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Substantially transition netal-free polyaxyal kyl'ere polyethesa nay be 500
preparod by doubl e netal cyani de conpl ex-catal yzed oxyai kyl atdon of a 4

sui tabl e bydrie oxyal kylatian Initiator nol ecule by enploying 15 ppm at
tees 400 of a double netal cyanide conpl ex axyal kytadoc catal yst having a
propyl ene & 350 oxide polynerization rate pester than 5g propyl ene

oxi de/ m nure. The | nduction 300 periods associated with oxyal kvl adon 250
enpl oyi ng doubl ¥OK¥P4H4 cyani de conpl ex catal ysts may be redﬁ 8
preparing pneactlvated nmaster batches and by hxseasing the oxyal kyl ati on
reactor parf6d tenperature during at |east the induction 2 150 ' 100 50 O
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CATALYST 5 Teclomragcwdr Fiel d The present invention pertains to a process or
prepari ng pol yoxyal kyl ene polyether pol yol s having exceptionally | ow
level s of transition metal ions," by the double metal cyanide conplex
catal yzed pol yoxy 10 al kylation of a suitably hydric initiator in the pres-

5 Technical Field

The present invention pertains to a process
for preparing polyoxyalkylene polyether polyols having
exceptionally low levels of transition metal ions,” by
the double metal cyanide complex catalyzed polyoxy-

10 alkylation of a suitably hydric initiator in the pres-
ence of 15 parts per million (ppm) or less of a double
metal cyanide complex catalyst. The resulting polyoxy-
alkylene polyether polyols contain commercially accept-
able levels of transition metal ions without any further

15 necessity for filtration and/or purification as has been
previously practiced when these catalysts are utilized.

und

Palyoxyalkylene polyether polyols, particular-

ly di- and higher-functionality polyols, are the main-

20 stay of the polyurethane industry, reacting with di- and
polyisocyanates to form numerous polyurethane and poly-
urethane/urea products, including flexible and rigid
foams, microcellular eléstomers, and non-cellular
elastomers. Such polyoxyalkylene polyether polyols have

25 generally heretofore been prepared by the polymerization
of an alkylene oxide, generally propylene oxide and/ox
ethylene oxide, onto a suitably hydric initiator mole-

cule in the presence of a basic catalyst such as sodium
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ence of 15 parts per mllion (ppnm) or less of a double netal cyanide
conpl ex catalyst. The resulting pol yoxy- al kyl ene pol yether polyols contain
comercially accept- able levels of transition netal ions w thout any
further 15 necessity for filtration and/or purification as has been
previously practiced when these catal ysts are utilized. Art ftftround

Pol yoxyal kyl ene pol yet her polyols, particular- Iy di- and

hi gher - f unct W% pol yols, are the main 20 stay of thePGRAPI6RSZBhane

i ndustry, reacting with di- and polyisocyanates to form nunerous

pol yur et hane and pol y- urethane/urea products, including flexible and rigid
foams, mcrocellular elastoners, and non-exllular elastoners. Such

pol yoxyal kyl ene pol yet her pol yols have 25 generally heretofore been
prepared by the polynerization of an al kyl ene oxide, generally propyl ene
oxi de and/or et hprepetasaige, hydrnaxisles upx difley chydesporidingi alkoxidese- cul e .
In the presence of a basic catalyst such as sodi um WO 97/ 23544

PCT/ F. P96/ 05708 -2 or pot 3ss| raxi de,..ar ., correspondi | koxi des.
In the decades of the 1960'%21 %#%n%qg,%d‘gﬁﬁh% ltf’rgﬁaﬁ aé’)?aglgd%'c '%ﬁq'gx (DMC *
conpl ex) cat al yst @eta} e CYPRLFSdFORBLESD (BUG praRPLEED? orfatRlEgts c Mexey st s,

such as 5 a non-stiotcdduoeed foxr axyprobylatdyanociiesle! ctealiysts, swetplasx were
found to be h§ghly effdnChedicKidmtysts LOic OKYRASMHRLLADL AR yRRI tai n
condi tions. Polyether ol vol s havi ng nqﬁgwalgh nol ecul ar_ wei ghts than
previ- ously possFB%l%’g ebgmﬂ}ado&ﬁcgﬁ. Ypﬁ?%?ﬁ&oﬁ??@%t’? Fi al s
havi ng equi val ent oXEP¥fRIS-agfion, andegorepiaine\vandityongnsat Rekndatderin t he
range of 0.015 topB1Ppdls HeGifig amch higher molecular weights than previ-
ously possible could be produced. For polyoxypropylere
10 diols having equivalent weights of c.a. 2000 Da, levels
of unsaturation in the range of 0.015 to 0.020 meq/g as
compared to 0.07 to 0.09 meq/g for otherwise similar
base catalyzed polyols, were achieved. The far greater
cost of these DMC complex catalysts as compared to
15 sodium and potassium hydroxide prevented their commer-
cialization, even though somewhat more active than
traditional base catalysts. Moreover, the presence of
large amounts of transition metals, particularly zinc
and cobalt, in the initial polyoxyalkylene product
20 required expensive and time-consuming methods of purifi-
cation. Considerable efforts are being exerted even
today to facilitate more rapid and less costly means of
catalyst removal.

In the decades of the 80’'s and early 30’s, DMC

25 complex catalysts were produced which possessed consid-
erably greater catalytic activity than prior catalysts.

Such DMC complex catalysts, for example those described

in U.S. Patent No. 5,158,922, were able to be used at
concentrations of c.a. 250 ppm to 500 ppm based on the

30 weight of the polyol product. As a result of -this
. higher activity, catalyst cost per se became competitive
with catalyst cost for traditional base catalysis of

1
]

TR I v

)

bR Pt I AR EACE L VT R RN R [~ Rt



conpared to 0.07 to 0.09 neq/g for otherwise simlar base catalyzed

pol yols, were achieved. The far greater cost of these DMC conpl ex

catal ysts as conpared to 15 sodi um and pot assi um hydroxi de prevented their
commer - cialization, even though somewhat nore active than traditional
base catal ysts. Mreover, the presence of |arge anmounts of transition

netals, particuyl arl inc and cobalt, in the initial polyoyyalkylcoe
product 20 reqtﬂqgéggépensi ve and time-consum ng net hods of purlfkgpi - cation.

Consi derabl e efforts are being exerted even today to facilitate nore rapid
and |l ess costly neans of catalyst renoval. In the decades of the 80's and
early 90's, DMC 25 conplex catalysts were pBoduced whi ch possessed consi d-
erably greater catalytic activity than prior catalysts. Such DMC conpl ex
catal ysts, for exanple those described _in US. Patent No. 5,158,922, were
able to be used at RevoxNeikYIenfs RFLYOLIS: 28HO%BBRT t RSV ppRDHATRE ER t he
30 wei ght of the polamd dirfgdealty Asf aremsuilnty chtahyst hegidaresadirion the

catal yst cost per a NS Hd Wede Wddl eCabahdSEi£IGFathion. tradi ti onal
base catal ysis of V\%’%%gggﬁﬁ PCTJEP96/ 0e5708 -3 pol yoxyal kyl ene pol yol s.

However, again, the expense and difficulty of rempving catalyst residues

fromthe product prohibited ¥p%R Becfe Womtdreciagsigaefort Whee BESERE! v,

t he assi gnee of 5t he iveatibn bas NdeardliopedhBMC deonglexe dabbly stonwish far

cat f" yStSt‘r’]Vitlh falf ke a@‘fi\;i;gyt.Y-f\ésa frﬁs%i@',titiﬁﬁsh%cbﬁé%diﬁeﬁli cal
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accept abl e reacti on prcgiced ranges of 250 ppm to 500 ppm, for example 100
ppm, while still retaining acceptable reaction rate.

10 The catalytic activity of these new catalysts is so
great that process time is generally limited only by the
heat removal capacity of the polyoxyalkylation reactor,
and not by the rate of polymerization per se. Due to
the much lower level of catalyst required, preparation

15 of polyoxyalkylene polyols using these double metal
cyanide complex catalysts has now become commercially
feasible, even though purification of the polyol product
is still required to remove transition metal DMC complex
residues. The purification steps still add undesirably

20 to the process time, however.

Polyoxyalkylene polyols prepared by these

Exceptionally Active "EA" double metal cyanide complex
catalysts have several unusual characteristics which may

be taken advantage of in compounding new polyurethane

25 and other formulations. First, the degree of unsatura-
tion is exceptionally low, typically measuring from

0.002 to about 0.007 meqg/g, as opposed to the 0.015 to

0.018 meq/g unsaturation of polyoxyalkylene polyether
polyols prepared using DMC catalysts exemplified by U.S.

30 Patent No. 5,158,922. Moreover, while these earlier DMC
catalyzed polyether polyols, generally contain from 5-

10% of a low molecular weight component, thought to be
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10 The catalytic activity of these new catalysts is so great that process
time is generally limted only by the heat renoval capacity of the

pol yoxyal kyl ati on reactor, and not by the rate of polynerization per se.
Due to the nmuch | ower |evel of catalyst required, preparation 15 of

pol yoxyal kyl ene pol yol s using. these double metal cyanide conpl ex catal ysts
has now becone commercially feasible, even though purification of the

pol yol produMO944ti|| required to renpve transiti on mPCAEPEMSI8ONDI ex
residues. The purification steps still add undesirably 20 to the process
time, however. Pol yoxyal kyl ene polyols prepared by these Exceptionally
Active "EA" double netal cyanide conplex .gatalysts have several unusual
characteristics which may be taken advantage of in conpoundi ng new

pol yur et hane 25 and other fornulations. First, the degree of unsatura- tion
is exceptionally mowofayptimdly nessatiragelir cspedie@)2 §al alpenime: Y nMeq/ g,

ol yorher  pol ;2?%9%‘535 i e e P‘*‘%‘B‘“f}‘% 30
Patent No. 5,158, &2’25 ﬁ/b YB“%h tﬁ@seg/’@é’rl?'é‘f%

pol yet her pol yol smgeﬂ@*%ﬂ weiasm aaomppnma deprise aavtm rml mw— wei ght
conmponent, thsughtable, b&lbeis unexped€edily A3%) 4 ubbdéifcatdbn/08potyoxy-

nonof uncti onal , e , e

pol yoxyal kyl ene p%ﬁ% &% g are e\%lst%oq%ﬁ-g gg;g{ %%Jg( r@} aﬁ{m%w any
det ect abl e | ower tg AH98neKR LR "désﬁ%i"é WVFPHgm%\l?Fé’a'sur 5
abl e, albeit unexpsct‘ezﬂgshtl éﬁétltmuﬁ-anat Pchydwyleal RV ¥nef pesget her
pol yols prepared giefig1lH@Seré'Offrtually always obtained, and the vast

10 majority of polyoxyalkylene.polyether polyols produced
by third generation catalysts have polydispersities of
about 1.07 to 1.15 or less. The polyoxyalkylene poly-
ether polyols are virtually monodisperse.

The use of lower 1levels of DMC catalysts

15 would, of course, be preferable. However, at very low

levels of catalysts, for example in the range of 25 ppm

to less than 100 ppm, several problems arise. FPirst,

catalyst deactivation is a serious concern. Several

commonly encountered species such as sodium hydroxide,

20 potassium hydroxide, and other bases are known to be

effective catalyst poisons for double metal cyanide

complex catalysts. While traces of such ingredients may

not be important when fairly large quantities, e.g. 250-

500 ppm of catalysts are used, when small amounts of

25 catalysts are contemplated, even small amounts of

catalyst poisons may result in complete inactivation of

the catalyst. In some cases, even variations in reactor

configuration may result in catalyst inactivation as

opposed to0 polymerization activity. Thus, use of

30 catalyst levels significantly below 100 ppm has not been
thought possible.

DMC catalysts are also characterized by an
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active DMC catal ysts al so exhibit a very narrow nol ecu- [ar wel ght

di stribution. Polydispersities, Mre,/Ma of less than 1.30 are virtually
al ways obtai ned, and the vast 10 majority of pol yoxyal kyl ene pol yet her

pol yol s produced by third generation catalysts have pol ydi spersities of
about 1.07 to 1.15 or less. The pol yoxyal kyl ene poly- ether polyols are
virtually nDnodls erse. The use of |ower |evels of DMC cat woul d,
of course, F@?ﬁﬂle However, at very low |evels of ékﬁﬁbggFé% for
exanpl e in the range of 25 ppm to less than 100 ppm several problens
arise. First, catalyst deactivation is a serious concern. Several

commonl y encountered speci es such as sodi um-$rydroxi de, 20 potassi um

hydr oxi de, and ot her bases are known to be effective catalyst poisons for
doubl e netal cyanide | ex catal ysts. Wile traces_of suc |n red nts
may not be |nportaﬁtn%n£ 1ATmaYt | ReFdoGuantheie BLteT 25 ;ﬂ‘ﬁe
catal ysts are used, allkglesewmididentuthe madz:@reapemmszateorwm@ﬁbamded

even small amounts iy, Eﬁta%}p)ééhmesmuﬁ@bfr g8 f the seundigea haaid-vation

f th talyst. | t t t
ey result ncat al yaEn AEERRa: Cfchs Fiish, BB TLG oL G mE PR 2D

Thus, use of 30°cat &°FESt evBIS eé’F’gﬁFf?%edrﬁ'ﬁ‘ché?B %G’dpﬂ‘ﬁﬁ’h 2 A Deen
thought possi bl e. DMaiced abyshs rapéd afisep char seachorz adesgung following

'T~%1OPMIIT."A Z-lemK SEf b~ inivial uaitrt £ tWO &¥7 1286/ nBCr 6:5RR6/ 05708
.S initial dormant Q’e&% in%] al%tgv%tfq @ﬁig éét%@?'g%f e;?cllﬁ%tleggga rij.st Ot Lhe

reactor polynerlzatlo an apprec
so- caIIed "i nduc- quite rapid. The lnductlon period has been found to e

10 inversely related to the amount of catalyst utilized,
although not in & linear fashion. In some cases, long
induction periods have been followed by catalyst inacti-
vation. Still further undesirable effects of the use of
exceptionally low catalyst levels are an undesirable

15 increase in the polydispersity of the polyol product,
and an accompanying increase in viscosity. 1In general,
low viscosity products are desirable, and for many
applications, essentially monodisperse polyols are
desired.

20 It would be desirable to provide a process for
the preparation of polyoxyalkylene polyether polyols
wherein exceptionally low levels, e.g. 15 ppm or less of
double metal cyanide complex catalysts are utilized. It
would be further desirable to provide a process wherein

25 the amount of catalyst utilized is so small that cata-
lysts may be retained in the polyether polyol product
without resort to purification or other techniques to
remove transition metals. It would further be desirable
to provide a process capable of supplying polyoxyalkyl-

30 ene polyether polyols having exceptionally low polydis-

- persity and low viscosity while employing low levels of
double metal cyanide complex catalysts.
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tion period,' during which virtually no polynerization 5 occurs. The end of
the i nduction period my be ascer- tained by a rapid drop in reactor
pressure following addition of an initial quantity of al kyl ene oxide.
Fol l owi ng activation of the catalyst, polynerization is quite rapid. The

i nduction period has been found to be 10 inversely related to the amunt of
catal yst utilized, = although not in a |linear fashion. In sone cases, |ong

i nducti on pewpalﬁ”ﬁave been followed by catal yst inacti- REA(EPIHSTOR, | | |
further undesirable effects of the use of exceptionally |ow catalyst

| evel s are an undesirable 15 increase in the polydispersity of the polyol
product, and an acconpanying increase in _giscosity. In general, |ow
viscosity products are desirable, and for many applications, essentially
nonodi sperse polyols are desired. 20 It would be desirable to provide a
process for the preparation of i Tl Enveritit her pol yol s  wherein.
exceptionally low levels, e.g. 15 ppn1or | ess of double netal cyanide
conpl ex catal ysts are utilized. It would be further desirable to provi de a
process wheréin 25 the anoud hak eaewabged atirgriizddgly discovelredt bhat cat a-

lysts may be ret atrpgsg kga#] el ¥eihsis peky%rpradyf&w YbifsbebgsEFt tO

purification or ues 'to- renove tion al |t WPU|d

further be desir atfPd 83&Y o M3Y RE RFQ 8"8? %tuﬁiﬂ“?ﬁ'ﬁg

pol yoxyal kyl 80 emapbﬂqeqqmlepwm@#a#ngl%mfeﬂtﬁ BRB| ¢%/ JegR, pheR| s-

persity and | ow vigpaBsé tetdli teafiis @omplekovataivalts havirl yropyhehel

cyani de_conpl ex ¢ glahys 1yl PG rdtiell FREUSIT0n - Bg SYRIRYYedd The
oxide/100 ppm catalyst measured at 105° are used as the
oxyalkylation catalyst (EA-DMC catalysts). It has also

10 been surprisingly discovered that polyols having low
polydispersity and low viscosity may be produced when
the polymerization reaction is carried out at a higher
than normal oxyalkylation temperature. Both the poly-
dispersity and viscosity of the polyoxyalkylene poly-

15 ether products thus obtained are similar to those
employing higher levels of catalysts at traditional
oxyalkylation temperatures. The amounts of catalysts
utilized in the process are so low so as not to require
purification and yet still be below the generally

20 acceptable standards for transition metals in the polyol
product. The use of high oxyalkylation temperatures
and/or the use of pre-initiated initiator/alkylene
oxide/catalyst master batches significantly decrease the
induction period associated with double metal cyanide

25 complex catalysts.

