1 IIVPRCNED DGUBL!"‘IVETAL CYANI DE COVPLEX CATALYSTS FI ELD ,CT EglfWE Oy
The invention relates to doubl e netal cyanide (DMC) conpl e atﬁlys
compposi tions. The catalysts are highly active in epoxide polynerizations.
The invention includes an inproved nethod for preparing the conpositions.
Pol yet.her pol yol products nade using t catal yst conpositions have
exceptionally | ow unsaturations. BACK ND OF THE | NVENTI ON: Doubl e net al
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an improved method for preparing the compositions.

Polyether polyol products made using the catalyst
compositions have exceptionally low unsaturations.

BACKGROUND OF THE I NTION: *

Double metal cyanide complex compounds are well known
catalysts for epoxide polymerization. The catalysts are
highly active, and give polyether polyols that have low
unéaﬁuration compared with similar polyols made using basic
(KOH) catalysis. Conventional DMC catalysts are prepared
by reacting agueous solutions of metal salts and metal
cyanide salts to form a precipitate of the DMC compound.
“The catalysts can be used'ﬁo make a variety of polymer
products,.includiﬁg polyether, polyester, and
polyetherester polyols. Many of the polyols are useful in
various polyurethane coatings, elastomers, sealants, foams,
and adhesives. |

..Conventional DMC catalysts are.usually prepared in the
presence of a low molecular weight complexing agent,
tfpically an ether such as glyme (dimethoxy-ethane) or
diglyme. The ether complexes with the DMC compouﬁd,-and
favorably impacts the activity of the catalyst for epoxide
polymerization. In one conventional preparation, aqueous

solutions of zinc chloride (excess) and potassium



and adfiesi ves: Conventional DMC catal ysts are usually prepared in the
presence of a | ow nol ecul ar wei ght conpl exi ng agent, typically an ether
such as glynme (dinmethoxy-ethane) or diglyne. The ether conplexes with the
DMC conmpound, and favorably inpacts thezactivity of the catalyst for
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Other known Eomplexing agents include alcohols,
.ketones, esters, amides, ureas, and the like. (See, for
example, 6.5. Patent Nos. 3,427,256, 3,427,334, 3,278,459,
and Japanese Pat. Appl. Kokai Nos. 4-145123, 3-281529 and
.3-149222). Generally, the catalyst made with glyme has
been the catalyst of choice. The catalysts have relatively
high surface areas, typically within the range of about 50-,
200 m*/g. .

Double metal cyanide compounds prepared in the absence
of & complexing agent are highly crystalline (as shown by
X-~ray diffraction analysis), and are inactive for epoxide
polymerization. When the complexing agents described above
are used, fhe resulting catalysts actively polymerize
epoxides. Our X-ray diffraction analyées of active DMC
complexeé prepared according to methods known in the art
suggest that conventional DMC catalysté are actually
mixtures of a highly crystalliné DMC compound and a more
amorphous componenf. Typically, conventional DMC
catalysts--which are generally prepared by simple mixing--
contain at least about 35 wt.% of highly crystalline DMC
compound. DMC compoundé useful as epoxide polymerization
catalysts and containing less than about 30 wt.% of highly

crystalline DMC compound are not known.



3-149222). Cenerally, the catalyst made with glyne has been the catal yst of
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could be used.

Double metal cyanide catalysts normally require-an
"induction" period. In contrast to basic catalysts, DMC
catalysts ordinarily will not begin polymerizing epoxides
immediately following exposure of epoxide and starter
polyol to the catalyst; Instead, the catalyst needs to be
activated with a small proportion of epoxide before it
becomes safe to begin continuocusly adding the remaining
epoxide. Induction periods of an hour or more are typical
yet costly in terms of increased cycle times in a polyol
production facility. Reduction.or elimination of the
induction period is desirable.

An advantage of DMC catalysts is that they'pérmit the
synthesis of high molecular weight polyether polyols having
relatively low unsaturation. The advérse impact of polyol
unsaturation on polyurethane properties is well documentéd.
(See, for example, C.P. Smith et al., J. Elast. Plast., 24
(1992) 306, and ﬁ.L. Mascioli, SPI Proceedings, 32nd'Annual
Polyurethane Tech;ZMarket. Conf. (1989) 139.) When a DMC
catalyst is used, polyols having unsaturations as low as
about 0.015 meq/g can be made. Polyether poly§ls with even

lower unsaturations can be made if a solvent such as



3 Double netal cyanide catal ysts generally have good activity for epoxide
pol yneri zati ons, often nuch greater than conventional basic catal ysts.
However, because the DMC catal ysts are rather expensive, catalysts with

i nproved activity are desirabl e because reduced catal yst |evels could be
used. Double netal cyani de catal ysts noﬁnally require an "induction”

period. In contrast to basic catalysts, DMC catalysts ordinarily will not
begi n pol yketizahygdrafngansis masd é%%l“}ak%lql'éﬁ\n ¥dbos fAeferpokPe and
starter polyol to the cat al | nst ead, the catal yst nggds t o, be actlvated

W th & ShalGOTRESHAL @6 DO LREIHF Gt 1S YRR Phct S LVERE L8] 1O
t | di t.h d I.nduct f h
Tore are. t ORI efe%llﬁﬁ'%f%m R n%‘?@%éjg%é"%nﬁr#‘fﬁ@ﬁng'gdﬁs%?;m
duct f | t d t f th duct d
product i on %ggba s%%%fj Eﬂéé@éﬁilon 0 e induction period is

desirabl e. S 1s that they permit the synthesis

of high nol ecul %fhé’i?'(%ﬁvélﬂi’@ﬂﬁ%@lé’ﬂélm;% "gre used to polymerize

epoxides, the pol&ether polyocl products contain relatively

- .low levels (about 5-10 wt.%) of low molecular weight pblyol
impurities. A way to eliminate these polyol impurities is
desirable because improved polyurethanes could result from
the usé of more monodisperse polyols.

Double metal cyaﬁide complex catalyst residues are
often difficult to remove from polyether polyols, and a
wide variety of methods have been deVeloped to cope with
the problem. Removal of DMC catalyst residues from the
polyols promotes long-term storage stability and consistent
polyol performance in urethane formulation. Most methods
involve some kind of chemical treatment of the polyol
following polymerizétion. There has been little progress
made in developing catalyst preparation methods that
ultimately facilitate catalyst removal from the polyol
producfs. |

SUMMARY OF THE INVENTION:

The invention is an improved catalyst for polymerizing
epoxides. We have surprisingly found that substantially
amorphous DMC complexes are much more active than
conventional DMC complexes for epoxide poiymerization. In

addition, the amorphous complexes are more quickly



relatiyely | ow unsaturation. The adverse inpact of polyol unsaturation on
pol yur et hane properties is well docunented. (See, for exanple, C.P. Smith
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the substantially amorphous DMC complex.

‘The invention also includes compositions which
comprise the substantially amorphous DMC complexes
described above, and up to about 30 wt.% of a highly
crystalline DMC compound; more preferred compositions
contain less' than about 1 wt.% of the highly crystalline
DMC compound .

The invention includes a method for preparing the
improved catalysts. Although conventional methods for
making DMC complex catalysts have been known for about 30
years, no one has previously appreciated that the method of
combining the reactants is extremely important. We have
now discovered, quiﬁe surprisingly, that highly'active,
substantially amorphous DMC complexes are produced only
when the reactants are intimately combined during catalyst
pfeparation. Aqueous solutions of a water-soluble metal.
salt and a water—solﬁble metal cyanide salt are intimately
combined in the presence of a complexing agent to produce
an aqueous mixture containing the DMC COmpleg catalyst.

