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Substantially transition metal-free
polyoxyalkylene polyethers may be
prepared by dowble metal cyanide
complex-catalyzed oxyslkylation of a
suitable hydric oxyalkylation initiator
molecule by employing 15 ppm or less
of a double metal cyanide complex
oxyalkylation catalyst having a propylene
oxide polymerization ratc greater than 5g
propylene oxide/minute. The induction
periods associated with oxyalkylation
employing double metal cyanide complex
catalysts may be reduced by preparing
pmactivawd master batches and by
increasing the oxyalkylation reactor
temperature during at least the induction

period.
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conpl ex-catal yzed oxyal kylation of a 4 suitable hydric
oxyal kylation initiator nolecule by enploying 15 ppmor |ess

400 of a double nmetal cyani de conpl ex oxyal kyl ati on catal yst having a
propyl ene v&350 oxide polynerization rate greater than Sg propyl ene

oxi de/ m nut e. wdlegnisgsluct i on 300 peri ods assocw@gﬂ.»;mi@
-oxyal kyl ati on enpl oyi ng doubl e netal cyani de conpl ex

catal ysts may be reduced by preparing preactivated master batches and by
2 increasing the oxyalkylation reactor tenperature durlng at | east the
I nduction % . period. 0- ' ** 0 k2
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POLYCLS HAVI NGATAOYWTLEVELS OF TRANSVTION METALS, PREPARED USING DOUBLE METAL
CYANI DE COVWPLEX CATALYST 5 Technical Field The
present invention pertains to a process for preparing pol yoxyal kyl ene

pol yet her polyols having exceptionally low levels of transition netal ions,
by the doubl e netal cyanide conplex catal yzed pol yoxy- 10 al kyl ati on of
a suitably hydric initiator in the pres- ence of 15 parts per mllion (ppm

or less of a double netal cyanide conpl catalyst ., ,The resulting pol yoxy-
al kyl ene pol yeher pol yols contain conn&ﬁ%i!ﬂ&%gﬁ¥ﬂépt- abl e | evel s of
transition metal ions wthout any further 15 necessity for filtration

and/or purification as has been
The present invention pertains to a process

for preparing polyoxyalkylene polyether polyols having
exceptionally low levels of transition metal ionms,” 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
i5 necessity for filtration and/or purification as has been
previously practiced when these catalysts are utilized.

Background Art

Polyoxyalkylene 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 fiexible and rigid
foams, microcellular eléstomers, and non-cellular
elastomers. Such polyoxyalkylene polyether polycls have

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

cule in the presence of a basic catalyst such as sodium
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previously practiced when these catal ysts are utilized. Background Art

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

ht gher-functionality polyols, are the main- 20 stay of the pol yurethane
i ndustry, reacting with di- and polyi socyanates to form nunmerous

polyurethaneva$9”¥84y ur et hane/ urea products, including flexible and rigid
f oans, mcroc el astomers, and non-cel |l ul ar el ast omer FCTHFOHV5708

pol yoxyal kyl ene pol yet her ponoIs have 25 general ly heretofore been
prepared by the pol ynerization of an al kyl ene oxi de, generally propyl ene
oxi de and/or ethylene oxide, onto a suitabls-hydric initiator nole- cule in
the presence of a basic catal yst such as sodi um WO 97/ 23544

PCT/ EP96/ 05708 -2- or potassi um hydroxi de, or the correspondi ng al koxi des.

In the decades of drh@ot@68}iamangkirék sde JwbhaemBbekesysn R Cy i@éﬁ&%@'\@
conpl ex) catalysts were introduced for oxypropylation. These catalys

such as 5 a non-stoichionetric zinc hexacyanocobaltate glynme conpl ex
were found te be highly eff¥aithe demadessiof tbe R¢r spghdt 7Ohs undleuble

certain conditiopetal P@}a/;e_{d@r da,ﬁ.bneks n%d?ﬂfﬂ*éx‘”)' QESEaWIsEEU'@ér
R s e e ey
unsaturation3n tBe ragsteichiometrdco. Oammeqhgxasycmqa@bmam OgZQﬂnd 0
0.09 neq/g for ot bpmpher ﬁéf@:lfadmt@% %tﬁh&ﬁigi kayelént‘é%@aﬁfiﬂ The

far greater cost of these ex catal ystS as conpar sodlum

and potaSS|un1hydP5¥P58p§+%5ﬁﬂ?eggFﬁ§lrcﬁﬁ - congitionsyn, tharh
sonmewhat nore act peédydoharhaviad muohahighee mcdieaiuﬁsﬁxsweﬁ/bhﬁav*eﬁan t;h&vz—

presence of 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 meqg/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. Considgrable 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 9%0’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

ﬂ[ 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



| arge anounts of transition metals, particularly zinc and cobalt, in the

i nitial polyoxyal kyl ene product 20 requi red expensive and tinme-consum ng
net hods of purif i- cation. Considerable efforts are being exerted even
today to facilitate nore rapid and | ess costly means of catal yst renoval.
In the decadesw@driskes 80 's and early 90 's, DMC 25 conpl ercr/EPSY/OSTIS S
wer e produced whi ch possessed consid- erably greater catalytic activity
than prior catalysts. Such DMC conpl ex catal ysts, for exanple 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 wei ght of the

pol yol product. As a result of this higher activity, catalyst cost per se
becanme conpetitive with catalyst cost for traditional base -catalysis of
WO 97/ 23544 polyoxyalkylene polyols. Howevpry/ @ER$GMO57HE -expense

pol yoxyal kyl ene pol yQ§Sd4ifs ?rofagﬁhﬁvﬁnﬁe c@aaqrsr%e mldiufefsl Cﬁ}dm/ e
renovi ng catal yst reS|%ues fr he r oduct roh|b| g % Le
ik G e tgtalizpedof.

comrer ci al i zati on.
i nventi on has devel oped DXC conplex catal ysts mnth far greater activity. As

a result, it has becone practygad LechR¥E],t Rael eé/@.:‘l»lﬁeé:aéf-l mes ﬁ@eé@i@w
t he previously_practiced ranges of 250 t 0. 500 frni_ f or é_(tm%p
while still refaini HaveRtiQn HAs Jeveiorsf (DG © Tg)e kﬁ??ﬁ&%ﬁ tfdh ty
of these new cat al ygtéater sactgiveiaty L hats jar wessdtyi it hesgbaeomélgraa:tudad
only by the heat neppvply¢ARdfd el W Aekigkya! k¥ 818D mécg\a/ﬁfn@wot

by the rate of polynerTzallon pe se. he nuc omer

catal yst required, PFaphiesd FRMERS aff %ﬁﬂ f@%y&Pk?P@nEPﬂol§%¥se¥EW

doubl e net al 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 meg/g, as opposed to the 0.015 to

0.018 meg/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



cyani de conpl ex catal ysts has now becone comrercially feasible, even though
purification of the polyol product is still required to renove transition
metal DMC conpl ex residues. The purification steps still add undesirably 20
to the process tine, however. Pol yoxyal kyl ene pol yols prepared by these
Excepti onal |y, gb% "EA" doubl e netal cyani de conpl ex catalysts have
several unusual aracteristics which may be taken advant ag&CHEPPEs708
conpoundi ng new pol yur et hane 25 and other forrmulations. First, the
degree of unsatura- tion is exceptionally low, typically neasuring from
0.002 to about 0.007 neq/g, as opposed to thg 0.015 to 0.018 neq/g

unsat uration of pol yoxyal kyl ene pol yet her pol yols prepared usi ng DMC

catal ysts exenplified by U S. 30 Pat ent No. 5, 158,922. Moreover, while

these earlier DNCM&M@@NH a8k eekx@éé gebeiad | Y geant

10% of a | ow nol ecyl ar ht .co one§ ﬁ%ﬁpt tC)ég <X gb?g%%eﬁbﬁ
PCT/ EP96/ 05708 - 4- i’fﬁ%‘t?f‘i? POYaPE RRSEPHY °Jg°'ePrﬁ§’Pr?€9t Féh
chr omat ogr aphy of %D}ﬁb(yaakyl}!m pdiaidl stpreqdmvedawt hidtedidBleat abwet s
Lall to show any %ﬂl%@u%%'re \Jrélb ttrE& dHe e cﬂ{éop Al a d a dRSRELE-
RSB D TR U L N 1 UL F
catal ysts al so exralbuytleaevepqlmhm polmls baepueghtusd.ln@t rﬂlb.aﬁé Ofiore

Pol ydi t h
obt %i ned. . and ?ﬁe%?‘bebﬁb;:ﬁ??té EPod s & Pl by Bl s

Xya
produced by thi rdlj’é'ni!!?éﬁpﬁ %ﬁ%@mav@%miw%w@qs:e&z% aﬁoﬁ?si 07
to 1.15 or |ess. Ehanpdl.\Bax etk wianmaidy -aRidiey ¢itaitied arand/i thalabhyt

monodi sper seyq 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 levels of DMC catalysts

1s 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. First,

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 to polymerization activity. Thus, use of

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

DMC catalysts are alsc characterized by an
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The use of lower |evels of DMC catal ysts 15 would, of course, be
preferable. However, at very low |evels of catalysts, for exanple in the
range of 25 ppmto less than 100 ppm several problenms arise. First,
catal yst deactivation is a serious concern. Several comonly encountered
speci es such agosnthsiym hydr oxi de, 20 pot assi um hydr oxi de, ErgE®sHSTos
bases are known to be effective catal yst poisons for double netal cyanide
conpl ex catal ysts. Wiile traces of such ingredients may not be inportant
when fairly large quantities, e.g. 250- 500 ppm of catalysts are used, when
smal | amounts of 25 catalysts are conteiplated, even small anounts
of catalyst poisons may result in conplete inactivation of the catalyst. In
some cases, even variations in reactor gonfig&gatipn n@y result .in catalyst
i nactivation as oppbsddiak o ISEPEREr | PET10R §xR}R, aftem, addigdgn opf3p
catal yst |evels sigiikyleamd byxibliel tovtH) repotbas polyherizitingiils gesayblie.
DMC catal ysts are SO _ch | 7/ 235 s _
PCT/ EP96/ 05708 - 5- a%‘.’rﬁ ﬁna?fﬁ%%ﬁ%%%f%e*ﬁ%gg‘? \?\ﬁe%glp%’ SR attegn " spduc
al kyl ene oxi de to tten emiqd, "pelvrHeg ¥airhn viistyelayenof oplimneapprtirabl e
amount of times thedantal | ethe' iehduof then ipducedon guriod whyCBeViastdally
no pol ynerization o) S E e f &he | nduction riod be
ascer- tained by agzraéﬁe(if gb%pai r"{l— ggc'rg& %[o b rlelgsﬂérgg?%ﬁ[Igﬁﬁguﬁ%df"{;%ﬁwﬁ?gan
initial quantity ofadgidiiameodxiade. iFbtiahi pandtiitvat P6n adiknlienecaouiget
pol ynerization is giitdWidY dctibg8rionlust ivre I&ﬂ&@é&@sﬁbiﬁeiwﬂéiéﬂ g 10
I nversely related to ,the amunt ﬁ% caléuggl ut|I|1%Pila. hougg noé I n g
linear fashion. |n%thhe FFPAE: | DRf 1hduction period has been-round to be
10 inversely related to the amount of catalyst utilized,
although not in a 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. In 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. Tt 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.