Brief Descripti f The Drawi

Figure 1 is a plot of propylene oxide consump-
tion versus time which may be used to determine the rate
of propylene oxide polymerization and the induction

30 period for double metal cyanide complex oxyalkylation.
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It has now been surprisingly discovered that polyoxyal kyl ene polyols of
very narrow pol ydi spersity and |ow viscosity may be produced even at
double nmetal 5 cyanide conplex catalyst |evels of 15 ppmor |ess, when
doubl e nmetal cyani de conplex catal ysts having propyl ene oxide

pol'ymeri zation rates higher than 5g propylene oxide/ 100 ppm catal yst
nmeasured at 105" are used as the oxyal kylation catalyst (EA-DMC

catal ysts). it %2380 10 been surprisingly discovered t habtCHHBYE havi ng
| ow polydispersity and | ow viscosity may be produced when the

pol ynmeri zation reaction is carried out at a higher than nornal
oxyal kyl ati on tenperature. Both the poly- digpersity and viscosity of the
pol yoxyal kyl ene poly 15 ether products thus obtained are simlar to those
enpl oyi ng higher levels of catalysts at traditional oxyal kylation
tenperatures. The anounts ofpgsirihtioh of thel Prefefred R GRS are so | ow
so as not to require purification and yet be

acceptabl e standards for transition netals in the polyol product. The use
of high oxyal kyl ati on tenper ailkyfieneandidés tueefitde iaf the esulnjectatieden-

i Ei tiat gr/ ?! kyl ene tg.)&indg.ﬁeﬂ?é ééé"mh beaﬁ?aépfkfzsﬂp@hgagfgﬁmtz,gu.decia.ease

e induction peri assocj at ed wi ouhl e cya

catal ysts. Brief De%d?i'%f’?%%er& %fé&eDrg\ﬂ pﬁfég?ﬂé?ﬁr’l §€°pﬁﬁ'§PeoP§9€% %(ene
oxi de consunp- §i on propylene| aridpi admingd pelths Rfhvdeaet oxifife t Faghefe of
propyl ene oxi de pol wWikkiléaéi eriaes shehi aduahieort,38opey] adphar adaybése net al

Cyani de _conpl ex 0xy gLt b0d- a10,9%0282dfe PO EERO! DD GreyrbnResgili} i On
of the Preferred Enbodi nents . .
oxetane, and the like. The term "higher alkylene ox%de"
as used hereinafter includes the butylene oxides. The
10 above alkylene oxides may be introduced solely to form
homopolymeric products, sequentially to form block
polymer products, or in admixture to form random

polyether products or block random polyether products.

When ethylene oxide is to be used in conjunc-

15 tion with another alkylene oxide, however, the ethylene
oxide should not be utilized alone, otherwise products

of variable character believed to contain considerable
guantities of polyoxyethylene glycols may be produced.
Ethylene oxide may, however, be mixed with other alkyl-

20 ene oxides to form random polyoxyalkylene polyether
products. If polyoxyethylene-capped polyether polyols

are desired, it is preferable to first prepare a base
polyol containing propylene oxide or a higher alkylene
oxide, optionally in admixture with ethylene oxide to

25 form an alkylene oxide homopolymer or alkylene
oxide/ethylene oxide random copolymer, followed by
addition of a traditional basic or other catalyst for

the purpose of capping the base polyol with oxyethylene
moieties. Sodium hydroxide or potassium hydroxide may

30 be used, for example, as these catalysts deactivate the
double metal cyanide catalysts and promote the uniform
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Al kyl ene oxi des useful in the subject inven- tion include ethylene oxide,
propyl ene oxide, 1,2- and 2,3-butylene oxide, in particular, propylene
oxi de or 5 propyl ene oxide adm xed with ethyl ene oxide. Hi gher alkylene
oxi des such as the C5 to C20 al pha al kyl ene oxides are also suitable, as
are al so styrene oxide, oxetane, and the like. The term "higher alkylene
oxi de" as used hereinafter includes the butyl ene oxides. The 10 above

al kyl ene oxi d¥@9®4be i ntroduced solely to form honopol PEREPSSAFeROJUCT S,
sequentially to formblock polyner products, or in adm xture to form
random pol yether products or bl ock random pol yet her products. Wen

ethyl ene oxide is to be used in conjunc- 1%.tion with another alkyl ene
oxi de, however, the ethylene oxide should not be utilized al one, otherw se
products of variable character believed to contain considerable

quantities of polyoxyetiylatienobs xtes baBy pslywieduced. Et hyl ene oxide may,
however, be m xed with other alkyl 20 ene oxides to formrandom

pol yoxyal kyl ene pol yet her roducts. |If oI oxyet ene- capped pol yet her
polyols are desired, it is%BFePE}¥Rﬁ¥? lene P°lﬂ%%&u2¥%?55§§e Yp6¥9ol
cont ai ni ng propyl eesbpectdénventaidn gapralsiokgomrecin pasidyesogerdved Ifyomn

2 Kyl one oxi del of popon oxi?ﬁzif’;ﬁ’ésf“@*ﬂ““*"t""“"e’“e’?“"ﬁq‘*’gm%%‘.”§L of a
traéltlonal bdsi c 8¥ ot HET gfglyg?n{%éégggh %¥°§¥§é&gﬁe n %;h

& base
pol yol with oxyet hppiyrls witein &he wgaping I%deBQFd‘é’@ﬂf aﬁo‘c‘&%ﬂ}ﬂﬁeﬁydr oxi de
may 30 be used, forhexaipplemerizadbileseoaerisysdys, doacitanple, tirerodavel e

metal cyanide catabypls 13R0agLTRES (M pINSAFATIPeRd Grdd1 PCTHERREL 05708
-8 ably, residues derived from cyclic ethers, most prefera-
10 bly 1,2-alkylene oxides, comprise in excess of 50 mrol
percent of the polycoxyalkylene polyol repeating moi-
eties. Examples of copolymerizable monomers include the
various saturated and unsaturated polycarboxylic acid
anhydrides such as those disclosed in U.S. Patent No.
15 5,145,883 and include, but are not limited to maleic
anhydride, 1,2-dimethylmaleic anhydride, succinic
anhydride, phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, methylendomethylene tetrahydro-
phthalic anhydride, endomethylene tetrahydrophéhalic
20 anhydride, chlorendic anhydride, and the like.

Additional copolymerizable monomers include
oxetane, 3,3-dimethyloxetane, 3-vinyl-3-methyloxetane,
3-chloromethylene oxetane, and various other substituted
oxetanes as taught by U.S. Patent No. 3,941,849.
25 Further additional polymerizable monomers include
lactones such as butyrolactone and e~caprolactone.
Examples of suitable copolymerizable monomers and
processes for preparing polyetherester and other poly-
oxyalkylene polyols may be found in U.S. Patent Nos.
30 3,278,457; 3,404,109; 5,145,883; 5,358,043; 5,223,583;

4,472,560; 3,941,849; 3,900,518; 3,538,043; 3,404,109;

3,278,458; and 3,278,457, which are herein incorporated
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oxyethylation of the base polyol. The pol yoxyal kyl ene polyols prepared by
the subject invention nay al so contain residues derived from

copol yneri zabl e nononers other than 1, 2-al kyl ens oxides, 5 and are al so
consi dered pol yoxyal kyl ene pol yether polyols within the nmeaning of that
termas used herein. The copol ynerizabl e nononmers may, for exanple,

I ntroduce ester linkages into the polyoxyal kyl ene pol yol. [- ly,
resi dues derivet? VD cyclic ethers, nost prefera 10 bly 1,5%12%%%?132

oxi des, conprise in excess of 50 nol percent of the pol yoxyal kyl ene pol yol
repeating noi- eties. Exanples of copolynerigable nononers i nclude the
various saturated and unsaturated pol ycarboxylic acid anhydrides such as
those disclosed in U S. Patent No. 15 5,145,883 and include, but are not
limted to naleic nhydr.i , 2-di met hyl mal ei ¢ anhydri de, succinic
anhydri de, phthalic%’n%§5egghféﬁrinellitic anhydride, pyronellitic
anhydri de, nethyl endonet hyl ene tetrahydro- phthalic anhydride,

endoret hyl ene tetrahydropht hatdxc pelyexyaidwilése cdrlwodsdi & arkhedr LE¥er and
the like. Additionale£QRah¥AENMAYALCr AMPRTELSel NEFdIIQ 000XB4 ate 2000 Da,

3, 3-di I met hyl oxet ang,,, 3ol “fglé-t%ahyé@%gﬁu@eshgg%ymeoggmm& QRe 29%E) ane,

and various other substPfite . oxetanes as taug u.s. ﬁ?lentahb.
3,941, 849. 25 Ffrthde seavenreirnalpof yorerit dhrcIMAf0RE 40T H e BPERYOnes
such as butyrol act ona,afiér Grighpr cicletohar wetbhghtppeky cxfvad kivlens @olyols,
COEO' ymer! zabl e N OME %xﬁﬂgleﬂﬁ%ﬁsﬁS’S%tfx@re@ﬁ%&Ehﬂgw@i&w lber gzketennd
ot her pol y- oxyal kyl ene h ohs ygg qﬁnﬁgl qug.-P Lent ; NOf a5 3Bee
3,278, 457, 3, 404, 10958, P9B0gR3. ER) el SHUY, o prinich 3,’4%2,5%05 °
3,941, 849; 3,900, 51gouadsawmtoganventional Rxyaliyiablonsemprratinergdliken
which are hereild i nosparatied a polyoxyalkylene polyether polyol product
having high polydispersity and high wviscosity. For
double metal cyanide complex catalyzed polyoxyalkylene
polyether polyols in this higher molecular weight range,
it is highly preferable to conduct the oxyalkylation at
15 higher than normal temperatures, i.e. from 120°C up to
the catalyst deactivation temperature, more preferably
from 125°C to 150°C, and most preferably at temperatures
in the range of 130° to 150°C.

While not wishing to be bound to any particu-

20 lar theory, it is believed that during the preparation

of higher molecular weight polyoxyalkylene polyols, the

higher viscosities experienced with exceptionally low

levels of double metal cyanide catalysts is due to the

inefficient diffusion of the alkylene oxide(s) into the

25 reaction mixture. By increasing the temperature of the

polyoxyalkylation reactolethe viscosity of the reaction

mixture is decreased, facilitating increased diffusion

of alkylene oxide. Moreover, the increased temperature

has also surprisingly been found effective in reducing

30 the induction period which may otherwise be quite long

with exceptionally low levels of double metal cyanide
catalysts.
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S~ - - ... . WD 973544 PCT/ EP96/ 05708 -9- by reference.

ﬁor polyoxyalkylene polyols in the | ower equival ent weight ranges, i.e.
from 1000 Da to 2000 Da, the oxyalkylation tenperatures may be sel ected so
as to 5 be conventional, i.e. in the range of 90-110'C Howev- er, for

hi gher nol ecul ar wei ght pol yoxyal kyl ene polyols, for exanple those having
equi val ent weights of greater than 2000 Da to about 6000 Da or higher, it
has been fotf® %m conventional oxyal kyl ati on tenper at UFEERSNSES 10
result in a pol yoxyal kyl ene pol yet her pol yol product having high

pol ydi spersity and high viscosity. For double netal cyanide conplex
cat al yzed pol yoxyal kyl ene pol yet her polyoig in this higher nolecul ar

wei ght range, it is highly preferable to conduct the oxyal kylation at 15
hi gher than normal tenperatures, i.e. from120'C up to the catalyst
deactivation tenperature, rforfuptleirermdtinpd foformedis@ngo thb0' iddughiiompst

preferably at tenmparabyres thd & aarhgqo&fac%@%&éu Jﬂkﬁer\/\maltenngi—ow shi ng
to be bound to any, Harthg 20 | ar theor eI| t hat gugkng t he

preparation ' of h| T‘e%rtﬁ P%l %%7 foxf}‘g Eyf"g "éla (ﬂr o8
hi gher viscositiedegipedi dezed wf hce?(%btﬁtl of%f | pdded, 1=i°evél §“éf—a§b%lbl e
met al cyani des cat aleggtson SvesgeX 0 £die exaxgiliel i eniaidilbbus soneDdf atbe-

al kyl ene oxi de(s) alg;,g & %élisaﬁa,% msfn%s, inleLER: (ﬁhg of

he vi scosi

tenperature of the on reactor,

e ot o b lele el e ohe 21 8" ort e Hp Aleiten 51

al kyl ene oxi de. Mdesowibed t¢lsewhereabedeinnpeliewenear. rastharsohayrpdd singly
been found effectiad@itdofig£rlUGLlRYlene oxide to the activated initia-

10 tor/alkylene oxide/catalyst mixture, the mixtuvre 1is
maintained as a master batch and introduced in suitable
quantity to a different oxyalkylation reactor, which
advantageously contains a further quantity of initia-
tor(s). Oxyalkylation is then commenced, without any

15 appreciable induction period.

For example, a master batch may be prepared
containing 1000 ppm catalyst, activated, and then 1
weight percent, representing 10 ppm catalyst, added to
 a reactor containihg a further amount of initiator. The
20 master batch is preferably maintained at a relatively
low temperature, i.e. room temperature, and remains
sealed to prevent ingress of moisture which tends to
cause deactivation. The master batch reactor may be
connected directly to the primary oxyalkylation reactor,

25 for example.

The initiators useful in preparing the poly-
oxyalkylene polyether polyocls of the subject invention
include the common initiator molecules having hydroxyl
functionalities of from 1 to 8 or higher, for example

30 alkanols such as methanol, ethanol, 1l-propanol, 2-
propanol, l-butanol, 2-butanol, l-octanol, l-decanol, 1-
dodecanol, 2-~ethylhexanol, ethylene glycol monomethyl



30 the induction period which nay otherwse be quite Tong witn
exceptionally low |l evel s of double netal cyanide catalysts. WO 97/23544
PCT/ EP96105708 -10 A further nethod of reducing the induction period is
the use of a preactivated master batch pro- cess. in this process, one or
more initiators and the desired |evel of catalyst are added to a suitable
5 reaction vessel exanpl e a stainless steel auto- clave,_ and follomﬁng
N2 fl ushi ng, an'q i gﬁl gquantity of al kyl ene oxi de added u {5F ﬁpﬁ%essure
drop occurs, as described el sewhere herein. However, rather than add

addi tional al kylene oxide to the activated initia 10 tor/al kyl ene

oxi de/ catal yst m xture, the mxture is nuaintlained as a naster batch and
introduced in suitable quantity to a different oxyal kyl ati on reactor,

whi ch advant ageously contains a further quantity of initia- tor(s).