The catalyst, which is then isolated and dried, comprises
at least about 70 wt.% of a substantially amorphous DMC

complex.
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The invention also includes polyether polyol
compositions that are uniquely available from using the
catalysts of the invention. The polyols have exceptionally
low unsaturations and contain unusually low levels of low
molecular weight polyol impurities.

Finally, the invention includes a method for improving
the filterability of a DMC complex cétalyst from a
polyether polyol product following epoxide polymerization.
The method comprises using, as a polymerization catalyst, a
substantially amorphous DMC complex catalyst of the |
invention.

BRIEF DESCRIPTION OF THE DRAWING:

Figure 1 shows a plot of propylene oxide consumption
versus time during a polymerization reaction with one of
the catalyst compositiéns-cf the invention at 250 ppm
catalyst. The induction time for the run is measured as
discussed in Example 6 from the intersection of the

extended baseline and slope measurements.

DETAILED DESCRIPTION OF THE iNVENTION:
The catalysts of the invention, unlike conventional
DMC compounds known in the art as useful for epoxide

polvmerization, comprise at least about 70 wt.% of a



5 activated (show reduced induction periods) conpared wi th conventional DMC
catal ysts. The catalysts of the invention conprise at |east about 70 wt. %
of & substantially anmorphous DMC conpl ex; nore preferred conpositions
conprise from about 90-99 w. % of the sgbstantially anor phous DMC conpl ex.
The invention al so includes conpositions which conprise the substantially
anor phous DMC conpl exes descri bed above, and up to about 30 w.% of a
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As defined in thls application, "substantially

.amorphous" means substantially noncrystalline, lacking a
well-defined crystal structure, or characterized by the
substantial absence of sharp lines in the X-ray diffraction
pattern of the composition. Powder X-ray diffraction (XRD)
patterns of conventional double metal cyanide catalysts
show characteristic sharp_lines that correspond to the
presence of a substantial proportion of a highly
crystallihe DMC component. Highly crystalline zihc
hexacyanocobaltate prepared in the absence of an organic
complexing agent, which does not actively polymerize
epoxides, shows a characteristic XRD fingerprint of shérp
lines at d-spacings of about 5.07, 3.59, 2.54, and 2.28
angstromé.

When a DMC catalyst is made in the presence of an
organic complexing agent according to conventional methods,
the XRD pattern shows lines for the highly crystalline
material in addition to broader signals from relatively
amorphous material, suggesting that conventional DMC
epoxidation catélysts are aciually mixtures of highly
crystalline DMC compound and a more amorphoqs component.

Typically, conventional DMC catalysts, which are generally



preparation. Agueous solutions of a water-soluble netal salt and a

wat er -sol ubl e netal cyanide salt are intimately conbined in the presence of
a conpl exi ng agent to produce an aqueous m xture containing the DMC conpl ex
catal yst. The catalyst, which is then isolated and dried, conprises at .

| east about 70 wt.% of a substantially anorphous DMC conplex. . 6 The

I nvention also includes a nethod for preparing an epoxi de pol ynmer. The
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whi ch conprises at | east about 70 w.% of a substantially anorphous DMC
conpl ex. Tl highdy eryvstadliing RNG qaapunty pol yol conpositions that are
uni quel y avail able fromusing the catal ysts of the invention. The polyols
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from cé%ved%iQQal DMC compositions based on their

substantial lack of crystalline material. The substantial
lack of crystallinity is evidenced by an XRD pattern
.showing that little or no highly crystalline DMC compound
is present. When a zinc hexacyanocobaltate catalyst is
prepared according to the method of the invention using
tert~butyl alcohol as a complexing agent, for example, the
X-ray diffraction pattern shows essentially no lines for
crystalline zinc hexacyanocobaltate (5.07, 3.59, 2.54, 2.28
angstromé), but instead has only two major lines, both
relatively broad, at d-spacings of about 4.82 and 3.76
angstroms. Spiking experiments demonstrate that DMC
catalysts prepared by the method of the invention typically
contain less than about 1 wt.% of highly crystalline DMC
compound. X-ray results appear in Table 1.

Conventional DMC catalysts typically contain at least
about 35 wt.% of highly crystalline DMC compound. No one
has previously recognized the desirability of preparing
substantially amorphous catalysts, and the potential yalue
of reducing fhe content of highly crystalline DMC compounds
in these catalysts. It appéars, based on my results, that
the highly crystalline DMC compound acts as either a
diluent or as a poison for the more active amorphous form

of the catalyst, and its presence is preferably minimized



Finally, the invention includes a nethod for inproving the filterability of
a DMC conpl ex catal yst froma pol yether polyol product foll ow ng epoxide
pol ymeri zati on. The nethod conprises using, as a polynerization catalyst, a
subst antial |y anor phous DMC conpl ex catal%st of the invention. BRIEF
DESCRI PTI ON OF THE DRAWNG Figure 1 shows a plot of propyl ene oxide .
consunption versus tine during a polynerization reaction with one of the
cat al yst ©gneddmin@te€df the invention at 250 ppmcatal yst. The induction
tinme for the run is neasured as ch$cussed in, Exanple 6 fromthe
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pol ymeri Z%%ili\%q_’exc% ra!lsyestag AFatsﬁe %ngzpoﬂwar%i Otgp %o agout 30 wt.%
of a highly crystalline DMC compound. More preferred
compositions of the invention comprise at least about 90
wt.% of the substantially amorphous DMC complex catalyst
and up to about 10 wt.% of the highly cfystalline DMC
compound. Most preferred are compositions that contain at
least about 99 wt.% of the substantially amorphous DMC
complex catalyst and up to about 1 wt}% of the highly
crystallipe material. |

The catalyst compositions of the invention have
relatively low surfaée.areas. Conventional DMC compounds
have surface areas within the range of about 50 tp about
200 m?*/g. 1In contrast, the surface areas of the catalysts
of the invention are preferably less than about 30 m¥/g.
More preferred compositidns have surface areas legs than
about 20 m‘/g. |
Double metal cyanide compounds useful in the invention

are the reaction products of a water—éolﬁble 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 Zn(II), Fe(II),
Ni(II), Mn(II), Co(II), Sn(II), Pb(II), Fe(III), Mo(IV),
Mo(VI), AL(III), V(V), V(IV), Sr(IIi), W(IV), W(VI), Cu(IlI),

and Cr(III)._ More preferably, M is selected from the group



substantial |l y anorphous DMC conpl ex. Mdre preferred catal ysts of the

I nvention conprise at l'east about 90 wt.% of a substantially anorphous DMC
conpl ex; nost preferred are catal ysts conprising at | east about 99 wt. % of
a substantially anmorphous DMC conpl ex. fAs defined in this application,
"substantial ly -anorphous” neans substantially noncrystalline, |acking a
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of an organi ¢ co exl'ng agent according to conventli onal nethods,
and satisfies the valency state of M. Examples of suitable