| nducti on periods have been followed by catal yst inacti- vation. Stil
further undesirable effects of the use of exceptionally | ow catal yst |evels

are an undesirable 15 i ncrease in the pol ydispersity of the polyol
product, and an acconpanying increase in viscosity. In general, Iow
viscosity pnogygiszesr € desirable, and for many applications C%%i

monodi sperse polyols are desired. 20 It woul d g esira e to

provi de a process for the preparation of pol yoxyal kyl ene pol yet her pol yol s
wherein exceptionally low | evels, e.g. 15 ppmor |ess of double netal
cyani de conplex catalysts are utilized. It wuld be further desirable to
provi de a process wherein 25 t he anobunt of catalyst utilized is so smal
that cata- lysts nay be retained in the polyether polyol product wthout

resort to purification or other SighareOf THeIRVentibansi tion metals. It
woul d further be desirable to provide a processS capable of supplying

pol yoxyal kyl - 30  ene pol yether polyols having exceptionally |ow polydis-
persity and {ow viscosity whil %E”@}a%?%%n‘ WWAFeS iRl 2A4RLGTBEA hat

cyani de conpl ex catal ysts.
PCT/ EP96/ 05708 - 6 PO3yRfIAY) KPR eRfe POIYOIS f | YERYs PASHOe R 13ddSPRERALYY

di scovered that panyoyal kilsedsiggl maks bef p\reayacaar IéWnp@bydb&BQéStnb&‘.aind

| ow Vi 9COS! s Y g Rl @duGR 84l 0L & FL Ale %15 prfy A Bo80TBhEH

cat al yst Ieve m or e conp
cat al ysts havi ng ﬂpﬁb}ﬁeﬁété | G¥anbie ROMDIRX cﬁﬁ#aak%swul@vémgt ngﬁpxgene
propyl ene oxi de/ 10&igem poll phersiza®iamir edtabs IWbiads | thad UsPdpadpiliéne

oxyal kylation catglygt /(15'8 B 82&2&5{ Peaddrdd@@' P are used as the
oxyalkylation catalyst (EA-DMC catalysts). It has aléo
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 Description Of The Drawing

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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10 been surprisingly discovered that polyols having | ow pol ydi spersity

and | ow viscosity may be produced when the pol ynerization reaction is

carried out at a higher than normal oxyal kyl ati on tenperature. Both the

poly- dispersity and viscosity of the pol yoxyal kyl ene poly- 15 et her

products thusyebiakised are sinmlar to those enploying highgk, ﬁ%%$%80f
S0

catalysts at traditional oxyal kyl ati on tenperat ures. The anoun
catal ysts utilized in the process are so |low so as not to require
purification and yet still be below the generally 20 accept abl e st andards

for transition netals in the polyol product. -fhe use of high oxyal kyl ati on
tenperatures and/or the use of pre-initiated initiator/alkylene
oxi de/ cat al yst master batches significantly decrease the induction period

associ ated with doubl e net algé%ﬁqh %ﬁl%éf thg%gﬁg@gmmﬁé ef

Description O The Draw ng opy consunp-
tion versus tine which nay be used to determ ne the rate of propyl ene oxide

pol ynmeri zation and the inducty v 0 t i ~
conpl ex oxyal kyl ati on. WO ia.éﬁidé&’&éﬁfé{ %Hlehﬂgféﬂbfaﬁﬂ1§kzen

PCT/ EP96/ 05708 - 7- HR ripgivge #thrken® dxided BrRitheRmhtaxideey 1 lefe ®addes
useful in the subjepf3imreyternd opxide) uiln pabylicaradyi ¢eopprenyl oxedexicde,

o opy! ene_oxi db s 1t SRidfcRdRisRy, AReRnal Belle . mgnercn
as the CJerr] to Cakeylengphaxifirvgl éwehoxasleshgr Csalto Cui @dbha, alkydene
al 50 styrene oxi de,oopdisangre 2ad sbhasdiitebleThead eafe " Bigberstyrknbenskiae,de”
as used hereinafter lncludes 11¢n2U1Yk&M R 9%%m Honer alkylene oxider
as used hereinafter includes the butylene oxides. .The
10 above alkylene oxides may be introduced solely to form
homopolymeric products, seguentially 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 wariable 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

B o -‘:«\,-.--,T'-'_'ﬁ?.?*-'i.@.‘a;gy_:-_-.—--3::;‘,-__.-_"'_-.:; T ST AT ESE Y v e e
T g 4 2 ) . e L TE I



10 above al kyl ene oxi des may be introduced solely to form honopol yneric
products, sequentially to form block polynmer products, or in adm xture to
form random pol yet her products or bl ock random pol yet her products. Wen
ethylene oxide is to be used in conjunc- 15 tion with another alkylene
oxi de, howevegg ohhigt hyl ene oxi de should not be utilized al £ herw se
products of variable character believed to contain considera At i es
of pol yoxyet hyl ene gl ycols nay be produced. Ethylene oxide may, however, be
m xed with other alkyl- 20 ene oxides to form random pol yoxyal kyl ene

pol yet her products. If pol yoxyethyl ene-cappeg.-pol yet her polyols are
desired, it is preferable to first prepare a base polyol containing

propyl ene oxi de or a higher al kyl ene oxide, optionally in adm xture with

et hyl ene oxide to JdxyethiQaBiocANof bl e gutiyda . honopol ymer or
al kyl ene OX|de/etherne oxi de random copol yner, followed by addition of a

traditional basic or other catalyst for the purpose of capping the base
pol yol with oxyethyl ene noi eThespolpdkvalkylenxi gdelpolpopaepanadhyr cwtigde
may S0 be used. bobigianbheentitd HeYatab Alul s sackikloaL PEy IR Wi

met al cyani de catal roppte the uniform
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that termas used RBPeFPRPONYRE PP?@%?%‘ﬁBhOﬁEFseﬁﬁwPl¢(quﬁGﬂﬁMQ§
i ntroduce ester i éh&@ﬁSlilﬁltagéé”lﬁ.nlad ¥he il o Bia kyQlevie! pobyei er -prefer-
ably, residues derived from cyclic ethérs, most prefera-
10 bly 1,2-alkylene oxides, comprise in excess of 50 mol
percent of ‘the polyozyalkylene 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 tetrahydrophihalic
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




ably, residues derived fromcyclic ethers, nost prefefa- 10 bly

1, 2-al kyl ene oxi des, conprise in excess of 50 nol percent of the

pol yoxyal kyl ene pol yol repeating noi- eties. Exanples of copolynerizable
nononers include the various saturated and unsaturated pol ycarboxylic acid
anhydri des sugfgafdshypse disclosed in U S Patent No. 15 SpétfiRpssrarq@and

I ncl ude, but are not |limted to nmal ei c anhydri de, 1, 2-di net hyl nal el c
anhydri de, succi ni ¢ anhydride, phthalic anhydride, trinellitic anhydride,
pyromel litic anhydride, methyl endonethyl ene tetrahydro- phthalic anhydri de,
endonet hyl ene tetrahydrophthalic 20 anhydrtde, chlorendi c anhydride, and
the like. Additional copolynerizable nononers include oxetane,

3, 3-di net hyl oxet ane, 3-vinyl -3-met hyl oxet ane, 3-chl oronet hyl ene oxet ane,
and various ot her sBBsTEISRR Dxet anes as taught by U.S. Patent No.

3,941, 849. 25 Further additional polynerizable nononers include

| act ones such as butyrolacto n 3 L e. es; pf i t
ol %o‘ig?@z?g?kg%ﬁ@ ﬁgiggf.’é et’ﬁ& St  ablyer

copol ynmeri zabl e mononers and procéess repari é erester and

ot her pol y- oxyal kyP@REVHHIRYH Weighr Fang8§mdiif - UESOMpLPRAtPALe 21300 Da,
3,278, 457; 3, 404, 106he SosdyHl 88kt ion3t8mPéBathrad3magdbe dsdlcitdd;so as to
3,941, 849; 3,9Q0, 518 -3, 404, 109; 2 8; | 3, 4 1i ch
are herein i ncgrporg?e%pé‘;%ﬂbg%l%éi&' i eile Z§né§ ot - 1101E: ol

PCT/ EP96/ 05708 -9- &%, iisiehigher mekeqularn wedighl patypsyybkelent ALY fer
equi val ent wei ght rpggesxahple tHoye HOA DR dguRRORIR wdilithtex\d kytleaitean
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pol yoxyal kyl ene pol rd that conventional oxyalkylation temperatures often
10 result in a polyoxyalkylene polyether polyol product

having high polydispersity and high viscosity. 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 reactofz_the 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
catalets.
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for exanpl e those having equival ent weights of greater than 2000 Da to
about 6000 Da or higher, it has been found that conventional oxyal kyl ati on
tenperatures often 10 result in a pol yoxyal kyl ene pol yet her pol yol
product havi ng hi gh pol ydi spersity and high viscosity. For doubl e net al

cyani de co 75343 yzed pol yoxyal kyl ene pol yether polyols in this h| gher
nol ecul ar wei ght 'range, it is highly preferable to conduct t P96/057
oxyal kyl ation at 15 hi gher than nornmal tenperatures, i.e. from 120[ err] C

up to the catalyst deactivation tenperature, nore preferably from125 Cto
150 C, and nost preferably at terrperatures Lyp-t he range of 130[err] to
150[err]C. Wiile not wishing to be bound to any particu- 20 | ar theory,
it is believed that during the preparation of higher nol ecul ar wei ght

pol yo?yal k?/: enle po: yol's, the hf%f‘@ﬁei“ fe@hbli & eﬁ@&ﬁbﬁﬂ?e@hﬁﬂ gihdutctmﬁ

exceptional Iy | ow | evel oubl e nme S I s . due to

i nefficient di ffuﬁ?ﬁf‘ ’t%eg]é? k’s’?ﬁng (?éf?)c H'Ffta%e?h\é‘af% T batoh gyo-

mxture. By incremssmg t¥re tle:rq)epmmss,ofortm@rpadqmwauqdaaiqm anea ather |

the viscosity of idusRAFthegel Xkl @denIgae! e§§§d1ad;§é’éa | »cbatan%uh %1%860'
as a

di ffusion of il kyl ene oxi de. Nbreov% € increase ngerat ure
surpri si ngly been FeRFIESt 1 ¥RE38E | HOF e FHERISIF s?ﬁén% FRIcELBRLp IS
whi ch may ot her wi sﬂab:ee,qwrmiefbmmgwﬂmghuzetdaphnngal ay initislehwamfitdodtE e

