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PROCESS FOR THE PREPARATION OF POLYOXYALKYLENE POLYETHER POLYOLS HAVING LOW
éi¥§LS OF TRANSITION METALS, PREPARED USING DOUBLE METAL CYANIDE COMPLEX
LYST

5 Technical Field

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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or potassium hydroxide, or the corresponding alkoxides.

In the decades of the 1960‘s and 70’'s, double
metal cyanide complex (DMC complex) catalysts were
introduced for oxypropylation. These catalysts, such as
a non-stoichiometric =zinc hexacyanocobaltate ‘glyme
complex were found to be highly efficient catalysts for
oxypropylation under certain conditions. Polyether
polyols having much higher molecular weights than previ-
ously possible could be produced. For polyoxypropylere
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
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
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
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
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
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polyoxyalkylene polycls. However, again, the expense
and difficulty of removing catalyst residues from the
product prohibited wide scale commercialization.

More recently, the assignee of the present
invention has developed DMC complex catalysts with far
greater activity. As a result, it has become practical
to lower the level of catalysts to below the previously
practiced ranges of 250 ppm to 500 ppm, for example 100
ppm, while still retaining acceptable reaction rate.
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
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
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
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.
Patent No. 5,158,922, Moreover, while these earlier DMC
catalyzed polyether polyols, generally contain from 5-
10% of a low molecular weight component, thought to be
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monofunctional, unsaturated species, gel permeation
chromatography of polyoxyalkylene polyols prepared with
EA-DMC catalysts fail to show any detectable lower
molecular weight components, despite having a measur-
able, albeit unexpectedly low, unsaturation. Polyoxy-
alkylene polyether polyols prepared using these more
active DMC catalysts also exhibit a very narrow molecu-
lar weight distribution. Polydispersities, M,/M, of less
than 1.30 are virtunally always obtained, and the wvast
majority of polyoxyalkylene polyether polyols produced
by third generation catalysﬁs 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
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,
cétalyst deactivation is a seriocus concern. Several
commonly encountered species such as sodium hydroxide,
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
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
catalyst levels significantly below 100 ppm has not been

thought possible.

DMC catalysts are alsc characterized by an
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initial dormant period, wherein after addition of
alkylene oxide to the reactor, polymerization is delayed
for an ‘appreciable amount of time, the so-~called "induc-
tion period,® during which virtually no polymerization
occurs. The end of the induction period may be ascer-
tained by a rapid drop in reactor pressure following
addition of an initial quantity of alkylene oxide.
Following activation of the catalyst, polymerization is
quite rapid. The induction period has been found to be
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
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.

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
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-
ene polyether polyols having exceptionally low polydis-
persity and low viscosity while employing low levels of
double metal cyanide complex catalysts.
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Summary Of The Invention

It has now been surprisingly discovered that
polyoxyalkylene polyols of very narrow polydispersity
and low viscosity may be produced even at double metal
cyanide complex catalyst levels of 15 ppm or less, when
double metal cyanide complex catalysts having propylene
oxide polymerization rates higher than 5g propylene
oxide/100 ppm catalyst measured at 105° are used as the
oxyalkylation catalyst (EA-DMC catalysts). It has aléo
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-
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
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
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
period for double metal cyanide complex oxyalkylation.
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Description of the Preferred Embodiments

Alkylene oxides useful in the subject inven-
tion include ethylene oxide, propylene oxide, 1,2- and
2,3-butylene oxide, in particular, propylene oxide or
propylene oxide admixed with ethylene oxide. Higher
alkylene oxides such as the C; to €, alpha alkylene
oxides are also suitable, as are also styrene oxide,
oxetane, and the like. The term "higher alkylene oxide"
as used hereinafter includes the butylene oxides. .The
above alkylene oxides may be introduced solely to form
homopolymeric products, sequentially to form block
polymer products, or in admixture to form random
polyether products or block random polyether products.