Oxyal Kyl ation is thesthegnmendethe \iitkeoutiiaky orl Hlygplacsudt cs ggbgiedn
period. For exanpl e, g cdast propalerie AycbE, pI £pdretaneaidn) Ni,AgbhOAeHPM

catal yst, activated, 3)d mefhe;anxéﬁwbt1P§r§c§g5ed&spr%a%%y? She- 320887 ,

catal yst, added to @& réactor containi'n r ‘? ?I tiator. The
20 master batch is (PEFEPELPTS rra‘i”ﬁ’tcé’llned A AR (SRIL thi‘&ﬂf’ B4t ure,
i .e. room tenpefat urethydsger siiycas. fad ctripyoprégant dlygeess adiPidtit ure

which tends to causgid@scCtbiet i G TBLrgcaBHies tt&tla;btn@mlpxropaay,beand

connected directly t STR nan@%Yalky r eg
The initiators usef ﬁ(}ﬁ;@%h?]é ar| rlggt g%?}}‘%%?a X erllgt%gﬁggea%er B:Ol on S
o penta ydri initiators

of the subject inverft&™ ﬁe rit
alkyl glucosides, for example a-methylglucoside; hexa-

10 hydric initiators such as sorbitol, ménnitol, hydroxy-
ethylglucoside, and hydroxypropylglucoside; and octa-
hydric initiators such as sucrose. Various higher
functionality starch-based initiators or methylolated
species such as the various novolak and resole resins

15 prepared by reaction of formaldehyde and a phenolic
compound such as phenol or cresol are also useful.

It has been found with prior DMC complex
catalysts, that when low molecular weight initiators
such as ethylene glycol, propflene glycol, glycerine, or

20 trimethylolpropane are utilized, the induction period is
exceptionally long. Therefore, it has been preferable
to utilize hydroxyl-functional polyoxyalkylene oligomers
prepared by the conventional oxyalkylation of one or
more of the monomeric initiators discussed in the

25 previous paragraph, to form an initiator molecule having
an equivalent weight of preferably from 100 Da to 500
Da. Since the eguivalent weights of these oligomeric
initiatorns is relatively low, the base catalyzed oxy-
alkylation does not result in an appreciable amount of

30 unsaturation. The oligomeric initiators may be prepared
in the presence of other catalysts, as well.

It has been unexpectedly discovered, however,
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i nclude the common initiator nol ecul es having hydroxyl functionalities of
froml to 8 or higher, for exanple 30 al kanols such as nethanol, ethanol,
1: propanol, 2- propanol, 1-butanol, 2-butanol, 1-octanol, 1-decanol, 1-
dodecanol , 2- ethylhexanol et hyl ene gl ycol nonomet hyl WO 97f 23544
PCT/EP96/05708 -11 ether, and the like; diols or glycols such as ethylene
gl ycol, prop ene g ycol, 1, 3-propanediol, 1,4-butane- diol

1, 6- hexanedi octanedi ol , diethylene glycol, diprdbSsVEPREOSI8y col |
1,4-cyc|ohexaned|nethanol tri 5 ethylene glycol, and tripropyl ene egcoI;

aliphatic triols such as glycerine, trlnethylolpropane and
trimethyl ol ethane; tetrahydric initiators- Ruch as pentaerythritol;
pentahydric initiators such as the alkyl glucosides, for exanple

a- et hyl gl ucosi de; _hexa .10 g&%rhﬁ:lnltlat rs such toI nanni t ol ,
o

hydroxy- et hyl gl ud8etq e, SIS PSS B %‘Sllaﬁ?g 0t aPFRRARS ¢
initiators such apodyoxpelkylese; polyetihgmepolyaksot tbat lawersmatetudarsed

initiators or netklighataiitiaRess aaySotternpel ifed aitROSt RR¢epOkomId resol e

resins 15 prepareq fYox‘l %ELQQ & p‘EQEg&} %Pygzgtt?&%e@a? bEac gPJHDOU”d

such as phenol or eso are. al sotuse nd wt r|or DMC
conpl ex cat afyst $iopnat Wﬁ‘bﬁ"FBW?ﬁ)ll&’,’ﬁi"%\r g REAPRT ] 4 &F&P§°9
et hyl ene gl ycol, mlgpylenangl ymi,atglryowhmeieorhmngrlmat hgbb?@kﬂmane are
gtlllzedf thgllnd?@g GRE S0 igs U%XCQQ§{9@3¢+QB'fH“bréBPgéfﬁeifbﬁﬂi has
een preferable i ze i.onal pol ypx ene pligoners
prepared by the C(?ﬁfﬂh??%n%ﬁp%gyafé F{'f 7% rieveR XP ¥§ %Q/ f© ﬁhf) S fononeri ¢
initiators dlscus§@9nlhlﬁheaikﬁﬁiﬁ§vFBﬁ§ ¥ﬁﬁ%u39ﬁﬂ¥diPS FBrﬁ?%n5?9ﬂﬁﬁtator
nol ecul e havidg invention are employed.

In general, the initiator or initiators are
added to the polyoxyalkylation reactor, following which
the required level of DMC catalyst is added. The
catalyst may be slurried into one or more of the initia-

15 tors to form a master batch, prior to addition to the
oxyalkylation reactor to more accurately measure the
amount of catalyst added, or wmay be slurried in a
volatile solvent such as N-methylpyrollidone, hexane, or
the 1like, which is easily removed from the product

20 during stripping of unreacted alkylene oxide at the end
of the oxyalkylation reaction, or removed during the
initial purging of the reactor. The reactor is general-
ly filled with dry nitrogen, subjected to vacuum,
refilled with nitrogen, and again subjected to vacuun to

25 remove air and traces of moisture which might be pres-
ent.

The alkylene oxide to be reacted is then fed
into the reactor in an initial, relatively small amount,
generally less than 10% of the total expected charge of

30 alkylene oxide. Enough alkylene oxide may be added, for
example, to return the pressure in the reactor to
atmospheric pressure. PFollowing this initial addition
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an equi val ent wei ght of preferably fromI00 Da to 500 Da. Since the

equi val ent weights of these oligoneric initiators is relatively |low, the
base catal yzed oxy- al kyl ati on does not result in an appreci able anmpunt of
30 unsaturation. The oligoneric initiators may be prepared in the presence
of “other catalysts, as well. It has been unexpectedly discovered, however,
WO 97/ 23544 PC FaEP9WXH768 -12 that when EA-DMC catal ysts e Pb%sl,dazed to
prepare pol yo¥Pa&3Ptene pol yet her pol yols, that |ower nol ecular  wei ght
initiators may often be used wi thout exceptional- |y |long induction periods
and wi thout catalyst deactiva 5 tion at |ow catal yst |evels. For exanple,
tripropylene glycol, an initiator nol ecul e-Yavi ng an equi val ent wei ght of
only 96 Da, nay be used to prepare pol yoxy- al kyl ene polyols at catalyst

| evel s of 15 ppmor less when high activity catal ysts accordin %o {he
subj ect 10 inventi Of AAEYERPE oFEHe nthfenEFRAtoR "isﬁ?‘f?agﬁr ¢ ?e R ators
are added to the pabpoxysedky| @t isaddenade@reaseolinopFegsusie R thReT®2%UI r ed
I evel of DMC catal yshyi Sea0800ny Hiacteshabs then@kyienel uxided inGicatsne or
more of the initia 1?‘ fors to form sler hatch., {e@h.10 additigRafo the
oxyal kyl ati on react §P2Fo Tt eS8t s%te 8% messtr 2t he - anpunt -of JGatalyst
added, or may bt s| @ikviene rpxide,gpa; Fhép Kf AEdeds ERS fate of 2 +°

N- met hyl pyr ol | i done pelif® adepemientt fendraddy whi the idegeasi ¢f heagpyedeYdom t he

product 20 during stpiLpphig SHenudr faa R 13lkyl £ 0%0dei irddienendread the

oxyal kyl ation reaction, or r erveqS?durl ng.the. iolLiAl RUEILDIvRELHE:
reactor. The reactofr%sgﬁﬁegﬁqq % frielalcg Wi TR g%/i%t‘tagogen? gusjpect ed to
vacuum agitation, which has also been found o assist 1n

10 lowering polyol viscosity. Alkylene oxide continues to
be added to the reactor until the desired molecular
weight product has been obtained. During the course of
the alkylene oxide addition, the alkylene oxide composi-
tion may be changed from its initial composition to a

15 second, third, or fourth composition during the course
of the oxyalkylation, provided that the alkylene oxide
composition in the reactor does not change toO one
containing substantially all ethylene oxide, otherwise
a polyol containing homopolyoxyethylene moieties may be

20 produced.'

The EA-double metal cyanide complex catalysts
suitable for use in the subject invention have polymer-
ization activities equal to or greater than those
providing a reaction rate of about 3g propylene oxide

25 per minute at a catalyst concentration of 100 ppm,
measured at 105°C and 10 psig propylene oxide pressure.
It is convenient to express catalyst activity in terms
of propylene oxide polymerization as propylene oxide is
the most widely used of the alkylene oxides and is
30 readily available. The level of 100 ppm, this amount
based on final product weight, is chosen to obtain a
reaction rate which is sufficiently rapid under labora-
tory conditions to provide a ready measure of reaction



refilled with nitrogen, and again subjected to vacuumto 25 renove air and
traces of noisture which mght be pres- ent. The al kyl ene oxide to be
reacted is then fed into the reactor in an initial, relatively small
anount, generally less than 10% of the total expected charge of 30

al kyl ene oxi de. Enough al kyl ene oxi de may be added, for exanple, to return
the pressure in the reactor to atnospheric pressure. Following this
initial addi VPSHSMY 91/ 23544 PCT/ EP96/ 05708 -13 of al ky[PEREPYLSHE  t he
reactor pressure is carefully nonitored. A sudden decrease in pressure in
the reac- tor, caused by reaction of the al kyl ene oxide, indicates that
the catal yst has been activated. Additiona4-5 al kyl ene oxi de can then be
added, the rate of addition being dependent generally on the degree of
heat renoval possible with a particular reactor configuration. Heat
transfer from theraeagtamh alsoftariprovatiec eptalgor devel aghici ienlesshi ch has

al so been found t%uﬂédbéiblé‘éé’$£¥!HéﬂaﬂspQEYQEa¥h§€H§ﬁéyofA%E?£€ﬂﬁxOX'de

continues to be added;to .t eactor ug& é sired .ol ecu wei ght

product has been GBF& PRy °DSF‘P F é“(ﬂ(i't eé‘h'eeﬁ‘k‘i"ﬂ’e '

addi tion, the al k§reed. oxThe @snpesatmtq orf BB “Ise i(ﬂ\aﬂmnf ragm ditt ste niti al

conposi t i on to a i;5rﬁ£13&!&ilpekbtﬁﬁb & whohtdky1KpRat Lo ader cofdids- cour se

of the oxyal kyl at !"ﬁ dfied et Bt 16%? kyl Eggdoag chngQsE A‘%n in the
an | g su

reactor does not C 0 oné copta stanti a ene

o de. ot herw oe BACHEIBRASROR HPAE (L TRAD S0Py BRPER LTS o FETF LSy

20 produced. The BA-safshlfornpropykgnenicadde onadkydatidry.st $he reactor
used to measure catalyst activity should be a stainless

10 steel or other essentially passive metal autoclave dr
one having an inert 1lining of, e.g. glass, ceramic,
Teflon®, or the like. The autoclave and its associated
connecting lines, entry ports, sealing gaskets, stirring
devices, etc., should be thoroughly cleaned by customary

15 procedures prior to measurement of catalyst activity.

Catalyst activity is measured by oxypropyla-
tion of 70g of a 700 Da number average molecular weight,
glycerine initiated polyoxypropylene triol at 105° with
an amount of catalyst sufficient to provide 100 ppm

20 catalyst in the polyol product, assuming the product
polyol to have & molecular weight of 6000 Da. A more
detailed description of catalyst activity measurement is
presented in Example 7 herein.

The catalyst activity is the rate of propylene

25 oxide polymerization in .grams of propylene oxide per
minute as determined by the maximum slope of a plot of
grams of . propylene oxide consumed (g PO} versus time

over the essentially linear portion of the plot follow-

ing the induction period, i.e. the maximum slope, or

30 d(gP0)/dt. An example of a plot is given in Figure 1,
where the activity of the catalyst to which the plot
corresponds to approximately 28g PO/min. The catalyst



surtable Tor use in the subject Tnvention have polymer- 1zatton activities
equal to or greater than those providing a reaction rate of about 5g
propyl ene oxide 25 per minute at a catalyst concentration of 100 ppm
nmeasured at 105" C and 10 psi g:propyl ene oxide pressure. It is convenient
to express catal yst activity in terns of propyl ene oxide polynerization as
propyl ene oxide is the nost wi dely used of the al kyl ene ox] s 30
readi |y avai | aBY®972¥4& |evel of 100 ppm this anpunt baseﬁ%ﬁ?ﬁ]}gﬂf
product weight, is chosen to obtain a reaction rate which is sufficiently
rapid under | abora- tory conditions to provide a ready neasure of reaction
WO 97/ 13544 PGT/ EP96/ 05708 -14 rate, and at¥o to provi de a catal yst | evel
which is less susceptible to variations in neasurenent of reaction rate
due to inpurities which mght be routi,nel¥ encoun; tered. T tgﬁrgelroature
of 105C i s chosen a®ctdvisySwussr e minefaLi il fePU™Whi &R %%Eﬁrﬁ ti'ohs are
conduct - ed. A pressuw/aiafod Gegrel, gand issetessratiivs 20g BOLwHY O gi@mr-
pressure well within the range normally regarded as safe for propyl ene
oxi de oxyal kylation. The reac}.or ) asur.e . st | M4 Y, oul d
be a stainless 10 steel or oth&r %%sagg'ts%gl F‘E %ggsis\gxgsrgr%?aﬁngﬁ%gl\(ﬁ&ava%
one having an inert BEeAPREPHY  thergalil 8tabie Gt Ystter | &Y, oref?ﬁ;%% ke.
The autocl ave and itstab3dedcicatellystonsedtsany |4 neatakytr ywhifh sTes4i8 ng
gas kets, dst i rring dg\eGeSentt Eataﬁﬁ?.%' dad@tlavtibpr @itg i empelratuees biyighest omary
procedures prior to Ur ement at t ! 1 ow @S ivity
I S nmeasured by oxyprtdwrgfgtﬁ[ 8 %?t%ﬁgo?g%é’%gg%%% é’?waver%ggiﬁﬁcul ar
wei ght, glycerine insliatavedtpdihporppsbpyPe e figished \palygryptkylene

polyether product such that a 2000 Da equivalent weight

10 polyoxyalkylene polyether product may be obtained before
the catalyst activity falls to 50% or more of the
catalytic activity measured following the induction
period. The activity may be measured by determining the
instantaneous weight of propylene oxide or other alkyl-

15 ene oxide being fed to the reactor at constant pressure.
The temperature at which the catalyst ceases to be
thermally stable is at least 120°C, preferably at least
125°'C, more preferably at least 130°C, yet more prefera-
bly 145°C, and most preferably at least 150-160°C.