PCT] EPob] 05708 - 10Ky T o2 e ot funt i, B RdE PO R R s
the use of a prea S\Pﬁlafdrmﬁsltséw I‘F‘?ﬁ%m-ces °W¢ﬁe¥h|§a'5h%€e§§anoﬁédor
nmore initiators andidirdciegi r ellkbReset obxids altpst thee acklibehdean a inyictiabl e
10 tor/alkylene oxide/catalyst mixture, the mixture 1is
maintained as a master batch and introduced in suitable
quantity to a different oxyalkylation reactor, which
advantageously contains a further gquantity 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 containj:ng 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 polycls 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-
propancl, l1-butanol, 2-butanol, l-octanol, lddecanol,'l-
dodecancl, 2-ethylhexanol, ethylene glyccl monomethyl
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5 reaction vessel, for exanple a stainless steel auto- clave, and
following NJerr] flushing, an initial quantity of al kylene oxi de added
until a pressure drop occurs, as described el sewhere herein. However,

rat her than add additional al kylene oxide to the activated initia- 10
tor/al kyl ene woedgisat al yst m xture, the mxture is maintai NRERSeRsTIRSt €r
batch and introduced in suitable quantity to a different oxyal kyl ati on
react or, which advantageously contains a further quantity of initia-
tor(s). Oxyal kylation is then commenced, w thout any 15 appreci abl e

i nduction period. For exanple, a nmaster batchllmay be prepared containing
1000 ppm catal yst, activated, and then 1 weight percent, representing 10
ppm cat al yst, added to a reactor containing a further anount of initiator.
The 20 nmaster bat ethes, pard erld| Jikeni i Isedbratglaracdsatsucdl yas @thylene
temperature, |.e. oNRE/PSEGYIéhe 6&1”3'1153-53?&1;?&114&1er eVENL HRghess

of npi sture Wmch t&’e‘gf to acii‘vatjon. The _naster 'bat’ch reactor

may be connected di 1}'tﬁogﬁﬁ§nﬁ§1" r yt Fpsitiapesiodn ?é%%lfﬁenez@lywﬂ-or
exanple. The initi adzp:soms?eéru& | glymadpar i hg -dye Jntlexanedimeichaaod , poltydt-her
pol yol s of the subjggﬁ i 311930 nclytq? ttl}q_pgg annlﬁi?‘%&{ 21%;”%?{5@38

havi ng hydroxy functjon 1ti'reS o fro 1to

al kanol s such as Wet®holsuchet 3ol 9 Y%%“@pan(ﬂ”lme}hyﬁtoé-@&ﬁﬁﬁneo and
1- but anol , 2-but anoirnﬂeﬂqﬂaﬂ(dt,hahedec&ﬁﬂnah&drd@decﬁﬁﬁla%ﬁ hyshexanak,

et hyl ene gl ycol 97/
PCT] EPO6/ 05708 - 11. et er he ¥ |$§§éa B o AP EIREPESs B 3% h§P&ne

glycol, propyl ene @¥eth g “@sdﬂ?ﬁane‘-d’iroIGX@PMM‘?@hleIUCOﬂder hexa-
10 hydrlc initiators such as sorbitol, mannitol, hydroxy-

ethylglucoside, and hydroxypropyvlglucoside; and octa-
hydric initiators such as sucrose. Various higher
functionality starch-based initiators or methylolated
species such as the various novolak and resocle 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, propy-lene 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 equivalent weights of these oligomeric
initiators 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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diol, 1, 6-hexanediol, 1,8-octanediol, diethylene glycol, dipropylene
glycol, 1 ,4-cyclohexanedi nethanol, tri- 5 et hyl ene glycol, and

tori propylene glycol; aliphatic triols such as glycerine,
trimet hyl ol propane, and trinethylol ethane; tetrahydric initiators such

as pent aeryt pentahydric initiators such as the al kyl cosi des,
for exanple g&n%ﬂﬁﬁrglucoside; hexa- 10 hydri c initiatoré‘gbgﬁgggms
sorbitol, mannitol, hydroxy- ethylglucoside, and hydroxypropyl gl ucosi de;
and oct a- hydric initiators such as sucrose. Vari ous hi gher
functionality starch-based initiators or metlByl ol at ed species such as the
various novol ak and resole resins 15 prepared by reaction of

f ormal dehyde and a phenoli ¢ conpound such as phenol or cresol are also
useful . It has bedhatounwbeni tBA NG cBVELESND| drcaubiyieed timt puRRATEOW

mol ecul ar wei ght I;saltyoaéymcyi%a @él?éﬂhié?”ﬁo L) ,trww%ke&emshxeehar
glycerine, or 20 Lrinet e i.nduction gerlo

i s exceptionally WhtTHEFéF‘S%‘ErS ‘Palﬁé’ tﬁé‘eh p‘?%?‘gr Yt eEEPPESENa
hydr oxyl - f unct i ondly pekhgokydiukyienmepestiogisnand witthauteddballylse deaveintaeonal

oxyal kyl ati ons of Qﬂ%rpratm?.lb% @Et&ﬂ?smé C gt e@;taﬂlbied' EEHB§8§yiQn&he

25 previous par to forman initiator molecul & havin
equi val ent wei ght qg'g’cﬁ’ﬁef e?ﬁbl’ymffr‘cﬁﬁ%o eeB Soohﬁémgsu gﬁ&lga&m‘m ent

wei ghts of these oldiginerdfc oniiy %8 O, ivay elbatmwediytbopmephnebp&ﬁyoxy-
catalyzed oxy- al iyl 1e91% :}%Glifo'l%t te%ﬁttanér’;tarie%&r eqal £ ;f;ﬂ?
e presence of

unsaturation. The o nitiators repared in
ot her catal ysts, &@’esﬁe 19h| ta%%erf:%w e’kﬂ‘ipqﬂ%m ckhe hswejeet

WO 97/ 23544 10 invention are employed. PCT/ EP96/ 6708 -12-.

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 may be slurried in a
volatile solvent such as N-methylpyrollidone, hexane, or
the 1l1like, 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 wvacuum,
refilled with nitrogen, and again subjected to vacuum 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. Following this initial addition
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that when EA-DMC catal ysts are utilized to prepare pol yoxyal kyl ene

pol yét her polyols, that | ower nolecular weight initiators nay often beé used
wi t hout exceptional- |y long induction periods and w thout catal yst
deactiva- 5 tion at |ow catalyst levels. For exanple, tripropylene

gl ycol, an i niyig ab2@844n0l ecul e havi ng an equi val ent wei ght of roIEPIGOs70R,
may be used to prepare pol yoxy- al kyl ene polyols at catal yst |levels of 15
ppm or | ess when high activity catal ysts according to the subject 10

i nvention are enployed. In general, the ini tivﬁt_or or initiators are added
to the pol yoxyal kyl ati on reactor, follow ng ch the required | evel of DMC
catal yst is added. The catal yst may be slurried into one or nore of the
initia- 15 tors to forma nmaster batch, prior to addition to the

oxyal kyl ati on reactafi abkybere ae&iffr eltenceBAREOR NREEFBEFR &F SATafddly
added, or may be slpgdiltestddl a A/ Gutiddre dedreaizle SUCcprassure in the reac-

N- et hyl pyrol |'i don hexane, oL th i ' ' 1Ly v ~r§:%@e he
product 20 - duri n(éiosﬁ'r icﬁ?jllsr?g %Y ﬁ%rlée%%‘&e(?vg;ﬁ% é;]e&g%éeo}éf&gt)'hgqgh | of tst he
oxyal kyl ati on reactihat; d&her egavaliyatr s t heeini arkivptedi ng dddifdonal

reactor. The react f1 iyl cif@lde Idarf ithetd B tdudbay, Rl agee, ofubjdetiitent o

femve air and tradind JRACCEEPE ARRERERLEnooEns ded- o Bt et Thmoval
oxi de to be react ecpassithien wied anpertheoulaacreactor gpnfiquratione| afiegs v
ST oo e " s Aol shasetpesiadicha sastecdh
?heypr essure in t hea?jg‘fé’ta"tﬂ‘?/'t owgf'ﬁ%sg}?eﬁri \élﬁf’eglgﬁ?réi (yll."ldgvm ér:g 3 sl"Lsso% n?‘ i aIn
addi tion 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 to 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 5g 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
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al kyl'ene oxi de, the 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 catalyst has been activated. Addi tional 5
al kyl ene oxi jhen be added, the rate of addition bein ndent
gengrally oggﬁhgigzgree of heat renoval possible with a par?F%&%%Wﬁﬂgactor
configuration. Heat transfer fromthe reaction is facilitated by vigorous
agi tation, which has also been found to assist in 10 | oweri ng pol yol
viscosity. Al kylene oxide continues, to be.gdded to the reactor until the
desired nol ecul ar wei ght product has been obtained. During the course of

t he al kyl ene oxi de addition, the al kyl ene oxi de conposi- tion may be

changed fromits Iz@tté ahnaoameéléé Cﬁk‘éﬂ.& 1a5cat§§999d1ewi rvﬁucﬁ‘f @g&k@
conposition durin al kyl.ati on, provided that t

al kyl ene oxi de co 3’%’]1 €n ‘icheVPEééf'%?nﬁoé@ e % Pbn&e@skiarni ng
substantial |y aIIzamhyﬂaaetoxmmgurmtheswwsrchimxdnmﬂbaxmwumlmbnq encoun-

homopol yoxyet hyl e%f&' et'@ﬁemﬂém sraQurepro%d C g& Ehodeubl & NBL al o

cyani de conpl ex cat al S suitable for use in j ect 1nvention have
y mp Pé$1

pol ymer - i zath on ROF tggpﬁﬁﬂﬁpr?oaﬁrwﬁ%%t%yac%atm Br&vFarAgch-
reaction rate of aldout ASpresspykecof A0 @aigSis psedneButhiat i8 aatahyset

conoentrati on of 49080 oBBaR 613" VIERLE' Ehe 20l OnBohd B OBYLEDGLXI e

pressure. It is conveni t 0 express act

propyl ene oxi de péﬁyﬁéfﬁzﬁPFoﬂr%BY¥ﬁﬁﬁwﬂ¥%ﬂ?(ﬁﬁxﬁéﬁxiaﬁﬁéﬂnns?hﬁﬁE@F?tﬂged
of the al kyl ene oxisédstansleasusé cata&bybt yacviaiigblshouldhsel ev§£a§z{«1é§£>
ppm this angunt f & en, to. obtai
reaction ratr@uv\h %%a&d" %l%f fc%égfégnt%é) rapla\gﬁﬁgggeas%%o?gét{hbr%%%%% 6?1
provi de a ready n@&?wﬂ?ﬁﬁngeé%tﬁéﬁrt lining of, e.g. glass, ceramzc,

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.

to

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 a 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(gP0O)/dt. An example of a plot is given in Fiqure 1,
where the activity of the catalyst to which the plot
corresponds to approximately 28g PO/min. The catalyst
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and also to provide a catalyst level which is | ess susceptible to
variations in nmeasurenent of reaction rate due to inpurities which m ght be
routi nely encoun- tered. The tenperature of 105[err]C is chosen as it is
5 nor mal t QupeIAkLr €. at whi ch oxyal kyl ati ons are conduct - rri/ERSé/psTeESUr €
of 10 psig is used as this is a conve- nient pressure well within the range
normal |y regarded as safe for propyl ene oxi de oxyal kyl ati on. The reactor
used to neasure catalyst activity should be stainless 10 steel or other
essentially passive netal autoclave Or one having an inert lining of, e.g.
gl ass, ceramc, Teflon[err], or the like. The autoclave and its associ ated
connecting lines, entrg ports, sealing, gaskets, stirring, devices, iy 10g

shoul d be t hor oughl 3ctheidiie sy BESRLARSLLHE S IpPBLBYRr oS R5TET

measur enent of cat aposhiGEr Holde, @pHaliyspreféranly 20y EEsuimedrbhigher.
oxypropyla- tion of 70g of a 700 Da nunber average nol ecul ar wei ght,
glycerine initiated pol yoxypropylene triol at 105 wi th an apount of

catal yst sufficient to provi Gaeloertpkysts of ckhgl AUbIerk neopeRiipn are
product, assum ng tﬁ&&rﬁ!ﬂqﬁ Q110 faala daterysay. weBght tbkri@dDy Da.