When ethylene oxide is to be used in conjunc-
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-
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
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
be used, for example, as these catalysts deactivate the
double metal cyanide catalysts and promote the uniform

o -n,-.--:‘-'_'ﬁ?.?*-’i?n;g_ TTMTEATARI T TREETIE EATT Y RS oY e v e e
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oxyethylation of the base polyol.

The polyoxyalkylene polyols prepared by the
subject invention may also contain residues derived from
copolymerizable monomers other than 1,2-alkylene oxides,
and are also considered polyoxyalkylene polyether
polyols within the meaning of that term as used herein.
The copolymerizable monomers may, for example, introduce
ester linkages into the polyoxyalkylene polyol. Prefer-
ably, residues derived from cyclic ethérs, most prefera-
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.
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
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.
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.
3,278,457; 3,404,109; 5,145,883; 5,358,043; 5,223,583;
4,472,560; 3,941,849; 3,900,518; 3,538,043; 3,404,109;
3,278,458; and 3,278,457, which are herein incorporated
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by reference.

For polyoxyalkylene polyols in the lower
equivalent weight ranges, i.e. from 1000 Da to 2000 Da,
the oxyalkylation temperatures may be selected so as to
be conventional, i.e. in the range of 90-110°C. Howev-
er, for higher molecular weight polyoxyalkylene polyols,
for example those having equivalent weights of greater
than 2000 Da to about 6000 DPa or higher, it has been
found that conventional oxyalkylation temperatures often
result in a polyoxyalkylene polyether polyol proéuct
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
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-
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
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
the induction period which may otherwise be quite long
with exceptionally low levels of double metal cyanide

catalets.
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A further method of reducing the induction
period is the use of a preactivated master batch pro-
cess. In this process, one or more initiators and the
desired level of catalyst are added to a suitable
reaction vessel, for example a stainless steel auto-
clave, and following N, flushing, an initial quantity of
alkylene oxide added until a pressure drop occurs, as
described elsewhere herein. However, rather than add
additional alkylene oxide to the activated initia-
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
appreciable induction period.

For example, a master batch may be prepared
containing 1000 ppm catalyst, activated, and then 1
weight percent, representing 10 ppm catalyst, added to
a reactor containihg a further amount of initiator. The
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,
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
alkanols such as methanol, ethanol, l-~propanol, 2-
propancl, l1-butanol, 2-butanol, l-octanol, lddecanol,'l-
dodecancl, 2-ethylhexanol, ethylene glyccl monomethyl

[
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ether, and the like; diols or glycols such as ethylene
glycol, propylene glycol, 1,3-propanediol, 1,4-butane-
diol, 1,6-hexanediol, 1,8-octanediol, diethylene glycol,
dipropylene glycol, 1,4-cyclohexanedimethanol, tri-
ethylene glycol, and tripropylene glycol; aliphatic
triols such as glycerine, trimethylolpropane, and
trimethylolethane; tetrahydric initiators such as
pentaerythritol; pentahydric initiators such as the
alkyl glucosides, for example a-methylglucoside; hexa-
hydric initiators such as sorbitol, ménnitol, 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
prepared by reaction of formaldehyde and a phenolic
compound such as phenol or cresol are also useful.

It has been found with prior DMC complex
catalysts, that when low molecular weight initiators
such as ethylene glycol, propflene glycol, glycerine, or
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
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
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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that when EA-DMC catalysts are utilized to prepare
polyoxyalkylene polyether polyols, that lower molecular
weight initiators may often be used without exceptional-
ly long induction periods and without catalyst deactiva-
tion at low catalyst levels. For example, tripropylene
glycol, an initiator molecule having an equivalent
weight of only 96 Da, may be used to prepare polyoxy-
alkylene polyols at catalyst levels of 15 ppm or less
when high activity catalysts according to the subject
invention are employed. .