20 The amounts of EA-DMC catalyst useful herein
may range from less than 1 ppm to about 15 ppm based on
the weight of the polyol product, preferably 5 ppm to 15
ppm, and most preferably about 5 ppm to 10 ppm. At
concentrations of 15 ppm or less, the resulting polyol

25 product is "substantially transition metal free," e.g.
contains less than about 3.5 ppm Zn and 1.6 ppm Co,
respectively, for a total transition metal content of
about 5 ppm. »Substantially transition metal £free"
indicates that the total of all transition metals

30 derived from the double metal cyanide complex catalyst
is below about 8 ppm, preferably below about 5 ppm, and
most preferably below about 3 ppm.
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an anount of catalyst sufficient to provide 100 ppm 20 catalyst in the

pol yol product, assum ng the product polyol to have a nol ecul ar wei ght of
6000 Da. A nore detailed description of catalyst activity nmeasurenent is
presented in Exanple 7 herein. The catalyst activity is the rate of

propyl ene 25 oxide polynerization in -grans of propylene oxide per mnute
as determ ned by the maxi num sl ope of a plot of grans of. propyl ene oxide
consuned (g % Mus time over the essentially |inear PEVEFIMSTOF t he
plot follow ing the induction period, i.e. the maxi mum sl ope, or 30
d(gPO/dt. An exanple of a plot is given in Figure 1, where the activity
of the catalyst to which the plot correspggds to approximately 28g PO mn.
The catal yst WD 97123544 PCr/ EP96/ 05708 -15 activity nust be mnimally 5 g
PO'rain, is preferably log PO mn or nore, and is preferably 20g PO mn or
higher. The catalysts of tbeuslthjmstiali oyenidercapeupds’ esetdly inhengal |y

stable catalysts. BedBaTahbens Athien SIS obS aRa0k: AARLALYS!

which retains suf CI ent catalytic activit erat ures hi t han
120C at catalyst CBR&EneAIF ) ¥REGF P Le 5“‘35‘?'& Fanifde\iatty tH’Be\A/el ght
of the finished povatery@olybbeenepal yether prefduablysubhst ke sgee®al Da
Eq]lgl val em} wels?hlt ﬁ&maqu?(ql Fyﬁena;ml goetilgersd%edaet £FBM l@ﬁfof&ehped
activity niaifﬁridy?%ﬂﬂaﬁ‘tﬁ*‘é 85 Bk iy ) §§ e I T
nmeasured by deter i¥hiIdd rt R ‘q)rrst"&ﬂ%bodf‘?( P gh¥e 01 )pr BT BN Ve or
ot her al kyl 15 eneVv@M)deSbéInhy WdAV) o WWI)r,eau(DI) atancoQs{ BIX ). pMes&Ur €.
The tenperature atpyd¥erRAbips %3 dlellect@SEfor X HRE group consisting of
10 Zn{Ix), Pe{II), Co(II), and Ni(IXI). In the formula, X
is preferably an anion selected from the group consist-
ing of halide, hydroxide, sulfate, carbonate, cyanide,
oxalate, thiocyanate, isocyanate, isothiocyanate,
carboxylate, and nitrate. The value of n is from 1 to
15 6 and satisfies the valency state of M. Examples of
suitable metal salts include, but are not limited to,
zinc chloride, zinc bromide, zinc acetate, zinc ace-
tonylacetate, zinc benzoate, =zinc nitrate, iron(II)
sulfate, iron(II) bromide, cobalt(IX) chloride, co-
20 balt (1Y) thiocyanate, nickel{(II) formate, nickel(II)
nitrate, and the like, and mixtures thereof.

The water-soluble metal cyanide salts used to
make the double metal cyanide compounds useful in the
invention preferably have the general formula

25 (Y)M'(CN),(A). in which M' is selected from the group
consisting of Fe(XI), Fe(III), Co{II), Co(III), Cr(II),
Cr(Irij, Mn(II), Mn(III), Ir(III), Ni(IXI), Rh(III),
Ru(IIl), V(IV), and V(V). More preferably, M' is selected
from the group consisting of Co{(II), Co(III), Fe(II),

30 Pe(III), Cr(III), Ir(III), and Ni(II). 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
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thermally stable is at |east 120C, preferably at |east 125C, nore
preferably at |east 130C, yet nore prefera- bly 145C, and nost preferably
at. | east 150-160C. 20 The anounts of EA-DMC catal yst useful herein may
range fromless than | ppmto about 15 ppm based on the weight of the
pol yol product, preferably 5 ppmto 15 ppm and nost preferably about 5
ppmto 10 ppm At gncentrations of 15 ppmor less, the reggylebbdtdgo! Yol
25 product is ntially transition nmetal free," e.g. contains |ess
t han about 3.5 ppm Zn and 1.6 ppm Co, respectively, for a total transition
metal content of about 5 ppm "Substantially transition netal free"

I ndicates that the total of all transition tals 30 derived fromthe
doubl e nmetal cyanide conplex catalyst is below about 8 ppm preferabl y

bel ow about 5 ppm and nost preferahly, bel qw about 7

PCT/ EP96/ 05708 - 16 tPBHE Hﬁg‘éﬂ’ W&r‘r?gt\n% Bﬁﬁt‘g g,e,gp?myg) % 24 ] n\/ent i on
are the reaction predubdsatd, acymtide,socxadpte, wébaPcmattean(}S&‘CYanate'
wat er - sol ubl e net al 1§M€Hiz§l@a§ﬁltb J8voiylate; Sahdibli@ raeeal Betht apaed ér abl y

has th | 5 f , dqf
consi sting of aZn(I | e fﬁ%&w srfayet FW- é&“ﬁ.ﬁ?ﬁ’:sﬁgﬁ o8, 8 g‘w"
Fe(111), M(1V)3 I\/be‘Pf‘JNPFII‘) Ry vind" G | 15 de pé')
cu(l1), and O (111) Sulilbaple p«aabeﬁa@lqblelvmesaée‘tmm sRbYs tinc1lya8y

consisting of 10 Zn@kk) nofef ididtedCrbl, | bot 86k M (Hexacyhfioddtea ftateykar §, is
preferably an anion sg%ect‘m? fheggé%g&gp&rrgggeggﬁl stpotaggng; rg,@lxhggano_

hydr oxi de, sul fate, oxal ate ]9 S anat e,
i sot hi ocyanat e, carfBSX?F%lfJéII)an&aﬁFiLF’&t Eexalef?é“’\?gf’&éi'b?yﬂrﬁgf r(L)L gﬁy

10 hexacyanoiridate(III), and the like.

Examples of double metal cyanide compounds
that can be used in the invention include, for example,
zinc hexacyanocobaltate{III), zinc hexacyanoferrate(III)
and the like. Further examples of suitable double metal

15 cyanide compounds are 1listed in U.S. Patent No.
5,158,922, the teachings of which are incorporated
herein by reference.

The solid DMC catalysts of the invention

include an organic complexing agent. Generally, the

20 complexing agent must be relatively soluble in water.
Suitable complexing agents are those commonly known in

the art, as taught, for example, in U.S. Patent No.
5,158,922. The complexing aqgent is added either during

) preparation or immediately following precipitation of
25 the._catalyst, preferably dissolved in the same solu-
tion(s). as either or both of the metal salts used to

form the double metal cyanide. Usually, an excess
amount of the complexing agent is used. Preferred
complexing agents are water-soluble heteroatom-contain-

30 ing organic compounds that can complex with the double
metal cyanide compound. Suitable complexing agents
include, but are not limited to, alcohols, aldehydes,



15 6. and satisfies the valency state of M Exanples of suitable netal
salts include, but are not limted to, =zinc chloride, zinc bromde, zinc
acetate, zinc ace- tonylacetate, zinc benzoate, zinc nitrate, iron(ll)

sul fate, iron(ll) bromde, cobalt(ll) chloride, co 20 balt(Il) thiocyanate,
nickel (11) formate, nickel (11) nitrate, and the like, and m xtures

t hereof. The water-soluble netal cyanide salts used to nake the double
metal cyani d&CBMMBUnds useful in the invention preferaflCIER¥ASTOB o
general formula 25 (Y)IM(CN)a(A)Cin which M is selected fromthe group
consisting of Fe(ll1), Fe(lll), Co(ll), Co(lll), Cr(ll), Cr(lll), M(ll),
ML), Tre(lIl)-, Ni(lE), RA(ITT), Ru(lkig., V(1V), and V(V). Mre
preferably, M is selected fromthe group consisting of Co(ll), Co(lll),
Fe(l1l1), 30 Fe(lll), C(l11), Ir(lll), and Ni(ll). The water- soluble netal
cyani de salt can kstiohasp oOethexs,nDestefs, t hesiclespt ahsead,n tdi&rﬁ.méﬂ‘,ul a, Yis

an al kali netal iQ7¢iQegal gﬁélafx gsh ggg.ggfl ONprbedsred) 9Bx $64 ect ed
... - ter- .. V\097/'2354 1‘1?2P96/05 08 rou

coh3| sting of hal3¥gRt Bhﬁﬁ”ox‘fad? sofpede 2 at’é"“g'?;ﬁ ate,
t hi ocyanat e, i sodirematke grioupt W@é-}ﬂaﬂageof G&hmlﬁ dsepropyl nﬂ-s—'omle,. Both a
and b are ist egef.a:ugwaheéohdsmn DdoAtyal alleoflol | heeswtel aheohorhar ges of

a, b, and c bala bg 601081803111 2ePULLAYIC o¥BbEST 0Bk EnSEf @

cyanide salts inc are not | m t

SSi U
hexacyanocobal tatjt?( I‘F‘H P‘Eﬁﬁe&?ﬁ’u aﬁB‘F@r&i‘t"@( 1398DE80tRAYs | R
hexacyano- ferr atteied) ol:qd!mcunpmm:ﬂym@qeban'at e(l1ll), lithium 10
hexacyanoiridate(ll1), and the |iKke.

The solid DMC catalysts of the invention
10 preferably include from about 5 to about 80 wt.% of a
polyether polyocl. Some or all of the hydroxyl groups of
the polyether polyol may be tertiary hydroxyl groups.
Preferred catalysts include from about 10 to about 70
wt.% of the polyether polyol; most preferred catalysts
15 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 with a catalyst made in the absence of the
polyether polyol. Catalysts that contain more <than
20 about 80 wt.% of the polyether polyol are generally no
hnre active, and they are impractical to isolate and use
because they are typically sticky pastes rather than
powdery solids. Polyether polyols suitable for use in
making the catalysts of the invention preferably have at
25 least some tertiary hydroxyl groups. Preferred poly-
ether polyols have at least 5 mol percent tertiary
hydroxyl groups; more preferred are polyols that have at
least about 20 mol percent tertiary hydroxyl groups.
Such groups may be introduced by terminating the oxy-
30 alkylation with isobutylene oxide or mixtures of alkyl-
ene oxides contalning isobutylene oxide during prepara-

tion of the polyol.
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Exanples of double nmetal cyanide conpounds that can be uUsed rn the
i nvention include, for exanple, zinc hexacyanocobaltate(lll), zinc
hexacyanoferdate(l11) and the |ike. Further exanples of suitable double
metal 15 cyani de compounds are listed in U S. Patent No. 5,158,922, the
teachi ngs of which are incorporated herein by reference. The solid DMC

catalysts of the invention include an organic conpl exing ag_(%nt. Ceneral ly,
the 20 conpl e¥ofF?¥ent nust be relatively soluble in wat &F7ESHTHDI e

conpl exi ng agents are those commonly known in the art, as taught, for
exanple, in U S Patent No. 5,158,922. The conpl exi ng agent is added
either during preparation or immedi ately fabB{owi ng precipitation of 25
the.-catal yst, preferably dissolved in the same solu- tion(s) as either or
both of the nmetal salts. used to formthe double netal cyanide. usually,
an excess anount of the conphexpolycigensed sinidde. cprakvatsegan adi ng
agents are water- Sowgéx?yb :&%&%&9@& XBe668] aipd13Et her) polgabs aadenpp uniog-t hat
oubl e

can conplex with the l,de. g0 ad. bl S e2Xi NG
agents incl ude, buf"’?t‘f”em'ﬁotpolrIE'Irhnng‘ieéd%t%%,h a?%oh Ilsﬂgalegéeﬂé;%eé?e% 7/.33344
PCP/ 8P96R 5708 - 18°oketeMftsy, ‘tfabydrefiians) SaPdRe UEFdas, TH (79104

sul fides, and nixtuces bhemade. bpr @nhyr meghednpf e FRHHLY Bentacig-e Pase,
Wa:]er - |50| uble ali Phélt:bi;%ﬁ}@&ml %a&ﬁh.lﬁﬁﬁ)ed ‘felfﬁﬁ]a&'be hgﬂou*)yl lboqlsilliisi rag:egf |
et hanol , isopropyl alcoho n- ohgl s I aal SRk, ybut y
al cohol, and tert-Sﬁf'wmaﬁnctgﬁolggféfl??%ﬁt 9? eﬂné%ﬁglﬁ Zout anqlb% é?g nost
preferred. These coMPREReTERfFedfs ERbdy FDsELFNEe T FANi 8'83‘%15 BARG

agents." of the cyclic ether. Cyclic ethers useful for introduc-
10 ing tertiary hydroxyl groups include, for example,
isobutylene oxide, 1,1,2-trimethylethylene oxide,
1,1,2,2,-tetramethylethylene oxide, and the like. For
example, one polyether polyol suitable for use in making
the catalysts of the invention is prepared by making a
15 polyoxypropylene polyol using double metal cyanide
catalysis, and then adding iscbutylene oxide to cap the
polyol and convert some or most of the terminal hydroxyl
groups from primary or secondary hydroxyl groups to
tertiary hydroxyl groups.

20 Suitable polyether polyols include those in
which tertiary hydroxyl group content is introduced by
including a lactcone monomer in which the carbon a- to
the lactone oxygen is fully substituted. Thus, for
example, a suitable polyol for use in the invention is

25 made by reacting a polyoxypropylene polyol with €,é-
dimethyl-€-caprolactone to cap the polyol and give a
product in which at least some of the terminal hydroxyl
groups are tertiary hydroxyl groups.

Preferred polyether polyols for making the

30 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
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The solid DMC catal ysts of the invention 10 preferably include from about
5 to about 80 wt. % of a polyether polyol. Sone or all of the hydroxyl
groups of the polyether polyol may be tertiary hydroxyl groups. Preferred
catal ysts include fromabout 10 to about 70 w. % of the pol yether polyol;
nost preferred catal ysts 15 include fromabout 15 to about 60 wt. % of the
pol yether polyol. At |east about 5 wt.% of the polyether polyol is needed
to signifi cant V”ﬁfbrove the catal yst activity conpared V\ﬁ%’ﬁ%ﬂ?% al yst
made in the absence of the polyether polyol. Catalysts that contain nore
than 20 about 80 wt.% of the polyether polyol are generally no nore
active, and they are inpractical to isol at-20-and use because they are
typically sticky pastes rather than powdery solids. Polyether polyols
suitable for use in making the catalysts of the invention preferably have

at 25 | east sone tenafezrbly\Ercsk§Pogk APSsto mhants FREO poMpst aarrfergshyol s
have at |east 5 ndrepgyciyeitheer dialy ahgdteiyls ghawirsy mimbeerprafeataged are

pol yol s that have n%leckﬁ t b 20£ P g%ggntlé@dt%%r y?_gg,]gl{ 0X\lgg9r oups.
a

Such groups may be 1'ntroduce erm nating the ox ation with
LR

i sobutyl ene oxi de RATHHFRLAFLY BFeLanred. POIXEERET cROLY S i PIYOHITY| ene
oxi de during frepa@pyleva diokshandokyidls WRLPEA2 934N £33 BRPRT03769 - 109-

The polyol s used is {éshR3hahySbrid@nuhetdnderhbye apylyeld ahterarabhod.

Pol yet her pol yols ,pgqge y - ni I ' t'ﬂ% C L& et hers
(epoxi des, oxet anes, tagt %é%%r%?grga%g &(?;ﬁ)éggihégd# %960?55%‘?555 5 can be
made by any nethod of catalysis (acid, base, coordination catalyst).

Tertiary hydroxyl groups arwhen the catalyst contains a polyether polyol,
both an organic complexing agent and the polyether
10 polyol are required as complexing agents in the double
metal cyanide complex 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
15 of the polyether polyocl. However, the organic complex-
ing agent is also needed: a catalyst made in the
presence of the polyether polyol, but without an organic
complexing agent will not polymerize epoxides.

It was surprisingly found that the use of

20 polyether polyol having tertiary hydroxyl groups further

improves the catalyst compared with catalysts made with

an organic complexing agent and a polyether polyol that

does not have tertiary hydroxyl groups. These catalysts

have exceptionally high activity for polymerizing

25 epoxides, and they can be used to make polyols having

very low unsaturations even at relatively high epoxide
polymerization temperatures.