A nore detaile descr upn Iyst It p d
i n Exanpl e 7 herei e 93Fy5¥ cth w%%’é t%e ?E&Sg‘ag%%ipc;} e?l:g%S%g

oxi de polynerlzatuﬁuﬁfan$ME eAtapiypit cAELEXEHE ﬁ%? hemRReEAET Rt BAAPRE
by the maxi mum sl opg, £ ﬁop'cOLtOéaQéPf@t %foﬂaewbeaenexwﬁo@wds( gpi0O)

versus tinme over the essenti al l |near po | | ot f t he
i nduction period, it elatiye FRi tg’(? Ting g‘ﬁ%)P(?tl "X%ﬁéxwg?

of a plot is given polyeter 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.gq.
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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where the activity of the catalyst to which the plot corresponds to
approxi mately 28g PO min. The catal yst WO 97/ 23544

PCT/ EP96/ 6708 -15- activity nust be minimally 5 g POmn, is preferably
10g POmn or nore, and is preferably 20g PO m n or higher. The catal ysts

of the subjeovobyepii on are preferably thermally stable cat . BY
"thermally 5 stable"” catalyst is neant a catal yst which rg#é?%%msms

sufficient catalytic activity at tenperatures higher than 120[err] C at

catal yst concentrations bel ow about 15 ppmrelative to the weight of the
fini shed pol yoxyal kyl ene pol yet her product sygeh that a 2000 Da equi val ent
wei ght 10 pol yoxyal kyl ene pol yet her product nay be obtai ned before the
catal yst activity falls to 50% or nore of the catalytic activity neasured

the | NSt ant ancous yELank. ol oromilone okl e AmSEL e B e e o

i . -

being fed to the rgﬁ%?%%l‘g{l gﬁ%sﬁéﬁt’%?%*s’s?ﬂ e?rﬁ‘écﬁ%rﬂér%t‘fﬂ%e’éﬁs%@k?the

cat al yst ceases tomgbalhgainland Rt afsiteri-socdublleamet&20¢panide suef or aley at

| east 125[err]C, L y e 3 et r refera- .bly

145[err] C, ang rrogigé??g{y?%%}lﬁg a{n alighstaéé 115%- %%%F%%%g ﬂfm) End generalr he
DVC ERERFR M &ds uFrh&hech dhyiFaRflacted | £5emt 8he IqgwR to

anount s of EAS

(ilt5)out 15 pgm bafedcmnsimﬁil.migflt f:;éltme fel(imb,pmducnw mxﬂfnr)ablc%@ﬁnqgn}to
ppm and nost pgefef pblph @xgu 0 m c at | 0

15 ppmor less, the {es&ti ] olt&g?)' M ?Egzét"?éﬂéug‘g@ﬁ’m IV&%'

ng pol
transition nmetal fYEEY)s e?f‘d.quc)cnP‘g(iItYs} 1| @églghaﬁuéﬁéht and ik TA) -andlores
ppm Co, respectivepyeferaksly otilid reulddted) frintlt O Rjrdp Pordi@ing REM

"Substantial hy trapgiiiPh FBEA) [ T&RTI), and Ni(II). 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(II) chloride, co-

20 balt(IT) 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), (7). in which M' is selected from the group
consisting of Fe(II), Fe(III), Co{II), Co(III}, Cr(II},
Cr{(III), Mn(II), Mn(III), Ir(III), Ni(II), Rh(III},
Ru(II), 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(IXr), 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



i ndi cates that the total of all transition nmetals 30 derived fromthe
doubl e netal cyanide conplex catalyst is bel ow about 8 ppm preferably

bel ow about 5 ppm and nost preferably bel ow about 3 ppm WO 97/ 23544
PCT/ EP96/ 05708 -16- Doubl e netal cyani de compounds useful in the invention
are the reactygerpsisagucts of a water-soluble netal salt and acwairesesyed ubl e
nmetal cyanide salt. The water-soluble netal salt preferably has the general
5 formula MX),, in which Mis selected fromthe group consisting of
Zn(ll), Fe(ll), Ni(ll), Ma(lIl), Co(ll), Sn(Il), Pb(ll), Fe(lll), M(IV),
MO(VI), ALCITTY, V(V), V(IV), Sr(l), WIV), W), cu(ll), and Cr(I11).
More preferably, Mis selected fromthe group consisting of 10 Zn(11),
Fe(ll), Co(ll), and Ni(ll). In the formula, X is preferably an anian

sel ected fromthe dizoaptbengreup gonsisting P(fehafﬁifé?ox’i‘%m’&’tﬁ?'atsé‘lfater
carbonate, cyani de,cfprRinditR, c;&amme',anaicelate; setjeeyatate, i Seiduivanpaeat e,

[he val ency state G oEvANstae oroearyiBre: g Aledte, B £ BRH CF

t he val ency state of°
not limted to, zi raxa:mnmeums greeterothan, oz equakctatk; thesumcef the

tonyl acetate, ginc Jenzpal corzialc B trae, ol r@é‘iéﬂc}e§ulthét Soharg(bi) .
brom de, cobalt(l1)_ chloride,  co- bal t t hi ocy I C Igljt)
formate, nickel (I15u%hadts: é’atﬁﬁﬁsf’ pbie e 5 dc}'ﬁ‘%‘g‘? rftr?evlé‘(#

wat er - sol ubl e net alana/amtﬂehsnaluai used pat assdenmt Hemxﬂr@malta@pamldé,
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el (Y)[e Qﬁ\e hbglcya Hi;&ffé@éhz) Vﬁotaﬁiﬁﬁa%{gﬁ%@apgm
|I|I)) P

the group consi sti ffrse h&ﬁa‘qy)anog?%aﬁ pregtd

10 hexacyanoxrldate(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 listed 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 agent 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 c¢yanide. 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,




C{lirr)y, M(rr), m(rir), ey, N(rr), rRaCliinr), Ru(ll), V(1V), and
V(V). More preferably, Merr] is selected fromthe group consisting of
Co(ll), Co(lll), Fe(ll), 30 Fe(lll), C(lil), Ir(Clil), and Ni(Il).
The water- soluble netal cyanide salt can contain one or nore of these

metals. In t\woohesdayl a, Y is an alkali netal ion or alkalin t al
ion. Ais an anion selected WO 97/ 23544 Feibbdsiis

PCT/ EP96/ 05708 -17- fromthe group consisting of halide, hydroxide,

sul fate, carbonate, cyani de, oxal ate, thiocyanate, isocyanate,

| sot hi ocyanate, carboxylate, and nitrate. Bgth a and b are integers greater
than or equal to 1; the sumof the 5 charges of a, b, and c bal ances the
charge of Merr]. Suitable water-soluble netal cyanide salts include, but

ﬁr e not | :c m tefl .t]cﬁtmfsieﬂndﬁﬁacmba:c ta@iiat@bl : ? Iurlé%ler‘sh&'&iles,
exacyanof errate . ot assiyum cvana- ferrate calciu ]
hexacyanocobal tagé"(ﬁ)ﬁll%s'l ifl}#ﬁ:ﬁéﬁré’%e@ﬁ?%?% ri 5?5%1‘7??, caﬂﬂn&?ﬁénﬁi ke.
Exanpl es of doublagantsa| axgamagercsopubibes aliphatdie balceswls nsehected

i nvention incl udErdnPEhexXgrPhS cHisiGHiNReYaBer A | q@%fp&?gp%légligegg% blo

hexacyanof erg at e 1) .and the .like. Further_ exanples o

netal 15 cs;ani dmt(a"lbuc?é&p 6’3‘°ldr e EPR Yy a+?1‘)’(h{TS. segmbutyl pgcoho
5,158,922, the t&achitegt-bhtyhi shcohel i n@epoiattyd deeholbytrbhvarorp. The
solid DMC catal ystss pbst hde2eebhon i ppbide @&Tar | Xi nt.
Generally, the 2 cosrrgl g’xi ng agent _nust be re atﬁeﬂi ggﬁ%ﬁen{% \;\ag%er.
Sui t abl e” conpl exitRF™efenPEIaPLct AORRLIEXHRSAIeKown in the art, as taught,
for exanple, in U S Patent No. 5,158,922, The conplexing agent is added

ei ther during The solid DMC catalysts of the inventioh
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 polycol. Catalysts that contain more than
20 about 80 wt.% of the polyether polyol are generally no
more 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 pclyocls 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 containing isobutylene oxide during prepara-

tion of the polyol.




preparation or inmediately follow ng precipitation of 25 t he. cat al yst,
preferably dissolved in the same solu- tion(s). as either or both of the
netal salts used to formthe double netal cyani de. Usual ly, an excess
anount of the conpl exing agent is used. Preferred conpl exi ng agents are

wat er - sol ubl e yWisépi3eat om cont ai n- 30 I Nng organi c conpoundspdisios/astas
conplex with the double netal cyanide conpound. Sui t abl e conpl exi ng
agents include, but are not limted to, alcohols, aldehydes, WO 97/ 23544
PCT/ EP96/ 05708 -18- ketones, ethers, esters, amdes, wureas, nitriles,
sul f ides, and m xtures thereof. Pref erred-18enpl exi ng agents are

wat er-sol ubl e al i phatic al cohols selected fromthe group consisting of

et hanol , isopropyl alcohol, 5 n- butyl al cohol, isobutyl alcohol,
sec-butyl al cohol, and tert - iitheylpodlyodBohsedein - e \Gatakydts can bet made)

is nost preferred. ‘q].s;gu g%xcat enipgy ?gxhgg bgigggls"zggcgg:lry}cnng_

conpl exi ng agents. "’ Tive 5ol | sts 0 nvent.i on

preferably include 9?%%0@@“@6%566?“8?& @X%Jfl% rﬁﬂr?é‘t%er(eﬁ’&";}gﬁs'
Sone or all of the dyektaned, gt@n.m}drdﬁm:apsl)yeialmrb@ahqeﬂ rrayhbepbélybﬂ.ary
hydroxyl groups. Pf ;&fssdn&%tea'r%gfﬁténgénﬁle'eﬂs o2 &Py < { PaBbaLt padeut

of the polyether yol ; noDst err cat a i'ncl ude from abou

15 to about 60 wt. %Qﬁréwfﬂfﬂfyéﬁﬁlyﬁ&l)yol T%Et’r%’é%th&%ﬁy% FEOURHf 2 Re

gglr%gﬁ ggr Wlpglhygl C;fcdﬂﬁﬁiﬁﬂaﬂﬂelyiil gntfodwddd ybyrrpj:xmémdi‘rlfg cath admsllgaclblthety
Cat al ysts that contrgéf%o’#reﬂqﬁt '},&ZB&% ﬂl}z‘%%%tg%utt E%IQQ %tﬁ ?cﬁg X& prom
pol yol are general IS Adensyelast evker anfychd¢ arberapisrivlk fion énté'eldaﬁe

and use 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 polycl 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 isobutylene 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 lactone 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 e€,é-
dimethyl-e-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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because they are typically sticky pastes rather than powdery solids.