metal salts includé, but are not limited to, zinc chloride,
zinc bromide, zinc acetate, zinc acetonylacetate, zinc
benzoate, zinc nitrate, iron(II) sulfate, iron(II) bromide,
cobalt{II) chloride, cobalt(II) 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),(A). 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), Fe(III), Cr(III), Ir(III), and
- Ni{II). The water-soluble metal cyanide salt can contain
one or more of these metals. 1In thé formula, Y is an |
alkali metal ion or alkaline earth metal ion. A is an
anion selected from the groﬁp consisting of halide,
hydroxide, sulfate, carbonate, cyanide, oxalate,
thiocyanate, isocyanate, isothiocyanate, carboxylate, and

nitrate. Both a and b are integers greater than or equal



the XRP pattern shows lines for the highly crystalline material in addition
to broader signals fromrelatively anorphous material, suggesting that
conventi onal DMC epoxidation catalysts are actually m xtures of highly
crystalline DMC conpound and a nore anprphous conponent. Typically,
conventional DMC catal ysts, which are dénerally 8 prepared by sinple

m xi ng, contain at |east about 35 wt.% of highly crystalline DMC conpound.
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potassium hexacyanoferrate(III), calcium

hexacyanocobaltate(III), lithium hexacyanoiridate(III), and
.the like. |

Examples of double meial cyanide compounds that can be
used in the invention include, fof example, zinc
hexacyanocobaltate(III), zinc hexacyanbferrate(III), zinc
hexacyanoferrate(II), nickel(II) hexacyanoferrate(II), |
cobalt(II) hexacyanocobaltate(IIX), and the like. "Further
examplés of suitable double metal éyanide compounds are
listed in U.S8. Patent No. 5,158,922, the teachings of which
are incorporated herein by reference.
| The catalyst compositions.of the invention are
prepared in the presgncé of a 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. Patént No. 5,158,922.
The complexing agent is added either during preparation or
immediately following précipitation of the catalyst.
Usually, an excess amount of the complexing agent is used.
Preferred complexing agents are water-soluble heterocatom-
containing organic compounds that can cbmplex with the
double metal cyanide compound. Suitable complexing agents

include, but are not limited to, alcohols, aldehydes,



crystaldline zinc hexacyanocobal tate (5.07, 3.59, 2.54, 2.28 angstrons), but
i nstead has only two ngjor |lines, both relatively broad, at d-spacings of
about 4.82 and 3.76 angstrons. Spi king experinents denonstrate that DMC
catal ysts prepared by the nethod of the invention typically contain |ess
than about 1 wt.% of highly cryStaIIinéQDNC conpound. X-ray results appear
in Table 1. Conventional DMC catal ysts typically contain at |east about 35 °
wt . % of hikdtgnesysetherae BhCersnpsmidesiNouveeshasiprélesusispliddegni zed'
the desirability of preparing substantially anorphous catal ysts, and the
potential amduslwtureguthagyephie cBEEERrTEE RPRRILEXdngs RFRRLSe 3WWC conpounds
In these catalysts. It apgears, base results, that the highly
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isobutyl alcohol, sec-butyl alcohol, and tert-butyl
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The conventional method of preparing DMC compounds
useful for epoxide polymerization is fully described in
many references, including U.S. Paten£ Nos. 5,158,922,
4,543,054, 4,477,589, 3,427,335, 3,427,334, 3,427;256,
.3,278,457, and 3,941,849, and Japanese Pat. Appl. Kokai No.
4-145123. The teéchings of these references related to
conventiqﬁal catalyst preparation and suitable DMC
compounds are incorporated herein byfreferénce in their
entirety. |

‘The invention includes a method of making the
substantially amorphous DMC catalyst compoéitions of the
invention. The method comprises two steps. First, aqueous
sélutions of a water-soluble metal salt and a water-soluble
metal cyanide salt are intimately combined and reacted in
the presence of a complexing agent to produce én agueous
mixture that contains a precipitated DMC complex catalyst.
Second, the catalyst is isolated and dried. The complexing
agent can be included with either or both of the équeous
salt solutions, or it can be added to the DMC compound
immediately following precipitation of the catalygt. It is

preferred to pre-mix the complexing agent with either the



The invention includes conpositions which conprise at |east about 70 wt. %
of the substantially anorphous DMC conpl ex catal ysts of the invention and
up to about 30 wt.%of a highly crystalline DMC conpound. Mre preferred
conpositions of the invention conprise ajsleast about 90 .w. % of the
substantial |y anor phous DMC conpl ex catalyst and up to about 10 wt. % of the
hi ghly crystalline DMC conpound. Most preferred are conpositions that
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cat al yst d@ﬁ%®£|$¢bhs @F bﬁéhrnbéﬁ?F%nlhﬁkﬁa %1&t?9@?§n+69/§BPface ar eas.

Conventi onal DMC conpounds have surface areas within the range of about 50
to about ZU%aTEﬁ?TS'IHTE%nF?égithﬂecgﬁ?fﬁﬁE ﬁ?@EESbFl?Helﬁatalysts of the

i nventi on are refe ess, than about 30. err

conp05|t|o%%b GREY %c%mﬁrggguFesgstﬁﬁnegb ﬁ?céﬁ %%r ?gr ﬁﬁ%@nﬁéﬁél
cyani de co %Eﬂgé #f #%h%2d5g§skgifﬂﬁéoﬁ%€rSoﬁ § ﬁgaﬁg gerg oducts of a

wat er - sol u solu Cyanhi lt. The
wat er - SOlquffractlon analysis.
We have surprisingly discovered that achieving an

intimate_combination of the reactants is essential ﬁo
preparing catélysts having iow crystallinity. 1In
conventional methods, the water-soluble metal salt and the
water-soluble metal cyanide salt are combined in aqueous
media and are simply mixed together, typically with
magnetic or mechanical stirring. This method of
preparation results in catalysts having a substantial
amount of highly crystalline DMC component, typically
greater than about 35 wt.%. We have found that combining
the reactants in a mannér effective to achieve an intimate
combination of the reactants results in substantially

- amorphous catalysts that are exceptionally useful for
epoxide polymerization. Suitable methods of ‘achieving this
intima;e combination of reactants include homogenization,
impingement mixing, high-shear stirring, and the like.
When the reactants are homogenized, for example, the level

. of crystalline material in the catalyst composition is
minimized or eliminated, and is much lower than the amount

of crystalline material present in a catalyst made by

simple mixing.



netal salt preferably has the general formula [err] in which Mis sel ected
fromthe group consisting of Zn(I11), Fe(ll), Ni(ll), M(11), Co(ll),
SnGsll), Pb(Il), Fe(lll), M(I1V), Mo(VI), A(IIl), M(V), V(IV), Sr(ll),
WIV), WVI), Cu(ll), and Cr(Ill). Mre ygyeferably, Mis selected fromthe
group 10 consisting of Zn(ll), Fe(ll), Co(ll), and Ni(ll). In the

formula, X is preferably an anjon selected fromthe group consisting_ of
hal i de, hydroxi @he snventelonainmphides & \REARSS SQF Making | ar yepaxede
| socyanat e, isothiocyanate, carboxylate, and nitrate., The value of n_ is

from 1 to Podymefat i s RIRCSS SRPLIRS RALCBERT &0 APetitante
e N L A e
Lot ) S SR R e R e PR e SRR
propylene oxide, butene oxides, styrene oxide, and the '
like, and ﬁiXturés thereof. The process can be used to
..make random or block copolymérs. The epoxide polymer can
be, for example, a polyether polyol derived from the
polymerization of an epoxide in the presence of a hydroxyl
group-containing initiator.
Other monomers'that will copolymerize with an epoxide
in the presence of a DMC compound can be included in the
_ process of the invention to make other types of ééoxide
polymers. Any of the copolymers known in the art made
using conventional DMC catalysts can be made with the
catalysts of the invention. For example, epoxides
copolymerize with oxetanes (as taught in U.S. Patent Nos.
3,278,457 and 3,404,109) to give polyethers, or with
anhydrides (as taught in U.S. Pateﬁt Nos.-5,145,883 and
3,538,043) to give polyestet or polyetherester polyols.
The preparation of polyether, polyester, and polyetherester
polyols using double metal cyanide catalysts is fully
described, for example, in U.S. Patent Nos. 5,223,583,
5,145,883, 4,472,560, 3,941,849, 3,900,518, 3,538,043,
3,404,109, 3,278,458, 3,278,457, and in J.L. Schuchardt and