The method of preparing EA-DMC catalysts

useful in the subject invention comprises preparing a

30 solid DMC catalyst in the presence of an organic com-
plexing agent and preferably also in the presence of a
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conveni ently i ntroduced, by including a cyclic ether nonomer that—s fulty
substituted at the a-carbon atom of the cyclic ether. Cyclic ethers useful
for introduc 10 ing tertiary hydroxyl groups include, for exanple,

| sobutyl ene oxide, 1,1,2-trimethylethylene oxide,
1,1,2,2,-tetranet hyl et hyl ene oxide, and the |like. For exanple, one

pol yet her poly, .table for use in naking the catalysts e_invention
i's prepared byahg%#%%?a 15 pol yoxypropyl ene pol yol using dggganﬁgpﬁl
cyanide catalysis, and then adding isobutyl ene oxide to cap the polyol
and convert sone or nost of the term nal hydroxyl groups fromprimary or
secondary hydroxyl groups to tertiary hydr@kyl groups. 20 Suitable

pol yet her polyols include those in which tertiary hydroxyl group content
I's introduced by inc|udi i n which the carbon a- to

ng a %gctone nononer
the | actone oxygen P81¥?ﬁn%% BRHERT tHhRE ™ Sh REeEFERP L GanReDS stk ivzH| o
pol yol for use in thedrexmntgxavrss 2RAqmedash\solagionnged polmedatprsapyl ene
polyol with e, e- di (@kdeds)Eanapi aler@lospat i d3R1therd daneansy didang

product in which at 0 f [ i . y
tertiary hydro§yl gF%ﬁqgéF re é?r%ﬂi?ﬁ%i&tﬁggkﬁ%¥q%ﬁé&%@?g%gﬁfﬁb%?%gf 30
catal ysts have >aver S HEExyt - T uridt i RePPEPREZ S0 MRdABE U™ 2X /D B eSand

nunber average nol eerderrofivtinghprgamic dompil heinqaragensf aadotbe 2891 teshabout

18, oooéo(r)rgr erv\o 97! gSbyh REdh RRROAREYES is- dBed) e&ﬁé%&l}&é{t‘h@ﬁ‘ gons1 260 to
about : st pr a ol:yet per SO TTo | ugber
average nol ecul ar @%?ﬂﬁﬁgl?rggfgb%ﬁtLgosgg%gia%out‘%588.%°P %F?gﬁ aEFy

pr eferred pOI yet hers dy(HMé: ﬁPEaJpYﬂtth contains from about 5 to about
10 80 wt.% of the polyether polyol. .

In a typical method, aqueous solutions of a
metal salt (such as zinc chloride) and a metal cyanide
salt (such as potassium hexacyanocobaltate) are first
reacted in the presence of an organic complexing agent

15 (such as t-butanol) using efficient mixing to produce a
catalyst slurry. The mixing is preferably high shear
mixing using mixing devices such as homogenizers. The
metal salt is used in excess. The catalyst slurry
contains the reaction product of the metal salt and

20 metal cyanide salt, which is the double metal cyanide
compound. Also present are excess metal salt, water,
and organic complexing agent; each is incorporated to
some extent in the catalyst structure.

The organic complexing agent can be included

25 with either or both of the aqueocus salt solutions, or it
can be added to the catalyst slurry immediately follow-

ing preparation of the DMC compound. It is generally
preferred to premix the complexing agent with either
aqueous solution, or both, before the combining the

30 reactants. If the complexing agent is added to the
catalyst precipitate instead, then the reaction mixture
should be mixed efficiently with a homogenizer or a
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"S5 propylene diols and triols capped with fromabout 1 to 5 isobutylene
oxi de units. These polyols preferably have at |east about 20% of tertiary
hydroxyl groups. Wen the catal yst contains a polyether polyol, both an
organi ¢ conpl exi ng agent and the polyether 10 polyol are required as
conpl exi ng agents in the double netal cyanide conplex catalyst. Including
the polyether polyol in addition to the organic conpl exi ng agent enhances
activity of WRAT@MHa| yst conpared with the activity of BRCUEFRGPOEH8 cat al yst
prepared in the absence 15 of the pol yether polyol. However, the organic
conpl ex- ing agent is also needed: a catalyst nmade in the presence of the
pol yet her polyol, but w thout an organic -2enpl exi ng agent will not
pol ynmeri ze epoxides. It was surprisingly found that the use of 20
pol yet her polyol having tertiary hydroxyl groups further  inproves the-
cat al yst conpar ed bigbhskear|stdrserntie pFedpcesFher §RAE caebir Samy ofgent and
a pol yether pol yolthehsstalls#s nahehaiifih@réf ahe metadxyphlyr anpmetBiese

catalysts have eéggméwra%'%gysé(}}m]oagtgeaé&aw{.rméleggvsﬂca 09 mohedRRQxi des,
Fes®~

and they can be us 0 N ol s having ve aturations even at
relatively high ep8xPHRVayss §EBP¥§%‘E‘F8n e ﬁﬁpﬁ %'rret hod of
preparing EA-DMC catal ysts useful in the subject invention conprises
preparing a $0 solid DVC cmeal gstalydtt hauries efdiuekd amsor gegtibedm

plexing agent andaReed GlagPhy dnifined ¢1kh BAE HIGRLAL: Hatlo?] r-
PCT/ EP96/ 6708 -39 pol'yét her po yoP Lhat no gfeger3ﬁ¥§>cén alns tertiary
hydroxyl groups. ABL¥oS8esdtayiPrgnLaFtiarePERArQETY g’("@'l&%ss) TaH8 3enet al
cyani de salt are preféxablyydedeiurjng low-shear mixing to avoid thicken-

ing or coagulation of the reaction mixture. The poly-

10 ether-containing catalyst is then usually isolated from
the catalyst slurry by any convenient means, such as
filtration, centrifugation, decanting, or the like.

The isolated solid catalyst is preferably

washed with an agqueous solution that contains additional

15 organic complexing agent. Washing is generally accom-
.plished by reslurrying the catalyst in the agueous
solution of organic complexing agent, followed by a
catalyst isolation step. The washing step removes
impurities that can render the catalyst inactive if they

20 are not removed. Preferably, the amount of organic
complexing agent used in this 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

25 amount of polyether polyol in the wash solution is
preferably within the range of about 0.5 to about 8
wt.%.

Wwhile a single washing step suffices, it is

generally preferred to wash the catalyst more than once.

30 The subsequent wash can be a repeat of the first wash.
Preférably, the subsequent wash is non-agqueous, i.e. it
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the nmetal salt and netal cyanide salt under high shear 5 condrtions, T e:

I n a honogeni zer, and/or in the pres- ence of the organic conpl exi ng agent
and the polyether polyol when the latter is used. The pol yether polyol is
preferably used in an anount sufficient to produce a solid DMC catal yst
that contains fromabout 5 to about 10 80 wt.% of the pol yether polyol. In
a typical nmethod, aqueous solutions of a netal salt (such as zinc
chloride) and ¥ cyanide salt (such as potassi um hexd&4TS¢EHHI t at e)
are first reacted in the presence of an organic conpl exi ng agent 15 (such
as t-butanol) using efficient mxing to produce a catalyst slurry. The
mxing is preferably high shear m xing using3m xi ng devi ces such as
honogeni zers. The nmetal salt is used in excess. The catalyst slurry
contains the reaction product of the netal salt and 20 nmetal cyanide salt,
which is the doubl e #BEhpdes) RilHctbE OFFERHE. CORPIE*pPEsIFRANGPE B XBEIIRet al
salt, water, and orgfintbe corgarexi rgmplexring eaEnt] andneolpeths e dpdlyoclsone
extent in the catal ygke &1 UREUlGtalPst OMEAN KeertOMPASRELIY fPCNE CRdLA8y
included 25 with either or both of the agueous salt solutigns, _or_Jjt . can
be added to the cataPyete&He %P i%?bd’rtat_g’l’ T oV O™ i'ffb“;'re ETHISF t he
DMC conpound. 1t5is geaehed Bycopsedndr wed9h®- premi x the conpl exi ng agent
with either aqueous solution, or both, before the conbining the 30

reactants. If the conplexing ghed che SARY 4l thSuuctal 8k %ile PESSdY bate
instead, then the reaction mxture should belmé glrefof|%| ent a\getcp a
honogeni zer or a V\D%Z"é’%’ﬂﬁcg(#)%f)%iﬁ% pol¥5 EI gl‘F2 slﬁ'eér gf%‘?rer tb3
produce the nost actP¥¥akkylgtdhg a suitably hydric oxyalkylatable initia-
tor, other monomers that will copolymerize with an
10 epoxide in the presence of a DMC compound can be includ-
ed in the process of the invention to make other types
of epoxide polymers. Any of the copolymers known in the
art made using conventional DMC catalysts can be made
with the process of the invention. For example, epox-
15 ides copolymerize with oxetanes as taught in U.S. Patent
Nos. 3,278,457 and 3,404,109 to give polyethers, or with
anhydrides as taught in U.S. Patent Nos. 5,145,883 and
3,538,043 to give polyester or polyetherester polyols.
The preparation of polyether, polyester, and polyether-
20 ester 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, 3,941,845, 3,900,518,
3,538,043, 3,404,109, 3,278,458, and 3,278,457. The
teachings of these U.S. patents related to polyol
25 synthesis using DMC catalysts are incorporated herein by
reference in their entirety.

Polyether polyols made with the catalysts of
the invention preferably have average hydroxyl function-
alities from about 2 to 8, more preferably from about 2

30 to 6, and most preferably from about 2 to 3. The poly-
ols preferably have number average molecular weights
within the range of about 500 Da to about 50,000 Da. A
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the catalyst. The mixing of the netal salt and netal cyani de salt
solutions preferably takes place at nodest- |y elevated tenperature, for
exanpl e 40-50C. 5 The catal yst slurry produced as descri bed above nay be
conbi ned with the pol yether polyol, prefer- ably one having tertiary
hydroxyl groups. This is preferably done using | owshear mxing to avoid
t hi cken- ing_or coagul ation of the reaction m xture. The poly 10

et her - cont ai ﬁg”é&‘tgal yst is then usually isolated from ROTEPeSHSY St
slurry by any conveni ent neans, such as filtration, centrifugation,
decanting, or the like. The isolated solid catalyst is preferably washed
W th an aqueous sol ution that contains addi24i onal 15 organic conpl exi ng
agent. Washing is generally accom plished by reslurrying the catalyst in
t he agueous solution of organic conpl exing agent, followed by a catalyst
i sol ation step. THeoxgsrafgrsedprangeves fromuaboutesl (008t Dearta etdae t he
catal yst inactive if,dotepa?Omedte pretereed@Viad ther ehfde ¥rom hbSua0Yeh Of

organi c conpl exi e ' IS solutjion i.s wthi t he
range of about 40”\% %Og/o ?%o%%?&to'o%ﬁ%',\k . %Qﬂgfﬁéntaﬁgggﬁ%ﬁ &P T grf’ﬂcl ude
sone pol yether pol3d 3% §he?> 988 88s oXohighen. oprefeyably d8RPI BRi K9 agent .
The 25 anount Sof patOPeDBer polyol in the wash solution is preferably
within the range of about 0.5 to about 8 wt.% Wile a single washing step
suffices, it is generally preferred.to wash the catal ysf. nore than once.
30 The subsequent wash can "E'ée agﬁlé‘ﬁgéf’go?x%ef’i @Feg\lﬁshil‘ﬁ%f’awﬁ, t he
subsequent wash i stY&HragDeoTRose . skillednin hye 3544713 £ECOMH 567080y - 23
variations that are within the spirit of the invention

and scope of the claims. -

10 Example 1

Preparation Of A Bolid EA-DNC Catalyst Containing
t-Butapol and an Isobutylene Oxide-Capped 4K mol.
POlYOx spe Diol as Complexing Agents

rt

B Lol

Potassium hexacyanocobaltate (8.0g) is dis-

15 solved in deionized (DI) water (140 mL) in a beaker

(Solution 1). zinc_chloride {25g) 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), t-butanol (2 mlL, organic complexing agent), and

20 Polyol W (8g). Polyol W is made by preparing a 4000

mol. wt. polyoxypropylene diol using double metal

cyanide catalysis, and then endcapping it with from 1 to

5 equivalents per hydroxyl group of isocbutylene oxide
using the same DMC catalyst.

25 Solutions 1 and 2 are mixed together using a
homogenizer. Immediately a 50/50 (by volume)} mixture of
t-butanol and DI water (200 mL total) is added to the
zinc hexacyanocobaltate mixture, and the product is
homogenized for 10 min.
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includes only the organic conplexing agent or a mxture of tThe organic
conpl exi ng agent and pol yet her polyol. After the catalyst has been washed,
it.is usually preferred to dry it under vacuumuntil the catalyst 5
reaches a constant weight. Wile the preferred products of the process of

t he subject invention are pol yether polyols prepared by oxyal kylating a

suitably hydric o.yalkylatable initia- tor, other nononers %%@%ﬂ%&
copol yneri ze wiW¢? 2540 epoxide in the presence of a DMC co n be

includ- ed in the process of the invention to nmake other types of epoxide
pol ymers. Any of the copolyners -known in the art nade using conventi onal
DMC catal ysts can be made wth the process @f-the invention. For exanple,
epox 15 ides copolynerize with oxetanes as taught in U S. Patent Nos.
3,278,457 and 3, 404,109 to give goL et hers

nhy s t.aught
in U S Patent Nos. 5,145,883 5@tdtiQnsdg (5he PBX\%?Vé'aﬂfSMg ‘gr g7 mise
pol yet her est er pol yoksare) Tie aplldepatatthm agieud \sduhey o Eipeshexacyang-

gol yet Be& 2? ester p:&lo)SQi§aé§'S %Sdeﬁélt f\bml lﬁygﬂiﬂ%$%%h¥§1§a11§r ol |y
escri be of exanple n S

4,472,560, 3,941, 8492 5‘*@00%*1“8 "%"5’38 ‘64%‘1"?*%4 %‘g% ‘%"éé‘gt 8%““83
3,278, 457. The 1eacRi Age™oFiitREste taelabs: Ehe *Hdl8red to pol yol 25

synt hesis using DMC catal ysts are incorporated herein by reference in

their entirety. Polyether pol mhssamfcukmst bes hadrdledsis tobutah€l i(neention
preferably have avera X I alltles u nor e
preferably from aboufngg %‘éﬂd#’g % pre era F&;‘?romng%ﬂgbéze%&eg The
pol y- ol s preferablyfRaveo Rifoer “a\’iéi'awmfeeﬁl‘&?t%l( ROsTL )y 20
range of about 500 DaibpsabBbeolyéD, @00(2g3. ¥ added, and the mxturq Ls
10 stirred magnetically for 2 min. and filtered as de-
scribed above.

The solid cake is reslurried in t-butanol (200
mL) and is homoéenized for 10 min. Polyol W (lg) is
added, and the mixture is stirred magnetically for 2
15 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

10gq.

Elemental, thermogravimetric, and mass spec-
20 tral analyses of the solid catalyst show: polyol = 18.0
wt.%; t-butanocl = 9.0 wt.%; cobalt = 9.5 wt.%; zinc =

20.1 wt.%.

A similar procedure is used to make additional
catalysts that contain 23 and 50 wt.% of Polyol W,
25 respectively.

Example 2

Solution 1 is prepared by dissolving zinc
chloride (75 g) in t-butanol (50 mL) and distilled water
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WO 97123544 PCT/ EP96/ 05708 -24 nore preferred range is fromabout 1,000 Da
to about 12,000 Da; nost preferred is the range fromabout 1,000 Da to
about . 8, 000 Da. Equival ent weights may range from 250 Da to 25,000 Da or

hi gher, preferably 1000 Da to 5 6000 Da. The follow ng exanples nerely
illustrate the invention. Those skilled in the art will recognize nmany
variations that are within the spirit of the invention and scope of the
clainms. 10 &¥%2¥4preparation of A solid EA-DMC Cat al ystPCOERNASTENg
t-Butanol and an |sabutyl ene Oxi de-Capped 4K nol. w Polvoxvoronviene 2101
as COVMMLOMARS- AgOnt s Pot assi um hexacyanocobaltate (8.0g) is dis- 15 sol ved
in deionized (D) water (140 nL) in a beakgg. (Solution 1). Zinc chloride
(25g) is dissolved in DI water (40 nL) in a second beaker (Solution 2). A
third beaker contains Solution 3: a mxture of DI water (200 nl),
t-butanol (2 ni, O(Whm)coraailexhag ngdenpieparied BP lspoliNyg (REasskPol yol W

I s made by prepangP gg%ilegfe qugo pERpﬁk@ﬂf}fu&”gﬁﬁi%nQ%GQUble
ot val onte. ber ’éxyls bgﬁi} equn Ca*&%é‘né?o‘&’r’a’élg G§LHEW% (Zafl) DVC

equi val ents per
catal yst. 25 Sol utamhshstahblei watern( @ mldget her using a honobgeni zer.
| medi ately a 50/50 (by volune) m xture of t-butanol and DI water (200 niL

total) is addgd to the  zing,fiRKagyanonpbahidl el ghiieiof b Pygauct is

honogeni zed for 10 mn , T
P L A~ minutes with homogenization., Mixing by homogenization

continues for an additional 10 minutes. A stir bar is
added. Solution 3 is added, and the mixture is slowly
stirred magnetically for 3 minutes. The mixture "is
10 filtered under pressure at 40 psig. The filter cake is
reslurried in t-butanol (130 mL) and distilled water (55
mL), and the mixture is homogenized for 10 minutes. The
mixture is filtered as described before. The cake is
reslurried in neat t-butanol (185 mL), and is homoge-
15 ' nized for 10 minutes. The mixture if filtered, and the
cake dried under vacuum at 60°C. Yield: 8.6g. The
catalyst is used to polymerize propylene oxide as
described in Example 7. The rate of polymerization at
105°C and 10 psig at 100 ppm catalyst is 26.3 g PO/min.

