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are known and are described in, for exanple,

3,278, 457, 3K@iiugeed & odalyzesn axyukylalis) reattial BsBROpropylehe, made,
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impurities. As the molecular weight of the polyol increases, the
30  isomerization reaction becomes more prevalent. As a result, 800 or higher
equivalent weight poly(propylene oxide) products prepared using KOH
tend to have significant quantities of monofunctional impurities.
Monofunctional impurities tend to reduce the average functionality and
broaden the molecular weight distribution of the potyol.
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P 25 The art teaches that, during the preparation of a DMC catalyst,

alkaline metal salts are incorporated into the catalyst. See Huang et al.,
"Controlled Ring-Opening Polyrnerization of Propylene Oxide Catalyzed by
Double Metal-Cyanide Complex,”, Journal of Polymer Science, Vol. 40,
page 1144 (2002); United States Patent No. 3,278,457, column 5, lines

30 40-44; and WO 02/09875, page 5, lines 5-12. The art also teaches that
these occluded ions must be removed during the preparation of a DMC
catalyst. See Huang et al., page 1144; United States Patent No.
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present invention, under conditions sufficient to forma polyol. 5 In
anot her aspect, the present invention is a DMC catal yst which is
represented by the general formula MLX([ MX(CN)y]Z[MB(X)(y)]) L1 L2- MWz,
wherein ML represents at |east one netal salt; M represents at |east one

met al cyani de t4 e L. I ransi ki on netal salt;
M4 represent 53’;2?%r4e5g§'gc g!)dr@n gl’ E'g%? %Z %%@P \@§©?BE§T$%§%§nq@S§'1§east one
organi ¢ conpl Eriteq StatgaRhtehPNoS6 4RB| BB {at eBRINGAB, ik 550  at | east one
functionali ze@t&gl ﬁ%[er; Gand 15 x, x' ){ and z are integerS and are chosen
such that ele AEA180) (Bt ypags 8.t linespi=18 hamddrited States PatentdNo.anot her
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X(f M2) e( CN ) Y§ ag’ 2% NqrPughly asipogsible Ny or afteremeve geseefirlysalhels at | east
one netal salthese oMRIUBRNESENt S at | east one netal cyanide salt; 25 M3
represents at |east one transition nmetal salt; M represents at |east one

al kaline netal salt; L1 reprSUMMARY OFRABE INVENTIRMI ¢ conpl exi ng |igand;
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and 30 x, x', y and"g P{pgentipveniion igdirested tonrosess [RIPrepafing a

el ect ronegt r &g ‘ &S E84B NG .S used
in the pr eseﬁlidtiélx\slte\gfuicmﬁv Prefer abw, - g)i‘ét\j\%?sérdﬁggp%F %‘l"@? gf Ieggf?rg@mm ch
are known i n metel ayanide sallisibdtilenstlonemrgario comipledng ligand; BAatjeassoné net al
salts which eful ,in . th resent invention _include, for exanple, zinc
chloride, zi %‘%&'ﬁ%@ﬁi@’ S@F-ﬁé‘%ageﬁ%ﬂa@'y Yt ea%&nﬁf%é{ogﬁﬁgé PYYRErbenzoat e,
zinc nitrate, zi NCTHY GiRisBABIYentidn e d‘lé&@i?éc@edﬁ)ébﬁﬂfés‘s)for%{"egﬁffiﬁ a ron(ll)
brom de, cobalt(l1l) chloride, cobalt(l1) thiocyanate, nickel( ?) formate,
ni ckel (11) nirald theiprasence &f atDiiCeodtalyshprepsrad acoandingetostilet can be used
in the pggse Lov.end .k on. | es of netal cyanide salts which can be
used in Eﬁe ;b&%&s%%&ﬁr?g}r{ﬁgﬁa}ﬂ?%@l%e, for exanple, cyanonetalic acids and

wat er - sol ubl e et gthecymzefLinv@nticn ialsBidrbefeddiova DIVIC btARdtuihien et al
cyanide salts which are known in the art are used in the present

i nvention. MEeRTeseptad b thenfollowing generabfammudai(!)in  t he i nvention incl ude,
for exanpl e, potassiumghe Badst atie( 4| 244,  potassiu
hexacyanoferrate(l 1), pl\gt"ggg?ﬁfnﬁﬁgi@cVﬁﬂgf'el’rMé(I i), lit¥ium

hexacyanoi ri dat e( ISunprisihglyhDMT betabysysoiarbaiodated by the PQQ@BS' af tHe

hexacyanf(ﬁobal t at eSI | 1), and cesi um hexacyanocobaltate(lll) are used in the
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conbi ned w t C i c%ﬂh : r L i o form DMC
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hexacyanof err at e( ﬁ‘i‘ﬁ",‘c’“f\' MCD@% ' %8[‘5@{“19&(:1’} the process of the present

invention can be used to produce polyols which have reduced levels of

25  high molecular weight {ail.
- DESCRIPTION CF THE INVENTION

In a first aspect, the present invention is a process for preparing a

DMC catalyst comprising combining: i) at least one metal salt; ii) at least
one metal cyanide salt; iii) at least one organic complexing ligand; iv) at least

30  one alkaline metal salf; and, optionally, v) at least one functionalized
polymer, under conditions sufficient to form a catalyst.

In a second aspect, the present invention is a process for preparing a




*acid, cobalt(ll) hexacyanocobaltate(ll1) and nickel (I1)
hexacyanoferrate(ll). Zinc hexacyanocobaltate is particularly preferred.
. Any organic conplexing Iigand can be used in the present invention. 25
Organi c conpl exing ligands useful in the present invention are known and
are described in, for exanple, United St at¥s Patent Nos. 3,404, 109,
3,829, 505, 3, BAYOboRMPESING searfing ihat lsasyone startes compidunashavingERCtha® 949,

P L e

| i gands useful "1 n~t resent 1 nven

wat er - sol ubl eone giMCacatalypbwhidh isvptdpdret @icestd® to FIECHroREs WY RN,
ni trogen, phosrphorgs or ,.sulfu whi ch can form caonplexes with the DMC

conpound. - 6-PISSPNLIIVENHPRLMIdET comgitions sy fiicienitadons éfpalyoln t he present

i nventiong ncl ude, | Sfothi : t t.hers,
esters, amdes, ur easc,) n?tgrgﬂjﬁééﬂegﬁjlés F@te'g 9%%&? QP& cgﬂagf‘éétoﬁhicﬁr’%f erred
or gani ¢ conpl represented parttie gwefajIfoimulafmqu%(Qm)yquwé{;wﬂpm.'thu] de
wat er - sol ubl e ﬁl|| hatic 5 al cohols, such as, for exanpleée, ethanol,

i sopropanol , W8t nol , iso-butanol, sec-butanol and tert-butanol .

Tert-butanol is paglirestaaehis &rlggg{#@éjmaeﬁﬁéaﬁl kaline netal salt can be used

in the present i nvention. Prefer I'he netal halides are used in
t he present i nventMomepnesestspatdéastadne/mesaidiyanidehdat i de, sodi um br oni de,
sodi um i litheum 10 chl lithiumbrom de, Iithiumiodide,

i de, i de,
pot assi uﬁglchleori de’ B‘?:R@%P@rﬁt??ré%erﬂr@etfa%@%m%ﬁa@di de and m xtures

thereof are used imidfteBefmaticadtbetikathe dRRaIfglal | ve amounts of organic
conpl exing ligand and al kaline netal salt used in the present invention

can vary. A skill dd regresemtgahleagbonenrgasiic camplepdng hgand;i ty, pol yol

viscosity and the |[|4ke varving these nts. Preferably, cat al ysts
produced by the pr c'és"&lﬁéf‘afwld C%rf' é%@ﬁﬁ%%%@?@ﬁ%ﬁ@%@ﬂ%‘ﬁ’@é%ymg; | east
one al kaline netalgmlt which is present in an amobunt within the range of

fromabout 0.1 to about 10 wt.% nore preferably, from about 0.4 to about
6 W.% mBst prefehablyyand z ara mtegars and are chasarusuch that elecraseatrality t he

total weight of t t . catal ysts of the present invention
can optionally i n@&%’%&{f@ C%L:éﬁgt e&‘ﬁg\'/fcuncti onal i zed pol yner.

"Functional i zed pdhyeeanother depediSitiediiegent INaNBh iP4 prédessdb piipatifg
contains one or nore functional groups including oxygen, nitrogen, “sul fur,

phosphor us o PRIYYIFamPIsingRacingi) aeastiene staser seapoungravingsetive in t he

present invermi L NSISe with O ﬁ%%l?g : 3 X :

pol ycar bonat @’HP‘E%E?“;%{ yl e‘r’lngg' 3%0 shrglg’l anMgt}s]Fgré?erg% é@ﬁiﬁ%ﬁg gl ycol
gl yci dyl 2@t hens; DME Catalysy which isdepresanted bathiey banese foraudgr yl i c aci ds),
pol yacrylic i I ylic achd-,co- maleic acids),

pol y(N-vi nyl Wﬁ&@!zrm]ﬁ@{aamwh@ '&gi!-ds) , poly(acrylic acid 30
co-styrenes) and thedpjsalts;, naleic acids, styrenes and nal eic anhydride

copol yners and thei{( salts; block copolyners which are conposed of
branched chai n et lidxidpresentalat dast oneahetak galst ed al cohol s such as - 7-

NEODOL which is sqld commer.cially by Shell Chenical Conpany; polyether;
pol yacrylonitril e(sﬁfl -Eﬁﬂf?%%&|a?k%¥P§Fé§?faL8¥%3qﬁ§PItnet hacryl at es;

pol yvi nypsmet hyl  qihveipresdis wy idaist oRb dnsRicRGh&ial BKYVi Nyl acetates;

pol yvi nyl al cohols; poly-Nvinyl ?yrrol i dones; E/)Ol yvi nyl methyl ketones;

pol y(4 5 vi nyl phehbl repressnts ot legs poe pislise sall, kyl enei m nes;
hydroxyet hyl cel I ul 93g5re B/ AIELY e HhRt¥dmBleliigigatidy cOST des:

car boxylic
LT L? is optional and can represent at least one functionalized polymer;
and
30 X, X', y and z are integers and are chosen such that electroneutrality
of the DMC catalyst exists.