In general, the initiator or initiators are
added to the polyoxyalkylation reactor, following which
the required level of DMC catalyst is added. The
catalyst may be slurried into one or more of the initia-
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
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
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
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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of alkylene oxide, the reactor pressure is carefully
monitored. A sudden decrease in pressure in the reac-
tor, caused by reaction of the alkylene oxide, indicates
that the catalyst has been activated. Additional
alkylene oxide can then be added, the rate of addition
being dependent generally on the degree of heat removal
possible with a particular reactor configuration. Heat
transfer from the reaction is facilitated by wvigorous
agitation, which has also been found to assist in
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 coﬁposi—
tion may be changed from its initial composition to a
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
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
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
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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rate, and also to provide a catalyst level which is less
susceptible to variations in measurement of reaction
rate due to impurities which might be routinely encoun-
tered. The temperature of 105°C is chosen as it is
normal temperature at which oxyalkylations are conduct-
ed. A pressure of 10 psig is used as this is a conve-
nient pressure well within the range normally regarded
as safe for propylene oxide oxyalkylation. The reactor
used to measure catalyst activity should be a stainless
steel or other essentially passive métal autoclave Or
one having an inert lining of, e.g. glass, ceramic,
Teflon®, or the like. The autoclave and its associated
connecting lines, entry ports, sealing gaskets, stirring
devices, etc., should be thoroughly cleaned by customary
procedures prior to measurement of catalyst activity.

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



ATPRCE, R

WO 97/23544 . PCT/EP96/057¢8

10

15

20

30

-15-

activity must be minimally 5 g PO/min, is preferably 10g
PO/min or more, and is preferably 20g PO/min or higher.

The catalysts of the subject invention are
preferably thermally stable catalysts. By “thermally
stable" catalyst is meant a catalyst which retains
sufficient catalytic activity at temperatures higher
than 120°C at catalyst concentrations below about 15 ppm
relative to the weight of the finished polyoxyalkylene
polyether product such that a 2000 Da équivalent weight
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-
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.

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
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
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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Double metal cyanide compounds useful in the
invention are the reaction products of a water-soluble
metal salt and a water-soluble metal cyanide salt. The
water-soluble metal salt preferably has the general
formula M(X), in which M is selected from the group
consisting of 2Zn(II), Fe(II), Ni(IX), Mn(II), Co(II),
Sn(II), Pb(II), Pe(III), Mo(IV), Mo(VI), AL(III), V(V),
V(IV), Sr(II), W(IV), W(VI), Cu(II), and Cr(III). More
preferably, M is selected from the group consisting of
2n{II), Fe{II), Co(II), 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
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-
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
(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),
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
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from the group consisting of halide, hydroxide, sulfate,
carbonate, cyanide, oxalate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, and nitrate. Both a and b
are integers greater than or equal to 1; the sum of the
charges of a, b, and c balances the charge of M.
Suitable water-soluble metal cyanide salts include, but
are not limited to, potassium hexacyanocobaltate(III}),
potassium hexacyanoferrate(IlI), potassium hexacyano-
ferrate(III), calcium hexacyanocobaltate(III), lithium
hexacyanoiridate(III), and the like. .

Examples of double metal cyanide compounds
that can be used in the invention include, for example,
zinc hexacyanocobaltate{III), zinc hexacyanoferrate(III)
and the like. Further examples of suitable double metal
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
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
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-
ing organic compounds that can complex with the double
metal cyanide compound. Suitable complexing agents
include, but are not limited to, alcohols, aldehydes,
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- ketones, ethers, esters, amides, ureas, nitriles,

sulfides, and mixtures thereof. Preferred complexing
agents are water-soluble aliphatic alcohols selected
from the group consisting of ethanol, isopropyl alcohol,
n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol,
and tert-butyl alcohol. Tert-butyl alcohol (t-butanocl)
is most preferred. These complexing agents may be
termed "organic complexing agents."”