Pol yet her polyols suitable for use in making the catal ysts of the invention
preferably have at 25 | east some tertiary hydroxyl groups. Preferred
poly- ether polyols have at |least 5 nol percent tertiary hydroxyl groups;

mor e pref errqgh #8s40l yol s that have at | east about 20 nol ppéltgﬁ,;}; sobRptiary
hydr oxyl groups. Such groups may be introduced by term nating e oxy- 30

al kylation with isobutyl ene oxide or mxtures of alkyl- ene oxides

cont ai ni ng i sobutyl ene oxide during prepara- tion of the polyol. WO

97/ 23544 -20- PCT/ EP96/ 05708 -19- The
pol yols used in the catalysts can be nade by any suitable nethod. Polyether

pol yol s made by ring- opening polynerization of «cyclic ethers
(epoxi des, oxet anesrefiexnatily drofuahauy 366 e apoat 5788 . pogst preferxad be

nmade by any met hodyf éi?é%ﬁéﬁ Gaend. al?@etrf&fg th@HhQ“n‘ﬁ%@'ﬂ%&era e
Tertiary hydroxyl oups, are cqnyenie I ntroduced by~including a clic
et her nononer thatm‘?lse"rp’{}taﬁ/ é'{?d'g\r{"lt?utg gheut- cAPP0n B2 orARAVY he“oc(ilpcl iC
ether. Cyclic et herartiseiidrifyorprefemnrhd - pdDyether polyoadsy ared pniytoxy-
groups inclug ?@EHH”

1,1, 2-trinet hyI et ﬁq;ep o?ﬁ éé%‘&‘&){éf} -tet&?lr?t% wIlé:t rgr:]neag)au ! z;:nod
the like. For exahpleobehelens yeride MRiLFS: su?‘f‘ﬁﬁ?epf’&ﬁ’"&% Rrr?ﬁﬁ-l@ibﬁg
catal ysts of the iHatentatorledastpabpatedoByoffokepgiaryShydpokybxypswmy] ene

polyol using double netal cyanide catalysis, and then adding isobutyl ene
oxide to cap the polyol and convert sone or nost of the term nal hydroxyl

groups from primary or secof@nythgdrab@lysfr cessadast aree brsthnm pOLyol

groups. 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 polycl. 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 polyocl 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 PMC catalyst in the presence of an organic com-
plexing agent and preferably also in the presence of a



20 Sui tabl e pol yether polyols include those in which tertiary
hydr oxyl group content is introduced by including a | actone nononer in

which the carbon a- to the |actone oxygen is fully substituted. Thus, for
exanple, a suitable polyol for use in the invention is 25 made by
reacti ng a powW@IRpHépyl ene polyol with [err],[err]- PCI/EP96/05708

dimethyl -[err]-caprol actone to cap the polyol and give a product in which
at | east sonme of the term nal hydroxyl groups are tertiary hydroxyl groups.
Preferred polyether polyols for making the 3% _ catalysts have average
hydroxyl functionalities fromabout 2 to 8, Ad nunber aver age nol ecul ar

wei ghts within the range of about 200 to about 10,000, nore WO 97/ 23544
preferred

05708 - 20- f bly.f about 500 to about 5000.  Most :
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about 1000 to abouthydgosylPagadups.ar | }queeher rs;:d.qmlqrfmf Eoln%miaﬂ aéglt
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of tertiary hydrox§ egFﬁﬁﬁ%.sﬁiEn Pemebad) Granidai aahs unger yaiskrsheayol
bot h an or ganiSc conphditmgnagemteanﬂnthehomby@ﬁhﬁérlOandzﬁ&yﬂ? a§@ pessl red

onpl exi ng agen LN 4D o] t e a yS
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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 aguecus 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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conpl exi ng agent will not polynerize epoxides. It was surprisingly found
“that "the use of 20 pol yet her polyol having tertiary hydroxyl groups
further inproves the catalyst conpared with catal ysts nade with an organic
conpl exi ng agent and a pol yether polyol that does not have tertiary

hydroxyl groygSsassigse catal ysts have exceptionally high ac **“ﬂk
pol yneri zi ng 25 epoxi des, and they can be used to make polyol's having

very | ow unsaturations even at relatively high epoxide polynerization
tenperatures. The nmethod of preparing EA-DMC catal ysts useful in the

subj ect invention conprises preparing a 30 -22- sol i d DMC cat al yst in the
presence of an organic com plexing agent and preferably also in the
presence of a WO 97/ 23544

PCT/ EP96/ 05708 - 2BighoFpesReStisres tonRrodyse giner Mol \aardmenifrrm eof i ary

hydroxyl groups. théquﬁQla&y%QJ ut iggies x@ﬁxi&gn&iﬁltwlﬁeﬁaqxcsﬁ&) &yl mevet al

cyani de salt are react ddi n { he nmet | de salt
under hi gh shear §¥38% §% ﬁ%/{?oﬁ%l ioms p geﬁﬁﬁ#ﬁje r}iefesr P §ﬁ8/ %g ?f?ﬁfe'
pres- ence of thelyr g&ﬁVétgénp%Rengt'ag%ntfm@xmlpoI%ﬁﬁeﬁ pol yol when

the latter is used. The pol yet her pol on is preferably used in an anount
sufficient tg produce a sol st .t hat ConciFﬁ'll ns, from about, 5 to
0 wt

about 10 .% of the Jﬁgfyeﬁ‘l@ YRH ¢BEUTFY PRIgHGed ARt S RRDUS
solutions of a netabbvsamay(b.QIQWQaHEdnmthlthe o) lyartdies pelwblpymaﬁkr—sal t

(such as potassi U%ﬂ?”&i@”ﬁﬁ@@ﬁbt aggg%ladrl? fﬁ% £°’E1??th§§}dﬁg thepptgsgnee of

an organi c conpl exin (,suc ut ano g efficlent
mxing to producepﬁegﬁng}gt WM MSANITREVRERERE ‘Y"s"%ft@réﬁ?&d HE Y K& fear

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 aqueous solution that contains additional

15 organic complexing agent. Washing is generally accom-
.plished by reslurrying the catalyst in the agqueous
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
agueous 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.%.

While 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.
Preferably, the subsequent wash is non-aqueous, i.e. it
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m xing using m xing devices such as honogeni zers. The netal salt is used in
excess. The catal yst slurry contains the reaction product of the netal
salt and 20 nmetal cyanide salt, which is the double netal cyanide
compound. Al so present are excess netal salt, water, and organic conpl exing
agent; each | svopmmsgiorated to sone extent in the catal yst styawkpyspszofhe

organi ¢ conpl exi ng agent can be included 25 with either or both of the

aqueous salt solutions, or it can be added to the catal yst slurry

i nmedi ately follow ing preparation of the conpound. It is generally
preferred to prem x the conpl exi ng agent wi th<ither aqueous sol ution, or

both, before the conbining the 30 reactants. I f the conpl exi ng agent

is added to the catalyst precipitate instead, then the reaction m xture
shoul d be ni xed effiléf/";‘ﬁﬂo RPEN Ehﬁo%‘a%’i‘ﬂr%e‘?"‘@?le&‘mg AS8PH £3534Mmixture

PCT/ EP96/ 05708 - 22- dfi ¢thes hemgarsia rcamplexingdapent handopblgethee bolgodt
the .catal yst. The mipdag oéhéhece{?ﬁwsﬁsahésa dPet wasgéan' dey sald EQFHEW“S
preferably takes place at nodest- |y el evated tenperaturé, Tor “exanple
40-50[err]C. 5 preferredyiko cgr¥| y& wdar yvacuancamtdd thecepbadyst

above may be carbi nedadhiels theopstunt eeigit yol, prefer- ably one having
tertiary hydroxyl groups. This is preferably done using | ow shear m xing

to avoid thicken- ing or coagulation of the reaction m xture. The poly- 10
et her - cont ai ni ng catal yst is Whéhe hmmrelersed: pgodvehs ok tda arpsess|ofry

by any convenient meaessubjebtasnvehticd e pawyaﬂhbwg@bigazsd eaphtr8g, bpr
Corutt b chay cont acAtelRabiE SRk ShiknR) hTARELY olfati L £ AEHERY
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, 3,941,849, 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 polyocls 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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15 organi c conpl exing agent. Washing is generally accom plished by
reslurrying the catalyst in the aqueous sol ution of organic conpl exing
agent, followed by a catalyst isolation step. The washi ng step renoves

i mpurities that can render the catalyst inactive if they 20 are not
renoved. RiveleersRky., the anmount of organic conpl exing agent used in this
aqueous solution is within the range of about 40 wt.%to abSSTEF8OF108, | ¢
is also preferred to include sone polyether polyol in the aqueous sol ution
of organi c conpl exi ng agent. The 25 anount of polyether polyol in the
wash solution is preferably within the range24f about 0.5 to about 8 w.%
Wil e a single washing step suffices, it is generally preferred to wash the
catal yst nore than once. 30 The subsequent wash can be a repeat of the
first wash. Preferagre, priedesubde quange Washfrsmnaboaquaqnsoiugatdtabou@M)

97/ 23544 12,000 D t p P96/.057
I ncl udes only the ﬁ ani abﬁ%O%X|rFe€ﬁﬁ§$d i t ns}%ﬁ % fgg? gb% 5a£1%9°
conpl exi ng agent ang %‘H’erg ;9(9I°y AF%%V##@%&{%% ey barge vExdmned,

it is usually prefé5@eﬁat¢aﬁgﬁﬁaoanmkworahu§Heﬂnt reffé@abayaliydio da to
reaches a congtantgygsohy. Wiile the preferred products of the process of
the subject invention are pol yether polyols prepared by oxyal kylating a
suitably hydric oxyal kyl atable initia- tor, other nnnoners that will

copolynmerize with an 10 erhe dﬁﬂxm};‘nﬁz rg,p&@még qg,{é be

includ- ed in the £g6§§§s of Eﬂ% Lny E#%g ke otheé es of epoxi de

pol yners. Any of the copo yrers R0 h’ena € eV F‘nég‘é%%’e?ﬁ Rzt (

DMC catal ysts can YRr iadgions that are within the spirit of the invention
and scope of the claims. -

10 Example 1

Preparation Of A Solid EA-DMC Catalyst Containing
t-Butanol and an Iscbutylene Oxide-Capped 4K mol.

wt. Polvoxypropylene Diol as Complexing Agents

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 mL, 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 iscbutylene 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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Wi th the process of the invention. For exanple, epox- 15 | des

copol ynmerize 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 preparati §fo9fnz38e yet her, polyester, and polyether- 20 @QsinEdosHeey Ol S
usi ng doubl e netal cyanide catalysts is fully described, for exanple, in

U S. Patent Nos. 5,223,583, 5,145,883, 4,472,560, 3,941, 849, 3,900,518,
3,538,043, 3,404, 109, 3,278,458, and 3, 278, 457. The teachings of these
U S. patents related to polyol 25 synthesiseésing DMC catal ysts are

I ncorporated herein by reference in their entirety. Pol yether polyols mde

with the catal ysts of the invention preferably have_average hydroxyl
function- alities from about Sodgtdonnot el Bhef BPABPY/ VRERX AbRHtanddy mixyg

6, and nost preferalduedy am aBaell 2ot £hé: aqudBud Y Nixrr§! £PEEHE" REkNcTRYS-
nunber average nol ecul. ar V\? ght.s wi E’hl n the Lange gf, abgut 500, Da H) apout
£ and t uct 1is s Y S o

50,000 Da. A WO PR3 e pro irred magnetica o
PCT/ EP96/ 05708 - 24- 2Zvmxin .pr &fher muicktumegd si £ifltemredbondes, poessare ot hberagh

12,000 Da; nostspreferggen ir31tbe £3nN88ol 408 ehOUo1lid¥)0 Da to about 8,000
Da. Equival ent wei ghts may range from 250 Da to 25,000 Da or higher,

preferably 1000 Da to 5 6000 Da. The follow ng exanpl es nerely
illustrate the invention. Tho%beskbliddake tisereslumried dex éghixzanohngl40
variations that arempt BhR HPGSRE | fechhNCahd G ind% 304 $50R5MO a
clains. 10 ) . (t Exar)r]:')I(aa 1%% aratlon%‘ AS%?I?%EQ
EA- DMC Cat al yst Cbnﬁ%FhFﬁgmln- A solution of DI water (200 mL) and addi-
tional Polyol W (2g) is added, and the mixturg is
10 stirred magnetically for 2 min. and filtered as de-

scribed above.