Any metal salt can be used in the present invention. Preferably,



“acid esters of polyhydric alcohols; bile acids and their salts, esters or
arni des; cyclodextrins; phosphorus conpounds; unsaturated carboxylic acid
esters; and ionic surface- or interface- actlve conpounds. Pol yether 10
ponoIs are preferably used. V%en used, Icti onal Lzed pol ymers are present

|88 \che Dlp\)/Fefgra?%rySﬁumghl n the %{éﬂégg‘# Q’?é '{A@S’%ﬁt %'fet%r §58 eo%ag%p o%about

nore pref er alvivention.t Examplns ofangtal sdits whigh 2o ubeflPintthe PpSstnt @rﬂléﬁh?n
based on 15 thﬁ{C{?e %faﬁﬁam ht of DIVIC catal yst. The conbi nation of netal

salt, netal c\& # iR ehledide 26 bymide gzineiacelpieazinge netal sal t

20 och! L onl Gt Bk SercRRL R Bl U BB AR Er of e

preci pi t atd onirom(ll3 pelfate pinor(tii bionside) mﬁawmtdmm—.te 26b4t(Bf wcwaﬁatet he process
of the pr esentlgk lZlﬁm i on_inyglves using a precipitation method in which an

aqueous sol ut? ) tormate, Jucksi(ll) Aitrate ard mixturasitheeadlin - a st oi chi onetric
excess, i.e., % of netal

cyani de salt |s m thcrin ng}ldeagadg%zﬁg%gge{‘ shgwgg#rgé?rﬂq@%ﬁ'ogne nmet al

cyani de sal t , Ezxamplesif roetal aglrakﬂde saitswhigh canlbe wed in A prsdaht Mvedtion east
one 25 functl on |IZF gglg?/ in the presence of at |east one organic
conmpl exi ng | Pﬁ@ﬁﬁ Of %quﬁBOWEEaéEF agidstandawales-sglidlaimetal siyanide t he _
20 19 botfe: FupidTHbh, waikrisofibe MetalyaftEaRs WHH oty B "

salt or to both solutio or tot m Xt rea
ar econbi ned. #t afeeused in the@resent inveatione Mathladyasitlet sdlts wilctedrd gséfiBnaqueous
sol uti on of taI ani ¢, conpl exi ng Il%mnd can be added to

either the a ‘éergj'é’lnd??lﬂﬁe JPFg’Fﬁ!PB'P §siyn hexaeyanosghalate(lhi uti on of
metal cyani d%cﬂéééiuﬁf héﬁéc?@ﬁ&fenﬁteéﬁ)"b&l@ggmﬁéxétﬁr hBferfBedi ﬁthﬂ]rﬁer the two

solutions are conbined or'it can ter JFor mat on
precipitate. h&i@clyan@mdatﬁ(l|I)zEblmmhqmyanambﬂtat&(ﬂdesbdloml t her the aqueous

sol uti on f 4 ueou solutio of t al c ani de salt or
to both 48 U{Weto"%?%'?oé at”ﬁée?%‘b fig Casiis BeXasvanpegbaitellliare Nebd i theonbi ned
or it can be ;ﬁéé@ﬁhm‘,@rﬂronfornatl on of the precipitate. The reactants are

m xed using any of the m xing nmethods known in the art, such as, for
exanpl e, by si npl Matatsads o grpremrmwﬁniaon@r@prefazabbmmziaedmith

w thin oy v anee ERRERRRrERR R ichidn o BratoME Geditelagd DR ™ ©

preci pi tate foprmpousdsrwiiibe af@&@éfﬁn‘h&h@bﬁbd@nlﬁﬂrentla'r’ﬁ'ﬁlc[tﬁi%ufdr'é}%ni?ﬁléc' pitate
is isol aéﬁd from suspensi on IQa¥ (Hnown techni ques such as, for exanpl e, by
g

centri f ugdt i GNC hexagyanppeppa Patine hexary@noirgete(Bll;@nc decant i ng, phase
f bl
nathed a1 eqerBLRAIeRERATE hE hexdCiairdbAfh. B ek BdpgchdliE” o 7Y

preferably c@mbs:ebatb@l)hakamymdobéltaté(ﬂﬁ)ﬁnmek@ﬂgmugcma‘iﬁél\%tb (19. i gand.
Mor e prefera% this mxture.is gﬁ 'i)red of water, at |east one organic
conpl exi ng i hexpryagoecphaliate 'Scﬁf’!!t' ay predered.al salt. Most preferably,
this mxture is C(}(fﬁp@ nid I 3 i | i gand,
at | east _one al kaline Iggt_al sa ?ﬁlnﬂdaé%& %F&g@?gﬂg@h@g@ﬁgﬁ%@%ﬁ
pol yner. $>r ef@gabquomplexmgdigand&jumfabmﬂhe present infviehtien ark known thé wash
m xture es suc cenjri tion,
filtrati on F’ip‘?ﬂﬁﬁﬁbo‘%@ &iﬁp@d%&ﬂg@ﬁat Nﬁﬁgi‘éb‘ggﬁgf ation or
agqueous separsaazngsT'&gm Bubwﬁsd oePemids, 170 818 sad el asaREP Ye508d, at | east
once with a njxture which

EP 761 708, EP 743 093, WO 97/40086 and JP 4145123. Organic

complexing ligands useful in the present |nvent|on include, for exampie,

30  water-soluble organic compounds with heteroatoms, such as oxygen,
nitrogen, phosphorus or sulfur, which can form complexes with the DMC
compound.



*25 is preferably conposed of at |east one organic conplexing ligand. Mre
preferably, this mxture. is conposed of water, at |east one organic

- conplexing ligand and at | east one al kaline netal salt. Mst preferably,
this mxture is conposed of water, at Ie%§t one organi c conpl exing |igand,

at | east one al kagj: . nd gt | east e functionalized pol ynmer.

30 The present in\a/%% |5%&@”&?@8%?‘@@3@@"53”ﬁeﬁpﬁ'ctggspr??ﬁmﬂﬂ‘@@éﬂpﬂng a

pol yol in thdngiudsscfoeexanpke, BMoheR! aldehides, keforitiseBfNPS Rs&er kst 0 the

present invention. -9- An%/_dstarter corrpgund vvhci) ch'ﬁas?‘?%cti ve' %@‘E%)Sgen at ons
i

can be used ifeahithiass suidesandMmisiiresthereelr Rrefepedratganicicompledngsef ul in

th t LA, | : . havi nb e ol ecul
wet ght s bet vdiGANGS ey pBe e SR TREIROR inidE RaeFefipis 4o eand. whi ch 5
have fronbl talcdhdty,duek s, Wi esxampld BN Ss@prophRdll RIbUESHBIGEsSHtAMYICh  can

be used in the present invention include, for exanple, polyoxypropyl ene

pol yol s, pol ¥&eyutianel@and tedibutanol. Ferttbutanelis particulayly ereferrether gl ycol s,

gl ycerol, propoxyl C | Rr l.en | ycal ,. alkoxylated allylic
al cohol s, bi sphenﬁﬁak%teﬁnét@é%ﬁﬁ?%@P’,eq%épﬂ? ?I?)E?Py%ﬁm BB degr aded
starch, wat ePrefetaboly xalkaltr: mbeil hafides\@RArRYSH e PRIsKABINvertibeh Wil |

copol ynerize wt a&g@qxi de in the presence of a DMC catal yst can be

h
i ncl uded in eqrgtesallly gtodiya chisislen sodinrdbromide tsediro dedide Mighiuous t ypes

f | ) i el E . ; i | lati. b
Scconp 1P o o P bfmid R Fifae, GOMSI H B MBS or " pown i n
the art made bosrnidg, potaseivemiodidenand PiGurRtheiR)f afdOsS®inheédrit t he DVC

cat al yst preﬁ_g,reg according to the process of the present invention. Any
al kyl ene oxi J¥€E4ANbe used in the present invention. A kylene oxides

preferably used in”H i I i Fﬂl?g . . 20 et hyl ene
oxi de, propyl ene oxitegg!éﬂggty e%'ge\g?%%é}gﬁgeﬁ X u?%l‘gé%gégg%lﬁa“ yal kyl ati on
of the start erctalsgiioused indhe ipeesert inyaritohazhnbyargn sitilled persoet &ads known in
the art, such i bat ch, sem -batch or continuous

f L.e, . I I
process. | yEP@Plaﬁqéwg{%KB’g? Y P‘:%[QIO scostyandeinsdike: by wanying Weser ange of
f rom about 28nuht20Prdferdtf M EtalyEEORaARRHY 1Y Ihanilo pr&‘»méf? mor e

preferably, from about 50 and 1500C er an-ove essure of from
about 0. 0001Ptesestnventionsae composedmi@t ledst DNE aficalmleysietal satt whict ke

| kyl at | jon_is chosen such that, suffici |, of th
encti on i s PSLt i 8 it R A ferascon Tam S06HEP} GHAcOurS Whit.cart al yst

concent rat i Ofapé prefePadi] Lo Ol LAF AR 6 Wty Hh6 ' nge of
from 30 about 0.%%*05 .%to about 1 w.% pr e/%era é/'?éf(%rragwgggﬁt 0 0.001

wt . % t o 2tiboabout 1 tavaboyt Jrwit.86,hasiedrembthe total oveightonfithe. BIIC tatalysbut 0. 0025