20 Example 3

Preparation of Zinc Hexacyanocobaltate
Catalysts by Homogenization Using t-butanol
and Po as C xi ean

Catalvst Preparation. Potassium hexacyanoco-

25 baltate (B.0 g) is dissolved in deionized (DI) water
(140 mL) in a beaker (Solution 1). B2inc chloride (25 qg)
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), a t-butanol (2 mL), and

30 polyol (2 g of a 4000 mol. wt. polyoxypropylene diol
prepared via double metal c¢yanide catalysis.
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WO 97/ 23544 PCT/ EP96/ 05708 -25 Sol ution 3 (the polyol/wat er/ T-butamnot—Tx=
ture) is added to the aqueous slurry of zinc hexacyano- cobaltate, and the
product is stirred magnetically for 2 mn. The mxture is filtered under
pressure through 5 a 5-4cmfilter to isolate the solids. The solid cake is
reslurried in t-butanol (140 nlL) and DI water (60 nL), and the m xture is
honogeni zed f‘gé”’l’%ém n. A solution of DI water (200 nlL) and addi- tional
Pol yol W (2g) 16 added, and the nixture is 10 stirred nmagnECTERI% or 2
mn. and filtered as de- scribed above. The solid cake is reslurried in
t-butanol (200 nL) and is honogenized for 10 mn. Polyol W(ig) is added,
and the mixture is stirred magnetically for -27-15 nin. and filtered. The
resulting solid catalyst is dried under vacuumat 50C (30 in. Hg.) to

constant weight. The yield of dr¥L, owdery catal yst i s about |Qg. _
El emental , thernogravinetric,S gsls‘iﬂe‘{-z AFe makedntPqrtderopsing &ol i d
cat al yst show. pol ydlomogésifer wt Timetiibtelynola 50950 (by %rolomed| mixt@rd
oot yot s that cont yop. oh s 28 B JSREM 0P mEFoRAD T8 Suditee o

[ : %0 ,
R o 2 Sol Uty on LRS- ARSIl ess Y FPne 2ngh| DA dBFAE tg) o
t-but anol (50 nb) aﬁ&mﬂﬁg’ﬁ??‘b&%¥%rm’i‘t 3~+l -~ i~
-r~r.~:..r.scw- v.y.,b~ ..., ...t o0 L0 L - e -

- .. WO 97 23544 P(.'r/ E3utP8{08 (the polyol/water/t-butanol mix-

ture) is added to the aqueous slurry of zinc hexacyano-

cobaltate, and the product is stirred magnetically for

3 min. The mixture is filtered under pressure thrqugh

10 a 5-um filter to isolate the solids.

The solid cake is reslurried in t-buﬁanol (140
mL), DI water (60 mL), and additional 4000 mol. wt.poly-
oxypropylene diol (2.0 g), and the mixture is homoge-
nized for 10 min. and filtered as described above.

15 The solid cake is reslurried in t-butanol (200
nmL) and additional 4000 mol. wt. polyoxypropylene diol
{1.0 g), homogenized for 10 min., and filtered. The
resulting solid catalyst is dried under vacuum at 50°C
(30 in. Hg) to constant weight. The yield of dry,
20 powdery catalyst is 10.7 gq.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 21.5
wt.$%; t-butanol = 7.0 wt.%; cobalt = 11.5 wt.%.
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-26 (275 mL). Solution 2 is prepared by dissolving potassi- um
hexacyanocobaltate (7.5 g) in distilled water (100 nlL). Solution 3 is
prepared by m xing t-butanol (2 nm.) and distilled water (200 nL). 5
Solution 2 is added to solution 1 over 30 mnutes wth honogenizati on.

M'xi ng by honogeni zation continues for an additional 10 mnutes. A stir
bar is added. Solution 3 is added, and the m xture is slowy stirred
magneti cal | y WOP2%4 nutes. The mixture is 10 filtered urR§BEPPFSB8uUre at 40
psig. The filter cake is reslurried in t-butanol (130 nL) and distilled
water (55 nl), and the m xture is honogenized for 10 m nutes. The m xture
is filtered as descri bed before. The cake i28- reslurried in neat t-butanol
(185 nL), and is honoge 15 nized for 10 mnutes. The mxture if filtered,
and the cake dried under vacuum at 60C. Yield: 8.6g. The catalyst is used
to polynerize propyl ene oxide as descrilxathpled Exanple 7. The rate of

pol yneri zation at 105C and 10 psig at 100 ppmcatalyst is 26.3 g PO m n.
20 Exanple 3 Preparation of Zi nc Hexa anocobal tate Catalysts by

Honogeni zat i on Usi REePaxakion pf agy e | exi ng Agents
Catalgyst Preparat i gf '" s ine ¥ q;qg Fﬁfgg?g 0 g)gl sg
' i kKer (Solution 1). Zinc
chloride (25 g) 1is dissolved in D vvater (40 m_) in a second beaker
(Solution 2). 3A third beake€atalyst g dratiom. 3: Aa ongt-galian cftibiredat er
(200 i), a t-butagphad 2pf@95ur%”d:e3@t9@' y8! cﬁgr%@fwﬁﬁw%mtlowt of
pol yoxypropyl ene digl, i GPRESELYARABYPLG 448! ¢ FUANDIGaERL2} VoY Si)
{Solution 1). 2Zinc chloride 9125 g) is dissolved in a
beaker with DI water (200 mlL) Solution 2). t-Butanol
10 (500 mL) is dissolved in a beaker with DI water (500 mL)
(Solution 3). A fourth mixture (Solution 4) is prepared
by suspending a 4000 mol. wt. polyoxypropylene diol (60
g, same as is used in Example 3) in DI water (1000 mL)
and t-butanol (10 mL).

15 Solutions 1 and 2 are combined with stirring
at 300 rpm followed immediately by slow addition of
Solution 3 to the resulting =zinc hexacyanocobaltate
mixture. The stirring rate is increased to 900 rpm, and
the mixture is stirred for 2 h at room temperature. The

20 stirring rate is reduced to 300 rpm, and Solution 4 is
added. The product is mixed for S min., and is filtered
under pressure as described in Example 1 to isolate the

solid catalyst.

The golids are reslurried in t-butanol (700

25 mL) and DI water (300 mLi, and stirred at 900 rpm for 2

h. The stirring rate is reduced to 300 rpm, and 60 g of

the 4000 mol. wt. polyoxypropylene diol is added. The

mixture is stirred for 5 min., and is filtered as
described above.

30 The solids are reslurried in t-butanol (1000
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WD 97/ 23544 PCT/ EP96/ 05708 -27- Solutions 1 and 2 are m xed toOget her using
a honogenizer. Imediately, a 50/50 (by volune) m xture of t-butanol and
Di- water (200 niL total) is added to the zinc hexacyanocobaltate m xture,
and the product is 5 honogenized for 10 mn. Solution 3 (the

pol yol /wat er/t-butanol m x- ture) is added to the aqueous slurry of zinc

hexacyano- cobg] t and the product is stirred magnetically for 3 mn.
The m xture iswﬂﬂ%%?‘ed under pressure through -10 a 5-um FF%’FQ‘WFQ“ sol ate

the solids. The solid cake is reslurried in t-butanol (140 nL), D water
(60 nmL), and additional 4000 nol. wt.poly- oxypropylene diol (2.0 g), and
the mixture is honoge- nized for 10 min. and2%iltered as descri bed above.
15 The solid cake is reslurried in t-butanol (200 nl) and additional 4000
mol . wt. pol yoxypropylene diol (1.0 g%) honogeni Zﬁg for 10 mn., and
filtefed. The resul®in@ndoprirred AtySP0i Epmfary 2uhder ThHaCTiRTARI5BEES (30
in. Hg) to constant ieimgitucedheoyBeddrpmh, cand 3R QY pofivddrey 4080ampdt ws. 10. 7
g. Elenental, thermﬁ@%ﬁs}émen@ndwﬁ% SRged. t rile aRatys€siHisthibeegol i d

ol = 5 W

4

| how. pol yol = 21, % L- [, = 7.0 w0 1L = J0.5
. o 577 VD 97) 23T iBoe 08304® ?5%&2‘3%‘1@;3 Gpetsitha BP0 ot o

Wt.% -77 WO 97/235 : : ;
Sezacyanocobal t &t e XeRUAtya¥ ssUshch Fatabytantt dpypger hEcLuso Po PO AS

Conpl ezi na Agents (30 in. Hg) to constant weight. The catalyst is easily
crushed to a fine, dryv powder.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 45.8
10 wt.%; t-butancl = 7.4 wt.%; cobalt = 6.9 wt.%.

Example 5

Catalyst Preparation. The procedure of
Example 4 is followed, except that the 4000 mol. wt.

polyoxypropylene diol is replaced with a 2000 mol. wt.
15 polyoxypropylene diol also made using double metal
cyanide catalysis.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 26.5
wt.%; t-butanocl = 3.2 wt.%; cobalt = 11.0 wt.%.

20 Example 6

Solution 1 is prepared by disselving potassium
hexacyanocobaltate (7.5 g) in distilled water (300 mL)
and t-butanol (50 mL}). Solution 2 is prepared by
dissolving zinc chloride (75 g) in distilled water (75

25 mL). Solution 3 is prepared from t-butanol {2 mL) and
distilled water (200 mL). '

Solution 2 is added to solution 1 over 30
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5 Catal yst Dreoaration. A one-gallon stirred glass pressure reactor Is
charged with a solution of potassium hexacyanocobaltate (40 g) in D water
(-700 m.) (Solution 1). Zinc chloride 9125 g) is dissolved in a beaker
wth DI water (200 nL) Solution 2). t-Butanol 10 (500 nlL) is dissolved in a
beaker with DI water (500 mL) (Solution 3). A fourth mixture (Solution 4)
i's prepared by suspending a 4000 nol. wt. pol yoxypropylene diol (60 g,
same as is RFBHExample 3) in DI water (1000 nl) and PCTERIOSIB (10 nl).
15 Solutions 1 and 2 are conbined with stirring at 300 rpmfoll owed

I nmedi ately by slow addition of Solution 3 to the resulting zinc
hexacyanocobaltate m xture. The stirring.s@te is increased to 900 rpm and
the m xture is stirred for 2 h at roomtenperature. The 20 stirring rate is
reduced to 300 rpm and Solution 4 is added. The product is mxed for 5
mn., and is filteaiedtesndith groeeogendzasiatescMibddgi by Exengdenikatdon sol at e

thg D|SO| Ifl CaE gg%%ntIﬂﬁe§0fdzd%nalh€dti€§$ﬁEf'IQJdmRuEePUt emcati(rt?%r i rrL%

an wat er irfred a pm_f.or e sti rate
is reduced to 300‘?%%?]d %"%‘5‘ g theQ‘g?f{)foar‘r‘gl thﬁ/t %‘f’ifoﬁplﬁé ?’gne di ol
i s added. The m ﬁttaréeﬁlsmsgﬂ?ﬂé&]fldr o1y $. BiRgeps.s f Mew‘a%e H%SCI’I bed
above. 30 Thes sol |fd&tafedresdaﬂ rpmsluﬁ:et ﬂlautmnqislaloo@he- ca\n/ai:yst is

. CIKE Yeekhled, ana a7fdd 'as desbfiped in ¥ 5
............ splated, fueshed, and dried as destiibe n Bxemble 4 ¢ r pm

=1
for 2 h. The sti r|T RgCRERLYSY & sre‘lﬁf(?e&c’t @%@B‘ef:b%ﬁ %ﬁfﬁ’y n§ 8F*tRe®2000
mol . wt. pol yoxydespyikeed ifi @xampledded. THEh& atiex Pr pol preniizatégn at
105°C and 10 psig at 100 ppm catalyst is 15.6 g PO/min.

10 Comparative Example 1

Preparation of Low Activity Zinc
Bexacyapocobaltate Catalysts

Potassium hexacyanocobaltate (8.0 g) is added

to deionized water (150 mL)'in a beaker, and the mixture

15 is blended with a homogenizer until the solids dissolve.

In a second beaker, zinc chloride (20 g) is dissolved in

deionized water (30 mL). The aqueous 2zinc chloride

solution is combined with the solution of the cobalt

salt using a homogenizer to intimately mix the solu-

20 tions. Immediately after combining the soclutions, a

mixture of t-butanol (100 mL) and deionized water (100

mL) is added slowly to the suspension of zinc hexacyano-

cobaltate, and the mixture is homogenized for 10 min-

utes. The solids are isolated by centrifugation, and

25 are then homogenized for 10 minutes with 250 mL of a

70/30 (v:v) mixture of t-butanol and deionized water.

The solids are again isolated by centrifugation, and are

finally homogenized for 10 min with 250 mL of t-butanocl.

The catalyst is isolated by centrifugation, and is dried

30 in a vacuum oven at 50°C and 30 in. (Hg) to constant
weight. The catalyst activity is 3.84 g PO/min.
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for 5 min., and is filtered as descri bed above. The 5 resulting sotid
catalyst is dried under vacuumat 50C (30 in. Hg) to constant weight. The
catalyst is easily crushed to a fine, dry powder. El enental,

t hernogravinetric, and nmass spec- tral analyses of the solid catal yst show
polyol = 45.8 10 wt.% t-butanol = 7.4 wt.% cobalt = 6.9 wt.% EAMe 5

Catal yst Preparation., The procedure of Exanple 4 is followed, except that
t he 4000 nol . 9”8%6 yoxypropyl ene diol is replaced with §C586Umﬁ6$_ Wt .

15 pol yoxypropyl ene diol also made using double netal cyanide catalysis.

El emental , thernogravinetric, and mass spec- tral analyses of the solid
catal yst show. polyol - 26.5 wt.% t-butanedl-= 3.2 w.% cobalt = 11.0
wt.% 20 Exanple 6 Solution 1 is prepared by dissolving potassium
hexacyanocobal tate (7.5 g) in distilled water (300 nmL.) and t-butanol (50
nm.). Solution 2 is prepared by dissolvin§X@mpleZchl oride (75 g) in
distilled water (75 25 nlL). Solution 3 is prepared fromt-butanol (2 nlL)

i sti Q?Ol_ ' N, 2 is added to solution 1 over 30 WO

97/ 23544 PCT/ M1037 i+ o Bin D UGS BEZA4PN. M Xi ng by
honopgeni zati on continues 0 mnutes. A stir bar is
added. Solution 3 is added, and the m xture is slowy stirred magnetically
for 3 minutes. The mixture: ish5onetligeEd shheesd pFeast@re igt cherged grithe
catal yst is is6l at gdblyongheshbylang driell @oodesrrivied sbafexql76gf.and
double metal cyanide complex catalyst (0.057g, 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
10 pressure is adjusted to a vacuum of about 30 in. (Hg),
and propylene oxide (10-1l1g) is added in one portion.
The reactor pressure is then monitored carefully.
Additional propylene oxide is not added until an accel-
erated pressure drop occurs in the reactor; the pressure
15 drop is evidence that the catalyst has become activated.
When catalyst activation is verified, the remaining
propylene oxide (490g) is added gradually to keep the
reactor pressure at about 10 psig. After propylene
oxide addition is complete, the mixture is held at 105°C
20 until a constant pressure is observed. Residual unreac-
ted monomer is then stripped under vacuum from the
polyol product, and the polyol is cooled and recovered.

