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CATALYSTS NTI ON
i nvention relates to double nQ ) &F at aI ts useful for
arti cuI ar,

epoxi de polynerization. In p i nvention reI ates to DMC
catal ysts that have high activity and that gi szaﬂﬁ) unsat uration
pol yols even at relatively high epoxide polyne nper at ur es.
BACKGROUND OF THE | NVENTI ON Doubl e netal cyani de conpl exes are

wel | - known catal ysts for x active catal ysts
gi ve pol yether polyols thélg% Jg W %E%red wWth simlar
pol yol s made usi ng basic le can be used to

make many pol ymer products, including polyether, polyester, and

pol yet herester polyols. The polyols can be used in pol yurethane coatings,
el astoners, seal ants, foans, aREEHIHFSTHESINVENTIONDMC cat al ysts are
usual |y made by reacting aqueous sol utions of netal

The invention relates to double metal cyanide (DMC) catalysts useful for

epoxide polymerization. In particular, the invention relates to DMC catalysts that
have high activity and that give very llow unsaturation polyols even at relatively
high epoxide polymerization temperatures.
»
BACKGROUND. OF THE INVENTION

Double metal cyanide complexes are well-known catalysts for epoxide
polymerization. These active catafysts give polyether polyols that have low
unsaturation compared with similar polyols made using basic (KOH) catalysis.
The catalysts can be used to make many polymer products, including polyether,
polyester, and polyetherester polyols. The polyols can be used in polyurethane
coatings, elastomers, sealants, foams, and adhesives.

DMC catalysts are usually made by reacting aqueous solutions of metal
salts and metal cyanide salts to form a precipitate of the DMC compound. A low
molecular weight complexing agent, typically an ether or an alcohol is included in
the catalyst preparation. The complexing agent is needed for favorable catalyst
activity. Preparation of typical DMC catalysts is described, for example, in U.S.

Pat. Nos. 3,427,256, 3,829,505, and 5,158,922.



salts and netal cyanide salts to forma precipitate of the DMC conpound. A
| ow mpl ecul ar wei ght conpl exi ng agent,, typi.cally an ether or an al cohol is
included in the catalyst preparation. The conpl exi ng agent is needed for
favorabl e catalyst activity. Preparation of typical DMC catalysts is
described, for exanple, in U S Pat. Nos. 3,427,256, 3,829,505, and

5, 158, 922. 2 In

EP- A- 0700949 there is described highly act ide DVC catal ysts that include,

in addition to a | ow nol ecul ar wei ght organi c conpl exi ng agent, from about
5 to about 80 wt. %of a polyether havi ng a nol ecul ar wei ght greater than

about 500. Excel | eny, W H300949 ﬁi&@wa&c\mﬁa mgmyp@étmmcmg@@%apf
the DMC catal yst is a pol yoxypropyl ene polyol. Conpared with earlier

catal ysts, the ipclude] iveradditivratoangwDiidleaulat Mghﬂﬁammtx m:ehilﬂexlngcagent; y
and give poI yet her polyols with very | ow unsaturation. In addition,
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catalyst fromthe polyol. Catalysts with even higher activity aré deswable
because r educedxecellahtysdtivityvand gbeupolybthenpadyols with very lew auisaturatibn. In

pol yet her-contai ning DMC cat al ysts now known
addition, polyether-containing DMC catalysts such as those described in EP-
A-0700949 are easier to remove from the polyol products following epoxide

polymerization.

The polyether-containing DMC catalysts mentioned above are valuable
because they give polyether polyols with low unsaturation, and they 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.
Catalysts with even higher activity are desirable because reduced catalyst
levels could be used. _ .

One drawback of polyether-containing DMC catalysts now known .
(and DMC catalysts generally) is that polyol unsaturations increase with
epoxide polymerization temperature. Thus, polyols prepared at higher
reaction temperatures (usually to achieve higher reaction rates) tend to have

increased



(and DMG catal ysts generally) is that polyol unsaturations increase with
epoxi de polynerization tenperature. Thus, polyols prepared at higher
reaction tenperatures (usually to achieve higher reaction rates) tend to

have i ncreased 3 unsaturation
| evel s. This sensitivity of unsaturation t@ increases in epoxide
pol yneri zation tenperature is preferably mnim zed or elimnated. An

i deal catal yst would give polyether polyols with | ow unsaturation and woul d
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activity. In a‘égbkid%rpol&ﬁi%rfz%ﬁ@hké@eﬁitui&@ i nvention can be used to nake
pol yol s having very low unsaturations even at relatively high epoxide

pol ymeri zation tenperatures. The reduced sensitivity of

SUMMARY OF THE INVENTION
The invention is a solid double metal cyanide (DMC) catalyst useful

for epoxide polymerizations. The catalyst comprises a DMC compound, an
organic complexing agent, and from about 5 to about 80 wt.% of a
polyether polyol. Some or all of the hydroxyl groups of the polyether polyol
are tertiary hydroxyl groups. The invéntion also includes a method for
making the catalysts, and a process for making epoxide polymers using the
catalysts.

It has surprisingly been found that DMC catalysts that include a
tertiary hydroxyl group-containing polyol have excellent activity. In
addition, the catalysts of the invention can be used to make polyols having
very low unsaturations even at relatively high epoxide polymerization

temperatures. The reduced sensitivity of



4 unsaturation to reaction tenperature allows for efficient production of
pol yet her pol yol s whil e naintaining high product quality.

BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 shows a plot of propylene
oxi de consunption versus tinme during a polynerization reaction with one of
t he catal yst conpositions of the invention{see Exanple 6) at 100 ppm
catal yst and 105[err]C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Doubl e netal cyani de conpounds useful in the invention are the reaction

products of a water-sqluble netal salt and a t er-sol upl e netal_ cyani de-
salt. The wat erUl$aiUFaHen nto Fpacion teNPEEAtIEG ﬂﬁé&s for efbgient p pg of

MX)[err] in ' ' k I sti-ng of Zn(l1),
Fe(11), Ni(l |W(ﬁﬁ?%#?0353853@%5{%{3?@‘5@%%@?&@{3@@%(|v>, MO( V1),
ALCLIT), V(V), V(IV), Sr(ll), WIV), WWI), Cu(ll), and Cr(Ill), and X is
an anion. Mdre preferably, Mis selected fromthe group consisting of
Zn(11), Fe(ll), Co(ll), arBRIEF DESCRIPTION OFTHE DRAWENG er ably an
anion selected fromthe group consisting of halide, hydroxide, sulfate,
carbonate, cyani de, Figatteal sshowts aplehef propylens oxide consumption yearsuse time

carboxylate, and nitrate. The value of n..s from,1 tQ for nongval ent
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acetate, zinc acetonyl acetate, zinc benzoate, zinc nitrate, iron(ll)
sulfate, iron(l) brom de,
DETAILED DESCRIPTION OF THE INVENTION

Double metal cyanide compounds useful in the invention are the
reaction products of a water-soluble metal salt and a water-soluble metall
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(II), Fe(ID),
NidI), Mn(I), Co(l), Sndl), Pb(l), Fe(Il), Mo(IV), Mo(VI), Al(I),
V(V), VAV), StdD), WaAV), W(VI), CudI), and Cr(II), and X is an anion.
More preferably, M is selected from the group consisting of Zn(Il), Fe(Il),
Co(l), and Ni(II). In the formula, X is preferably an anion selected from
the group consisting of halide, hydroxide, sulfate, carbonate, cyanide,
oxalate, thiocyanate, isocyanate, isothiocyanate, carboxylate, and nitrate.
The value of n is from 1 to 3 for monovalent anions and from (1-3)/m for
polyvalent anions having a valency of m, and whereby n satisfies the
valency state of M. Examples of suitable metal salts include, but are not
limited to, zinc chloride, zinc bromide, zinc acetate, zinc acetonylacetate,

zinc benzoate, zinc nitrate, iron(Il) sulfate, iron(Il) bromide,



5 cobalit(ll) chloride, cobalt(ll) thiocyanate, nickel(Il) fornmate,
nickel (11) nitrate, and the like, and m xtures thereof. The

wat er - sol ubl e et al cyani de salts used to nmake the double netal cyanide
conpounds useful in the invention prefergbly have the general fornula -
()[err]M[err](CN)[err](A)[err] in which M is selected fromthe group
consi sti ngcobali#l§ khlorideecobd)(l) thitsdyahpte, Gagidel(ll) for@rate | nickad(()initrate, Bhdl 1) ,
M), ITr(ll), Ni(Il), Rh(III), Ru(ll), V(1V), and V(V). Mre

pr ef er abl y M'ké sa,ﬁe,lngg,? gt he group consisting of Co(ll), Co(lll),
Fe(ll), Cr(lIrl Ir%lll) and Ni(11). The water-sol uble netal
cyani de salt ca
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fromthe group consisting of haI i de, hydroxi de I fate, carb
cyani de, og¥aRide comp 1l i $hr. Pyeatien Preferably é\/’%&hﬁ 88”%@? E?fwlaat e,
and nitrate. Both a and b are I ntegers greater than or equal to 1; the sum

of the cha(ggM'@N)(A)pin whichdValsatectad trom thiegrgup epnaisting stiFedhl Ee(lll),
wat er - sol ubl e netal cyanide salts include, but are not limted to,

pot assi um U}%?(ﬂ)?)(ﬁf(m)o@@éll[) a@ﬁ(ﬂ)' M)'I(II)PMrﬂﬁﬁl lﬂmm“(ﬂlﬁ)yﬁhaﬂ)‘;FFKLI:(U)%(V(I\Y) and

pot assi um hexacyano errate( , cal cium hexacyanocobal tate(ll1), lithium

Q%ﬁicégng'o%gﬂtnﬁfér{a Iﬁ)’etefeg%lﬂy%@eulée'gﬂed rom the GroRpRIABIsEhg HP /), TS (@A),
Fe(ll), Fe(lll), Cr(fll), Ir(ill), and Ni(ll). The water-soluble metal cyanide salt can
contain one or more of these metals. In the formula, Y is an alkali metal ion or
alkaline earth metal ion. A is an anion selected from the group consisting of
halide, hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, and nitrate. Both a and b are integers g.;reater than
or equal to 1; the sum of the charges of a, b, and ¢ balances the charge of M".
Suitable water-soluble metal cyanide salts include, but are not limited to,
potassium hexacyanocebaltate(lll), potassium hexacyanoferrate(ll), potassium
hexacyanoferrate(lll), calcium hexacyanocobaitate(lll), lithium
hexacyanoiridate(lll), and the like.

Examples of double metal cyanide compounds that can be used in the
invention include, for example, zinc hexacyanocobaitate(lll), zinc

hexacyanoferrate(lll), zinc hexacyanoferrate(ll), nickel(ll) hexacyanoferrate(ll),

cobalt(ll) hexacyanocobaltate(lll), and the like. Further examples of suitable



i nvention include, for exanple, zinc hexacyanocobaltate(lll), zinc
hexacyanoferrate(l11), zinc hexacyanoferrate(ll), nickel (Il)
hexacyanoferrate(ll), cobalt(1l) hexacyanocobaltate(lll), and the Ilike.

Furt her exanples of suitable 6
6 double netal cyanide conmpounds are listed in U S. Patent No. 5, 158, 922,

the teachiagsieahetdcgiinide @ompuunperan distebdnd).6. PaterafNo.c)t88,922, the The
solid DMC catal ysts of the invention include an organic conplexing agent.

Cener al |y, 1J iRV A8 9RBmAANd REreiiPbpTétsdnbesol ubl e i n wat er

fSuitabl e clorrp e Ug agents are se commonly known in the art, as taught,
or exanple, i . Sy Rat,ent e D . Tk | l;iSadded
ei E hler du[JlS ngI ?P@ﬁ&?‘ﬂt‘ﬂ‘éﬁnﬁ?ﬁmﬁ%"éﬁﬁ&%%{'Sﬁwg%&%%?e@%?? gﬁ%%*@? t he
catal yst. ua , an excess amount of the co X1 Nng nt i1s,used.
Preferred 8gemt eéﬁﬂgfauﬁg@ﬁt@f@?]@mﬂﬁtaéen& HN?BE’@ Eﬁ‘@?@aﬁ%@ IhVaTeli ng

organi ¢ conpounds that can conplex with the double netal cyani de conpound.