W.% based on t 1 ' l.yol to b d._ -10- The nunb
aver age ol eoul ar I SREIGHEbRle Bes Bt el san P ERah e otieEtor che
present i nveleabone furictiohdizetipatinel. "FuRBiGRRE gggmﬁér' Adefined’dila 000

g/ mol, preferably, from about 1,000 to about 12,000 g/ nol, nore
preferably, PPYFHeLssits saltovich sontaing ope yoneyefunctional gosupsinchutingl by t he

5 process of I f@&ni i hydroxyl faunctionalities of
f rom about 10t N n%r ef&gff‘gmp?‘ggﬁﬁ‘g%‘%ﬁ@"?@eefbééﬂwp (g preferably, from
about 2 2% 3funtliihalized|pphimesiuddial inties présent irntion icaidesorsed to produce

pol yol s whi ch havF rec’ucgd Iev?l s of high nol ecul ar wei g?ht tail (greater
example: polyethers; polyesters; polycarbonates; polyalkylene glycol

sorbitan esters; polyalkylene giycol glycidyl ethers; polyacrylamides;
poly(acrylamide-co-acrylic acids), polyacrylic acids, poly(acrylic acid-co-
maleic acids), poly(N-vinylpyrrolidone-co-acrylic acids), poly(acrylic acid-
30  co-styrenes) and their salts; maleic acids, styrenes and maleic anhydride
copolymers and their salts; block copolymers which are composed of
branched chain ethoxylated alcohols; alkoxylated alcohols such as



" 10 than 400 K). The anount of high nolecular weight tail is quantified by
any suitable nethod. A particularly convenient way to neasure the anount of
- high nol ecular weight tail is by gel perneation chronatography (GPC). A

suitabl e techni que for neasuring high nol ecul ar weight tail is described
bel ow as wel INE®DOL mh%@a@l@mmwa é\@-.—. 13, 596. 15
The foll owi ng exanpl es nerel | ust ratg%ghgﬁ\%{rﬁgﬁ §n9 skilled in

the art will RelyeGsr; Z@'leﬁﬂle@t pofysIhyhacryhatesvpdlmlhyltmetrmprylaﬁespf t he

bt epar eq acc BT Betty) BuRiE Spy v et PR Srbites thelvimvias used
to prepare azﬂeaﬁoIM%aylwwwwidanesiﬂ&d:l?bmwmé%&oﬁgepybl?gﬁ oxi de over

4 hours to an_activated m xXture conposed’ of oxyl at ed
gl ycerin st Mpdphenglg).sxazolingrpelymersapolglkdeneiminesat al yst | evel s of 30

turati f h 25
P oduct ver o TNASRRVEE RS sedl BN rarl aY oYt HBEIY: cAiaRtiSg: aphy
(GPC) techni gitd astete ot polydeidiio aldohors blibdichs & fHdlir saNR, 8tfd 3r596, the

t eachi ngs of whjch are I ncor por at ed her ei n by reference, was used to
measur e the ADEES: eYclpdextans.phigsohenss eempagnas: unmtwateai/@aragaylrml ecul ar

wei ght (M) fg (ﬁ(‘%é @054 %P %éﬂ?a%%r *J@ﬁaggw%ﬁgﬁ%ﬁm@ﬁgm&ﬁé Eti on of

recorded and t percent O ecu
t he cat all§st p‘ozbyoleacélprefamlphsem ecular -11- wei ght is calcul at ed -using

thefollowingfor% herei nafter referredto as "Formula_ 1" %
Reducti on* (HWW t ai'["®Bf S@S’nmppﬁ ROhyMers argpasent iIndheds prepar ed

5with a Dl\/Co%ﬂ’él%tYﬁtarPﬁ Ehﬁt RRATS pb rkﬁyé'&ff er %%310?%‘ Wéw ;Pfeductl on

conparative contfol no reduction o tal ne
is less than pzefanablﬁanplnethe ra6g@of framaabout @to abdiWG’O:wt dlaymOrem ng sodi um

chloride and a o] | ene di us ZI hl orj de sol ution
(120 g. of &%F %fq%)blv)gvﬁﬁ @% r@@geogﬁpméﬁo% V\gt BRS§DAD g.) and
tert-butyt akikelsthl ﬁ@%kﬂﬂ)‘[jm%a%?st liter sti rred react or (Solution 1).

Pot assi um hexacyanocobal tate (7.5 g.) 15 and sodiumchloride (4 g.) were

di ssol ved i n a 500:he casabivatiompf metai@abnm.@m cyanide S@ﬂﬂﬂggmicwmnmlexmg but yl

al cohol (15. t dlssoIV|ng a
1000 ol e Tofiat AISBlt B <o and ity fu BB SR bSmB &880 ) and
tert-butyl alacobmpli§iediby anpef the methods\Waswadeeke bR, SRicHirhétholisover 45 min.
whi | e m xi ng m_The 20 reaction tenperature was kept at 500C

m}‘ﬁ%& 500 rp
during the c (f‘PW’FﬁF“P'@&EEthFﬁaB?n dispergionrandineipieat wednesst or heating or

cool i ng. ool ih r..20 mn.
The m xi ng wabg&fst opl{p(hﬁ Ebgg{;éé“ on i‘éé&t Hﬁ%@!ﬁgl\z@%&%’ %8@@ %‘\?

stirring for nﬁathodnm Wh&:hrwaadqmeuusnolmtwmoﬁm%éstloherm@taasalﬂ&npﬂjy@dtlﬂ‘ﬁr ough a
0.45 ~L nyl on ¢ rane. The ca% ?é% qliawg slurrledlnamxture
of tert- butyfﬂsaﬁcl?@mﬁ rig e¥eess: € ablegs %e Paseskon fheymelarAMOMAtchl or i de
(2 g) and %Fﬁﬂbtéﬁtcyanmﬂsélﬂom rfn%dapitﬂ‘bﬁ‘ aqg@@u%élhf% BBt IS5 AR melf 00 ol .
W . pol yoxypropyi ene (2 g.) was added and the mxture was stirred
slomy for Syamide salieatdaaathraal inefinetal saltl and, optioreilp et ledstwae The cake
Was T€ 25 functionalized polymer, in the presence of at least one organic complexing
ligand.

The alkaline metal salt can be added to either the aqueous solution of
metal salt or to the aqueous solution of metal cyanide salt or to both
solutions or to the mixture after the two solutions are combined. Preferably,
30  the alkaline metal salt is added to the aqueous solution of metal salt. The

organic complexing ligand can be added to either the aqueous solution of

metal salt or to the aqueous solution of metal cyanide salt or to both




"30 slurried in tert-butyl alcohol (144 g.) and mixed as described above.
1000 nol. wt. polyoxypropylene diol (1g.) was added and the product was
--12- filtered as descri bed above. The resulting catal yst residue was dried
in a vacuumoven at 60C, 30 in. (Hg) to goanstant weight. El enental

anal ysis: CobgdilytighsSoMb-thé rikiife & WstiSRE T b5mB; it & = 6.1
w.%5 Exanple 2 ID‘Fpr epar ati on of gﬂ%@%g@g@ﬂgg ng Tlg{n%léud,n}f'tc‘f?no?éjde and a
pol yoxypr opy| @ired after formaticryefdbe precipitateh Tie fdectoialivéd polyrd can e 62. 5

Wt. % ZnCl 2 i Luted with deionized wat 30 d tert-butyl
Al conol (36 e B tRE Rt i ealsafcr ook adHeens sPkER (0. 3

g.) was addedpftrefadtSarsed d4hk 8Pt | bt [ ocobal tate
(7.5 g.) was di sgol vg% in a 5(5301?6;{1ﬁ dt?é%@@?%ﬁﬁ%@?@n#?&?m%@(loo g.)

g_nd t Ien_t - But yslo(;%ﬂ(i)%rﬁm qoxrmissechy it c@s@emdlded after f(lgmagbhcuﬁti_ﬁe mém:_im’ra_t@a(rj ed ?y
I Ssolving a R X r ene _gdl o . I N, del onl zed wat er
(50 g.) and tert- bﬂ?éfe%?r&ﬁsca%ﬁ%ﬁtxég "%P | argrof thedn .9?\5@”&%@‘?%" &l ution
1 over 45 mi rthevd, Istichrasx forg@imple PBY siniiTe mlikig! ARFLSIBBIAARRAR 6 Ure was

kept at 50C during the course of the reaction by using an internal coil
for heating dioreegeniggtion.Forefarably theseartantsiare, comikined wittrsimpled at 1, 500

rpmfor 20 m Q.. L X1 of . 0 Lon .3 s added, followed by
slow stirri ngrﬂ{‘x(')rgpétag%ﬁﬁ R@%’u‘ﬂ%ﬁlﬁ@gﬁgﬁ%@# ﬁﬁ{’]&ea%"ﬁ@??ﬂ SP??&’Q@"%O psi g
t hrough 400. 46 aboyt 80°CménpregipitateNoems aienythé readtantéase ngixedurried in a
m xture of tert-bu_éﬁ/elgr al cohol (100 dei oni zed water (55 g.) and

( .