The solid DMC catalysts 6f the invention
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
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
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
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-
alkylation with isobutylene oxide or mixtures of alkyl-
ene oxides containing isobutylene oxide during prepara-
tion of the polyol.
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The polyols used in the catalysts can be made
by any suitable method. Polyether polycls made by ring-
opening polymerization of cyclic ethers (epoxides,
oxetanes, tetrahydrofurans) can be used. The polyols
can be made by any method of catalysis (acid, base,
coordination catalyst). Tertiary hydroxyl groups are
conveniently introduced by including a cyclic ether
monomer that is fully substituted at the a-carbon atom
of the cyclic ether. Cyclic ethers useful for introduc-
ing tertiary hydroxyl groups inclu&e, 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
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.

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
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
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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preferably from about 500 to about 5000. Most preferred
are polyether diols and triols having number average
molecular weights from about 1000 to about 4000.
Particularly preferred polyether polyols are polyoxy-
5 propylene diols and triols capped with from about 1 to
5 isobutylene oxide units. These polyols preferably
have at least about 20% of tertiary hydroxyl groups.

When the catalyst contains a polyether polyol,

both an organic complexing agent and the polyether

10 polyol are required as complexing agents in the double

metal cyanide complex catalyst. Including the polyether

polyol in addition to the organic complexing agent

enhances activity of the catalyst compared with the

activity of a similar catalyst prepared in the absence

15 of the polyether 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
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polyether polyol that most preferably contains tertiary
hydroxyl groups. Aqueous solutions of a metal salt
(excess) and a metal cyanide salt are reacted by adding
the metal salt and metal cyanide salt under high shear
conditions, i.e. in a homogenizer, and/or in the pres-
ence of the organic complexing agent and the polyether
polyol when the latter is used. The polyether polyol is
preferably used in an amount sufficient to produce a
solid DMC catalyst that contains from about 5 to about
80 wt.% of the polyether polyol. .

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

43 ﬂ&ﬁ;ﬁﬂwwgwgr&—m-&wg‘ IATATRL N a i L L - e e
Ay e Bt S . . e LT iy . -



WO 97723544 PCT/EP%6/05708

10

15

20

30

2.

high-shear stirrer to produce the most active form of
the catalyst. The mixing of the metal salt and metal
cyanide salt solutions preferably takes place at modest-
ly elevated température, for example 40-50°C.

The catalyst slurry produced as described
above may be combined with the polyether polyol, prefer-~
ably one having tertiary hydroxyl groups. This is
preferably done using low-shear mixing to avoid thicken-
ing or coagulation of the reaction mixture. The poly-
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
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
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
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.
The subsequent wash can be a repeat of the first wash.
Preférably, the subsequent wash is non-agueous, i.e. it
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includes only the organic complexing agent or a mixture
of the organic complexing agent and polyether polyol.
After the catalyst has been washed, it is usually
preferred to dry it under wvacuum until the catalyst
reaches a constant weight.

While the preferred products of the process of
the subject invention are polyether polyols prepared by
oxyalkylating a suitably hydric oxyalkylatable initia-
tor, other monomers that will copolymerize with an
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-
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-
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
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
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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more preferred range is from about 1,000 Da to about
12,000 ba; most preferred is the range from about 1,000
Da to about 8,000 Da. Equivalent weights may range from
250 Da to 25,000 Da or higher, preferably 1000 Da to
6000 Da.

The following examples merely illustrate the
invention. Those skilled in the art will recognize many
variations that are within the spirit of the invention
and scope of the claims. -

Example 1

Preparation Of A Solid EA-DMC Catalyst Containing
t-Butanol and an Iscbutylene Oxide-Capped 4K mol.
wt. Polyoxypropylene Diol as Complexing Agents

Potassium hexacyanocobaltate (8.0g) is dis-
solved in deionized (DI) water (140 mL) in a beaker
(Solution 1). Zinc chloride (25g) is dissolved in DI
water (40 mL) in a sécond beaker (Solution 2). A third
beaker contains Solution 3: a mixture of DI water {200
mL), t-butanol (2 mL, organic complexing agent), and
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.