Sui t abl e cBujthkbei cunplgrimgsagents htaithosk wommenlydmomminttbe aro asdadgmofas .
al dehydes, ketones, ethers, esters, amdes, ureas, nitriles, sulfides, and

T Konors LEpatpl, FUREPRBhRTEI R 0%, THeGomResyent Blddusoitiaronat |
during preparation or immediately following precipitation of the catalyst. Usually,
an excess amount of the complexing agent is used. Preferred complexing
agents are water-soluble heteroatom-containing organic cgmpounds that can
complex with the double metal cyanide compou.nd. Suitable complexing agents
include, but are not limited to, alcohols, al_dehydes, ketones, ethers, esters,
amides, ureas, nitriles, sulfides, and mixtures thereof. Preferred complexing
agents are water-soluble aliphatic alcohols selected from the group consisting of
ethanol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol,

" and tert-butyl alcohol. Tert-butyl alcohol is most preferred.

The solid DMC catalysts of the invention include from about 5 to about 80
wt.% of a polyether polyol. Some or all of the hydroxyl groups of the polyether
polyol are tertiary hydroxyl groups. Preferred catalysts include from about 10 to
about 70 wt.% of the polyether polyol; most preferred catalysts include from

about 15 to about 60 wt.% of the polyether polyol. At least about 5 wt.% of the

polyether polyol is needed to significantly improve the catalyst activity compared



et hanol , «i sopropyl al cohol, n-butyl alcohol, isobutyl alcohol, sec-butyl

al cohol,, and tert-butyl alcohol. Tert-butyl alcohol is nost preferred.

The solid DMC catal ysts of the invention include fromabout 5 to about 80

W . % of a polyether polyol. Some or all f the hydroxyl groups of the

pol yether polyol are tertiary hydroxyl groups. Preferred catal ysts include

f rom about with & catadystuhad® inthelabfentchof tied pelybtiver pallyd) Cam?étsnhstf erred
catal ysts include from about 15 to about 60 wt.% of the polyether polyol.
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| nprove the catal yst activity conpare
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no nore active, and they are inpractical to isolate and use because they
are typi calstigky E?$t€§>faf57§§tt@%” PaWHer sHids: powdery sol i ds. Pol yet her
pol yols suitable for use in nmaking the catal ysts of the invention have at
| east sone tert iRolyethgdpolypls syitablesfor Bsefire makingtieyeathlystspaf thelisvardioa at

| east about 5 %tertiary hydroxyl groups; nore preferred are polyols that

have at | ¢agb a2 ieust sdthdbrdryiHkdyoXly gfcups. Prefsiipsd polyether pbiRIPREYEORS used
in the catal ysts can be nade by any suitabl e nethod.
feast about 5 % tertiary hydroxyl groups; more preferred are polyols that have at
least about 20 % tertiary hydroxyl groups.
The polyols used in the catalysts can be made by any suitable method.
Polyether polyols made by ring-opening polymerization of cyclic ethers
(epoxides, oxetanes, tetrahydrofurans) can be used. The polyols can be made
by any method of catalysis (acid, base, coordination catalyst). Tertiary hydroxyl
groups are conveniently introduced by including a cyclic ether monomer that is
fully substituted at the a-carbon atom of the cyclic ether. Cyclic ethers useful for
“introducing tertiary hydroxyl groups include, for example, isobutylene oxide,
1,1,2-trimethylethylene oxide, 1,1 ,2,2,-tetramethylethylene oxide, 2,2-
dimethyloxetane, diisobutylene oxide, a-methylstyrene oxide, and the like. For
example, one polyether polyol suitable for use in making the catalysts of the

invention is prepared by making a polyoxypropylene polyol using double metal

cyanide catalysis, and then adding isobutylene oxide to cap the polyol and



Pol yet her pol yols nade by ring-opening pol ynerization of cyclic ethers
(epoxi des, oxetanes, tetrahydrofurans) can be used. The polyols can be nade
by any nethod of catalysis (acid, base, coordination catalyst). Tertiary
hydroxyl groups are conveniently introduced by including a cyclic ether
mononer that is fully substituted at the a-carbon atom of the cyclic

et her. Cycldonhveitsirte ¢sefadt of tie hydrokgdireupg froRT plimayy by sesotidangtoups
i nclude, for exanple, isobutylene oxide, 1,1,2-trinethylethylene oxide,

1,1,2,2,-t oxi de, 2,2- dinethyl oxetane, diisobutylene
SRRl

oxi de, a-nethylstyr and the |like. For exanple, one polyether
pol yol suitable for ,use in. maki the,catal ysts of the. invention is
prepared by maki %@'{%Plf%&o!)’&hﬁfr I%H@"ﬁ% %edg i‘”ﬁb%g‘iqu}@%’fy gé%i de
catal ysis, and then addi ng isobutyl ene oxide to cap the polyol and
8 convert asienidp infprducsd l?m@cw;actm%mwwn phighthe errbeacemi@ary t o
tertiary hydroxyl groups. Sui t abl e pol yether polyols include those
i n whi ch t dheilactpnayokygey lis fullp spbstitatede nThuss foméxapleed sujtablegialgolfgr a
| actone nmonomer in which the carbon a- to the [actone oxygen is fully
»Subst i t ut eqsselifitfie inntRRAEPhAe By FeHctiRg!LpRPbxyiropPene polyol with e,e-
dimethyi-e-caprolactone to cap the polyol and give a product in which at least
some of the hydroxyl groups are tertiary hydroxyl groups.
Preferred polyether polyols for making the catalysts have average
hydroxyl functionalities from about 2 to 8, and number average molecular
weights within the range of about 200 to about 10,000 (more preferably from
about 500 to about 5000). Most preferred are polyether diols and triols having
number average molecular weights from about 1000 to about 4000.
Pérticularly preferred polyether polyols are polyoxypropylene diols and
triols capped with from about 1 to 5 isobutylene oxide units. These polyols
preferably have at least about 20 % of tertiary hydroxyl groups.
Both an organic complexing agent and a polyether polyo! are needed in
the double metal cyanide catalyst. Including the polyether polyol in addition to
the organic complexing agent enhances activity of the catalyst compared with

the activity of a similar catalyst prepared in the absence of the polyether polyol.