(100 .9.) !
l'ithium chloride ulting Rresibiiats:ds isolated fram SusPEPSIoRi by kNN i xi ng was

st opped. 100 ; 0 ' ( . . nd t he
o e was. STPTHQE SuctFes o) AN BY LERN leflon e fidn, HtaBRe?
descri bed abqressuraedecdntingpphase sepanationsat aqueioestsepatatibnal cohol (144 g.)

and lithium chl Oriﬂ‘?ﬁ 0 ':'{ } and m xed as descrj bed above. 1000 nol. w.
pol yoxypr opyl ene dif ispia @gP SEiRitate de prefarably washed atilaashaace wWither ed as
descri beglsabQys ' : \ i ' acuum
oven at 60C, 30eir %H&/(dlflgg?mt%@%H?ﬁwwgﬁrﬁlgﬁ%ﬁ] nt alddcglryg ?g ?2?8 balt =
9.1 w.% Ziheast ane grganicsompliexing ligamch MoresprefersblyCthisfnigture %6 Exanpl e 3

Preparation qf a AM: catal yst usi,ng sodi um brom de gnd | yoxypr opyl ene
diol: 5 The SPORIRTSHAEL AP INEIoRNIG SR Beddandanid aNgEH was. used
in lieu of Lidde alhipiEmbal samalest E?ef&%%?,ih@ rfixthirdfis ¥bmpbBEJ of whitdr, Wt . %
Sodium=0.48 wt.% C = 3.8 wt.% Br = 3.8 w.%Exanple 4 10 Preparation
of a DMC cat &tJeastgsierpfgpniciramplexisgiligandnat leasiens skalinometasaitdind :  An

aqueous Zhnc i Ut of 62.5 wt. % ZnCl2) was diluted

with dei%‘%ize"“fﬁmmé/ag{‘é’?’%(@g{?)ﬁ%d%%‘q%%’%%é&?ﬂbutyl al cohol0(38 g.) in a one-

liter stirred readreferably meﬁﬁbmt@dr'gf&bi;ﬁil%t@iéﬁMddﬂﬁﬁﬂwé wakhirhix@geut i on 15
C

(Solution 1). Potassium hexacyano altate (7. Sﬁ%) was_ di ssolved in a
by known techniques stich as, for example, centrifugati

on, filtration, filtration
under pressure, decanting, phase separation or aqueous separation. The
filtered precipitate is preferably washed at least once with a mixture which

25 is preferably composed of at least one organic complexing ligand. More
preferably, this mixture is composed of water, at least one organic
complexing ligand and at least one alkaline metal salt. Most preferably, this
mixture is composed of water, at least one organic complexing ligand, at
least one alkaline metal salt and at least one functionalized polymer.

30 The present invention is also directed o a pr_ocess for preparing a
polyol in the presence of a DMC catalyst of or prepared according to the

present invention.




" 500-ml beaker with deionized water (100 g.) and tert-butyl alcohol (15.5
g.) (Solution 2). Solution 3 was prepared by dissolving a 1000 nol. wt.
- pol yoxypropyl ene diol (8 g.) in deionized water (50 g.) and tert-butyl

al cohol (2 g.). Solution 2 was added to Sgjution 1 over 45 mn, while 20

m xing at 1,500 rp ratu ta 50Cd ring the
course of the reacgb%g‘%&érﬁ%ﬁnﬂé&&#@ﬁﬁg %5(?6’%$ mgfqrﬂﬁcgp Eool | ng-
Fol | owi ng t heusstlintthemre s mgemwn | Btedr abmpobfds (’rvhlﬁhfé?ré udefuliimthel he

m xi ng was stopped.. Sol ution was added, followed by slow stirring for 3

mn. 25 The rlérﬁé@mdvats&mneluaﬁ@mnqt@ﬂé@asttnmr@t@,ergawemgmgt@l@cn@r45 p.

Lot butyl aTeahe orBET o £ 0T Ry e R 2B £od Bl o 1. s00

rpmfor 26 rhave fidra Nod hgdroxgl grooppeBxadPi oidtartet cordpbiAdy Whadly | ene
diol (2 g.) was added and the m xture was stirred slowly for 3 mn. The

catal yst was %9 p¢ usef &y tha peasest Inyeatian vduderer exa®@plgas re-slurried in

pol yoxypr opyISRRO P ebl RS BRI eEICIRE ROV R PARRBLRRIMARY  cr'ca as

descri bed abaather gﬁ]belsr glyubtol r;gopexﬁhmgy@abth,lmmpyléhe@yddﬁ a vacuum oven
at 60C 30 in. )éyl_%e (? EO@P El enental Analysis Zn = 23.4 w. %
; = 10. 8 itk@gylqtedally syf\)ge eBP Agentaerythritel SGfbéoleswowExanpl e 5
Pr epar at hgn e g@a&\@:st%?&?'v)/aib Ys 'Pﬁix@?gé Waehf oride and a diol of propylene

oxi de and et hyl"ene oxi de ‘cop o yner n aqueous zinc chloride solution (120
g. of 62.5 w. %Z\donememerpmmrnmrsmmchwaltd:opctdyrnenzednﬂwaareoxiﬁéaﬁtlge) and

tert-butyl al cohol one- ter d reactor, Sodi um chI ori de
(0.3 g.) was PAGRRR 8%‘&“40 ioran {"% injthe psgcessof the present

hexacyanocobahiaiterlt iodube VaRoss %@svcﬂj)dliblﬁ TREBUT-REHGE pliver

dei oni zed water (100 g.) and tert-Butyl alcohol (15
Solution 3 V\mamsdmakdxydaum s&mbelaagompgsheﬁraadéﬁﬂ)pomhﬂbckwlse 15 di ol of

| t hyl . tio),.i
Gei oni zedouar RS, FhFEBeBMETnEP I Bormet et SEPHPRIPEles added
to Sol ution DMEetatalysitan bdlthh&e Withi the ngé'QaQ%re Fed 8BESMMMY to

tenperature was kept "at 50C during the course o e reaction using an
internal coi [the grogrsstofife preserdlimventionol | owi ng the addition, mxing 20

continued at 900 r Xk ng, was s ed.. Sol |on 3 was

added. fol | owed by iy é‘m)"?ﬁigf’g]dr‘lr caf{ffe D53 RAndblesad BEoR. Ay o

filtered at 4Ridesi wrefdrablyaized uﬁ)tl'@pre@!éhﬂﬁverﬁtﬁimr@lﬂde f"éhéxﬁmblfé yst cake was

re- slurrgﬁd ina mxture of tert-but al cohol (100681 dei oni zed wat er
ﬁﬂw reg

(55 g.) 4Ad SH¥fiens exidsr PrrpyEReRyde ePxida ard o thereef. 20 nin. The
t | t
X1 9, v 51 0PPE MR o it i onhuiiglatls, ALEDIRAL RGN,

above. The cehtkeamﬁlsodsekm“m in the art) suehbsbwrsebcamle;dxhelbatdtﬂ%emt-)bawd sodi um

chloride (1 g’ d m xed as d scr ed apove. 4000 mol. wt, diol (1 g.)
was added and'CAB 'BE%R’PC%% glionis camrierout atrstemprsature ihthe

o const ant reate! ﬁ%ﬁ?&%ﬁféwdd?"y‘??sb@é%fa‘sﬁp WM QU RAC g P60°G0 )" (1Y)
wt . % Sodd ummore prefarably - ftomBbawp 56 agid 150°C and under an overall pressure of

from about 0.0001 to about 2C bar. The amount of DMC catalyst used in the

oxyalkylation reaction is chosen such that sufficient control of the reaction is

possible under the given reaction conditions. The DMC catalyst

concentration of an oxyalkylation reaction is typically in the range of from

30  about 0.0005 wt.% to about 1 wt.%, preferably, from about 0 0.001 wt.% to
about 0.1 wt.%, more preferably, from about 0.001 to about 0.0025 wt.%,

based on the total weight of polyot to be prepared.



" Preparation of a DMC catal yst using potassiumchloride and a

pol yoxypropyl ene diol: An aqueous zinc chloride solution (120 g. of 62.5
.W. %2Znd2) was 5 diluted with deionized water (230 g.) and tert-butyl
al cohol (38 g.) in a one- liter stirred reactor (Solution 1). Potassium

hexacyanocobal t at Lum chloride (4.0 re di ssol ved
in a 500-m beake‘ren\q/&zpﬁn%sé%ni ggg’%\%@@%??@&é edﬁ%yql@lr%z%ggﬂyta?cohol
(15.5 g.) (Sqirotéssofthe pré‘@nltiril\mmtian\wmtﬁé?ﬂﬁé&f%ﬁn‘ﬂbﬁ&?ﬁ@@@a@o?- of a
1000 nol . w. ]Ooqfol%g(%(ypropyl ene di ol%l(i820gq.£%1 in deionized water (50 g.)
and tert - but yi00.Q0Q giteol preferaply, emabain 1005kte ahawkd2:0903umal,imnorel over 45
mn. while ] X4 t r } t rature was kept at 50C
during the rcﬂgéfreg%lgff@ﬁ%@%tﬂpQﬁO@%ﬁé?@QOﬁrﬁBﬁtFg?lxgsQ{gpgrqcﬁpy ﬂ’b‘éti ng or
cool i ng. SFoldrovéswof the mredent inventionhag: sesthbawedraty RMLtoRRKEY o20 M n.
The m xi ng 1? was st%:)gfped. Sol ution 3 was added, fol l'owed by slow stirring

for 3 mn. abRut i da Sripkefarablywdtomiabout 8do & and meregoreferabiyh frano. 45

nyl on nenbra%%uti%‘—jcatal yst cake was re-slurried in a m xture of
tert-butyl alcohol (100 g.), deionized water (55 g.) and nmixed at 500 rpm

for 20 min. The BMOcatalstsofthpgiesditGfvantion osn béluskd (@ pebducand
added and the m xture was stirred slowy

t [ hl ori 0 ( 3 .
For '3 min. TREWAS AN Ravi wiicen Jeusls st nisbsmplaseipr mobl intieresieie vas
re-slurrq@d i b : [+QL4 Z€e o3 and
vvassm'uxe!j@at Iﬂg%%g?%?é)f g‘:ﬁez%ﬂr%ﬁﬂbeir?féﬁr%nﬁﬁlig%%@\agg@tg%%@# %@gdr%’lgnﬁ di ol
(2 g) and psudssieumethadorA perticilaly eenvenisd evhyatodmehsuna the Wntow@tofst i 1 red

