claim 1 or 2 wherein the C,-C; aliphatic alcohol comprises

tert-butyl alcohol.

4, A catalyst according to any preceding claim wherein the cyclic, bidentate compound
is selected from the group consisting of <-butyrolactone, N-methyl-2-pyrrolidone, 2-
pyrrolidone, 1-ethyl-2-pyrrolidone, é-valerolactam, e-caprolactone, e-caprolactam, methyl-2-

oxo-1-pyrrolidineacetate, and 1-(2-hydroxyethyl)-2-pyrrolidone.

5. A catalyst according to any preceding claim wherein the organic complexing agent

comprises from 10 to 80 wt % of the cyclic, bidentate compound.
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6. A catalyst according to any preceding claim wherein the functionalized polymer

comprises a polyether.

7. A catalyst according to any preceding claim that is substantially non-crystalline by

powder X-ray diffraction analysis.

8. A catalyst according to claim 7 that lacks infrared absorption bands at about 3650

cm! and about 642 cm!.

5. A catalyst according to any preceding claim which comprises from 5 to 70 wt % of

the functionalized polymer.

10. A method of preparing a catalyst according to any preceding claim which comprises
reacting aqueous solutions of a metal salt and a metal cyanide salt in the presence of an
organic complexing agent and optionally, from 2 to 80 wt % of a functionalized polymer,
to produce a double metal cyanide (DMC) catalyst;
wherein the organic complexing agent comprises a C;-C; aliphatic alcohol and from
5 to 95 mole %, based on the total amount of organic complexing agent, of a cyclic,

bidentate compound selected from the group consisting of lactams and lactones.

11. A method according to claim 10 wherein the DMC compound, organic complexing
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12, A process for making an epoxide polymer, said process comprising polymerizing an
epoxide in the presence of a hydroxyl group-containing starter and a catalyst as defined in

any of claims 1 to S.
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