The organic complexing agent is also needed: a catalyst made in the presence



use in the inv
[err]- dimeth
whi ch at | east
Preferred poly
functionalitie

ention is made by reacting a pol yoxypropyl ene polyol wth
yl -[err]-caprol actone to cap the polyol and give a product

sonme of the hydroxyl groups are tertiary hydroxyl groups.

in

et her polyols for making the catal ysts have average hydroxyl

s fromabout 2 to 8, and num®er average nol ecul ar weights

within the range of about 200 to about 10,000 (nore preferably from about

500 to about 5
nunber aver age
Particularly p
triols capped

pref erably hav
Bot h an organi
double nmetal c

000). Most preferred are polyether diols and triols having

B . SRR ! B R R e

ARy A g, 5 e o

C compy @k '%il;@%iﬁh?l}a%eﬁ Reinde tigr theohye lofas epolpeties dpdl ol he

yani de cata ncl udi ng the pol yether polyol in a

dition

to the organi havimpteetiaryhydremyl groupsdesther impravesdhe catalystcampared sriflar ed
vity of a simlar catalyst prepared in the bs&g}ce ?f ttge
& t1HA st

with the acti
pol yet her poly
made in the pr

statalysts snagegwithAnconganiscomplesang agent and

Qoes not have tertiary hydroxyl groups. The catalysts of the invéhtion have
high activity for polymerizing epoxides, and they can be used to make
polyols having very low unsaturations even at relatively high epoxide
polymerization temperatures.

As the results in Table 1 (below) show, the catalysts of the invention
have excellent activity for polymerizing epoxides--as good as or better than
catalysts made with polyols that have no tertiary hydroxyl groups. In
addition, the catalysts of the invention give polyol products having low
unsaturation even at relatively high epoxide polymerization temperatures.
Compare Examples 1 and 2 with Comparative Examples 9 and 10. These
examples show that raising epoxide polymerization temperature to 150°C has
a 1I’educed impact on polyol unsaturation when a catalyst of the invention is
used.

The invention includes a method for making the catalysts. The method
comprises preparing a solid DMC catalyst in the presence of an organic
complexing agent and a polyether polydl that contains tertiary hydroxyl
groups. Aqueous solutions of a metal salt (excess) and a metal cyanide salt
are reacted in the presence of the organic complexing agent and the

polyether polyol. The



of the polyether polyol, but w thout an organi c conpl exi ng agent such as
tert-butyl .alcohol, wll not polynerize epoxides. It has surprisingly
been found that the use of a polyether polyol having tertiary hydroxyl
groups further inproves the catalyst codPared with catal ysts nade with an
organi ¢ conpl exi ng agent and a pol yet her pol yol that does not have tertiary
hydr oxyl gpelyetheripalyolds alkgd tirs anfantdimt isotfidriteo phodtecena gblid DM icayalystr

pol ymeri zi ng epoxi des, and they can be used to nake polyols having very | ow

unsatur ati gng &%ngqriﬁ%g%ngg%?gé "REEREA gfsthggﬁl,%dgig@bgﬁgpﬁn t enper at ur es.

As the results 1 n Tabl ow, the cat e invention have

excel l ent activi Xg I Izl ng e l.des- : i better than
catal ysts nmade Jv'ﬁ%ﬁ%‘&?ﬁ@‘ﬁg&ﬁmE@Lﬁgk}%gﬁ@'?ﬁ?PF §§9g%§g?lg§%}‘|%hg$soﬂ8 . In
addition, the catalysts of the invention give polyal xpr oduct s havi ng; | ow
unsat ur at i GRlCEIEN agH & meaalic\vanwerﬁa&r{sa%mptw%m REYRRACDRIBID ATl es.
Conpare Exanples 1 and 2 with Conparative Exanples 9 and 10. These exanpl es
show t hat fiestseacteddnthel pressingemf ianairganictcomyeedingragent (SLE0] &y teficbhtys a
reduced i npact on polyol unsaturation when a catalyst of the invention is
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nmet hod conpri ses preparing a solid DMC cataly I n tthe presence of an
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hydroxyl groups.  Agqueous sal exces _
Cyan: e S lordl Srarils bl whioh I R SIS Tncthy S/Ai6E B3R5S8 RIS bR
10 polyether polyol is used in an anmount sufficient to produce a solid DVC
catal yst BFaEXeess Bictd) saltowalgioand srganic semplaingagesiyeachds inepyraratad
pol yol In a typical method, aqueous solutions of a netal salt (such
as zinc to some extent in the catalyst structure.
The organic complexing agent can be included with either or both of the
&®
the aqueous salt solutions, or it can be added to the catalyst siurry immediately
following precipitation of the DMC compound. It is generally preferred to pre-mix
~ the complexing agent with either aqueous solution, or both, before combining the
reactants. [f the complexing agent is added to the catalyst precipitate instead,
then the reaction mixture should be mixed efficiently with a homogenizer or a
high-shear stirrer to produce the most active form of the catalyst.
The catalyst slurry produced as described above is combined with the
polyether polyol having tertiary hydroxyl groups. This is preferably done using
low-shear mixing to avoid thickening or coagulation of the reaction mixture. The

polyether-containing catalyst is then usually isolated from the catalyst slurry by



chloride) and a netal cyanide salt (such as potassi um hexacyanocobaltate)
are first reacted in the presence of an organic conpl exing agent (such as
tert-butyl alcohol) using efficient m xing to produce a catal yst slurry.
The metal salt is used in excess. The,catalyst slurry contains the
reaction product of the netal salt and  "netal cyanide salt, which is the

doubl e net anyaeavedient ongensn duckhbs dilt patiese béntrifugations essantitigalor #/ fike Wat er
and organi ¢ conpl exi ng agent; each is incorporated to sonme extent in the

catal yst StrUCt%isolate%goiytgﬁ‘f’er%roﬂ%iﬁg% 'cﬁﬁ%l;ﬁ%i%%ﬁ&%ré@@w)%@hé&%fﬁded

with either or both of t e aqueous~salt so or 1t can be added
to the catalyst slurry i di at el fol.).owi,n r.eci pi tat.ion of the DMC
conpound. Wﬁ%ueé’éﬁeﬁféﬁ’tfmf;gﬂaﬁ]f ?cgédf)?réa—lr‘ﬁgggmf:ﬁgm%p%@ﬁat'agent W th
ei t her aqueous solution, or both, before combining the reactants. If the
conpl exi ng V¥aehingiis ganeiady escomplishadiby sesiyiving ghe satalysidn thasaqueaisn t he
reaction m xture should be m xed efficiently with a honobgeni zer or a

hi gh- shear sstutionesf drgapicadnusexing agest, falkiweadbby arcatalyst iselatiah stgrst The