To determine reaction rate, a plot of PO

consumption (g) vs. reaction time (min) is prepared (see

25 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

curve is taken as the inducticn time (in minutes)

30 required for the catalyst to become active. Measured
reéction rates are summarized in Table 1.
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The catalyst is used to polynerize propyl ene oxide as described in Exanple
7. The rate of polynerization at 105" C and 10 psig at 100 ppmcatal yst is
15.6.g POnmn. 10 Conparative Exanple |I Preparation of Low Activity Zinc
8exacvanocobal t at e Catal ysts Pot assi um hexacyanocobaltate (8.0 q) is added
t'o deionized water (150 nL) in a beaker, and the m xture 15 is blended

wi th a honogeni zer until the solids dissolve. in a second beaker, zinc
chloride (20%¥Q9"PB%4di ssolved in deionized water (30 ni)PCT¥EGHeous zinc
chloride solution is conmbined with the solution of the cobalt salt using
a honogeni zer to intimately mx the solu 20 tions. lasnediately after
conbining the solutions, a mxture of t-lkyganol (100 nmL) and dei oni zed
water (100 nL) is added slowy to the suspension of zinc hexacyano-
cobaltate, and the m xture is honogenized for 10 mn- utes. The solids are

I sol ated by centrifugation, and 25 are TABRLEhbnogeni zed for 10 m nutes w th.
250 mL of a 70/30 (v:v) mxture of t-butanol and deionized water. The
solids are again isolated by centrifuGatalyshActiwity are finally honogenized
for 10 mn with 250 nL of t-butanol. The catalyst is isolated by

centrifugation, and if arreg 30 TH a vaguunroven ar ™~ DT gy ST in. (8g) to
constant wei ght. The cat al ygf“‘%‘t'& ivity |§’°8"8ﬁ°g pfymeriggtion; 423544,
PGI/ EP96/ 05708  31-W( 2 _Fpoxide Polnedizatic oRate @FQmin o i nefdis -
General Procedure . Ajfo aV"Jéfﬂ stlrred reactor i Sogharged withi 5
pol yoxypropyl ene tria - - 42 B —ahd
S F.xample 2 26.3
Example 3 - 20.8 )
Example 4 26.3
Example 5 14.6 _ﬂ
{| Example 6 15.6
10 ﬂ Comparative Example 1 3.84
n Comparative Example 2} - 1.46
LComparative Example 3? 2.29

! A non-EA-DMC complex catalyst using glyme as the complexing

agent and prepared as described in U.S. Patent No. 5.158,922.
15 2 A non-EA catalyst prepared substantially as described in U.S.
Patent No. 5,158,922 but using ¢-butanol as the complexing agent.

: When this procedure is used to measure propyl-
ene oxide polymerization rates, the catalysts useful in
the process of the invention polymerize PO at rates in

20 excess of about Sg PO/min, preferably 10g PO/min at 100
ppm catalyst at 105°C (see Fig. 1), or greater. The
' epoxide polymerization rates for catalysts of which
include a polyether polyol having tertiary hydroxyl
groups are also consistently higher ‘than similar cata-

25 lysts prepared in the presence of polyether polyols
without tertiary hydroxyl groups.
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doubl e netal cyanide conplex catalyst (0.05/g, I00 ppm Tevel in 1inished
polyol). The mixture is stirred and heated to 105 C, and is stripped under
vacuumto renmove traces of water fromthe trial starter. The reactor 10
pressure is adjusted to a vacuum of about 30 in. (Hg), and propyl ene oxide
(210-11g) is added in one portion. The reactor pressure is then nonitored
carefully. Additional propylene oxide is not added until cel-_erated
pressure drop WREUPS* n the reactor; the pressure 15 drop ?g“gévﬁgﬁ%e t hat
t he catal yst has becone activated. Wen catalyst activation is verified,
the remai ning propylene oxide (490g) is added gradually to keep the
reactor pressure at about 10 psig. After prejsy¢l ene oxide addition is
conplete, the mxture is held at 1050C 20 until a constant pressure is
observed. Residual unreac- ted nonomer is then stripped under vacuum from
the polyol product, and the polyol is cofkempledd recovered. To determne
reaction rate, a plot of PO consunption (g) vs. reaction tine (mn) is
prepared (see 25 Fi 1). The._ sl.o of the curve at its steepest point is

) e
nmeasured to find th 2ERLH 4 Bﬁ”jﬁ%ﬁi@g Pﬁi %o%_tbged per mnute.
The intersection of T ded fromthe

baseline of the curve is taken as the induction tinme (in mnutes) 30
required for the catal yst to hHecwerdizeti séirhedsoeacton dgctdheraedt @idthre

summari zed in Tgbl e gy WRyB7d2AkAk BEI1 EAI00RIN8 w32 stABLET 1 77Gat ahg st

Activity Catalyst Propylhe %ﬁ'&ﬁ%‘%ﬁﬂé@é'%u@%@ (SoRdiMiRYy 233
isobutylene oxide capped 4K diol prepared as in Example

1 (0.0609g, 10 ppm). The mixture is stirred and heated

to 105°C, and is stripped under vacuum for 0.5 h to

10 remove traces of water from the diol starter. After

stripping, the reaction temperature is raised to 145°C.

Propylene oxide (12g) is fed to the reactor, initially

under a vacuum of about 30 in. Hg, and the reactor

pressure is monitored carefully. Additional propylene

15 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

(512q) is added gradually over about 4 h. After propyl-

20 ene 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. The product polyol has an

unsaturation of 0.007 meqg unsaturation/g polyol and a

25 polydispersity of 1.15.

Comparative Example 4

The same reactor as in Exeample B is charged
with polyoxypropylene diol (725 mol. wt.) starter (659g)
and a =zinc hexacyanocobaltate complex catalyst with

30 glyme as complexing agent (Comparative Example 2;
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Exanple 1 22.7 5 Exanple 2 26.3 Exanple 3 20.8 Exanple 4 26.3 Exanple 5
14.6 Exanple 6 15.6 10 Conparative Exanple 1 3.84 Conparative Exanple 21
1. 46. Conparative Exanple 32 2.29 A non- EA-DMC conpl ex catal yst using glyne
as the conplexing agent and prepared as described in U S. Patent No.
5.158,922. 15 2 A non- EA catal yst prepared substantially as described in
U. S. Patent No. 158, 922 but using t-butanol as the conpl ex agent .
When this p ﬂm is used to neasure propyl- ene oxi drerp‘fJ'B’FVh&’ P8z ati on
rates, the catalysts useful in the process of the invention polynerize PO
at rates in 20 excess of about Sg PO man, preferably |Og POmn at 100 ppm
catal yst at 105'C (see Fig. 1), or greater3d4&The epoxide polynerization
rates for catalysts of which include a polyether polyol having tertiary
hydroxyl groups are also consistently higher than simlar cata 25 |ysts
prepared in the pPelifee, &5 BBPY SNRFEPRNG ARsBOQR MRdut W e POLaPYYPEQIT OXY|
groups - RRE+~' yr pylea€adiol. . .Thet!mixture" i¥ stirred and -heated ‘o - .

1 VID 97/ 23544 P@aé@9%1@8“:@%&4@&&%&;&@&9@6#Ih SYLbS)es: 8000

I\/bI W . Pol yoxyar gpvl ene 0 lter stir reactor . 1s char ged
with 5 pol yoxyprgEW%‘i@Pf’ﬁT’e’% 7 ‘ﬂ'\ﬁ’/ll st A% By PEEABPINE i nc
hexacyanocobd t at Eheareacgtar temparatuRe g.;;%raised to 130 C. Propylene

oxide (11 g) is fed to the reactor, initially under a
vacuum of about 30 in. Hg, and the reactor pressure is
monitored carefully. When catalyst activation is
verified as described in the Example 8, propylene oxide
10 is added at the rate of 2.4 g/minute. When the PO
addition reached 325 g, catalyst deactivation is ob-
served by PO pressure build-up in the reactor. At this
point, PO feed is discontinued because of high pressure
in the reactor. The mixture is held at 130°C until a
15 constant pressure 1is observed. Residual unreacted
monomer is then stripped under vacuum at 80°C from the
polyol product. The product polyol has & molecular
weight of about 4400 Da, an unsaturation of 0.031 meq/g
and a polydispersity of 1.4é6. The polyol product
20 contains 3.9 and 10 ppm of Co and Zn, respactively.

Comparative Example 4 illustrates that prior
art catalysts of low activity, even at the much higher
level of 25 ppm, are not suitable for preparing high
molecular weight polyoxyalkylene polyols with low levels

25 of unsaturation and low polydispersity at low catalyst
levels. The prior art catalyst became deactivated after
a molecular weight of only 4400 Da had been reached.
Even at this molecular weight, the polydispersity was
very high at 11.46, and the unsaturation wvery high,

30 approaching the range achieved by conventional base
catalysis. The residual catalyst 1levels arxe above
specification without resort to catalyst residue removal
methods.
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i sobut yl ene oxi de capped 4K diol prepared as in Exanple T (0.009g, TO
ppm . The mixture is stirred and heated to 105 C, and is stripped under
vacuumfor 0.5 h to 10 renove traces of water fromthe diol starter. After
stripping, the reaction tenperature is raised to 145 C. Propyl ene oxide
(12g) is fed to the reactor, initially wunder a vacuum of about 30 in. Hg,
and the reactor ressure is monitored carefully. Addition Eﬂﬂ%i ne 15
oxi de i s not aX ép an accel erated pressure drop OCCE#E&IH tog
reactor; the pressure drop is evidence that the catal yst has becone
activated. Wen catalyst activation is verified, the remaining propyl ene
oxide (512g) is added gradually over about -35-h. After propyl 20 ene oxide
addition is conplete, the mxture is held at 145C until a constant
pressure i s observed. Residual unreacted nononer is then strlpged under
vacuum at 60' C from the pol yBheprsgGedingnhexprplet 86| yBiatasoiy
unsaturation of 0. 0021mnmnslr atrhendgppeoby othearidvent 2n el gef st bty of
1.15. Conwaranve Exapp _élyge same reactor as in Exanple B is charged

W th polyoxypropylene d|o nol. w.) starter (65g) and a zinc
hexacyanocobal tate conpl ex catal yst with 30 gl ynme as conpl exi ng agent
(Conmpar ative Exanple 2; WO 97/ 23544 PCT EP96/ 05708 -34 0.0166g, 25 ppn) to
prepare an 8000 nol. wt. pol yoxypro- pylene diol. The m xture is stirred
and heated to 105C, and is stripped under vacuumfor 0.5 h to renove
traces of water fromthe diol starter. After stripping, 5 the reactor
tenperature is raised to 130C. Propylene oxide (11 g) is fed to the
reactor, initially under a
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vacuum of about 30 in.‘Hg, and the reactor pressure is .. nnnitored
Exanpl e 8, propylene oxide 10 is added at the r of 2.4 g/ mnute. Wen
the PO addition reached 325 g, &gbggﬁion i s' ob- served by PO
because of hjigh Argssure in the\ re is _held at 130C unti
a 15 constant préssure i s observe esi dual unreacted FREHBEFRSNSTO% t hen
has a nol ecul ar wei ght of about 4400 Da, an unsaturation of 0.031 neq/g
and a pol ydi spersity of 1.46. The pol yol @#6educt 20 contains 3.9 and 10
prior art catalysts of low activity, even at the nmuch higher [|evel of 25
ppm are not suit SHLAIMS: preparing high nolecul ar wei ght pol yoxyal kyl ene
catal yst levels. The prior art catal yst becane deactivated after a
mol ecul ar wei ght of only 4460 DA IR¥®cB8en faxichde. preparagtonhict nal ecul ar
very high, 30 appgg ghng angaq?g;ﬂﬁgggveggbyaéugyéen ' I

B evel b Lb??%at%@%%ﬁfthout
. +.ve~r C - L~. C~SZhyduigy oxpalkylptablg initiator moleculdy sOhr comprisiBg: ..
_T1~+T. . oxyd (k1 atidgida R InELILIOH Mdlecudd( I iRRECEd NG
defi ned by . . -

metal cyanide complex oxyalkylation catalyst having an

10 alkylene oxide polymerization rate measured with respect
to about 5g propylene oxide/min at conditions of 105°C,
0.68 bar propylene oxide pressure and 100 ppm catalyst
15 product, wherein the concentration of said double metal

cyanide catalyst during said oxyalkylating is less than

hydroxyl-functional polyoxyalkylene polyether; and
recovering a substantially transition metal-

carefully. Wen catal yst activation is verified as described in the
pressure build-up in the reactor ebnt, O feed i s discontinued
stripped under vacuumat 80'C fromthe polyol product. The product polyol
ppm of Co and Zn, respectively. Conparative Exanple 4 illustrates that
polyols with low |l evels 25 of unsaturation and | ow pol ydi spersity at | ow
wei ght, the pol ydsabstantiinlugtransiyidn gbtal-frets, hitdxiyherumseidiaat i on
catal ysis. The resi |” ca ai St . re ove specl T|
resort to catal ysf® Li%*ﬁﬁ? A éﬁﬁ@ﬂ°x3ﬂ§iﬁgﬁ§?°“.9f monohydric or poly-
exanpl es are meantnONly mdve hlkyiiinetbkOiss iMEnsCORGeRkte! BF 4 NiERLLON S

to oxypropylation with propylene oxide greater or equal

based on the weight of the polyoxypropylene polyether

or equal to about 15 ppm based on the weight of said

20 free, hydroxyl-functional polyoxyalkylene polyether

product.

2. A process as claimed in claim 1
characterised in that said hydroxyl-functional
polyoxyalkylene polyether product is not treated to

25 remove double metal cyanide complex catalyst residues
prior to recovery.

3. A process as claimed in claim 1 or claim
2 characterised in that the concentration of said double
metal cyanide complex catalyst during said oxyélkylating

30 is less than or egqual to 10 ppm.

Ry T ™ N R BN BT L T T W T M TTRARE S AL i P e S - e TF TR CTWIK. T oLt



the clains. ' ' ~II4S"*~Y7'....'... . ... TTCWVFT: _
sa. <faao-.at ~-~! ~~~.ew. - ~. ~. . ' a aa’\ ~r =~ TH S SHEET HAS

BEEN REPLACED WO 97! 23544 -~ ~- PG‘r/Ep9&os7os - 36- CLANU 1. A process

for the preparation of a substanuraﬂy transition netal

hydroxyl -functional pol yoxyaFk y\L@néVpolyet her by doubl e net aI cyani de 5.
conpl ex-cat al yzed oxyalkyt atkon \@ffDnnnﬁ:h”ydrl c or poly- hydric

oxyal kyl at abl e MOf7T23544, R f’TD|¥Eé'lh eE8Y, conpri sing: oxyal ky| BTRTGSS28y
initiator nolecul e(s) W th_en& or nore al kyl ene oxides in the presence of a
double netal cyanide conplex oxyal kyl ati on catal yst having an 10 al kyl ene
oxi de polynerization rate neasured with resp&@t to oxypropylation with
propyl ene oxi de greater or equal to about 5g propylene oxide/mn at
conditions of 105'C, 0.68 bar propyl ene oxide pressure and 100 ppm

catal yst based on the wei ght 4of thePPetassx\AF GRRLBAR HBI oY HEre 19f pgridduct ,
wherein the concent rﬁi’é@@dﬁ‘fg &2h Onél @halract®t ded Ly atHatesadd alopdl edtwtialg

sai d oxyal kyl ating. i t Mo
wei ght gf Sgl d h?dr%&yﬁf(?ur%?‘%ﬁgl ggﬂli?sxy 12,5(1)8,533%35% ef'eém

a
recovering a substanPFafPEyak r"‘&népﬁlﬂf’%tegf’ °% Ef/rr;‘l%é‘g"'ﬁydroxyI functlonal

pol yoxyal kyl ene pol yether product. 2. A process as clainmed in claim1l
characterised iy that said hydroxyh-fpgpstdsinal as podyaimeal Kyineneyacioy etdher

product 1s not treal gflafQceur 5BAPYR CHPLE1RIGINIEYABLAE SAIRHBXcGR 1 S!

residues prior to re
talyst oxypropylation rate is greater or equal to 20g
propylene oxide/minute.

6. A process as claimed in any one of the
10 preceding claims characterised in that said one or more
alkylene oxides are selected from a) propylene oxide, b)
1,2~butylene oxide, c) 2,3-butylene oxide, d)
isobutylene oxide, mixtures of one or more of a) through
d); and mixtures of one or more of a) through d) further

15 containing ethylene oxide.