S.D. Harper, SPI Proceedinds, 32nd Annual Polyurethane

Tech./Market. Conf. (1989) 360. The teachings of these



The water-sol uble netal cyanide salts used to nake the doubl e netal cyanide
conpounds useful in the invention preferably have the general fornula [err]
inwhich [err] is selected fromthe group consisting of Fe(ll), Fe(lll),
Co(ll), Co(lll), C(lly, C(lI1), M(ldg, M(LIL), Tr(ClIT), Ni(Il),

Ra(lll), Ru(ll), V(IV) and V(V). More preferably, M is selected fromthe
group consi sting of 2 Co(l11 Fe(l1l), Fe(ltl), C(Lil), Ir(lll), and
N(I1). Tmeﬁm@rceﬁﬂmé *etEP B9 yPleSyafheshs uohna) PMGneasalysts of

these nmetals. In the formula, Y,is an alkali metal jon or alkaline earth

metal ion.a%8 | GAFRAF e hete iy bYoﬁ?f%%eﬁ?%ubncBREFEt?HBlEFtHaI|de
oty A o R et o e I e
Lhan o o g, 46 SnpUELS b FoRURaEngl Buclcoldlygricauges (1
not limteg P, PPLaspiiMixample, a4 zinc hexacyanocobaltate catalyst
made using tert;bﬁtyl alcohol as a complexing agent and
made by homogenization (and containihg less than 1 wt.% of
crystalliné DMC compound by X-ray analysis) is about 65%
more active at 100 ppm,fand 200% more active at 130-250
ppm, than the same catalyst made by simple mixing (and
containing about 35 wt.% crystalline DMC compound). A
consequence of higher polymerization rates is that polyol
producers can use less of the relatively'expensive DMC
catalyst and save money. More active cafalysts also permit
the producer to reduce batch times and increase
productivity.

The amorphous catalyst compositions of the invention
show a reduced induction period compared with conventional
catalysts in a polyether polyol synthesis-(see TaBle 3).
Conventional DMC catalysts are not immediately active
téward epoxide polymerization. Typically, a sgarter
polyol, the catalyst, and a small amount of epoxide are
combined and heated to the desired reaction temperature,
and no epoxide polymerizes immediately. The polyol
-manufacturer must wait (often for several hours) until the
catalyst beéomes.aétive and the charged epoxide begins to

react before additional epoxide can safely be continuously



[11), potassium hexacyanoferrate(ll), potassium
hexacyanoferrate(ll1), cal cium hexacyanocobaltate(lll), lithium
hexacyanoiridate(ll1), and the |ike. Exanples of double netal cyanide
conmpounds that can be used in the inventi®n inelude, for exanple, zi nc
hexacyanocobaltate(lll) zi nc hexacyanoferrate(lll) zinc

hexacyanocobal t at e(
I
I

hexacyanoferrate(l1), nickel (I1) hexacyanoferrate(l cobal t (
hexacyanoc@@@?@aﬁ@(Fh?)PO&NHBFH@aFﬁQG TEACLERE exX: s@?s&QQQh%¥ﬂﬁeedouble
nmet al cyani de conpounds ire listed in U S.  Patent : 158,922, the :
teachi ngs BPOHRRERSaFELR ¥5F§oP§t§&ehéP¥FHt&?nr€F@Y@P5? ARt Y al yst

R i e ot A
B A AR e o IR O e i
ot oo HASRFSESL 28, S8 TRl oA A LA o (e
Preferred gaaphgXthe apeRideda@e/dcRMuced.ubl e heteroatom

Polyether polyols prepared using the catalysts of the
invention have exceptionally low unsaturations,
consistently less than about 0.007 meg/g. These
unsaturations are at least about 50% lowei than polyol
unsaturations available from the DMC catalysts previously
known (see Table 4). Preferred polyols of the invention
have unsaturations less than about 0.006 meq/g, and more
preferably less than about 0.005 meq/g. The reduction in
unsaturation compared with polyols previously available
from conventional DMC cataiysfs should offer some
advantages for polyurethanes made with the polybls of the
invention.

Polyether polyols made with the catalysts of the
invention preferably héve average hydroxyl functionalities
from about 2 to 8, more preferably_from about 2 to 6, ahd
most preferably from about 2 to 3. The ﬁolyols preferably
have number average molecular weights within the range of
about 500 to about 50,000. A more preferred range is from
about 1,000 to about 12,000; most preferred is the range
from about 2,000 to about 8,000. |

Polyols prepared with the catalysts of the invention



cont ai ni ng organi ¢ conpounds that can conplex wth the double nmetal cyanide
conpound. Suitable conpl exi ng agents include, but are not limted to,

al cohol s, al dehydes, 12 ketones, ethers, esters, am des, ureas,

nitriles, sulfides, and m xtures thereoi Preferred conpl exi ng agents are
wat er - sol ubl e al i phati c al cohol s sel ect 4 fromthe group consisting of

cthanol. | SRRl RS MY ool sobityl alophon sec-buty
cammounas VAR, PR Sl LI a0 Bl LSS PR ™Y
2,027,535 e boibfiith Bhe Vs Wi P U SAIBPIYS
convent i onglcptdt Anally SHLRH Alnéde Gt Pl § ANGPo CERUNES1LET Fow
I ncorporated herein By reference in their

molecular weight polyol impurities. In contrast,

conventional DMC.catalysts made in the usual way with glyme

.as a complexing agent show a marked GPC peak corresponding

to about 5-10 wt.% of a low molecular weight polyol

impurity.

Interestingly, polyols méde with the catalysts of the
invention are'usually clearer than polyols made with
conventional glyme catalysts; the former typically remain
clear even after weeks of storage at room temperature,
while the'latter tend to quickly develop a haze during
storage. |

Another advantage.of the substantially amorphous
catalysts of the invention is that they are more easily
removed from polyether polyols following polyol synthesis
compared with conventional DMC compounds. The problem of
how to remove DMC compounds from polyether polyols has been
the subject of many investigations (see, for example, U.S.
Patent Nos. 5,144,093, 5,099,075, 5,010,047, 4,987,271,
4,877,906, 4,721,818, and 4,355,188). Most of these
methods irreversibly deactivate the catalyst.