The solid cake is reslurried in t-butanol (200
nL) and is homogenized for 10 min. Polyol W (1g) 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
10g.

Elemental, thermogravimetric, and mass spec-
20 tral analyses of the solid catalyst show: polyol = 18.0
wk.$%; t-butanol = 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




t-Butanol and an |sobutyl ene Oxi de-Capped 4K nol. wt. Pol voxypropyl ene Di ol
as Conpl exi ng Agents Pot assi um hexacyanocobaltate (8. Og) is dis- 15
solved in deionized (D) water (140 nL) in a beaker (Solution 1). Zinc
chloride (25g) is dissolved in DI water (40 mL) in a second beaker

(Sol ution 2)woArhiddd beaker contains Solution 3: a mxture wat er
(200 m.), t-%’ut anol (2 =L, organic conpl exing agent), and ZS%E%W@I W

(8g). Polyol Wis made by preparing a 4000 nol. wt. pol yoxypropyl ene di ol
usi ng doubl e netal cyanide catalysis, and then endcapping it with from1 to
5 equival ents per hydroxyl group of isobutylLggne oxide using the same DMC
catal yst. 25 Solutions 1 and 2 are m xed together using a
honogeni zer. I mredi ately a 50/50 (by volunme) m xture of t-butanol and DI

\tAﬁt er (300t m. tﬁt ak275§mﬂd]§¢ou@(§ubg zimﬂi@wg /233. 4@%&@1\@1&%&&51@(’
€ produc IS 0 enl z . .

PCT/ EP96/ 05708 - 2@5@%?&8%%“%%@%%? ybl ;/%9 r AR Sdehiditen wates §19%

added to the aqueo®B)s| uSelutioryihdshoxrepaaad- byobaking et ~amcendie (@ oxtuct

is stirred magneti gadl 4i 011 Pedivhtelhq2BoXyse is filtered under pressure
t hrough 5 a 5-[errImfilter to isolate the solids. The solid cake is

reslurried in [err]-butanol (140 nL) and DI water (60 nL), and the m xture
i s honogeni ze@ for 10 min. Aclititdron2 ofisDladdsder t62@dniticoandl adder ticonal

Pol yol W(2g) is %ﬁ%%eénﬁélh%éﬂl{ﬁéﬁﬁdﬁo}p Iﬁtifr{?e%msié}?ﬂé i@ 2
mn. and filtered as de- scrébed above. .The solid caKe 1"s resliurried in
t - but anol (200 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 mnmixture "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 Polyet P l as Complexin ents
Catalyst Preparation. Potassium hexacyanoco-
25 baltate (8.0 g) is dissolved in deionized (DI} water

(140 mL) in a beaker (Solution 1). 2Zinc chloride (25 g)
is dissolved in DI water (40 mL) in a second beaker
(Solution 2). A third beaker contains Solution 3: a
mixture of DI water (200 mL), a t-butanol (2 mL), and

30 polyol (2 g of a 4000 mol. wt. polyoxypropylene diol
prepared via double metal cyanide catalysis.
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XL) and is honogenized for 10 mn. Polyol W(lg) is added, and the m xture
is stirred magnetically for 2 15 mn. and filtered. The resulting solid
‘catalyst is dried under vacuumat 50[err]C (30 in. Hg.) to constant weight.
The yield of dry, powdery catalyst is about |0g. Elenental,

t her nogr avi nawe pm23send nass spec- 20 tral anal yses of thepgpiepskgsaigal yst

show. polyol - 18.0 wt.% t-butanol = 9.0 wt.% cobalt = 9.5 w.% zinc =
20.1 wt.% A simlar procedure is used to nake additional catalysts that
contain 23 and. 50 wt.% of Polyol W 25 respectively. Exam e 2 Solution 1
is prepared by dissolving zinc chloride (75 7in t-butanol (50 nL) and
distilled water WO 97/ 23544

PCt / EP96/ 05708 -26- (275 nmL). Soluytion_2 is prepared by dissolving potassi-
um hexacyanocobal tate (7.5 gFfHtdPesi 1 éddnat &X' MESd jtogssheri msisgi @

gr FD?F ed 123Y_ m xhgggmwwim@r(.z mne@ﬂtgl?_t,i ld @bl\@t by AAue)). mixture
olution 2 is adde s n r s npgenj zaj i.on,

M xi ng by honpgeni z£ ?o%g(%(%%%)?nﬁégoqgrw%ne a&%f@ﬁ%ogﬁggi ?%taéi‘i.zecf&té‘t EPepar
i s added. Sol ution 2inSs heveayanerphakiatet matuzes| cand ther rmebduct  is

magnetical ly fSr 3 homodlendzed Foe moxmgpe '1s 10 filtered under pressure
at 40 psig. The filter cake is reslurried in t-butanol (130 nL) and
distilled water (55 nmL), and the m xture is honogeni zed for 10 m nutes. The
mxture is filtered as descr Spddtbenorde. (th#epodieliwates) trbukanoh méat

t-butanol (185 nl) tuxed kg BaHBACto the agqueous 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-but.:anol (140
mL), DI water (60 m‘L),' 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
nmk) 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.%.

N m e gy - -
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15 ni zed for

PO mn. 20

10 mnutes. The mxture if filtered, and the cake dried
‘under vacuum at 60[err]C Yi el d: 8. 6g. The catal yst is used to

pol ynmeri ze propyl ene oxide as described in Exanple 7. The rate of

pol ynmeri zation at 105[err]C and 10 psig at 100 ppmcatalyst is 26.3 g

Exanpl e 3 Preparation_of Zinc

HexacyanocobM ot ale*¢at al yst s by Hormpgeni zation Using t - but akGR/ERG{S708

Pol vet her Pol yol

hexacyanoco-

as Conpl exi ng Agents Catal yst Preparation. Potassium

25 baltate (8.0 g) is dissolved in deionized (D) water (140

m.) in a beaker (Solution 1). Zinc chloride .85 g) is dissolved in
second beaker (Solution 2). A third beaker contains Sol ution

(40 nL) in a
3: a mxture

of a 4000 nol.

cat al ysi s.

of DI water (200 m.), a t-butanol (2 nmi), and 30 pol yol
wt. pol yoxypropyl ene di ol E&gﬁﬁkﬂﬂ via doubl e netal cyanide

WD 97/ 23544

PCT/ EP96/ 05708 -27- Solutions 1 and 2 are m xed together using a

honogeni zer . -

| mredegephyationO6H0z{ty Retid¥Inddotdltatel t-butanol

D

wat er

(29

and D

wat er (200 niL tot ab}taiyaﬂdeﬂsimgtﬂeb\ummwwqumalrt ate m xture,
P g

t he product i

s 5

and

pol yol /water/t- butanol m X- ture) S added to the aqueous slurry of zinc

hexacyano- coRhaltate, and the duct is stirred nagpetlcally for 3 mn.
The mixture is filtered unde94§$£%§%+85$9¥%%§#¥l0 Preealdon f§1ixged o

i solate the solidsgldas presdurekeeastoeslis relesded t whth anolsoliQofl jof D
vater (60 M), andpgedbliane AR hdBlonattaR' Y208y R BY GREH! Phod 73 9

and the m xture is

(Solution 1). Zinc chloride 9125 g) is dissolved in a
beaker with DI water (200 mL) 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

the mixture is stirred for 2 h at room temperature.
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 solids érg reslurried in t-butanol (700

25 mL) and DI water (300 mL), and stirred at 900 rpm for 2
h. The stirring rate is reduced to 300 rpm, and 60 g of

The

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

the 4000 mol. wt. polyoxypropylene diol is added.

described above.

30
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The solids are reslurried in t-butanol (1000



LR, - e, .,

nized for 10 mn. and filtered as descri bed above. 15 The
solid cake is reslurried in t-butanol (200 nL) and additional 4000 nol. wt.
pol yoxypropyl ene diol (1.0 g), honogenized for 10 mn., and filtered. The
resulting solid catalyst is dried under vacuumat 50[err]C (30 in. Hg) to
constant wei giMo9rnasdae yield of dry, 20 powdery catal yst i $ctfpée

El enental, thernogravinetric, and mass spec- tral anal yses of the so |d
catal yst show. polyol = 21.5 wt.% t-butanol = 7.0 w.% cobalt 11.5

w . % WO 97/ 23544 PCT/ EP96/ 05708
-28- Exanple 4 Preparation of Zinc Nexacyanoc%?ral tate Catal ysts Using

t - but anol and Pol yet her Pol yol as Conpl exi ng Agents 5 Cat al yst
prepar ation. A one-gallon stirred glass pressure reactor is charged with

a sol ution of potasakunehdxatisred odtl Q%ﬁ ecpmOofey 2 nhDl Tee est{F0ngridate

(Solution 1). Zinc gBl eeiideedles .ca)ool s_~ 5%91&’%'& afb%%emowothnaa WAL er

(200 m.) Solution 2 But an 500 S d ssol ved beaker
with DI water (500 i‘?ﬁ}y? dWIT dr Fgaﬁfi tuir e(%bi‘ﬁ‘ﬁ%rﬂﬁ)s*r’srred

prepared by suspendfey & mm rmind vits mm@mra)pyldeaerdbe& @bobveg,. same as

i's used in Exanmple §gsﬁj_\tg, Vah£fq (dA00 ydy AD . %O%ptm ‘134):&%:) attBocc

Solutions 1 and 2 ar |ned wth stirring

i medi ately by sl owl gadﬁ‘r i) bft"S(ﬂ"lf’ﬁtéﬁtSwFégPFle r'Eg'BI ‘Fﬂ"@llﬁ#"hc’-s easily

hexacyanocobal t at e orushed.td e Sine,r idyy pawders | ncreased to 900 rpm and
the mxture is stirred for 2 h at roomtenperature. The 20 stirring rate

I's reduced to 300 rpm and Solution 4 is
Elemental, thermogravxmetra.c, and mass spec-

tral analyses of the solid catalyst show: polyol = 45.8
10 wt.%; t~butanol = 7.4 wt.%; cobalt = 6.9 wt.%.

ample

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-butancl = 3.2 wt.%; cobalt = 11.0 wt.%.