25 slowy for. in. h . fil d d i bed ab . Th k
tes revst ur  ih iR weRHR s e pemnalon SRmeizateaty GESe)i fed.
above. 1000 &mitabléttechhiBle fdr lgle)asmal g erﬂo%%ﬂlérh@ei&@tﬂlgggé d48&idd tered as

descri bed above. The resulting cat resi due was ' a vacuum oven
at 60C, 30 i helowg} well avins femexampightnited SEitesdtataht loab PIBHE96CO = 9.4 wt.
% Zn = w. % = 6. 1. wW. % -16 Exanple 7 Preparation_of a DMC

cat al yst12585i ng poﬁ'?gpﬁwml %’H@I?Sﬁn?ﬁm‘;@b@t% é’h"@“t'eﬂol%ﬁ a

pol y(styreneskilléd ittt Srtadil fecdfize MandlvatialioRs Mat %ré Wi $pi queous
zinc chloride solution (120 g. of 62. _5?Wt ) a% anaZ) %\éﬁgﬁl’ﬁfsﬁ{(ﬁ?%@%ﬁw th

dei oni zed wath® inyeation andacepeaftbeciaimsal cohol (38 g.) in a one- liter
stirred reacF%n( gg! ution 1). Potassium hexacyanocobaltate (7.5 g.) and

pot assi um ch 4.0 g.) were dissolved in a 500-nm beaker with

dei oni zed water (AO0OME ratahgstiaeii¢h %&ﬁrepér‘éﬂ@dcofdiﬁg@o ény onefution 2).
Sol ution. 3 WES prepared by dissolving 8 g. of a 1000 not. wt. 10
pol yoxyptbpy FEREPE S [1- 16 setdpahibeiew wasdiseddo pfeparena 6080tMWBUL yI  al cohol (2

g.). Solutio ; j 4 ] I ixing at 500
rpm The rea@?&gn g@gfeé‘r?%tth@e%éabgmrégﬁg%exgi?%%ned ‘WQ“’%&@%% of the
reaction by asfivajedmixiure cosiposed!ofities DM@ tandta propoxglatéd glycetihow ng t he
addition, m x| ?on inued at 500 rpmfor 20 nmin. The m xing was stopped.
15 Sol uti on ?3\3%5 eyl nunbeR e 44B8yng K& Ve Catalyst svels afi3R.ppme reacti on

mxture was {ild g5&4. ??194%&8' nu s@oﬁlg?é_lpco?n%h%ionﬁ{% ne. The

catal yst cake was re-slurriedin E{%'Lg{;‘ure ot assrum ide (2 g.),
tert-butdd aproshict wetenepsureq bl standard methbtis. mAl gél pemtiedtionsodi um sal t)

min The i G HCOERSBIGI Y B Aue = fedkuBa it wiites Siales Bawa and the
m xture was Nbi 6/043, 596 4h¥ téashisgsbhwhithtaré dt@nétat¥@herein by
reference, was used to measure the amount of polyol component having a
number average molecular weight (Mn) from 40,000 to > 400,000. The
30 amount present (in ppm) is recorded and the percent of high molecular
weight (HMW) tail reduction of the catalyst for each range of molecular



"isolated as described above. The cake was re-slurried in tert-butyl al cohol
(144 g.) and m xed as descri bed above. Mdre 1000 nol. w. diol (1 g.) was
- added and the product was filtered as descri bed above. The resulting 25
catal yst residue was dried in a vacuumovgg_at 60C, 30 in. (Hg) to
constant wei glkigHel hS: = 0 = % K =
1.86 wt. % gxbégnrgl'ﬁage%?é%gpgﬂt"??hé3?@”'5?/%‘9%%1{%(9%@%%%56%&3%@:%ﬁn
chloride, a pUigroxyaildpyl ene 30 diol and a poly(nethacrylic acid, sodium
salt) (30 wt % sol Lh}t'Fo in water): -17- The procedure of Exanple 7 was

fol | owed, except tHha eaHF{hﬁ‘rﬁf hacrylic acid, sodiumsalt) (30 wt % sol ution
in water) was usedfHmw ki pal-ysh whaneaal t el:C~aCl g odL um sal t)
(30 wt % solution I'n V\V/\éltéelfé\c.égm -"'-." y HM.W 'PO_ g 2 = 21.6
w. % K 4.3 w.with asDG calalyst oPiteppraesent mvehtion KT00 ng

sodi um chl ori de bu functionalized ol ymer: An aqueous zinc chloride
sol ution (120 g. o'fL'N@g.‘gwaPoszFﬂHVE)CQAﬁ_@O' diluted with deionized water
(230 g.) and 1 g6 redutivn @HMW'tag(i%%lﬂaiheHr?f tﬁef“/?!‘?‘éd&&%dgoifsﬁ%sﬂﬂéﬂféjrg eactor.

Sodi um chloride (0.3 g.) was added to this solution Ion ot assi um

hexacyanocobal tate (7.5 g.) was dissolved in a 500-m beaker with

dei oni zed Watl%'iag éi)eo1g.) and tert-butyl alcohol (15.5 g.) (Solution 2).

Sol ution 2 to Solution 1 over 45 min. while mixing at 800 rpm
The reacttifon Prepaeistiintfe DMT katalystiising Soditm BeIoHAE ar@Y Se 15 of the

reaction by using an internal coil for heating or cooling. Followi ng the
addi tion, m @APRRRPYIeedda: 800 rpmfor 20 nin. The nixing was st opped.

Th ti i Xt j ' 0. I

ronbrane.  The cat 41 Steggus i ioRls SAEM 00 MR Btk ZeBR Ry 20
al cohol (100 djlted dithaisiatidedvalater (239 g) andrert-Re Wadhol (38 g9 if & ¢he- and
m xed at 800 rpmfor, 20 mn. The mxing was stopped. The catal yst was

[sol ated as dERCIERSTERAS RtION bk P Qlassite Bexagyeegcebaltate (715ugy|  al cohol

144 q. nd ]ﬂ’dé i 1 i he product wa
i(sol a?e?ﬂ@s escr%ﬁ@%b@é@ﬁg v?%%ﬁﬂ?@\‘é%ifé?@?ﬁ“f@%i( uréJ'-{v]\"/aspdri gd 25 i?\
a vacuum overdeionidéCwater (100 d)Hmd teot-bubysaisohoMebghg.) (Bbrienty| Anal ysi s:

Zn =.25.9 wt .. %, Co. = 12 w. % .= 1.29 w. % Exanple 10 (Conparative)
Preparation oi°4iPNA was BT‘%P@Fe‘%JQ%SQ}‘f‘%@ﬂ%WEé’ﬂ- pelypgrropytengo sal t
The procedur gi8lf i , .30 added.
El enent al angjll?/]s(iag(' P%ﬁ?ﬁz‘é@gﬁ\/&% (%?/%’\S%ar@)‘t‘é gﬁlu%%%@%ﬂ :g\@.%&'o@w . % - 18-
Exanpl es 11, 2waaadded to Sdiuttampaveat 45 edinPwhjpamaikingratdf,500 BVE. CEHeal yst

ing a nctional i zed polymer but .n t: . For Conparative Exanples 11,
15 and- 130" DreeRr S SyF s kentit St dusing g SeRseha! [eieaeios byt
Exanpl e 1, exsfiy ah bzt it for heutiorstitifg. 'ﬁoﬁﬁwm@heaé}i’diﬂéﬁ,%i alt =
10.3 wt. % Zinc =23.2w. % C ="4.0w.% K= 0.21 w.% Exanp 14

( Conpar at i ve)coptiued at 1 HO0PfaO Bun.aThesmixisg wasrdoppedtSalution 3ed pol ymer
and no salt: \ag then added, foliowed by slow stirring for 3 min. \

The reaction mixture was filtered at 40 psig through a 0.45 p nylon
25 ~membrane. The catalyst cake was re-slurried in a mixture of tert-buty!
alcohol (100 g.), deionized water (55 g) and sodium chloride (2 g) and
mixed at 1,500 rpm for 20 min. The mixing was stopped. 1000 mol. wt.
polyoxypropylene diol (2 g.} was added and the mixture was stirred slowly
for 3 min. The catalyst was ﬁltéréd as described above. The cake was re-
30  slurried in tert-butyl alcohol {144 g.) and mixed as described above. 1000
mol. wt. polyoxypropylene diot (1g.) was added and the product was




" 10 An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl2) was
diluted with deionized water (230 g.) and tert-butyl alcohol (38 g.) in a
-one- liter stirred reactor (Solution 1). Potassium hexacyanocobaltate, (7.5
g.) was dissolved in a 500-m beaker w thodeionized water (100 g.) and

tert- butyl aiepddlasdezcAb8d )ab6§8| We%saklnggg;t#gﬁo%ggﬁz%%‘a ﬁ%‘ﬁ it g

Solution 1 15 over 45 mn. e m
t enper at ur e wasukiepovemat 60"((: 8iin. {big) l’@comtaaEwefght he reaction by using an

i nternal coil eat | i || owi_.ng the addition,_m xing
continued at %86'%’&5‘%1%& S%Zoéﬂl?ﬁ? ‘81 %F g‘éﬂ % pediumRd. ?%%%.on
m xture was f@ild ¢ ¢4t 40 psig through a 65 ~L nylon 20 nenbrane. The

catal yst cake was re-slurried in a mxture of tert-butyl alcohol (100 g.),
dei oni zed5vvaw ) and mixed at 800 rpmfor 20 nin- The nixing was

stopped. The d, as. describ ove. The cake was
re-slurried |Fﬁg § %Dmﬁﬁaf yStY9ing ﬁ')‘ r@?%%%éi‘da%po BXYRIOR¥@NEhove.
The product vwag: i soI at ed as descri bed above. 25 The resulting catal yst

residue was dried in a vacuumoven at 60"C, 30 in. (Hg) to constant
wei ght. El enent al Ahanyepss zine chlakiersoiutiond 12hg-oE2.8 wit % ZaClEwaspl e 15