'~ The catalysts of the invention cén be isolated by
simply filtering the polyol; Another way to isolate the

catalyst is to first dilute the polyol with a solvent such



entirety. The invention includes a nmethod of making the substantially

anor phous DMC cat al yst conpositions of the invention. The nethod conprises
two steps. First, aqueous solutions of a water-soluble netal salt and a.
wat er - sol ubl e netal cyanide salt are intinmately -conbined and reacted in the
presence of a conpl exing agent to proé%pe an aqueous m xture that contains
a precipitated DMC conpl ex catal yst. Second, the catalyst is isolated and
dri ed. Theasohpbtanagtagsrtucsgn vBecosditidedhant £ iditeFether misrtunst tiche
aqueous salt solutions, or_it can be added tqQ the DMC conegynd I medi atel y

fol | owi ng BPECVEFt ERPoRabALYRE c AN FEED BEXLP fher @1 R x the
Comal e N0 B oV oBLRS! <l pr P20 LD e can de sal €. of
Tt at S RREaLETHL 178,501 BB TR0, biRloky BN By
recover the catalysts of the invention from polyols. Aan
advantage of the Eatalysts of the invention is that they
.can be removed cleanly from polyols even with a hot
filtration in the absence of any solvent. In contrast,
when a polyol made with a conventional glyme catalyst is
hot-filtered, substantial amounts of the DMC compound
remain in the polyol. If desired, the isolated catalyst
composition of the invention can be recovered and reused to
cataiyze another epoxide polymerization reaction because
these simple filtration methods do not generally deactivate
the catalysts.
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.
Preparation of Zinc Hexacyanocobaltate Catalysts bv
Homogenization
Example 1. Tert-butyl Alcohol as the Complexing Agent
| (Catalyst D)

Potassium hexacyanocobaltate (8.0 g) is added to,
deionized water (150 mL) in a beaker, and the mixture is
blended with % homogenizer until the solids dissolve. 1In a
second beaker, zinc chloride (20 g) is dissolved in

deionizéd water (30 Ml). The aqueous zinc chloride



absence of highly crystalline DMC compound by X-ray diffraction anal ysis.
We have surprisingly discovered that achieving an intimte conbination of
the' reactants is essential to preparing catalysts having low crystallinity.
I n conventional nethods, the water-soluble netal salt and the water-sol uble
metal cyanide salt are conbined in aqueldus nedia and are sinply m xed
together, typically with magnetic or nechanical 'stirring. This nethod of

pr epar at i eolgsidn sis rcanbihedtwithvihg sobtebsonnofathencobalef shighl y
crystalline DMC conponent, typically greater than about 35 wt.% W have
found t hatussioriaihemagenizert tat intimatedyindixcthecsplationgehi eve an
intimate conbination of the reactants results in substantially anorphous
cat al yst s Impedigtelk atienerrhintag jFhe ofoLtpbiPne  pd| BHEEREE: Pén

S e, o, o, SSILSHLRS Lkl USRI RLON ! GRRCLEN S,

ke, IMeddiey ERGHRP 2, oM BRIEIL EEH ool SRRl e MHBOLRSL AR,

el i m nat edan@%é Smﬂ!t?tlﬁé O%rhéﬂggeﬁfgeér@&?tld min. The solids are .
.isolated by centrifugation, and are then homogenized for 10
min. with 250 mL of a 70/30 (v:v) mixture of tert-butyl
alcohol and deionized water. The solids are again isolated
by.centrifugation; and are finally homogenized for 10 min
with 250 mL of tert-butyl alcohol. The catalyst is
isolated by centrifugation, and is aried in a vacuum oven
at 50°C and 30 in. (Hg) to constant weight. This catalyst

is identified as Catalys; D.

Preparation of Zinc Hexacyanocobaltate Catalysts by
Homogenization
Example 2. Isopropyl Alcohol as the Complexing Agent

Catalyst E

The procedure of Example 1 is modified as follows.

- Isopropyl alcohol is substituted for tert-butyl alcohol.
Following combination of.the zinc chloride and

potassium hexacyanocobaltate solu;ions and homogenization
in thé presence of isopfopyl alcohol, the catalyst slurry
is filtered through a 0.45 micron filter at 20 psi. The
washing steps of Example 1 are also repeatéd, but
filtration rather than centrifugation is used to isolate
the catalyst. The washed catalyst is dried to constant

weight as described above. The catalyst is identified as



of crystalline material present in a catalyst nmade by sinple mxing. 14
The invention includes a process for nmaking an epoxi de polyner. This
process conprises polynerizing an epoxide in the presence of a doubl e netal
cyani de catal yst conpoesition of the invention. Preferred epoxides are

et hyl ene oxi de, propyl ene oxi de, butene géides, styrene oxi de, and the

| i ke, and m xtures thereof. The process n be used.to make random or bl ock
copol ynmer sCatghgsepBxi de pol yner can be, for exanpl e, a polyether polyol
derived fromthe polynerlzatlon of an epOX|de in the presence of a hydroxyl
gr oup- cont REERR Z Bexagy gbajitateg; Catal >

epoxide in the presence of a DMVC quéﬁé—ga be jn Iu ed in the process of
the invention t&oBRaratiye EXamp S .
ﬁgggl zvlrr;eLst Egown in the ar ok eexfris' gg & nv§£géao£1as[t % catal ysts can be

The procedure of Japanese Pat. Appl. Kokai No. 4-

145123 is generaily followed. Potassium hexacyanocobaltate
‘.(4.0 g) is added to deioniéed water (75 mL) in a beaker,
and the mixture is stirred until the solids dissoclve. 1In a
second beaker, zinc chloride (10 g) is dissolved in
deionized water (15 mL). The agqueous zinc chloride
solution is combined with the solution of the cobalt salt
using a magnetic stirring bar to mix the selutions.
Immediately after combining the solutions, a mixture of
tert-butyl alcohol (50 mL) and deionized water (50 mL) is
added slowly to the suspension of zinc hexacyénccdbaltate,
and the mixture is stirred for 10 min. The solids are
isolated by centrifugation, and are then stirred for 10
min. with 100 ml of a 70/30 (v:v) mixture of tert—butyl'
alcohol and deionized water. The solids are again isolated
by centrifugation, and are finally stirred for 10 min with
100 mL of tertebutyl alcohol. The catalyst is isblated by
' centrifugation, and is dried in a vacuum oven at 50°C and 30
in. (Hg) to constant weight. This catalyst is identified

as Catalyst B.

Preparation of Zinc Hexaczanocobaltate Catalysts by Slmgle
Mixing
Comparative Example 4. TIsopropyl Alcohol as the Complexing

Agent (Catalyst C)



catal ysts of the invention. For exanple, epoxides copolynerize with
oxet'anes (as taught in U S. Patent Nos. 3,278,457 and 3,404, 109) to give
pol yet hers, or with anhydrides (as taught in U S. Patent Nos. 5, 145,883 and
3,538,043) to give polyester or polyethélester polyols. The preparation of
pol yet her, polyester, and polyetherester polyols using double netal cyanide
catalysts is fully described, for exanple, in U S._Patent Nos. 5,223, 583,
5,145, 883, 4, 47Thssprogegipregaf Compayabiye Fxuplm3P ip Mol ioed,
3,278,458, 3,278,457, gnd in J.L. Schuchardt and S.D.. Harper, SP

Pr oceedi ng??‘cﬁﬂ‘ﬁdtm%sqilﬁwletﬂﬁ?g‘oﬂe&ﬁ gk RBAde QA IRHt360. The

s eSS onke S Gy S e gl el b OV
convent i ondE TPRCo g Rt & TR S P S By AP GigRRr 10
hexacyanocehal 3815242151 solated and dried as described above.
This catalyst is‘identified as Catalyst C.
Comparative Example 5. Preparation of Crystalline Zinc

Hexacvanocobaltate -
No Complexing Agent (Catalvst A

Potassium hexacyanocobaltate (4.0 g) is dissolved in
deionized water (150 mL) in a beaker. Zinc chlofide (10 g)
is dissolved in deionized water (15 mL) in a second beaker.
The aqueous solutions are quickly combined and magnetically
stirred for 10 min. The precipitated solids are isolated
by centrifugation. The solids are reslurried in deionized
water (100 mL) for 10 min. with stirring, and are again |

' recovered by centrifugation. The catalyst is dried in a
vacuum oven at 50°C and 30 in. (Hg) to constant weight.
This catalyst is identified as Catalyst.A.