The catal yst slurry produced as descri bed above is conbined with the

pol yet her RaishiNg SR rethdvastimplyitiey tHad tih rerdeihe cHtalgst inadief e fradyl aredone
using |owshear mxing to avoid thickening or coagul ati on of thereaction

["'hét Cntal ;Ekt%t g@ﬁ?ﬁ%&.ﬁﬁé@?&ﬁlﬁi W Gt B pdaric chRpletiny abbdt (s AL T rom

aqueous solution is within the range of about 40 wt.% to about 70 wt.%. It is
also preferred to include some polyether polyol in the aqueous solution of
organic complexing agent. The amount of polyether polyol in the wash solution
is preferably within the range of about 0.5 to about 8 wt.%.

While a single washing step suffices, it it generally preferred to wash the
catalyst more than once. The subsequent wash can be a repeat of the first
wash. Preferably, the subsequent wash is non-aqueous, i.e., it includes only the
organic complexing agent or a mixture of the organic complexing agent and
polyether polyol. After the catalyst has been washed, it is usually preferred to
dry it under vacuum until the catalyst reaches a constant weight.

The invention includes a process for making an epoxide polymer. This
process comprises polyfnerizing an epoxide in the presence of a double metal
cyanide catalyst of the invention. Preferred epoxides are ethylene oxide,

propylene oxide, butene oxides, styrene oxide, and the like, and mixtures



any conveni ent neans, such as filtration, centrifugation, decanting, or the
like. . : The isol ated pol yether-containing solid catalyst is
preferably washed with an aqueous sol ution that contains additional

organi ¢ conpl exing agent. Washing is ggperally acconplished by reslurrying
the catalyst in the aqueous solution of organic conpl exing agent, followed

by a cat al yisérebs 0TThb ippcedsegan Bé asedEs fiake rah@6m SHBIYES copdlyiictd. eshthat can
render the catalyst inactive if they are not renoved. Preferably, the

amount of ' 9,853 ' ' | Lon is wWithin
t he range %ng{?gfﬁ&4 \%vte.é%%%t%bﬂggég%t %da\/\k 8'%5{71%? piowgégge%ﬁgﬁe{rh%ed to

I ncl ude sone, pol yether pol yol .in.the agqueous solution of organjic

conpl exi ng P&B)Oé‘ﬁ?'?(zaﬂ?é of AL Aroxife Bbﬁh?&f%%?n%@%M'E?Xﬁ/h@%aﬁ?q@%'nm on is
preferably within the range of about 0.5 to about 8 w.% Wiile a

si ngl e wasH#WOkt ep suffices, it it generally preferred to wash the

catal yst nore than once. The subsequent wash can be a repeat of the first

wash. Pref er abl Qthehmonohserg tleattwillesholymearize-withuan wpoxidedn the preésericedss
only the organic conplexing agent or a m xture of the organic conpl exing

agent and awmémboagabah-be%&%eamﬂ r’t’a‘clé?.lé offife POBAtICIRE Rkeldthés

usual ly preferred to ry it under vacuumuntil the catal yst reaches a

ool o’ B of epaxide pdfnr ARy o7 thd BETRrEIRERA F ind 8 rZES D8ing"
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 bolyester or polyetherester
polyols. The preparation of polyether, polyester, and polyetherester polyols
using double metal cyanide 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, 3,638,043,
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. (198.;3) 360. The
teachings of these U.S. patents related to polyol synthesis using DMC catalysts
are incorporated herein by reference in their entirety.

Polyether polyols made witﬁ‘ the catalysts of the invention preferably have

average hydroxyl! functionalities from about 2 to 8, more preferably from about 2

to 6, and most preferably from about 2 to 3. The polyols preferably have number



brocess conpri ses polynerizing an epoxide in the presence of a double netal

cyani de catal yst of the invention.
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12 thereof. The process can be used to mpke random or bl ock copol yners. The
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EXAMPLE A

Preparation of a Solid DMC Catalyst containing tert-Butyl Alcohol and
an Isobutylene oxide-capped 4K mol. wt. Polyoxypropylene Diol

Potassium hexacyanocobaltate (8.0 g) is dissolved in deionized (D) water
(140 mL) in a beaker (Solution 1). Zinc chloride (25 g) is dissolved in DI water
{40 mL) in a second beaker (Solution 2). A third beaker contains Solution 3:a ..
mixture of DI water (200 mL), tert-butyl alcohol (2 mL), and Polyol W (8 g).
Polyol W is made by preparing a 4000 mol. wt. polyoxypropylene diol via
double metal cyanide catalysis (Polyol X), and then endcapping it with from 1 to
5 equivalents per hydroxyl group of isobutylene oxide using the same DMC

catalyst.



Pat ent 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, SPI Proceedi ngs, 32nd Annual Pol yurethane Tech./ Market. Conf.
(1989) 360. The teachings of these U f4 patents related to polyol
synthesis using DMC catalysts are incorporated herein by reference in
their entirety. Solutions 1Pahy tdremired yejethemasingiat trorhbgeria¢al lyehediately he

i nvention preferably have average hydroxyl functionalities fromabout 2 to

8, nore prgfs%yi?(ﬂ%\flélﬂmezmﬂfurgoﬂ érﬁutyﬁﬂﬁoﬁﬁﬁénd)mf/\%rt@fbdmofrom about 2 to

3. The polyol's p era have nu

50, 000, A MipiA s Ele eyl bk pahaita PlsBre nch ik ARo0RTH, o

preferred is the range fromabout 2,000 to about 8, 000. The
fol I owi ng b&ms?egeﬁiépémmlm ustrate the invention. Those skilled in the
art will recognize many variations that are within the spirit of the

:E%E/g}_ iEO 2 and Sohjiend (thbeobjokwater/tert-butyl alcohol mixture) is added to the
aqueous slurry of zinc hexacyanocobaltate, and the product is stirred
magnetically for 2 min. The mixture is filtered under pressure through a 5-pm
filter to isolate the solids.