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.

TOIITE TN s 0 L DREER L L L v by LSgeeemmmme Sy ST T~ X e pe g S
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Solution 3 (the polyol/water/t-butanol mix-
ture) is added to the aqueous slurry of zinc hexacyano-
cobaltate, and the product is stirred magnetically for
2 min. The mixture is filtered under pressure through
a S5-um filter to isoclate the solids.

The solid cake is reslurried in t-butanol (140
mL) and DI water (60 mL), and the mixture is homogenized
for 10 min. A solution of DI water (200 mL) and addi-
tional Polyol W (2g) is added, and the mixturg is
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
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-
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,
respectively.

Example 2

Solution 1 is prepared by dissolving zinc
chloride (75 g) in t-butanol (50 mL) and distilled water

- B T o T B AT - g WA e ey, e R . -
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(275 mL). Solution 2 is prepared by dissolving potassi-
um hexacyanocobaltate (7.5 g) in distilled water (100
mL). Solution 3 is prepared by mixing t~-butanol (2 mL)
and distilled water (200 mL}.

Solution 2 is added to solution 1 over 30
minutes with homogenization. Mixing by homogenization
continues for an additional 10 minutes. A stir bar is
added. Solution 3 is added, and the mixture is slowly
stirred magnetically for 3 minutes. The mnmixture "is
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-
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.

Example 3

Preparation of Zinc Hexacyanocobaltate
Catalysts by Homogenization Using t-butanol

and Polyet P l as Complexin ents
Catalyst Preparation. Potassium hexacyanoco-

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
polyol (2 g of a 4000 mol. wt. polyoxypropylene diol
prepared via double metal cyanide catalysis.
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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.

Solution 3 (the polyol/water/t-butanol mix-
ture) is added to the agqueous slurry of zinc hexacyano-
cobaltate, and the product is stirred magnetically for
3 min. The mixture is filtered under pressure thrqugh
a 5-um filter to isolate the solids.

The solid cake is reslurried in t-butanol (140
mL), DI water (60 mL),'and additional 4000 mol. wt.poly-
oxypropylene diol (2.0 g), and the mixture is homoge-
nized for 10 min. and filtered as described above.

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,
powdery catalyst is 10.7 gq.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 21.5
wt.%; t-butanol = 7.0 wt.%; cobalt = 11.5 wt.%.
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Example 4

Preparation of Zinc Hexacyanocobaltate
Catalysts Using t-butanol and Polyether
Polyol as Complexing Agents

Catalyst preparation. A one-gallon stirred

glass pressure reactor is charged with a solution of
potassium hexacyanocobaltate (40 g) in DI water (700 mlL)
(Solution 1). Zinc chloride 9125 g) is dissolved in a
beaker with DI water (200 mL) Solution 2). t-Butanol
(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).

Solutions 1 and 2 are combined with stirring
at 300 rpm followed immediately by slow addition of
Solution 3 to the resulting =zinc hexacyanocobaltate
mixture. The stirring rate is increased to 900 rpm, and
the mixture is stirred for 2 h at room temperature. The
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 &re reslurried in t-butanol (700
nl) and DI water (300 mLi, and stirred at 900 rpm for 2
h. The stirring rate is reduced to 300 rpm, and 60 g of
the 4000 mol. wt. polyoxypropylene diol is added. The
mixture is stirred for 5 min., and is filtered as
described above.

The solids are reslurried in t-butanol (1000
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mL) and stirred at 900 rpm for 2 h. The stirring rate
is reduced to 300 rpm, and 30 g of the 4000 mol. wt.
polyoxypropylene diocl is added. The mixture is stirred
for 5 min., and is filtered as described above. The
resulting solid catalyst is dried under wacuum at 50°C
(30 in. Hg) to constant weight. The catalyst is easily
crushed to a fine, dry powder.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 45.8
wt.%; t-butanocl = 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.
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.%.