Example 6. Epoxide Polymerizations: Rate Experiments—-—
-General Procedure

A one-liter stirred reactor is charged with
polyoxypiopylene triol (700 mol. wt.) starter (70 g) and
zinc hexacyanocobaltate catalyst (0.057 to 0.143 g, 100-250

- ppm level in finished polyol, see Table 2). The mixture is
stirred and heated to 105°C, and is stripped under vacuum to
remove traces of water from the triol startér. The reactor

is preséurized to about 1 psi with nitrogen. Propylene



made using tert-butyl alcohol as a conpl exing agent and nmade by

honogeni zation (and containing less than 1 w.% of crystalline DMC conpound
by X-ray analysis) is about 65% nore active at 100 ppm and 200% nor e
active at 130-250 ppm than the sane catgy yst nade by sinple m xing (and
contai ni ng about 35 wt.%crystalline conmpound) . A consequence of hi gher

el 2t vel PRl Gol bND) coF oRYSbSaH CERCERBREGE Wor@RacBPFELLHe aFPSt s
The ahor pHOUR KeRSTE SEERTREE | 15,000 EORES RoERbRbIY snonRg  Pafnedy
synt hest o TR iefe BRLEE 1L (oEORuaRh QHel: Pah adBblek AcBnPBLERHISE P11 V)
catalyst, G ST GT AR LALLOE; SH8 ERcokard BEOR Fh BPidehce 10
desired reagdd Ofhd EPEABySE ChadNBeBOmEPQE H0aLOY "BThERSchERRYLRt el y. The

pol yol manufacturer nmust” wait (often for several hours) until“the catal yst
becones acddtBratibd his cher 9€de@po¥hderRginEngOpropylene oxide (490
.g) is added gradually over about 1-3 h at a constant
pressure of 20-24 psi. After propylene oxide addition is
complete, thé mixture is held at 105°C until a constant
pressure is observed. Residual unreacted 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. The results of reaction rates and-induction
times measured for various catalysts at 100-250 ppm

catalyst levels appear in Tables 2 and 3.

Example 7. Polyether Polyol Synthesis: Effect of Catalyst
‘"on Polyol Unsaturation, :
Catalyst Removal, and Polyol Quality

A two-gallon stirred reactor is charged with
polyoxypropylene triol (700 mol. wt.) starter (685 g) and

zinc hexacyanocobaltate catalyst (1.63 g). The mixture is



react before additional epoxide can safely be continuously 16 added to
the polynerization reactor. The substantially anorphous catal ysts of the

i nvention are nore rapidly activated than conventional catalysts that
contain up to 35 wt.%of crystalline DME%conpound. This feature of the
catalysts is also an econom c advantage because delays in adding the
epoxi de are feduced. Polyether pol ol s prepared using the catalysts of the
i nventi on $federescenpdi bﬁat?-‘} t@wlgg%t @ [ishStriapadundey vacwan Hem
about 0.007 neq/g. These unsaturations are at |east about 50% | ower than

pol yol unsé@@@ﬁ?r%ﬁécﬁﬁanaEﬁéeFr5ﬁP@h§hEmE¥éaia$§§F§e§rev?§99¥}enﬁomn (see
Tabl e 4). Preferred pol yol s _of the jnvention haye, unsaturatrons | ess t han

about 0. 00%%#28/ §102n8) ndPefpreter KRRy TPRSECT nadndbdaLly. BogeKed/ g. The
[eduot) O Rtahy 35190, SOHER, ol LRePghioLEPheKsguaY vl 2Dl e from

monitored carefully. Additional propylene oxide is not
added until an aecelerated 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 (5713 g) is added
gradually over about 2 h while maintaining a reactor
pressure less than 40'psi. After propylene oxide addition
is complete, the mixture is held at 105°C until a constant
pressure is observed. Residual unreacted monomer is then
stripped under vacuum from'the polyol product. The hot
polyol product is filtered at IOWt.through a filter
cartridge (0.45 to 1.2 microns) attached to the bottom of
the reactor to remove the catalyst. Residual Zn and Co afe

" quantified by X-ray analysis.

Polyether diols (from polypropylene glycol starter,

450 mol. wt.) and triols are prepare& as described above
using zinc hexacyanqcobaltate catalysts made by
conventional methods (stirring) and by the method of the

- invention (homogenization). The impact of the catalysts of
the invention on epoxide polymerization rate (Table 2),
inductioﬁ period (Table 3), polyol unsaturation (Table 4),
catalyst removal (Table 5), and polyol gquality (Table 6)

are shown in the tables.



advant ages for pol yurethanes made with the pol yols of the invention.

Pol yet her polyols nade with the catal ysts of the invention preferably have
aver age hydroxyl functionalities fromabout 2 to 8, nore preferably from
about 2 to 6, and nost preferably fromzabout 2 to 3. The polyols preferably
have nunber aver age nol ecul ar weights wthin the range of about 500 to

about 50, 000. A red ran is. fromabout 1,000 to about 12, 000;
nost preferred |g10 éfp gltﬁﬁ are M Mt 3F 000. Pol yol s

Cower ngeﬁé'ig%t%%atﬁ%ﬂ%ibff&?f { it Yo Iy S SRR e

pol yol s prepared h conventional catalysts. CGel perneation. chronmatography
(GPC) anal yS| s ot These pol yol s shows no detectabl e | ow nol ecul ar wei ght
polyol inpurities. In contrast, conventional DMC catal ysts nade in the
usual way with glyne




as a conpl exi ng agent show a marked GPC peak correspondi ng to about 5-10-.
wt. % of a |ow nol ecul ar wei ght polyol inpurity. Interestingly, polyols made
with the catalysts of the invention are usually clearer than polyols made
wi th conventional glynme catalysts; the2¥jorner typically remain clear even
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as heptane to reduce viscosity, then filter the mxture to recover the
catal yst, and then strip the polyol/heptane ‘m xture to obtain the purified
pol yol . -The methods described in U S. Patent No. 5,010,047 can al so be
used to recover the catalysts of the invention from polyols. An advantage
of the catalysts of the invention is that they can be renoved cleanly from
polyols even with a hot filtration in the, €bsence of . any solvent. In
contrast, when a polyol made with a _conventional glynme catalyst is
hot-filtered, substantial amounts of the DMC conmpound remain in the polyol.
|f desired, the isolated catalyst conposition of the invention can be
recovered and reused to catal yze anot her epoxi de pol ynerization reaction
because these sinple filtration nmethods do not generally deactivate the
catal ysts. Th aNMpT €5 METETy TT1TUStTat € the 1 vert o —1osg)

skilled in thg¢ art will recognize nany variations that are within the

spirit of the |nV¥§P1QN?€NKF fect of Catalyst on Epoxide Polymerization —
-Rate (105°C)

ID | Catalyst Cat. amt. Rate of polymerization
(ppm) (g/min)

F | glyme!? 250 - 13.50
130 1.78
100 1.46

B | TBA stirred® | 250 3.64

. 130 2.50

100 2.29

D | TBA homog.? 250 10.5
130 7.40
100 3.84

C | IPA stirred? 250 < 0.3

E | IPA homog.?