The solid cake is reslurried in tert-butyl alcohol (140 mL) and DI water (60
mL), and the mixture is homogenized for 10 min. A solution of DI water (200
mL) and additional Polyol W (2 g) is added, and the mixture is stirred
magnetically for 2 min. and filtered as described above.

The solid cake is reslurried in tert-butyl alcohol (200 mL) and is
homogenized for 10 min. Polyol W (1 g} is added, and the mixture is stirred '
magnetically for 2 min. and filtered. The resulting solid catalyst is dried under

vacuum at 50°C (30 in. Hg) to constant weight. The yield of dry, powdery

catalyst is about 10 g.
Elemental, thermogravimetric, and mass spectral analyses of the solid

catalyst show: polyol = 18.0 wt.%; tert-butyl alcohol = 9.0 wt.%; cobalt = 9.5

wt.%; zinc = 20.1 wt.%.



Preparation of a Solid DMC Catal yst containing tert-Butyl Al cohol and

an | sobutyl-ene oxi de-capped 4K nol. w. Pol yoxypropyl ene D ol .

Pot assi um hexacyanocobaltate (8.0 g) is dissolved in deionized (D) water
(140 nL) in a beaker (Solution 1). Zinc chloride (25 g) is dissolved in DI
water (40 nL) in a second beaker (SoluW3on 2). A third beaker contains
Solution 3: a mxture of DI water (200 nL), tert-butyl alcohol (2 nL), and
Pol yol W (8 g). TheaajaystwWeésrivadaboyeps apad itom gnakedthepatpdthemnpolyols of

- pol yoxypropyl ene diol via double netal cyanide catalysis (Polyol X), and

then endcagrafmgpidd 1 \dnde (gm{lb‘bq%ivg equi val ents per ‘hydroxyl group of
| sobut yl ene oxi de using the sane cat al yst.

14 Sol ui e I xed | | ZEr.
i ately. . auopaa pREedralEy R RO onkt BB B RS e
wat er (200 ot 1 §,.add to the, zi nc hexagyanocobgl tate m xture, and
the producP® %-%ﬂi?ﬁfﬁ%ﬂﬁé’ean%e%cwws are usegé(g{gj@nﬁeg 38 free Il'a[)le
pol yol /water/tert-butyl alcohol mxture) is added to the aqueous slurry of
zi nc HexacYhnocobal tate, and the product is stirred nmgnetically for 2
mn. The mxture is filtered under pressure through a 5-pm
A control catalyst, which is used in Comparative Examples 9 and 10, is
made as in Example A, éxcept that Polyol X (a 4000 molecular weight
polyoxypropylene diol made by DMC catalysis) is used instead of Polyol W, and

the resulting catalyst contains 34 wt.% of Polyol X.

EXAMPLE B Epoxide Polymerizations: Rate Experiments——General Procedure

A one-liter stirred reactor is charged with polyoxypropylene triot (700 mol.
wt.) starter (70 g) and polyol-containing zinc hexacyanocobaltate catalyst (0.057:. |
g, 100 ppm level in finished polyol). The mixture is stirred and heated to 105°C,
and is stripped under vacuum to remove traces of water from the triol starter.

The reactor pressure is adjusteq to a vacuum of about 30 in. (Hg), and propylene
oxide (10-11 g) is added in one portion. The reactor pressure is then monitored
carefully. Additional propylene oxide is not added until an accelerated pressure
drop occurs in the reactor; the pressure drop is evidence that the catalyst has
become activated. When catalyst activation is verified, the remaining propylene

oxide (490 g) is added gradually to keep the reactor pressure at about 10 psig.



filter to isolate the solids. The solid cake is reslurried in
tert-butyl .alcohol (140 nL) and DI water (60 nl), and the m xture is
honogeni zed for 10 min. A solution of DI water (200 nl) and additi onal
Polyol W(2 g) is added, and the mxtujge is stirred magnetically for 2
mn. and filtered as described above. The solid cake is reslurried
in tert-butyl alcohol (200 m.) and is honogenized for 10 m n. Polyol W(1
g) i s addeAfteapiopyenarpxidarasiditionsisiqanerletexdiyg arixtueg isyheldat 107G unfha
filtered. The resulting solid catalyst is dried under vacuumat 50[err]C

(30 in. Hgrohstapnbprssante iseslgunved hBegidelatiunfeatted monatenys theat strippedi s
about 10 g. El enental , thernogravinetric, and mass spectral

anal yses ' =
Py gl RIS oo Do g s

al cohol = Zi nc =

g(l:mg?ggl {S;ngei%zieggp bor\égggién Ut§9a Lot BHED LBRsAAPYEH (G v Pba&ich fhe
(min) is prepared (see Fig. 1). The slope of the curve at its steepest point is
measured to find the reaction rate in grams of PO converted per minute. The
intersection of this line and a horizontal line extended from the baseline of the
.cﬁrve is taken as the induction time (in minutes) required for the catalyst to
become active. Measured reaction rates are summarized in Table 1.

When this procedure is used to measure propylene oxide polymerization
rates, the catalysts of the invention typically polymerize PO at rates in excess of
about 10 g/min at 100 ppm catalyst at 105°C (see Fig. 1). The epoxide
polymerization rates for the catalysts of the invention (which include a polyether:-
polyol having tertiary hydroxyl groups) are also consistently higher than similar
catalysts prepared in the presence of polyether polyols without tertiary hyd.roxyl
groups. This procedure is used to prepare the 6000 molecular weight polyether

triols (6K-T) shown in Table 1 using a 700 mol. wt. polyoxypropylene triol starter.

(See Examples 1, 3, and 6, and Comparative Example 9.)

EXAMPLE C

Polyether Polyol Synthesis: 8000 Mol. Wt. Polyoxypropylene Diol (8K-D)



A simlar procedure is used to nake additional catalysts that contain 23 or
50 wt. % of -Polyol W and these catal ysts are used for Exanples 3-8 (see
Tabl e 1). A control catalyst, which is used in Conparative
Exanples 9 and 10, is made as in Exan?}e A, except that Polyol X (a 4000
nmol ecul ar wei ght pol yoxypropyl ene di ol made by DMC catal ysis) is used

i nstead of Pol yalong-litendtirretl heastesis| dhanged afthIpottoxyprimilerse 3ibl (10CH @ib).