50 o necoeL JBEMIbAGE Mad3iaR0 &7 S RefPuRe sl G enatsarzept 1 hat
a bl ock mopatarrmirremfrdac&@ D@k Chibrikd 0. 3489 msdaéu to this@utibhe 1000
nmol. wt. _19- djol The bl ock copol yner was ared using NEODOL (which is

avai | abl e cokfigiuidipaltly thﬁﬁﬁi'gﬁbmx@éﬁp@@ﬂia@i%gﬁg )wsa:hmcbm and a

oS, 520 b SOPPREBERS RS SekrRIdd ey 160 L ARE ol UBHhaY 505
reference) t¢Splutidn. Sqmmquwméﬂyﬂewwedhayld’BjSOﬂnn@bemﬂjoaﬁol/\@\lrtg ht of about
1000. Thi s di-pl ockcopol r s .end- cap 1-2 units of isobutyl ene
oxi de. ExanpP@ V%W@ﬁ%ﬁiwggﬂﬁ@ﬁ&l‘%‘*%""@%/erawm and tartButylisi ng” zi nc
b sectar o A o\ SO el SISO PR H T O T
El enment al anatiyiggsat ‘Kﬁ@&lrpmrTﬁemacl%n Emperatd® vaskept@t G0°O dlingl .C C O
Ocn C U 2the cbifse & o thé reaction 5 by using an internal coil for heating or cooling.
Following the addition, mixing continued at 1,500 rpm for 20 min. The
mixing was stopped. Solution 3 was added, followed by stow stirring for 3
20 min. |
The reaction mixture was filtered at 40 psig through a 0.45 . nylon
membrane. The catalyst cake was re-slurried in a mixture of tert-butyl
alcohol (100 g.), deionized water (55 g.} and lithium chloride (2 g.) and
mixed at 1,500 rpm for 20 min. The mixing was stopped. 1000 mol. wt.
25  polyoxypropylene diol (2 g.) was added and the mixture was stirred slowly
for 3 min. The catalyst was filtered as described above. The cake was re-
slurried in tert-butyl alcohol (144 g.) and lithium chloride (0.5 g.) and mixed
as described above. 1000 mol. wt. polyokypropylene diol (1 g.) was added
and the product was fi Itered as described above. The resuiting catalyst
30 residue was dried in a vacuum oven at 60°C 30 in. (Hg) to constant
weight.

Elemental analysis: Cobalt = 9.1 wt.%; Zinc = 21.9 wt.%:
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-13-
Lithium = 0.15 wt.%:; Cl = 4.8 wt.%

Example 3
Preparation of a DMC catalyst using sodium bromide and a
polyoxypropylene diol:

The procedure of Example 2 was followed, except that NaBr was
used in lieu of LiCl.
Elemental analysis: Cobalt = 8.1 wt.%; Zinc = 21.9 wt.%:
Sodium = 0.48 wt.%; Cl=3.8 wt.%; Br=3.8 wt.%

Example 4
Preparation of a DMC catalyst using lithium bromide and a

polyoxypropylene diol:

An aqueous zinc chioride solution (120 g. of 62.5 wt. % ZnCl,) was
diluted with deionized water (230 g.) and tert-butyl alcohol (38 g.) in a one-
liter stirred reactor. Lithium bromide (4 g.) was added to this solution
(Solution 1). Potassium hexacyanocobaltate (7.5 g.) was dissolved in a
500-ml beaker with deionized water (100 g.) and tert-butyl alcohol (15.5 g.)
(Solution 2). Solution 3 was prepared by dissolving a 1000 mol. wt.
polyoxypropylene diol (8 g.) in deionized water (50 g.) and tert-butyl
alcohol (2 g.). Solution 2 was added to Solution 1 over 45 min. while
mixing at 1,500 rpm. The reaction temperature was kept at 50°C during
the course of the reaction by using an internal coil for heating or cooling.
Following the addition, mixing continued at 1,500 rpm for 20 min. The
mixing was stopped. Solution 3 was added, foliowed by siow stirring for 3
min.

The reaction mixture was filtered at 40 psig through a 0.45 . nylon
membrane. The catalyst cake was re-slurried in a mixture of tert-buty
alcohol (100 g.) and deionized water (55 g) and mixed at 1,500 rpm: for 20
min. The mixing was stopped. 1000 mol. wt. polyoxypropylene diol (2 g.)
was added and the mixture was stirred slowly for 3 min. The catalyst was
filtered as described above. The cake was re-siurried in tert-butyl alcohol
(144 g.) and mixed as described above. 1000 mol. wt. polyoxypropylene




"ti C(DN @zECC 0. CLE 0. OE CI N,zt MTt- "TOCDTT CD
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OE Q dIOT (Jf g].) was added and the product was filtered as described above.

The resulting catalyst residue was dried in a vacuum oven at 60°C, 30 in.
(Hg) to constant weight.
Elemental Analysis Zn =23.4 wt.% ; Co = 10.8 wt.%; Li = <0.02 wt.%:
9 Br:04wt%; Cl=36wt%
Example 5
Preparation of a DMC catalyst using sodium chloride and a diol of propylene
oxide and ethylene oxide copolymer:
- An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl,) was

10 diluted with deionized water (230 g.) and tert-butyl alcohol (38 g.) in a one-
liter stirred reactor. Sodium chloride (0.3 g.) was added to this solution
(Solution 1). Potassium hexacyanocobaltate (7.5 g.) was dissolved in a
500-ml beaker with deionized water (100 g.) and tert-butyl alcohol (15.5 g.)
(Solution 2). Solution 3 was prepared by dissolving 8 g. of a 4000 mol. wt.

15 diol of propylene oxide and ethylene oxide copolymer (80:20 wt. ratio) in
deionized water (50 g.) and tert-butyl alcohol (2 g.). Solution 2 was added
to Solution 1 over 45 min. while mixing at 800 rpm. The reaction
temperature was kept at 50°C during the course of the reaction by using
an internal coil for heating or cooling. Following the addition, mixing

20  continued at 900 rpm for 20 min. The mixing was stopped. Selution 3 was
added, followed by slow stirring for 3 min.

The reaction mixture was filtered at 40 psig through a 0.45 p nylon
membrane. The catalyst cake was re-slurried in a mixture of tert-butyl
alcohol (100 g.}, deionized water (55 g.) and sodium chloride (2 g.) and

25 mixed at 900 rpm for 20 min. The mixing was stopped. 4000 mol. wt. diol
(2 g.) was added and the mixture was stirred slowly for 3 min'."‘ll"ﬁg E:atalyst
was filtered as described above. The cake was re-slurried in tert-butyi
alcohol (144 g.) and sodium chloride (1 g.) and mixed as described above.
4000 mol. wt. diol (1 g.) was added and the product was filtered as

30 described above. The resulting-catalyst residue was dried in a vacuum
oven at 60°C, 30 in. (Hg) to constant weight.

Elemental analysis: Cobalt = 8.8 wt.%; Zinc = 20.3 wt.%: Sodium = 2.4 wt.%
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Preparation of a DMC catalyst using potassium chloride and a
polyoxypropylene diol:

An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl,) was
diluted with deicnized water (230 g.) and tert-butyl alcohol (38 g.) in a one-
liter stirred reactor (Solution 1). Potassium hexacyanocobaitate (7.5 g.)
and potassium chloride (4.0 g) were dissolved in a 500-m| beaker with
deionized water (100 g.) and tert-butyl alcohol (15.5 g.) (Solution 2).
Solution 3 was prepared by dissolving 8 g. of a 1000 mol. wt.
polyoxypropylene diol (8 g.) in deionized water (50 g.) and tert-butyl
alcohol (2 g.). Solution 2 was added to Solution 1 over 45 min. while
mixing at 500 rpm. The reaction temperature was kept at 50°C during the
course of the reaction by using an internal coil for heating or cooling.
Following the addition, mixing continued at 500 rpm for 20 min. The mixing
was stopped. Solution 3 was added, followed by slow stirring for 3 min.

The reaction mixture was filtered at 40 psig through a 0.45 1 nylon
membrane. The catalyst cake was re-slurried in a mixture of tert-butyl
alcohol (100 g.), deionized water (55 g.) and mixed at 500 rpm for 20 min.
The mixing was stopped. 1000 mol. wt. diol (2 g.) and potassium chloride
(2 g) were added and the mixture was stirred slowly for 3 min. The
catalyst was isolated as described above. The cake was re-slurried in tert-
butyl alcohol (125 g} and deionized water (30 g) and was mixed at
500 rpm for 20 min. The mixing was stopped. 1000 mol. wt. diol (2 g)
and potassium chloride (2 g) were added and the mixture was stirred

slowly for 3 min. The catalyst was filtered as described above. The cake

was re-slurried in tert-butyl alcohol (144 g.) and mixed as described above.
- 1000 mol. wt. diol (1 g.) was added and the product was fiitered as

described above. The resulting catalyst residue was dried in a vacuum
oven at 60°C, 30 in. (Hg) to constant weight.
Elemental analysis: Co = 9.4 wt. %; Zn = 20 wt. %; K = 6.1 wt. %.
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Example 7
Preparation of a DMC catalyst using potassium chloride, a polyoxypropylene

diol and a poly(styrene-alt-maleic acid, sodium salt) (30 wt % in water):

An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl,) was
diluted with deionized water (230 g.) and tert-buty! alcohol (38 g.) in a one-
liter stirred reactor (Solution 1). Potassium hexacyanocobaltate (7.5 g.)
and potassium chioride (4.0 g.) were dissolved in a 500-ml beaker with
deionized water (100 g.) and tert-butyl alcohol (15.5 g.) (Sclution 2).
Solution 3 was prepared by dissolving 8 g. of a 1000 mol. wt.
polyoxypropylene diol in deionized water (50 g.) and tert-butyl alcohol (2
g.). Solution 2 was added to Solution 1 over 45 min. while mixing at 500

rom. The reaction temperature was kept at 50°C during the course of the

~ reaction by using an internal coil for heating or cooling. Following the

addition, mixing continued at 500 rpm for 20 min. The mixing was stopped.
Solution 3 was added, followed by slow stirring for 3 min.