'Catalyst F is prepared as described in U.S. Patent No.
5,158,922,

2 Comparat:x.ve example.

* Catalyst of the invention.




scope of the clainms. Preparation of Zinc Hexacyanocobaltate Catal ysts by
Honogeni zati on Exanple 1.- Tert-butyl Al cohol as the Conpl exi ng Agent
(Catal yst D) Potassi um hexacyanocobaltate (8.0 g) is added to deionized
water (150 nlL) in a beaker, and the m xture is blended with a honogeni zer
until the solids dissolve. In a second beaker, zinc chloride (20 g) is

di ssol ved in deionized water (30 M). The aqueous zinc chloride 19
solution is conmbined with the solution2#f the cobalt salt using a.
honogeni zer to intimately m x the solutions. Imediately after conbining
the solutions, a mxture of tert-butyl alcohol (100 nL) and dei oni zed water
(100 m.) is added slowy to the suspension of zinc hexacyanocobaltate, and

the mxture i s honogeni zed for 10 min. The solids are isolated by
centrifugati

) T 10
Table 3. Effect of Catalyst on Induction Period (105°C)
Ip | Catalyst Catalyst Induction Time (min)
1 . concentration (ppm)
F | glyme!? 100 } 230
250 ' 180
B..| TBA stirred? 100° 220
' 130 180
250 90
D | TBA homog.? 100 - _ 140
130 . 130
250 85
! catalyst F is prepared as described in U.S. Patent No.
5'158'922- ’
? comparative example.
3 Ccatalyst of the invention.




mn. with 250 nL of a 70/30 (v:v) mxture of tert-butyl alcohol and

dei oni zed water. The solids are again isolated by centrifugation, and are
finally honogenized for 10 min with 250 nL of tert-butyl alcohol. The
catalyst is isolated by centrifugation, and is dried in a vacuum oven at
[err] and 30 in. (Hg) to constant weight. This catalyst is identified as
Catal yst D. Preparation of Zinc Hexacyattcobal tate Catal ysts by
Honogeni zati on Exanpl e 2. |sopropyl Al cohol as the Conpl exi ng Agent

(Catal yst E) The procedure of Exanple 1 is nodified as follows. |sopropyl

al cohol is substituted for tert-butyl alcohol. Follow ng conbination of the
zinc chloride and potassi um hexacyanocobal tate sol uti ons and honopgeni zati on
in the presence of isopropyl alcohol, the catalyst slurry is filtered
through a Q.45 picron filtar at 20 pg The washing stens of Exanple 1 are

al so repegted, but filtration rather than centrlfugatlon is used to isoljate
the catal Wst. TheTadsbed.catffgst ofs (Iiattla&glstOOﬁQl’lslﬁm ummagiﬁra&s_oekescrld d
above. The catalyst is identified as
ID | Catalyst Polyol OH # Solvent Polyol
(mg KOH/g) : unsaturation
and (meq/qg)
. functionality
F | glyme'? 54 (Triol) none 0.016
27 (Triol) none : 0.017
15 (Triol) . none 0.019
B | TBA stirred’ 35 (Triol) - none 0.011
27 (Triol) |} none 0.010
14 (Triol) none -] 0.011
D | TBA homog.? | 27 (Triol) none 0.005
56 (Dbiol) none 0.004
27 (Diol) none : 0.005
14 (Diol) none 0.004
31 (Triol) THF 0.003
12 (Triol) _heptane 0.006
! catalyst F is prepared as descrlbed in U.S. Patent No.
5,158,922, _
2 Comparatlve example.
3 Ccatalyst of the invention. -




20 Catalyst E. Preparation of Zinc Hexacyanocobal tate Catal ysts by Sinple
M xi ng Conparative Exanple 3.: Tert-butyl Al cohol as the Conpl exi ng Agent
(Catal yst B The procedure of Japanese Pat. Appl. Kokai No. 4- 145123 is
generally foll owed. Potassi um hexacyanocobaltate (4.0 g) is added to

dei oni zed water (75 nlL) in a beaker, an@%he mxture is stirred-until the
solids dissolve. In a second beaker, zinc chloride (10 g) is dissolved in

dei oni zed water (15 ni) _The aqueaus—zincchlorida-colutioa-lc conbin
with the sglution of the cobalt salt using a magnetic stirring bar to m

the solutidns. |megigiely. afiefecOdt R Ivia 29l Wat@dlysta Remskaie of |
tert-butyl fal cohol (50 nl) and deionized water (50 nl) is added slowy th
e P e | PaGa OR3P llbht 100 | 8310ant ° | Resiadal’
' (mg KOH/g) Temp. (°C) catalyst
and (ppm)
functionality
Zn Co
F | glyme!? 27 (Triol) 100 none 28 12
B | TBA 25 (Triol) | 100 none 6 |3
| stirred?
D | TBA 25 (Triol) 100 none 5 < 2
| homog.? 14 (Diol). 100 none 4 < 2
29 (Diol) 100 none 3 < 2
14 (Triol) 1 100 -none 4 < 2
27 (Triol) 25 heptane 3 < 2
14 (Diol) 25 . heptane 6 < 2
| 1 Catalyst F is prepared as described in U.S. Patent No.
5 158,922,
Comparatlve example.
3 catalyst of the invention.




i solated by centrifugation, and are then stirred for 10 mn. with 100 nL of
a 70/ 30 (v:v) mxture of tert-butyl alcohol and deionized water. The solids .-
are*again isolated by centrifugation, and are finally stirred for 10 mn
with 100 nL of tert-butyl alcohol. The c#talyst is isolated by
centrifugation, and is dried in a vacuumoven at [err] and 30 in. (Hg) to
constant weight. This catalyst is identified as Catal yst B. Preparation of

Zi nc Hexacyanocobaltate Cata . nple M Xing Conparative Exanpl e 4.

| sopr opyl Q cohol as the Conpl exi ng Agent (Catalyst C 21 € proceaur g
of Conpar afli ve lg 3 § e tfﬁé&%"tot%t" o] o) ] pd
in place iE ter'lti?gggtgl' aFgg%gf', gﬁgat sol'inds z}?leog'l ?E}?g&d%@ ?‘ﬁﬂ’ i Off
using a 0. 4 mecrom e —Trattrer—ttham by J O f

i sol ated al|Foof Fetiakystich dawdolapYbe, | Appearance (25°C, after 3

Polyol Impurity | weeks)
(Wt.%, by GPC)

glyme 5-10 hazy

b TBA none -detected clear




This catalyst is identified as Cataryst C. Conparatlve Exanple 5.