20 Example 6

Solution 1 is prepared by dissolving 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 1is added to solution 1 over 30
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added. The product is mxed for 5 min., and is filtered under pressure as
described in Exanple 1 to isolate the solid catalyst. The solids are
Feslurried in t-butanol (700 25 m.) and DI water (300 nL), and stirred
at 900 rpm for 2 h. The stirring rate is reduced to 300 rpm and 60 g of
the 4000 noly sg€lyoxypropylene diol is added. The m xture is stirred
for 5 min. and I's filtered as described above. 30 PCT/EPS6{05708)| | ds
are reslurried in t-butanol (1000 WO 97/ 23544

PCT/ EP96/ 05708 -29- nlL) and stirred at 900 rpmfor 2 h. The stirring rate
I's reduced to 300 rpm and 30 g of the 4000.3pl. wt. pol yoxypropyl ene diol
I s added. The m xture is stirred for 5 mn., and is filtered as descri bed
above. The 5 resulting solid catalyst is dried under vacuum at 50[err]C

(30 in. Hg) to conGlrmites\aiii hoﬁhﬁgé&ﬁ[ﬂ’d&.&in | S yeBsidy Ltﬁ&h%bérﬁééﬂdﬁe

dry powder. Elene taI t her raV|ne G, a ec- tral anal ses of
the solid catal ys'zL s%ﬁ'nuepsolrgj fédc"}tft?naq\/\nl ‘%f"ltm%ﬁsanolA .S

cobalt = 6.9 w . %adSeshpl eS@-lEa{O@I Vstis Pdgeat,atansh.the niﬁhre:urpr a@e(ﬁllwlypf
Exanpl e 4 is fol | @guagredX nétb?éaii}e fQQO 310k niites PO W%quhf@e di ol

usi g doubl e S ot & %gm@ﬁewﬁrm%ﬁs £ LRENBR! Baier moShay FRERLFES. ddd
mass spec- tral andsiolededof wasbeds| iaghdc sirdlers tass iimscribledoli n—= ExGmip 1et 2%)
E;gUt?nog = 3.2 Wrh¥ c@thalyst™ sl Gsdd - %6 BBilymerize propylene oxide as
pt € described in Example 7. The rate of polymerization at
105°C and 10 psig at 100 ppm catalyst is 15.6 g PO/min.

-

10 Comparative Example I

Preparation of Low Activity Zinc
Hexacyvanocobaltate 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 sclutions, 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-butanol.

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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Solution 1 is prepared by dissol ving potassi um hexacyai ocobaltate (7.5 Q)

in distilled water (300 nL) and t-butanol (50 niL). Solution 2 is
prepared by dissolving zinc chloride (75 g) in distilled water (75 25

m). Solution 3 is prepared fromt-butanol (2 nmL) and distilled water (200
m.) . Sol uti orwd oressasided to solution 1 over 30 WO 97/ 23544 cr/Epesiostos

PCT/ E96/ 05708 -30- m nutes with honogeni zati on. M xi ng by honbgeni zati on
continues for an additional 10 mnutes. A stir bar is added. Solution 3 is
added, and the mxture is slowy stirred magnetically for 3 m nutes. The
mxture is 5 filtered under pressure at 463bsig. = The catalyst is

| sol ated, washed, and dried as described in Exanple 2. The catal yst is used
to polymnerize propyl ene oxide as described in Exanple 7. The rate of

pol ynerization at 105[err]C and 10 psig at&ummpledm catalyst is 15.6 g

PO mn. 10 Conpar ative Exanple 1 Preparation of Low
Activity Zinc Hexac anocobal tate Catal yst s Potassi um hexacyanocobal tate
(8.0 g) is added tcCREXS "é‘t(’- L), i heaker, and the mxture
15 is bl ended w tTesEoNbgeE Unsieaas §SU8Essol ve. In a second
beaker, zinc chloride (20 g) I's dissolved in delonlzed water (30 nL). The

aqueous zinc chloride solutign é&epﬁg:gznegt féh t?gaé%yt iQ“cBBrgés kgl t
salt using a hgm)genl zer to intimately

| nedi ately affer GSMFNIYRFIHYS G G’FFBFrs”Son?‘%ur‘étoX ﬁtqﬁheevndﬁoeioenﬁt)
and dei oni zed wat erddulflGe metadls aytteidies lcampl eixo dalteltyu&pqmsngngof 180Ngpm
hexacyano- cobal t alygyednd; f Ne {2y $d13013TPIGHe? 3 Jelrel 9sMsRirred 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 (10-11g) 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 cbserved. 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 induction time (in minutes)

30 required for the catalyst to become active. Measured
reéction rates are summarized in Table 1.
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utes. The solids are isolated by centrifugation, and 25 are then
"honogeni zed for 10 minutes with 250 W. of a 70/30 (v:v) mxture of
t-butanol and deionized water. The solids are again isol ated by
centrifugation, and are finally honogenized for 10 mn with 250 XL of

t - but anol . yst is isolated by centrifugation, and [
a vacuunlovgﬂgg?ﬁ% err]C and 30 in. (Hg) to constant meigﬂkﬁwghgsg@?alyst
activity is 3.84 g PO min. WO 97/ 23544

PCT/ EP96/ 05708 -31- Exanple 7 Epoxide Pol nmeri zations: Rate Experinents -
General Procedure . A one-liter stirred reacggor is charged with 5

pol yoxypropyl ene triol (700 nol. w.) starter (70g) and doubl e netal

cyani de conpl ex catal yst (0.057g, 100 ppmlevel in finished polyol). The
m xture is stirred and heated to 105[err]€ABpRd1i S stripped under vacuumto

renove traces of water fromthe triol starter. The reactor 10 pressure
Is adjusted to a vacuum of about 30 in%%%%ropyl ene oxide (10-119)
is added in-one portion. The reactor press en m)nltored carefully

sure

Addi tional propyl ene Guds:
the

drop occurs in the reﬂ

essur e | @ropﬁkep R

catal yst has become agt n catal yst actipyad gopoylﬁm\jerl fied, the
remai ni ng propyl ene o3jf=cle=488e=tc=aciefotigr-ardsair—ta=—tk Sep—i-kx e==egCt or
pressure at about 10 Fsmampieﬁrf ter pr opyl ene OXI de ad!Qt'l ion is conyl ete,
the mxture is held af~I05 C 20~ —UNTI I & cCOMStant Pressure s obsgrved.
Resi dual unredc- ted moASABPIEi% then stripped under V&ehum from the pol yol
product, and the pol ydl Efxgmﬁl(g%‘l ed and recpver ed. 20.8 '
Example 4 26.3
Example S 14.6
Example 6 15.6 “
10 Comparative Example 1 3.84 "
" 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 5g 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 polycl 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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To determine reaction rate, a plot of PO consunption (g) vs. reaction tine
(mn) is prepared (see 25 Fig. 1). The slope of the curve at its
st eepest point is neasured to find the reaction rate in granms of PO

converted per mnute. The intersection of this Iine and a horizontal |ine
ext ended fronrybplegrizasel i ne of the curve is taken as the i nduetr@pedrasios (i n
m nutes) 30 required for the catalyst to becone active. Measured
reaction rates are sumarized in Table 1. WO 97/ 23544

PCT/ EP96/ 05708 -32- TABLE 1 Catal yst Activity Catalyst Pr opyl ene

Oxi de Pol ymerization Rate (g PO’ mn) Exanpl e-33- 22.7 5
Exanple 2 26. 3 Exanple 3 20. 8
Exanpl e 4 : 26. 3 Exanple 5 14.6°
Exanpl e 6 15.6 10 Example 8Conparative Exanple 1

3.84 Conparative Exanple 2 1. 46 Conparative Exanple 32

2.29 A non- EA-DMC conpl ex catal yst using glyne as the conpl exi ng agent and
prepared as descrlb%eﬂr¢th9ESPQQxﬂiﬂﬁmQ$ Q§1§58 922. 15 2 A
non-EA catal yst pref@Q@Melyditer OP3 bRaoLn (BRSD) pat ent No.
5,158,922 but using [err]- butanol as the coaneX|ng agent. Wen this

procedure is used to neasurehogolgé(_:,flhe&e Qélf eé)olrggg{;bgatll 0% %%1 %

catal ysts useful in the proceés € 1 nventTton polry rates i n
20 excess 0f abopRl¥EYEyoR¥iens diedadlP00ogobey Y n) aftaxrr (779) and

a =zinc hexacyanocobaltate catalyst containing 23%
isobutylene oxide capped 4K diol prepared as in Example
1 (0.009g, 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
{512qg) 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 meq unsaturation/g polyol and a
25 polydispersity of 1.15.

Com ive Example 4

The same reactor as in Example B is charged
with polyoxypropylene dicl (725 mol. wt.) starter (654q)
and a 2zinc hexacyanocobaltate complex catalyst with

30 glyme as complexing agent (Comparative Example 2;
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ppm catal yst at 105[err]C (see Fig. 1), or greater. The epoxide

pol yneri zation rates for catalysts of which include a polyether polyol
.havi ng tert iary hydroxyl groups are also consistently higher than sinlar
cat a- | ysts prepared in the presence of polyether polyols wthout

tertiary hy roups WO 97/ 23544

PCT/ EP9y0578{§9%58Exarrpl e 8 Pol yet her Polyol Synthesis: SOWWMW.

Pol yoxyprorylene Diol (8K-D) A one-liter stirred reactor is charged with 5
pol yoxypropyl ene diol (1000 nol. w.) starter (77g) and a zinc
hexacyanocobal tate catal yst containing 23% i3gdobut yl ene oxi de capped 4K di ol
prepared as in Exanple 1 (0. 009g, 10 ppm. The mxture is stirred and
heated to 105[err]C, and is stripped under vacuumfor 0.5 h to 10 renove

traces of water frQmieleey, dzel ppin]@rf@g:repal%fé ah sbgopz&bng wit.ng, forgaﬁé-b 8-

temperature is rai (0 err ropyl ene .oxi is fe t he
reactor, initiall fiﬁ% é ??acuuné;%‘zfr Prﬁo 45, 8 gbérﬁgdaflﬁle ?%%E‘F‘Br to
pressure i s -noni td-roédCoaraélﬁuP-EyStAdaPedomepr‘ommamefq:S 0.500 de rempot

added until an aceglagest o¢ aaeéﬁu,f@ozﬁir% a&smr&a&ébe fs&%&% 5& gﬁng
e

d d t t al t t
(F:);'? ZF%S a(r:'? :%v:ats i g’ | N e§ré\c7‘§ﬁ° i &mp{gﬁé%f’gﬁg?‘ﬁl ﬁgiﬁF ngeljlg%olg:{ge%FQ?Q&?nFs

added gradual | y oesddebdutl 4)h.is\ffed o oplye - r@ctor eneénbkiaklpddhéesnai s
conplete, the m XtgkGubS o&ehﬁoai 565iﬁ”hﬁge Unirld the® 3@%%38& BLESSUEE k8

observed. Residual unreacted ner 1s then strippe acuum
60[ err] C from t he™pBAEBFeHr oﬂﬁf? ullyhe pfRfRt GFHAMTISthagckavasdapur &8i on

of 0.007 nmeq unsawverafied/ gspdéscribed 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 is observed. Residual unreacted
monomer is then stripped under vacuum at 80°C from the
polyol product. The product polyol has a molecular
weight of about 4400 Da, an unsaturation of 0.031 meqg/g
and a polydispersity of 1.46. The polyol product

20 contains 3.9 and 10 ppm of Co and Zn, respectively.