The reaction mixture was filtered at 40 psig through a 0.45 u nylon
membrane. The catalyst cake was re-slurried in a mixture of potassium
chloride (2 g.}, tert-butyl alcohol (100 g.), poly(styrene-alt-maleic acid,
sodium salt) solution (7 g.) and deionized water (55 g.) and mixed at 800
rpm for 20 min. The mixing was stopped. 1000 mol. wt. diol (2 g.) was
added and the mixture was stirred slowly for 3 min. The catalyst was
isolated as described above. The cake was re-slurried in tert-butyt alcohol
(144 g.) and mixed as described above. More 1000 mol. wt. diol (1 g.)
was added and the product was filtered as described above. The resulting
catalyst residue was dried in a vacuum oven at 60°C, 30 in. (Hg) to
constant weight.

Elemental analysis: Co = 10.1 wt. %; Zn = 22.4 wt. %; K = 1.86 wt. %.

Example 8
Preparation of a DMC catalyst using potassium chloride, a polyoxypropylene

diol and a poly(methacrylic acid, sodium salt) (30 wt % solution in water):
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The procedure of Example 7 was followed, except that
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poly(methacrylic acid, sodium salt) (30 wt % solution in water) was used in
lieu of poly(styrene-alt-maleic acid, sodium salt) (30 wt % solution in water).
Elemental analysis: Co = 8 wt. %; Zn = 21.6 wi. %; K = 4.3 wt. %.
5 Example 9
Preparation of a DMC catalyst using sodium chioride but no functionalized
polymer:
An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl,) was
diluted with deionized water (230 g.) and tert-butyl alcohol (38 g.) in a one-
10  liter stirred reactor. Sodium chloride (0.3 g.) was added to this solution
(Solution 1). Potassium hexacyanocobaltate (7.5 g.) was dissolved in a
500-ml beaker with deionized water (100 g.) and tert-butyl alcohol (15.5 g.)
(Solution 2). Solution 2 was added to Solution 1 over 45 min. while mixing
at 800 rpm. The reaction temperature was kept at 50°C during the course
15  of the reaction by using an intemnal coil for heating or cooling. Following
the addition, mixing continued at 800 rpm for 20 min. The mixing was
stopped.
The reaction mixture was filtered at 40 psig through a 0.65 p nylon
membrane. The catalyst cake was re-siurried in a mixture of tert-butyl
20  alcohol (100 g.), deionized water (55 g.) and sodium chloride (2 g.) and
mixed at 800 rpm for 20 min. The mixing was stopped. The catalyst was
isolated as described above. The cake was re-slurried in tert-butyl alcohol
(144 g.) and sodium chloride and mixed as described above. The product
was isolated as described above. The resulting catalyst residue was dried
25 in a vacuum oven at 60°C, 30 in. (Hg) to constant weight.
Elemental Analysis: Zn =25.9 wt. %; Co = 12 wt. %; Na = 1.29 wt. %.
Example 10 (Comparative)

Preparation of a DMC catalyst using a functionalized polym_er but no salt:
The procedure of Example 1 was followed, except that no NaCl was
30 added.
Elemental analysis: Cobalt=9 wt %; Zinc =21.6 wt. %; Cil= 4.1 wt.%
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Preparation of a DMC catalyst using a functionalized polymer but no salt:

For Comparative Examples 11, 12 and 13, DMC catalysts were
prepared according to the procedure of Example 1, except that no NaCl
S was added.
Elemental analysis: Cobalt = 10.3 wt. %; Zinc = 23.2 wt. %; Cl = 4.0 wt.%;
K=0.21 wt.%
Example 14 (Comparative}

Preparation of a DMC catalyst using no functionalized polymer and no salt:
10 An aqueous zinc chloride solution (120 g. of 62.5 wt. % ZnCl,) was
diluted with deionized water (230 g.) and tert-butyl alcohol (38 g.) in a one-
liter stirred reactor (Solution 1). Potassium hexacyanocobaltate (7.5 g.)
was dissolved in a 500-ml beaker with deionized water (100 g.) and tert-
butyl alcohal (15.5 g.) (Solution 2). Solution 2 was added to Solution 1
15  over 45 min. while mixing at 800 rpm. The reaction temperature was kept
at 50°C during the course of the reaction by using an internal coil for
heating or cooling. Following the addition, mixing continued at 800 rpm for
20 min. The mixing was stopped.
The reaction mixture was filtered at 40 psig through a 0.65 p nylon
20 membrane. The catalyst cake was re-slurried in a mixture of tert-butyl
alcohol (100 g.), deionized water (55 g.) and mixed at 800 rpm for 20 min.
The mixing was stopped. The catalyst was isolated as described above.
The cake was re-slurried in tert-butyl alcohol (144 g.) and mixed as
described above. The product was isolated as described above.
25 The resulting catalyst residue was dried in a vacuum oven at 60°C,
30 in. (Hg) to constant weight.
Elemental Analysis: Co = 12.4 wt. %; Zn = 26.8 wt. %.
Example 15
Preparation of a DMC catalyst using sodium chioride and a block copolymer
30 of NEODOL-(EO)n-IBO:
The procedure of Example 5 was followed except that a block
copolymer of NEODOL~(EO)n-1BO was used in lieu of the 1000 mol. wt.
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" C 0 Lot Hnd bRIR doBotyHler was brépardd uling NEODOL (which is
available commercially from Shell Chemical Company) as a starter and a
DMC catalyst prepared essentially by the method of United States Patent
No. 5,482,908 (the teachings of which are incorporated herein by
S  reference) to produce a polyoxyethylene having a molecular weight of
about 1000. This di-blockcopolymer was end-capped by 1-2 units of
isobutylene oxide.

Example 16 (Comparative)

Preparation of a DMC catalyst using zinc hexacyanocobaltate/t-butyl
10 alcohol and a polyoxypropylene diol:
The procedure of Example 1 was followed, except that no NaCl was
added.
Elemental analysis: Cobalt = 9 wt. %; Zinc = 21.6 wt. %
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1. A process for preparing a double-metal cyanide catalyst comprisihg:
combining

i) at least one metal salt;
5 i} at least one metal cyanide salt;
iii) at least one organic complexing ligand;
iv) at least one alkaline metal salt; and
v) optionally, at least one functionalized polymer;
under conditions sufficient to form a catalyst.
10 2. The process of Claim 1 in which the metal salt is zinc chloride.
The process of Claim 1 in which the metal cyanide salt is potassium

hexacyanocobaltate (ll1}.

4. The process of Claim 1 in which the organic complexing ligand is
tert-butyl alcohol.
16 &. The process of Claim 1 in which the alkaline metal salt is

potassiumn chloride, sodium chloride, sodium bromide, lithium
chi.oride or lithium bromide.

6. The process of Claim 1 in which the functionalized polymer is
present in an amount in the range of from about 2 to about 98

20 wt. %, based on the total weight of the double-metal cyanide
catalyst.

7. The process of Claim 1 in which the functionalized polymer is a
polyether; polyester; polycarbonate; polyalkylene glyco! sorbitan
ester; polyalkylene glycol glycidyl ether; polyacrylamide;

25 poly(acrylamide-co-acrylic acid), polyacrylic acid, poly(acrylic acid-
co-maleic acid), poly(N-vinyipyrrolidone-co-acrylic acid), poly(acrylic
acid-co-styrene} or their salts; maleic acid, styrene or maleic
anhydride copolymers or their salts; polyacrylonitriles; poiyalkyl
acrylate; polyaikyl methacryiate; polyvinyl methyl ether; polyvinyl

30 ethyl ether; polyvinyl acetate; polyvinyl aicohol; poly-N-
vinylpyrrolidone; polyvinyl methyl ketone; poly(4-vinylphenol);