7. A process as claimed in any one of the
preceding claims characterised in that said double metal
cyanide complex catalyst is a thermally stable double
metal cyanide complex catalyst.

20 8. A process as claimed in claim 7
characterised in that said oxyalkylating is performed at
a temperature in excess of 120°C.

9. A process as claimed in «claim 7
characterised in that said oxyalkylating is performed at
25 a temperature in excess of 135°C.

10. A process as claimed in any one of the
preceding claims characterised in that said hydroxyl-
functional polyoxyalkylene polyether has an equivalent
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3. A process as clained in claim1 or claim 2 characterised—+n—that—the
concentration of said double netal cyanide conplex catalyst during said
oxyalkylating 30 is less than or equal to 10 ppm r r 11(W) 97/ 23544. ;
PGI/ EP96/ 05708 -37- 4. A process as clained in any one of . the preceding
clainms characterised in that said double netal cyanide conplex catalyst
oxypropyl ation r Is greater or equal to | Og propylene oxide/mnute. 5
S. A processwggmg%‘gi med in claim4 characterised in thaPCYEM9*g8Ribl e net al

cyani de conpl ex catalyst oxypropylation rate }?r "h equal to 20g
propyl ene oxide/m nute. 6. A process as clai r’rﬁ' [ SaHﬁEDmS e 10
preceding clainms characterised in that saizg o [\r‘ﬁﬁ%.chbkyﬁl he oxi des

are selected froma) propyl ene oxide, b) ~1,2-butyléne-oxide,c)!
2,3-butyl ene oxide, d) isobutylene oxide, mxtures of one or nore of a)

through d); and gaxdmy efredte®nNehad #B0ue 2000) D4 Nirigh pd) y& gt @ityl5
contai ni ng et hyl egg %?1 Zs plr%%ess as clainmed in any one of t}}'u'e
preceding clains C atacteri §3d™S nThat said doubl e metal cyani de conpl ex
catalyst is a thermally stable double netal cyanide conplex catal yst. 20
S. A process as clainmed iniglaiin prochss adicar i pedpanirgrat Shydroxyl-

oxyal kylating is pgilidiad GolydxyRIBAHeU S 1yRtR4ECDT WoubB@Cmetal A _
process as clsau med in claimy _%h rzct eéloseg %}ghtr_{%% gplmgngﬁy‘%lti@/gatl ng i s
perfornmed at ®> 25 & o FRFRT R CR A% ¥R oFYalkyl 4t r
polyhydric oxyalkylatable initiator molecule(s) with a
minimal induction period, comprising:
a) preparing a preactivated initiator/double
metal catalyst master batch by: i
10 a)i) ©preparing a mixture of initiator
molecule{s) and double metal cyanide complex
oxyalkylation catalyst;
a)ii) adding to said mixture a guantity
of one or more alkylene oxides to establish an
15 alkylene oxide partial pressure above said mixture;
a)iii) obtaining an activated initia-
tor/double metal cyanide complex catalyst master
batch following a reduction of said alkylene oxide
partial pressure;
20 b) adding at least a portion of said pre-
activated master batch to an oxyalkylation reactor; and
c) further oxyalkylating said initiator
molecule(s) with one or more alkylene oxides.

12. A method for minimizing the induction

25 period associated with the double metal cyanide complex-

catalyzed oxyalkylation of monohydric or polyhydric

initiator molecules to form a hydroxyl-functional
polyoxyalkylene polyether product, comprising:

a) adding to a mixture containing one or

30 more initiator molecule(s) a thermally stable double

metal cyanide complex catalyst in an amount of less than

or equal to 100 ppm based on the weight of said polyoxy-
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10. A process as clained in any one of the preceding claLns characterised
I n that said hydroxyl- functional polyoxyal kyl ene pol yether has an
equivalent ..-. _.n, .x.iaa_...-. .. FRS"'... ' . ~ 1 WD 9y 23544 l
PCT/ EP96/ 05708 ~r HAS j: -38- CEOBE r1 N Ep weight greater than about
2000 Da and a pol ydispersity of about 1.25 or less. 11. A process for
preparing a hydroxyl - functional polyoxyal kyl ene pol yet her net a
5 cyani de conpM&é? | yzed oxyal kyl ati on of nonohydric or poFy ydri c
oxyal kyl atable initiator nolecule(s) with a mnimal induction period,
conprising: a) preparing a preactivated initiator/double netal catalyst
master batch by: 10 a)i) preparing a m xture3%f initiator nolecule(s) and
doubl e nmetal cyani de conplex oxyal kylation catalyst; a)ii) adding to said
m xture a quantity of one or nore al kyl ene oxides to e tabligﬁ an. 15

al kyl ene oxi de parti ateyhanespPyerisy Podugtnt S £0rB: a it FHa et/ &3 hY 5 hn
activated initia- tonixtoidel;e nmetal cyani de conpl ex catal yst master batch
following a reduction of saidpdl KydiBgOX4i dRanPdy icd LMeAHEEpx28e bYo

xngerm%gerf { C‘gnt 3n3Pia-

adding at least a portjon.of, said pre-.activat
oxyal kyl ati on react o?®* ndnl‘éiﬂr%/gﬁg?l%%ya_ ’f/? ing saldinitiator

mol ecul e(s) witH oneter/arbrdyar{3Akaiiensgy Qeide mixture;

c) heating said initiator/catalyst/alkylene
oxide mixture to a temperature above 125°C until a
pressure drop signifying catalyst activation has oc-
curred;

10 d) oxyalkylating with additional alkylene
oxide at a temperature of from about 70°C to the cata-
lyst inactivation temperature; and

e) recovering a hydroxyl-functional polyoxy-
alkylene polyether product.

15 13. A hydroxyl-functional polyoxyalkylene
polyether polyol prepared by the oxyalkylation of one or
more hydroxyl-functional initiator molecules in the
presence of less than about 15 ppm based on the weight
of the polyol of a double metal cyanide complex cata-

20 lyst, said polyol having a number average equivalent
weight of between about 2000 Da and 10,000 Da and a
polydispersity M,/M, of less than about 1.25.

14. A polyol as claimed in c¢laim 13
characterised in that said polydispersity is less than
25 .about 1.20.

15. An untreated polyoxyalkylene polyether
polyol prepared by the process of claim 1.
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12. A nmethod for mnimzing the induction 25 period associated wth the
doubl e netal cyani de conpl ex- catal yzed oxyal kyl ati on of nonohydric or

pol yhydric initiator nolecules to forma hydroxyl -functi onal

pol yoxyal kyl ene pol yet her product, conprising: a) adding to a m xture
containing one or 30 nore initiator nolecule(s) a thermally stable double
netal cyanide co ex catalyst in an anount of |ess than pcayeposissts t 0 100
ppm based onWOf#? n¥%1ght of said polyoxy 11 | WD 97%3544 PCTI EP96105708
-39- al kyl ene polyether product to forman initiator /catalyst mxture; b)
,adding a quantity of alkylene oxide to said initiator/catalyst mxture to
‘forman initia- 5 tor/catal yst/al kyl eneqpxi de m xture; C) heating said
initiator/catal yst/al kyl ene oxide m xture to a tenperature above 125C
until a pressure drop signifying catalyst activation has oc- curred; 10 d)
oxyal kyl atiog with additional alkylene oxide at a tenperature of from
about 70'C to the cata- |lyst inactivation tenperature; and e) recovering a
hydr oxyl - functi onal pol yoxy- al kyl ene pol yet her product. 15 13. A

hydr oxyl - functi onal pol yoxyal kyl ene pol yet her pol yol prepared by the
oxyal kyl ati on of one or nore hydroxyl-functional initiator nolecules in
the presence of |ess than about 15 ppm based on the weight of the polyol
of a double netal cyanide conplex cata 20 |yst, said polyol having a-nunber

aver age equi val ent F|g_1 .
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wei ght of between about 2000 Da and 10,000 Da and a polydispersity M /M of
liess t.han about 1.25. 14. A polyol as clainmed in claim 13 characterised in
that said polydispersity is |ess than 25 about 1.20. 15. An untreated

pol yoxyal kyl ene pol yet her pol yol prepared by the process of claiml1. wo
97/ 23544 PCr/EP96ras708 1/1 Fig.1. 500 450 400 350 300 . 250 8200 R
150 100 50 O 0 20 40 60 80 100 120 B60O TIME [MDI) 36 CLAIMS 1. A
process for _the preparation of a substantially transition netal-free,

hydr oxyl - €AIMSonal poI yoxyal kyl ene pol yether by double netal cyanide

conpl ex- cajal yzg Rk ¢! ioR fof NNIBRNARILE uRhisitRl MMEMOfréS h?&[ﬂbﬁiylkw at abl e
initiator nolecule(s), rising: oxyal kfll atl ng sai d initia
e Weda doubl e

nol ecul é( sJunesianal @nbwm&kylmwolaml by edayh
LB I, B 1 P i ey
oxi de comprising:
oxyalkylating said initiator molecule(s) with one or more alkylene oxides in the
presence of a double metal cyanide complex oxyalkylation catalyst having an alkylene
oxide polymerization rate measured with respect to oxypropylation with propylene oxide
| greater or equal to 5g propylene oxide/min at conditions of 105°C, 0.68 bar propylene
oxide pressure and 100 ppm catalyst based on the weight of the polyoxypropylene
o polyether product, wherein the concentration of said double metal cyanide catalyst during
said oxyalkylating is less than or equal to 15 ppm based on the final weight of said
hydroxyl-functional polyoxyalkylene polyether; and
recovering a substantially transition metal-free, hydroxyl-functional
polyoxyalkylene polyether product.

2. A process as claimed in claim 1 characterised in that said hydroxyl-functional
polyoxyalkylene polyether product is not treated to remove double metal cyanide complex
catalyst residues prior to recovery.

3. A process as claimed in claim 1 or claim 2 characterised in that the concentration

o/ of said double metal cyanide complex catalyst during said oxyalkylating is less than or
equal to 10 ppm based on the final weight of said hydroxyl-functional polyoxyalkylene
polyether.

4, A process as claimed in any one of the preceding claims characterised in that said
double metal cyanide complex catalyst oxypropylation rate is greater or equal to 10g
propylene oxide/minute.

5. A process as claimed in claim 4 characterised in that said double metal cyanide
complex catalyst oxypropylation rate is greater or equal to 20g propylene oxide/minute.



greater or—equal to 5g propylene oxide/mn at conditions of 105C, 0.68 bar
propyl.ene, oxide pressure and 100 ppm catal yst based on the weight of the
pol yoxypropyl ene pol yet her product, wherein the concentration of said dout
f. metal cyanide catalyst during said oxyalkylating is |ess than or equal
to 15 ppm based on the final weight of said hydroxyl-functional

pol yoxyal kyl ene pol yether; and recoversyng a substantially transition

net al -free, hydroxyl-functional polyoxyal kyl ene pol yet her product 2. A
process asé6.cl aiAprbcess asblainmd]inamaomcifﬂmmmdmg clalmg charactgrised in that said

hydr oxyl - functr onal o aI Kk |s|ugﬂ lxkfted to
remove douBHoT FaYRs pky r%*egmg at%ﬁ%gﬁfe?gé)?%gglz' &feo retovery.

3. A procesgs?, aa)ufque'nbmﬂed dJ m)bnisdylmtyhnt omtdcchmaﬁmeﬁ?oﬁhlwrucnmeldawthrgughrﬁt thed
concentration ,of s oubl e net al e c uring sai
oxyal ky! at Fgupaures,Qione )n@fﬂ]'ﬂl%y% fﬁfﬁ%ﬁg l%;Kgaf’%leéfl nal wei ght of
sai d hydroxyl - functi onal poI yoxyal kyl ene pol yether. 4. A process as
claimed in_any one of th recedin | ai s char acter,ised .i sai d
doubl e net&l cyh nwseé ig 3pye s"t(ib Wgﬂ% %W&sm&f‘% r or
equal to | Ghbidth&RdySi8e Q¥ipits/ diafjelifa thermtyRiabksablametal &janide coplet ai m 4
characterised in that said double netal cyanide conplex catalyst

oxypropyl aft¥¥tr ate i s greater or equal to 20g propyl ene oxide/ mnute. ) 37
6. A process as clained in any one of the preceding clainms characterised in

that said one or nore al kyl ene oxides are sel egt ed froma l.ene

oxi de, b) & 2- b@tﬂf?‘@ﬁ%%ﬂ%"d “b)’agngﬁﬁ"&q‘gﬁ@f T“lat]% dhe oxi de,
iﬁﬁres Oferfitfie®ht ARufefiurdin EQWEN209C,  and_m xtur.es of one or nore a)

th i

gh d) further contai ning ethylene oxide. 7. A process as clained in
any one of the preceding cl ai nms characterised in that said doubl e net al

cyani de cogpl exs Gababysh deimt USR] Yuidlise 49 bk alE bRfalHiL de COMP! ex

cat al yst process as a| me claim7 characterised in that said
oxyal kyl atm@mgdab%wmﬂmmewaﬂﬂéﬁ -ure in excess of 120C. 9. A
process as clainmed in claim7 characterised in that said oxyal kylating is
performed at a tenperature in excess of 135C

: 10. A process as claimed in any one of the preceding claims characterised in that said

hydroxyl-functional polyoxyalkylene polyether has an equivalent weight greater than 2000
Da and a polydispersity of 1.25 or less.

11. A process according to any preceding claim wherein, prior to the oxyalkylation,
a preactivated initiator/double metal catalyst master batch is prepared by:
\/ i) preparing a mixturg.of initiator- molecule(s) and double metal cyanide
complex oxyalkylaﬁon catalyst;
i) adding to said mixture a quantity of one or more alkylene oxides to
establish an alkylene oxide partial pressure above said mixture;
jiii)  obtaining an activated initiator/double metal cyanide complex catalyst
master batch following a reduction of said alkylene oxide partial pressure;
and
at least a portion of said pre-activated master batch is added to the oxyalkylation reactor.

12. A process according to claim 11 wherein said initiator/catalyst/alkylene oxide
mixture is heated to a temperature above 125°C uatil a pressure drop signifying catalyst



10. A process as clainmed in any one of the preceding clains characterised
+n that said hydroxyl-functional polyoxyal kyl ene pol yether has an

équi val ent wei ght greater than 2000 Da and a pol ydi spersity of 1.25 or
Less. 11. A process according to any preceding claimwherein, prior to the
oxyal kyl ation, a preactivated initiator/double netal catalyst master batch
is prepared by: i) preparing a m xturd8 . of initiator nolecul e(s) and double

nmet al cyanl de . corrpl ex_oxyal Ky n catalyst; addl o _said mxture a
quantity &ft @ﬁ@yh‘ﬂlﬂ tsggluggqlgk#yﬂ 38 (EfPtdatoxi de
partial pg lﬁﬁﬁ@ﬁ%%ﬁbﬁﬁl&amvaﬁoawm an activated
initiator/double netal cyanide _conplex catalyst master batch foll owl ng a

reducti on of said al kyl ene oxide partial pressure; and at |east a portion

22, “A pr od8se A YASRyIRRRiar B alty R Sbtjeher polfaly Breplacd! by Nuiccact or
initiat orbxmmmn/o&mquermdml-m@bmmmml@@les@ﬁwtmwaxfur e above

and. oxyal i SBRTRSUE 3 BEeCl b ot 81 e lycl e AR iimgOCCUT T o0

t enper at urcempllemmﬁ.liﬁ, tsaid tpolyok ha\aﬂyamunlbemavmbleqdewtmfmm A

gi%fjm ap#qgﬁ%@aggtg Uwﬂ“%%ﬁw& ondl fgr@?{bﬁgﬁ ecuf 22 in the

presence of |ess than about 15 ppm based on the vvel ght of the polyol of a

caui val ontlhuei SOY ah SRR k. 1o SoneaRied iR ool Sug apllibefy 08" = 297

(g(dl speitantapodi1.40./ M of | ess than about 1.25.. 14. A polyol as clainmed in
|"®”'m 13 characterised in that said polydispersity is |ess than about
1.20. 15. An untreated pol yoxyal kyl ene pol yet her pol yol prepared by the

process ofiscl ahﬂ‘un&wtéd polyoxyalkylene polyether polyol prepared by the process of claim
1.