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 1.46, and the unsaturation very high,

30 approaching the range achieved by conventional base
catalysis. The residual catalyst 1levels are above
specification without resort to catalyst residue removal
metheds.



25 pol ydi spersity of 1.15. Conparative Exanple 4 The sane reactor as in
Exanple 8 is charged with pol yoxypropyl ene diol (725 nol. w.) starter
(65g) and a zi nc hexacyanocobal tate conplex catalyst with 30 glyne as
conpl exing agent (Conparative Exanple 2; WO 97/ 23544

PCT/ EP96/ 0570%r93A3s49. 01669, 25 ppm to prepare an 8000 nol . poir/EP9sros7os

pol yoxypro- pyl ene diol. The m xture is stirred and heated to 105[err]C,
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
130[err]C. Propylene oxide (11 g) is fed to-3%e reactor, initially under a
vacuum of about 30 in. Hg, and the reactor pressure is nDnitored
carefully. When catalyst activation is verified as described in the
Exanpl e 8, propyl ene oxi de 10Thei preddddngt ekxamples Hre. smeghti nonky as

Wen the PO additionhgaebgd;drs. g,mhf‘eafsab st oflaard 'l‘f@tén%dnslgbdeffﬁé’&qa}})y

PO pressure build-up_1n th reactor. At is point, PO feed is discontinued
because of high pre$8§r&l Pﬁm?he reactor. The m xture is held at 130[err]C
until a 15 constant pressure is observed. Resi dual unreacted

nmononer i s then stripped under vacuumat 80[err]C fromthe polyol product.
The product pol yol has a nol ecul ar wei ght of about 4400 Da, an unsaturation
of 0.031 nmeg/g and a pol ydi spersity of 1.46. The pol yol product 20
contains 3.9 and 10 ppm of Co and Zn, respectively. Conparative Exanple 4
illustrates that prior art catalysts of low activity, even at the much

hi gher | evel of 25 ppm are not suitable for preparing high nolecul ar

wei ght pol yoxyal kyl ene polyols with |Iow | evel s
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25 of unsaturation and | ow pol ydi spersity at IOM/cataIy
priof art catal yst becane deactivated after a ol ecul ar vve Ml"ﬁﬂ"]“‘lg ﬂﬂml
Da had been reached. Even at this nol ecul ar wei ght, the polydi spersi

very high at 1.46, and the unsaturation very high, 30 approachlng the

range achi ewgdofyssgpdnventi onal base catal ysis. The residu ! ﬁﬁtal
| evel s are above specification wthout resort to catal yst %nova

met hods. WO 97/ 23544

PCT/ EP96/ 06708 -35- The precedi ng exanples are neant only as illustrations.
The scope of the invention is defined by th&éel ai ns. WD 97/ 23544

PCT/ EP96/ 05708 -36- CLAI MS: 1. A process for the preparation of a
substantially transition netal -free, hydroxyl-functional polyoxyal kyl ene

pol yet her by doubi & AIMS:cyani de 5 conpl ex- cat al yzed oxyal kyl ati on of
nonohydri c or poly- hydric oxyal kylatable initiator nolecule(s),
conprising: oxyalkylating said initiator molecule(s) mﬁth one or nore

al kyl ene oxides in the presgnce Af mgg e fgt althg,y ?
oxyal kyl ation cat al E %v | ene oxi de, pal nerlza i on ra?e
measured with resﬁ«'él o] 8??8?’%% ?ﬁaJpT%‘ﬁﬁﬁeﬁgdSQ?‘ﬂé‘ﬁﬁ"éﬁFb‘Pnﬁ
equal to about 5gpplypxyedkydenee/ pphyetheondbyi odsuble 106¢€4T | Goydn Hie bar
propyl ene oxisde pegmpie®-2atalfPe@PoxFaiRtYstion of monohydric or poly-
hydric oxyalkylatable initiator molecule(s), 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
10 alkylene oxide polymerization rate measured with respect
to oxypropylation with propylene oxide greater or equal
to about 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 polyether
15 product, wherein the concentration of said double metal
cyanide catalyst during said oxyalkylating is less than
or equal to about 15 ppm based on the weight of said
hydroxyl-functional polyoxyalkylene polyether; and
recovering a substantially transition metal-
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 equal to 10 ppm.
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based on the wei ght of the pol yoxypropyl ene pol yether 15

‘the concentration of said double netal cyanide catal yst duri ﬂma l"'"]ﬁm'" ",
oxyal kylating is less than or equal to about 15 ppm based on thé& wéi ght &f *
sai d hydroxyl -functional polyoxyal kyl ene pol yether; and recovering a

substanti al | ypiyaRsédsi on netal - 20  free, hydroxyl -functi ongdrepesnsros
pol yoxyal kyl ene pol yet her product. 2. A process as clainmed in claim1l

characteri sed in t hat sai d hydr oxyl - functi onal pol yoxyal kyl ene
pol yet her product is not treated to 25 remove doubl e netal cyanide
conpl ex catal yst residues prior to recovery. ¥7-A process as clainmed in
claim1 or claim2 characterised in that the concentration of said double

metal cyani de conpl ex catal yst during said oxyal kyl ati ng 30 is less than
or equal to 10 ppm WO 97/ 33544A process as claimed in any one of the

PCT/ EP96/ 05708 - 37- géecea&n@r 22858 Ah &t e Q;ED’tHQ@ &hé %u&wﬁewg
clains characterised in. that sagd doubl netalzﬁ¥an| np ex ca

a
oxypropyl ation rat e S¥a@njae,£eFP erﬁﬁﬁ? Yo 1o ’b%@ﬁ§/ﬁ?nﬁféat8r
5. A process asorcleguaddtoi h0gcpaopyléne haxixde fmimeded n that said
doubl e metal cyanide conplex catalyst oxypropylation rate is greater or
equal to 20g propyl ene OX|de/n1nute 6. A process as_ clained in _any ong

of the 10 pecedi ng cl ai ns Schar Bct ®XOSESS| n 3hat ©Laimedneigr fhaim
al kyl ene oxi des ar echelractedibednina) thavpydixhelonblee meltall cPahitegl eamplex

e o) a) ChoondetaliBe ofYbiBpylatioh SR VPN Uted® or bk T C8oOb0g
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




.d); -and mi xtures of one or nore of a) through d) further

et hyl ene oxide. 7. A process as clainmed in any one of the lmgmﬁm”ﬂm”m
-cl ai ns characterised in that said double netal cyanide conplex catalyst ss

a thermally stable double netal cyani de conplex catal yst. 20

8. A progesoas8es claimed in claim 7 characterised i Th t said

oxyal kylating is perforned at a tenperature in excess of 1 SHPpE5708 A
process as <claimed in claim 7 characterised in that said oxyal kyI ating
is perforned at 25 a tenperature in excess of 135 err]C. 10. A process
as claimed in any one of the preceding cl aI%@ characterised in that said
hydr oxyl - functi onal pol yoxyal kyl ene pol yet her has an equi val ent WO

97/ 23544 PCT/ EP6/ 05708 -38- wei ght
greater than abou \/ r o)

A process for pre%a‘rz'ggg %ﬁydrox ?&kf%\%ﬁo?\% v 5 yox %@?éﬁdl%éﬁiﬁer by
double netal 5 X -kefsy| yzed oxyal kyl ati on of nonohydric or

pol yhydri c oxyal kyI at abI e | ni t | at or nolecule(s) with a mnimal i nduct i on

period, conprising: a) prgpar II{'Ig p%a%re%%ct Eggt egféfm tiator/ d}

catal yst master batch by: ®Partn re of
initiator nolecul 8yagtierRlopplEonEeikytenmi @@ly@n:plecx hv(ydbkbllat mm:al

catal yst; a)ki) aRaé Q:&@l@x%ﬁ:ﬁ&?zéd%b?fﬁll@l&h&ﬂ%f%om A kyene
ox! des_ to establ 'S lg?l?yc}rlc oxyalkyall.al%/a nee 1.%)<iltc§.eattorr tmo e &ees(%lir?n%%ove
said m xture;
minimal induction period, comprising:
a) preparing a preactivated initiator/double
metal catalyst master batch by:

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:

aj 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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a)iii) obtaining an activated initia- tor/double netal cya

catalyst master batch follow ng a reduction of said alkyl ene unmmlmn H””III
pressure; 20 b) adding at |least a portion of sd&i dtpre- » s
activated master batch to an oxyal kyl ation reactor; and c) further

oxyal kyl ati ngw@dindsesl Ni tiator nol ecul e(s) with one or nore deEpISFs708
oxides. 12. A nethod for mnimzing the induction 25 peri od associ at ed

with the doubl e netal cyani de conpl ex- catal yzed oxyal kyl ati on of

nonohydri c or polyhydric initiator nolecules to forma hydroxyl-functional
pol yoxyal kyl ene pol yet her product, conpri si ngs 9a) adding to a m xture
contai ni ng one or 30 nore initiator nolecule(s) a thernmally stable double
nmet al cyani de conpl ex catalyst in an anmount of |ess than or equal to 100
ppm based on the weiadiylenespplyefhsn product\p ofgrmmaninitiator/catalyst
PCT/ EP96/ 05708 - 39- pahdey-@ne pol yet her product to form an

initiator/catalyst mxture; d Lhg a quant of al oxide, to
said initiator/catal yst m xt u%’é t o? %1"%9 ah | HPP 5"f a@fcy%.%ne oxide “to

tor/ catal yst/ al kyl eseidoxinéthateufegtadyst h&axtugesatw form an initia-
initiator/catalyst/ lefyhg@gl%{._plglﬂ(ﬁﬂg e 4 e nBARIARLUr e above 125[err]C
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about 70[err]C to tbeidet amixtuste | hacta vhehperatumper above; HE @) until a

recovering a hydroxyhabeiehi Adp PP ing 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 havihg 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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al kyl ene pol yet her product. 15 13. A hydroxyl -functi onal

" pol yoxyal kyl ene pol yet her pol yol prepared by the oxyal kyl ati on of one or
.,hore 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
conpl ex cat a3,39923s44 YSt, sai d polyol having a nunber averagecaprosves7ent

wei ght of between about 2000 Da and 10,000 Da and a pol ydi spersity
Merr]/Merr] of less than about 1.25. 14. A polyol as clainmed in
claim 13 characterised in that said polydispersity is |less than 25 about

1.20. 15. An untreated pol yoxyal kyl ene pojset her pol yol prepared by the
process of claim1.
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