Pol yol X EXAMPLE B Epoxi de Pol ynerizations: Rate Experinents--CGeneral

Procedure wt.? starter (77 Y} @nkl Zireé héid({xt%ﬁ)gcgt?é}tfa‘té’Eaia%éig)éf(gﬁgy,“éﬁ m). The

pol yoxypropyl ene triol™ (700 nol . tarter ( pol yol = cont ai ni ng

i h | I OR7 QQ I in fini

ol yol ) TR BoRb A Eadd by oG apadlis §R8f Bhoftiacdfln H 5Ffoype
under vacuumto renove traces of water fromthe triol starter, The reactor
pressure i emeyeiages phwaterdram the pichstamer 3dfter stripRing. tadeart®Py| ene  oxi de

(10-11 g) is added in one portion. The reactor pressure is then nonitored
car ef ul | y. tefopratureds raisepyd 348°Gx Paepyileneoxidadii2 ¢) isfad tothe aeaetorr at ed
pressure drop occurs in the reactor; the pressure drop is evidence that

the cat al ywitidigundes eorsuasi bvabad 30heHabad ré r@édtbﬂ?ﬁés@ﬂré ® verified,
the remai ni ng propyl ene oxide (490 g) 1s added gradually to keep the

reactor prgssibfedladiOlyt AGHBSHE propylene oxide is not added until an accelerated

pressure drop occurs in the reactor; the pressure drop is evidence that the
catalyst has become activated. When catalyst activation is verified, the
remaining propylene oxide (512 g) is added gradually over about 4 h. After
propylene oxide addition is complete, the mixture is held at 145°C until a
constant pressure is observed. Residual unreacted monomer is then stripped
under vacuum at 60°C from the polyol product. (See Examples 2, 4, 5, 7, and 8,
and Comparative Example 10.) The preceding examples are

meant only as illustrations. The scope of the invention is defined by the claims.



16 After propylene oxide addition is conplete, the mxture is held at
105[err]Cuntil a constant pressure is observed. Residual unreacted
nmononer i s then stripped under vacuum fromthe polyol product, and the

pol yol is cool ed and recovered. 150 determne reaction rate, a plot
of PO consunption (g) vs. reaction time (mn) is prepared (see Fig. 1).
The sl ope of the curve at its st point is neasured to find the
reaction ratg in gf'a f of PO ¢onyertediperi minutle. [The| intersecti on of
this line and a hoyizpnial {lime éxtendad firomthe bpseling of thg curve is
taken as thelli nduckiop €i ng gi nofi auft eq) orjequli med Wbhpr | hg catalygt to
becone active. Meagsurpdsreacti| ofr|ratled(aly SymiBriZpdijnTable 1
When this prgceflure gp Bsefl t ¢ neasure |prdpyllenel ox| dejpolyneri zgti on
rates, the c t&ystsgaf the ingpventign tlypijcaljly pol ynegi z¢ PO at jrates in
excess of ahjoul 10 ‘g{rnat 100 ippm cataliystt ati 106l etr 1€ (see Kig. 1).
The epoxi de pQ‘Byrrer*.szatim rateg fagr tlhe jcatjal ygts|of [the inventfi on (which
i ncl ude a pol egher ©pol yal haviq_rg tler t|i arly hydrox& al ogps) areial so
consi stent |y ghi*ghef f:’mm%nﬁ as 'eTetngyégs we%arrej aoil +he presgnce of
pol yet her pollya®s hi%hot of e8i By Sy BloB) SpBpr3| Shi &|procedire i s used
to prepare t 5003 &)I@cﬁaowe:gh:t prl et ep of reple@|(eK-T) shgwn in
Tabl e 1 using a®7ODE_i1)I. wt. ol oxyprdpyljenej trjol [starter.
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(See’ Exanples 1, 3, and 6, and Conparative Exanple 9.)

BXQ:\/PI(_EK_CD)' mllmm',ﬂ"mmﬂmSynt hesis: 8000 Mol . W. P(i;yoxypropxl ene

one-liter stirred réactor i$ charged w th pol yoxypropyl ene diol (1000 nol .
w.) starter (77 g) and zinc hexacyanod8baltate catalyst (0.015 g, 25 ppm.
The mxture is stirred and heated to 105/ err]C, and is stripped under
vacuum for 0.5 GLAMSrenove traces of water fromthe diol starter. After
stripping, the reaction tenperature is raised to 145[err]C. Propyl ene

oxi de (12 g) is1fed dolididsubleawtar cyanideé !lDle))(:a@éW@fu@eMﬂ%%@ABd?Jd@bOUt 30
in. (Hg), and the reactor pressure is nonitored carefully ddi ti onal

propyl ene ﬁéﬁyﬁﬁnﬁtl&% s%gdjggtgwgltsdoﬁ}ﬁq@el erated pressure drop occurs in

t he reactor e pressure e that the catalyst has becone

activat ed. V\heI SFZ%QL%E rrﬂg{?élcl %h?{geéro JI ed, the remaining propylene

oxi de (512 g) Ut%a n. After pr opyl ene oxi de

addition is coggket eb the m xt i s hel daﬁgt 145[err]C until a constant
pressure i s obs8f VEHO LT AB3V %‘?%QQ?'&I noner is then stripped under

vacuum at 60[ err; C fromthe POl g roduct. (See Exanples 2, 4, 5, 7, and
8. from about 5 to about 80 wt.% of a polyether polyol;

wherein some or all of the hydroxyl groups of the polyether polyol are
terti-ar'y hydroxyl groups.

2. A catalyst as claimed-in claim 1 chardcterised in that the double metal
cyanide compound is a zinc hexacyanocobaltate.

3. A catalyst as claimed in claim 1 or claim 2 characteri§ed in that the
organic complexing agent is a water-soluble aliphatic alcohol selected from ethanol,
isopropyl alcohol, n-buty! alcohol, isobutyl alcbhoi, sec-butyl alcohol, and tert-butyl
alcohol. |

4. A catalyst as claimed in any one of the preceding claims characterised
in that the polyether polyol is an isobutylene oxide-capped poly(oxypropylene)
polyol having a number average molecular weight within the range of about 200 to
about 10,000.