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
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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minutes with homogenization. Mixing by homogenization
continues for an additional 10 minutes. A stir bar is
added. Solution 3 is added, and the mixture is slowly
stirred magnetically for 3 minutes. The mixture is
filtered under pressure at 40 psig. The catalyst is
isolated, washed, and dried as described in Example 2.
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 15.6 g PO/min.

-

Comparative Example I

Preparation of Low Activity Zinc

Hexacyanocobaltate Catalysts

Potassium hexacyanocobaltate (8.0 g) is added
to deionized water (150 mL)'in a beaker, and the mixture
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-
tions. Immediately after combining the soclutions, a
mixture of t-butanol (100 mL) and deionized water (100
mL)} is added slowly to the suspension of zinc hexacyano-
cobaltate, and the mixture is homogenized for 10 min-
utes. The solids are isolated by centrifugation, and
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
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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Example 7

Epoxide Polmerizations:

Rate Experiments - General Procedure

A one-liter stirred reactor is charged with
polyoxypropylene triol (700 mol. wt.) starter (70g) and
double metal cyanide complex catalyst (0.057¢g, 100 ppm
level in finished polyol). The mixture is stirred and
heated to 105°C, and is stripped under vacuum to remove
traces of water from the triol starter. The reactor
pressure is 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
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
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
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)
required for the catalyst to become active. Measured
reéction rates are summarized in Table 1.
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TABLE 1

Catalyst Activity

Catalyst Propylene Oxide Polymeﬁza;l:;
Rate (g PO/min)

Example 1 22.7

Example 2 26.3

Example 3 20.8 )

Example 4 26.3

Example S 14.6

Example 6 15.6 “
t 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.
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
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-
lysts prepared in the presence of polyether polyols
without tertiary hydroxyl groups.
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Example 8

Polyether Polyol Synthesis:

8000 Mol. Wt. Polyoxypropylene Diol (8K-D)

A one-liter stirred reactor is charged with
polyoxypropylene diol (1000 mol. wt.) starter (77g) 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
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
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-
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
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
glyme as complexing agent (Comparative Example 2;
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0.0l66g, 25 ppm) to prepare an 8000 mol. wt. polyoxypro-
pylene diol. The mixture is stirred and heated to
105°C, and is stripped under vacuum for 0.5 h to remove
traces of water from the diol starter. After stripping,
the reactor temperature is raised to 130°C. Propylene
oxide (11 g) is fed to the reactor, initially under a
vacuum of about 30 in. Hg, and the reactor pressure is
monitored carefully. When catalyst activation is
verified as described in the Example 8, propylene oxide
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
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
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
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,
approaching the range achieved by conventional base
catalysis. The residual catalyst 1levels are above
specification without resort to catalyst residue removal
metheds.
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The preceding examples are meant only as
illustrations. The scope of the invention is defined by
the claims.
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CLAIMS:

1. A process for the preparation of a
substantially transition metal-free, hydroxyl-functional
polyoxyalkylene polyether by double metal cyanide

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

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

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

15 containing ethylene oxide.

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

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

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

10. A process as claimed in any one of the
preceding claims characterised in that said hydroxyl-
functional polyoxyalkylene polyether has an equivalent
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weight greater than about 2000 Da and a polydispersity
of about 1.25 or less.

11. A process for preparing a hydroxyl-
functional polyoxyalkylene polyether by double metal
S cyanide complex-catalyzed oxyalkylation of monohydric or
polyhydric oxyalkylatable initiator molecule(s) with a
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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alkylene polyether product to form an initiator/catalyst
mixture;

b) adding a quantity of alkylene oxide to
said initiator/catalyst mixture to form an initia-

5 tor/catalyst/alkylene oxide mixture;

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

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

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

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

20 lyst, said polyol 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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