"U O O CL xEc: QOCa co(nLmc O-27 WHAT ISCLAIMED IS: 1. A
process for preparing a doubl e-netal cyanide catal yst conprising:
-conbining i) at least one netal salt; 5 ii) at |east one netal cyanide
salt; iii) at least one organic conplexingogigand; iv) at |east one

al kaline nmetal salt; and v) optionally, at Teast one functionalized

olynmer; under conditions sufficient to forma catalyst. 2. The process
gf é aim1l in whi cHx?ﬁg"}?eﬁcgymgélFEO?Y%kl’Q?'ﬁ%‘”ﬁ’ﬂ?ﬂmdg@.‘y%hy'?ﬁiﬁ%?%cess gf
Caiml in which t - ' hSidao ' cobaltate
(11I1) . 4|. TheI pr chggﬁg%ﬁéjg;?’%%ﬁp\é%?ygﬁﬂd%;g@;dﬁ%ag@?ﬁiéﬁ?ﬁg ligand is

tert-butyl al cohol polybydric Flgehpl bile scichér i saltmebtémondrmite; thelodekising ne

tal salt i tassiym chl orid di ym chlor i de, sodj um broni de, |ithi
chioride or 1ithi uRPBPRHS COBPORRE: PPealiled Catavlic O SRR & e

functional§ zed pol jyfE suBacd R $tBHatE-RAvEBBMpouhA. the range of from about
2 to about 98 20 wt. % based on the total weight of the doubl e-netal

cyani de cat aPyst . The dpwblesmetal syapideGtataiystiprepargd by thenprdaasstdfonal i zed
polymer is a poly En’i’]r pol yester; polycarbonate; polyal kyl ene gl ycol
sorbitan ester; poly L‘yl ene glycol glycidyl ether; polyacrylamde; 25

pol y(acryl am @e- coThedpuble-metal loyanideyatalybt 6f @gire 8 WRICK (3 ebipriseadid-
co-nal ei c acid), pol Pé( N-vi nyl pé;rol i done-cCo-acrylic acid), poly(acrylic
aci d- co- st yrene) oft lepg} ene alkaline metalisaltde pa ameyntevithio thersdngeobiiond ri de

copol ynersg, or thei 14 5 | onitLi : | kvl rvl.ate:
pol yal kylmmet hacr y%%@@:d%gﬁj %@bﬁgﬁwne?%y%%{] E’Z’r‘hgg‘lc’)‘%’@‘\')ﬂ%ﬂ* O?gbé/gnglle et her;
pol yvi nyl acet at e; matdiyoyanide cdtalgsiol ; pol y- N vinyl pyrrolidone; pol yvinyl
met hyl ket one; . pol xé‘fy-vi él henol ); -28 oxazo]ine polyner;
pol yal kyl enei Rne: 9‘?%?3 f AYRPaEng g1 rRedyol copprigiaget al ; gl yci dyl et her;
gl ycosi de; carboxylic a@oﬁwbgﬁih r of polyhydric alcohol; bile acid or its
salt, ester or am de; cyclodextrin; phosphorus conpound; unsaturated
carboxylic acid ester; or ani) 5 iatleastsand staeter conmipouadfivetiechact i ve
corrpound..] 5 has active hydrogen atoms; with
ii) at least one oxide;
in the presence of
iii) at least one double-metal cyanide catalyst
prepared according to the process of Claim 1;
20 under conditions sufficient to form a polyol.
11. A polyether polyol prepared by the process of Claim 10.
12. A polyester polyol prepared by the process of Claim 10.
13. A polyetherester polyol prepared by the process of Claim 10.
14. - A double-metal cyanide catalyst having the general formula
25 M'([MZ(CN ) Mol L-L2-M?,
wherein
M’ represents at least one metal sait;
M? represents at least one metal cyanide salt;
M3 represents at least one transition metal salt;
30 M* represents at least one alkaline metal salt;

L' represents at least one organic complexing ligand;



".8. The doubl e-netal cyani de catal yst prepared by the process of Caiml.
9. The doubl e-netal cyanide catalyst of Caim8 which is conprised of at
: | east one alkaline netal salt in an anount within the range of from 10
about 0.4 to about 6 wt.% based on the topgl weight of the double netal
cyani de catal yst. 10. A process for preparing a polyol conprising: 15

Ctoms: wth i) at 1 edet Shuon At o RetEselTeed R ntfonfieRdlel one

doubl e-netal cyani de caiohrwigi; prepared according to the process of Caim
1; 20 under conditions sufficient to forma polyol. 11. A polyether polyol
prepared by the processartﬁif Claim10. 12. A polyester polyol prepared by

the process of Cdaiml1Q. ,13. . r I red by the
process of C aim 10. %4?(’2a&@u%?@'ﬁ{ee{b%g%@gﬁfeg(gl'aésget"a%gﬁﬁﬂtavi ng the
general formula 25 Mbhel¢dwdneCialty of (RGAaltilshotal dydnitid\éaanbesase. M
represents at Ieaﬁﬁ one ge%t al salt; M represents at |east one netal

cyani de sal t 19 M8 metgt cyanide catalyst ohR&im bhimwhigh tegimetal 30 v

represents at Ieaggr@gginglé%rgd% metal salt; |_" represents at |east one
organi c conpl exing ligand; -2 2 is optional and can represent at | east

one functi ondbi zedhepiduble metahcyanide gatalyst ahGlaimat4in whichehe raewdi ar e
chosen such that 5 el (ﬁétr neutrality of the do%bl e-netal cyani de catal yst

exists. 15. The Goam : IS POL3ESIH hexaryanraebaitatg Hn 147in which the
netal sght WP, zi TheCHUbIE %tall@angdé@c Wk Bf @Féiﬁhé‘r"%a\ﬂhgﬁ tﬁétoﬁ%éérﬁg of

Caim14 in which the nmetal cydni salt” 1s potassi um hexacya obaltate
(111). 10 17. Thecampigxingiigand is/ten-betycalcahgist of C aim 14 in which the

i ing |jgand i t - but y .. 18 Thy bl e metal
R el T o RV e Tt s
chloride, sodi um gidtardaitts peestsiuif RINACE sodlunt BhieRde Ns&ilifeoRmibé t hi um

bromi de. 15 19. The doubl e metal cyanide catalyst of Claim 14 in which the
functional i zed polithikh ghiorisiecgelithiunn begmiseount " in the range of from about

2 to ab 98t . t { i of e do e-nmetal cyanide
cat al ysﬁg 20§9TheT§%lf%1%Z)%rjra%g?l %&Hedgétég?’t\gcga'%{%na‘?’ﬁﬁcﬁ%?n whi ch the 20
functionalized pofurstionalized! polybrir iepiesealt eah Bfioup@iry Y lRegetdt;

pol yal kyl ene gl ycol sorbitan ester; poloyal kyl ene

gl ycol gl ycidyl ether;
pol yacryl ami de;  pBPYY 8oyt Zicalow 98owh Sy based ae ity {Ot@bw?iﬁg’t of %/h@ aci d,
pol y(acrylic aci daﬁﬁbtg%‘é{a‘? c?ghﬂéca%k/&( N -vinyl pyrrol idon e-co-acryl ic
20.  The double metal cyanide catalyst of Claim 14 in which the
20 functionalized polymer is a polyether; polyester; polycarbonate;
polyalkylene glycol sorbitan ester; polyalkylene glycol glycidyl ether;
polyacrylamide; poly{acrylamide-co-acrylic acid), polyacrylic acid,
poly(acrylic acid-co-maleic acid), poly{N-vinylpyrrolidone-co-acrylic
acid), poly(acrylic acid-co-styrene) or their salts; maleic acid,
25 - styrene or maleic anhydride copalymers or their salts;
polyacrylonitriles; polyalkyl acrylate; polyalkyl methac‘rylate;
polyvinyl methyl ether; polyvinyl ethyl ether; polyvinyl acetate;
polyvinyl alcohol; poly-N-vinyipyrrolidone; polyvinyl methyl ketone;
poly(4-vinylphenol); oxazoline polymer; polyalkyleneimine;
30 hydroxyethylcellulose; polyacetal; glycidyl ether; glycoside;
carboxylic acid ester of polyhydric alcohol; bile acid or its salt, ester



“acid), poly(acrylic acid-co-styrene) or their salts; maleic acid, 25. ---
styrene or nmaleic anhydride copolyners or their salts; polyacrylonitriles;
+ pol yal kyl ~acryl ate; polyal kyl nethacrylate; polyvinyl nmethyl ether;

pol yvi nyl ethyl ether, polyvinyl acetate; _g@l yvi nyl al cohol ;
pol y- N-vi nyl pyrrolidone; polyvinyl nethyl ketone; poly(4-vinylphenol);
oxazol i ne pol yner, pol kyl enei mi ne; 30 hydroxyethyl cellul ose; pol yacetal;
gl ycidyl ether; gl ﬁ(ﬁ%@l@' %Yéaé%tﬁw pRosphofus se@podnd pensatyiated al cohol ;
bile acid or its saldrhoRficCici r  fle dextrin. DI horus
conpound; unsat urat ed @gr b&%lélgtg?'a%r?%\ g)zifceﬂﬁéoc% g))rﬁt"ft%ﬁ?%g%gﬁ? ce- or
interface-active compaurdi. 21. The doubl e-netal cyani de catal yst of daim
14 in which alkali 5.nmetal salt is present in an appunt within the range
of from about “0: 4 nﬁ?je g‘g@ -TReR F’%“'ﬁgﬁgﬁbﬂ of fdaimpi4in whichalkaling he doubl e

metal cyami de cat ghymt 3 [P 4 $i NQ:
conbining 10 i) at Ieas?alg%eprgf gﬁ?é?ﬁ%@ggﬁ%m\/\/ﬂiﬂgﬁg?'gg%g%sﬁgﬁ"t%%{ﬁrgy%lrogen
atons; with ii) attolabast ovie%asbiased amthelietahweininaé thd doublp ragtdl east one
doubl e- et al cyani %ia @t a| Slt pf Claim 14; under conditions sufficient to
forma polyol. 23, ﬁ Fyfe%{ﬂgf‘ ‘pol yol prepared by the process of C aim 22.

24. A pol yest @p. polay/glocBES RAREpSIhG A BoRbPERSSHihg:Cl @i m 22, 25. A
pol yet herest er pol yo? pr epar ng %y t%egp?ocessértl)éfm% aim22. 20

combining
10 i) at least one starter compound which
has active hydrogen atoms; with
i) at least one oxide;

in the presence of
iii) at least one double-metal cyanide catalyst of
15 Claim 14,
under conditions sufficient to form a polyol.
23. A polyether polyol prepared by the process of Claim 22.
24. A polyester polyol prepared by the process of Claim 22,

25. A polyetherester polyol prepared by the process of Claim 22.
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