5. A method which comprises preparing a solid double metal cyanide
(DMC}) catalyst in the presence of an c;rganic complexing agent and wherein a
polyether polyol having tertiary hydroxyl groups, is included during the preparation

or is added to the product of the preparation and wherein the resultant solid



and. Conpar ative. Exanple 10.) - The preceding exanples are meant
only as illustrations. The scope of the invention is defined by the clains.

i8 A [sglrlr]d duullluI'luelIm“lEl)JUWde (DMVC). catal yst useful fo%gepoxi de _CLAl "

pol ymeri zations, “said catal yst conprisizg:. (a) a doubl e netal ,
cyani de corrpound (b) an organic corrpl exi ng agent; and (c)

T Tor T HechgReR e b Bt ubp o reER BT JBF hFepepover MErET SomE o
6. A method of preparing a solid double metal cyanide (DMC]} catalyst
useful for epoxide polymerization, said method comprising:
(a)  reacting aqueous solutions of a metal salt (excess} and a metal

| cyanide sait in the presence of an organic complexing agent usirig

efficient mixing to produce a catalyst slurry;

(b}  combining the catalyst siurry \N.ith a polyether polyol that has tertiary

hydroxyl groups;
{c) isolating a polyether-containing solid catalyst from the slurry;
{d)  washing the polyether-containing solid catalyst with an aqueous
solution that contains additional organic complexing agent; and

(e}  recovering a solid DMC catalyst that contains from about 5 to about

80wt.% of the polyether polyol.

7. . A method as claimed in claim 5 or claim 6 characterised in that the
DMC catalyst is a zinc hexacyanocobaltate. .

8. A method as claimed in claim 5, claim 6 or claim 7 characterised in
that the organic complexing agent is a water-soluble aliphatic alcohol selected from
eth.ano[, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol, and
tert-butyl alcohol.

9. A method as claimed in any one of claims 5 to 8 characterised in that
the polyether polyol is an isobutylene oxide-capped poly{oxypropylene) polyol

having a number average molecular weight withih the range of about 200 to about 10,000.



tertiary hydroxyl groups A catalyst as clainmed-in claim1
characterised in “mn“‘\m‘\ﬂ“ l“l\“Lmet al cyani de conpound is a zinc
hexacyanocobal ta\ catalyst as clainmed in claiml1l or claim2
characterised in that t'he organic conpl exing agent is a water-soluble

al i phatic al cohol selected from ethanol2l1 isopropyl al cohol, n-butyl

al cohol , |sobut1§| al,cohol zec bﬂtﬁﬁ?e al cohgol nd tert- butyl al cohal

4. A catalyst ¥s clhPIREEss Ao a’?)]epf’ﬁ'é’erﬁoi‘é@ﬂf ¢ PRRGRSS OMRIISIRS i sed
in that the pol yether polyol is an isobutyl ene oxi de-capped

pol y( oxyprpé’b Eﬁ%‘?g afotRB{Ide iy thegPrespugh e adi?é?'é(@baﬁﬂaé%@paﬁ apyi Y o t hin
the range of about 200 to about 10, 000. 5. A nethod which

conpri ses GRiBBal itad ar gbtainedibyial progesabs claamieddn anpMB)e ofitlaigst tn9t he
presence of an organic conpl exi ng agent and wherein a polyether polyol
havi ng tertiarylhydegeotesy asipkimed in oidimde@ ctiardaogrisditinpthap @@ epogrideds 1S
added to the product of the preparation and wherein the resultant solid

20 polymerized in the presence of a hydroxy! group-containing initiator to produce a

polyether polyol.



product *contains fromabout 5 to about 80 w.% of the pol yether polyol.
6. A-nmethod of preparing a solid double netal cyanide (DMC) catal yst
useful for epoxide polynerization, said nethod conprising: (a)
reacting aqueous solutions of a netal sa4 (excess) and a netal

cyanide salt in the presence of an organic conpl exi ng agent using

ef ficient AMBROYEDo POLYEFHERaCONTALNINGSDOUBLE METAL CYANIDE OCATALYSIS he
catalyst slurry with a polyether polyol that has tertiary

hydr oxyl groups; (c) ABSTRACGTOFTIRE! g@t]_h hsomet ai ning solid catalyst
iy .

fromthe slurry; (d) washi ng the po er-containing solid

catalyst with a n,.that c di tional

or gani ¢ conpl expﬂé]%wgglq%u%%@eta' cyanld@é@%¢£g§\§yﬁt§1area&§8lﬁ) aDﬂ% €cat al yst

t hat contains from abqut &'o about 80wt . % of the polyether
pol yol . catalystsycomprisg ardMCieompaunmh e Araanis $RMBPeXing agenteanmHeaTt er i sed
inthat the DMC catalyst is a zinc hexacyanocobal tate. 8. A

met hod as abelitretd abowti &0 wt.% ot gblyetharrpalyalithathashtertiary dwidsed| grougshat t he
organi c conplexing agent is a water-soluble aliphatic alcohol selected from

et hanol , i cepipaped withcsthel DMC bblta)&st@'tﬁ@é@bf thesiabeihtion ﬁé@@eﬁéeueﬁec but yl
al cohol, and tert-butyl alcohol A nethod as clained in any

one of cl ah &Rty thPefoiBE RS zsa%n! Ond ﬂ?éy can be used to make polyols having

very low unsaturation even at high epoxide polymerization temperatures.

FIGURE 1



t he  pol yet her polyol is an isobutyl ene oxi de-capped pol y(oxypropyl ene)

pol yol * having a nunber average nol ecul ar weight within the range of about

200 to about 10, 000. 21

10. A process for meking an epoxi de polymer, said process conprising

pol ynmerizing an epoxide in the presencgmaf a catalyst as clained in any one
of clains 1 to 4 or obtained by a process as clained in any one of clains

5to 9. 11. a process as clained in claim 10 characterised in that

the epoxide is polynerized in the presence of a hydroxyl group-containing

initiator to produce a polyether polyol.

Fig.1.
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