Preparation of Cry cyanocobal tate No- OMHﬁ aced
(Catalyst A) Potas HW“HMH“HMI tate (4.0 g) is di s i zed
water (150 nlL) in a beaker.. Xine chloride (10 g) is dISS zed
wat er (1 f%lmgn a second beaker. The gueous sol utions a e qU|ckIy

conbi ned magnetically stirred for 10 min. The precipitated solids are

i sol ated by cegir] fgg%faj%ls){s'@ec&%f%ﬁ ot CRLASE] 800h8 90l Gl acd el er

(100 niL) for Irring, and are again recovered by

centrifugation.. Thes%@s%a&f?éldﬁlﬁréxﬁkpﬁb@s VaSub IR ON&Ba @t clyahilieand 30 in.
(Hg) to constant weight. This catalyst is identified as Catal yst A Exanple

6. Epoxi de Pol yneri zamMonsconkppllex Experi nents-- General Procedure A
one-liter stirred reactor is charged with pol yoxypropylene triol (700 nol.
w.) starter (70 g) and zinc hexacyanocobal tate catalyst (0.057 to 0.143 g,
100- 250 ppmlevel in finished polyol, see Table 2). The mixture is stirred
and heated to ?err]Aamatakys&ra@gmxﬁlmme¢0v%k@yn1loWhereln the '

catalyst additionally comprises up to about 30

wt.% of a highly crystalline DMC compound.

3. A catalyst according to Claim 1 comprising at
least about 90 wt.% of the substantially

amorphoﬁs DMC complex.

4. A catalyst according to Claim 3 wherein the
catalyst additionally comprises up to about 10

wt.% of a highly crystalline DMC compound.

S. A catalyst according to Claim 1 comprising at
least about 99 wt.% of the substantially

amorphous DMC complex.

6. A catalyst according to Claim 5 wherein the
catalyst additionally comprises up to about 1

wt.% of a highly crystalline DMC compound.

7. A catalyst which consists essentially of a

substantially amorphous double metal cyanide



renpve;traces of water fromthe triol starter. The reactor is pressurized
to about 1 psi | ene 22 oxi de (10 11 g) is added to
the reactor in oneﬂmﬂmmmammﬂm reactor pressure is Trlnm’:ihttebhi%clﬁeenkeplaced
careful ly. Additional 9radpyltene oxi de |s3fot added unti | HH
pressure drop occursd ﬁﬂg& reactor; thepressure drop, is t he
catal yst has becone actlvated Wien catal yst activation is verified, th
remai ni ng .propyl ene oxide (490 g) is added gradually over about 1-3 h at_a

constant  pressure of 20-24 psi. After propylene oxide addition is conplete,
the mixture is Beld at dadiallysthtddcardinig ttontany esner6f i s1laliner vedo 7

Resi dual unreacted nononer is then stripped under vacuum fromthe pol yol
product, and the pol whleresirc atie M comricaserisl. a Toinket er m ne reacti on

rate, a plot of PO consunption (g) vs. reaction time (mn) is prepared (see
Fig. 1). The sl ope ohexecyanomokaliate st eepest point is neasured to

9. A catalyst according to any one of Claims 1 to 8
prepared in the presence of a water-soluble
aliphatic alcohol complexing agent selected from
the group consistinq of ethanol, isopropyl
'alcohol, tert-butyl alcohol, sec-butyl alcohol,
n-butyl alcohol, and isobutyl alcohol, tert-butyl

alcohol being preferred.

10. A catalyst according to Claim 7 which consists
essentially of a substantially amorphous zinc
hexacyanocobaltate complex, wherein the catalyst
is prepared in the presence of a water-soluble
aliphatic alcohol compléxing agent selected from

"the group cpnsisting of ethanol, isopropyl
alcohol, tért—butyl-alcohol, sec-butyl alcohol,

n-butyl alcohol, and isobutyl alcohol.

11. A catalyst according to Claim 10 which exhibits
an X-ray diffraction pattern of (d-spacing,
angstroms): 4.82 (br), 3.76 (br), and exhibits no

detectable signals corresponding to highly



find the reaction rate in grans of PO converted per mnu Iﬂn [
Intersection of this line and a horizontal |ine ext endedmll mlmuluumamm
of the curve is taken as the induction tine (in mnutes) reqfired for® the ;
catal yst to becone active. The results ®8 reaction rates and induction

tines measured for vasfrg#g 2241V 5o ahed00 2B 0RMERY) Kt el s(qopear

in Tables 2 and 3. esi s: fect of

Cat al yst on Pol yol U |oQ g@gaﬁ¥§t Regpvak,, sandsPeleyoly Quality A
two-gallon stirred re tor ﬂgrged wi th pol yoxypropyl ene triol (700 nol .
wt.) starter (685 g) and zi nc hexacyanocobal tate catal yst (1.63 g). The
mxture is 23 stirred and -heated to [err], and is stripped under vacuum

to renove tracegnf vmteitalpstt hecbrdhgstaraay. ofeopy eaims de £d 021 g)
is fed to the reactor, initially under a vacuumof 30 in. (Hg), and the
reactor pressure is having a surface area of less than about 30 m’/q.

13. A method of making a double metal cyanide (DMC)
complex catalyst according to any one of Claims 1
to 15, said method comprising: (a)  intimately
combining and-reacting aqueous solutions of a
water-soluble metal salt and a water-soluble
metal cyanide salt in the presence of a
complexing ;gent to produce ah agqueous mixture
containing a precipitated DMC complex catalyst;
and (b) isolating and drying the DMC complex

catalyst.

14. A method according to Claim 13 wherein the
aquebus salt solutions are intimately combined by

a homogenization process.

15. A method according to Claim 13 or 14 wherein the
complexing agent is selected from alcohols,
aldehydes, ketones; ethers, esters, amides,

ureas, nitriles, sulfides, and mixtures thereof.

16. A method according to Claim 15 wherein the

__h_________~_~_“__“.
This Sheet Has Been R
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accel’erated pressure drop occurs in the reactor; the pressu

evi‘dence that the catal yst has becomne a?%lvated When catal .
is verified, the remaining propylene oxfde (5713 g) is added gradual | yover
about 2 h while mai Ntamplleskihg eRfdrit ¥ esSedtetes610bR8 40ipahtidf ter

propyl ene oxide addition is conplete, the mxture is held at [err] until a
constant pressure isalkeholede el aframretdrdedl poisopropy 1t harohiali,pped
under vacuum fromthe polyol product. The hot polyol product is filtered at
[err] through a filta~badytlr iadgemhdl 4A54o-Huly i alcobdlat terkebutylt he
bottom of the reactor to renove the catalyst. Residual Zn and Co are
quantified by X-ray adsiopsls. MHﬁQRﬁY&NalﬂQth(f¢@@1pr?BIGEyKéﬁﬁqgﬁyco
starter, 450 nol. wt.) and triols are prepared as descri bed above using

zi nc hexacyanocobal tate catal ysts made by conventional nethods (stirring)

and by the method of the |nvent|0n%('¥é_i enlzatloni The_i npact of, the

catal ysts of thé7invéniedt ﬁiﬁ)rﬁﬂli%?¥ ﬂerBP%YF?gbléaéﬁ

i nduction period (Tallonle% c)d d% roisfr{'ésaﬁo%fnttézofz{-rab

noni tored carefully. Additional propyl ene oxi de i's not added u“g “ \
vdtlon

an e%bx1de in the
presence of a.catalyst according to any one of

Claims 1 to 12.

18. A method according to Claim 17 wherein the

epoxide polymer is a'polyether polyol.

19. A low-monol polyether polyol composition prepared

using the catalyst of any one of Claims 1 to 12.

20. A low-monol polyether polyol composition
according to Claim 19 having an unsaturation of

less than about 0.006 meq/g.

21. A method for improving the filterability of a DMC
complex catalyst from a polyether polyol product
following epoxide polymerization, said method
comprising using as a polymerization catalyst the

DMC complex of any one of Claims 1 to 12.

is Sheet Has Been Replaced

|||I||I| .




catal yst renoval (Table 5), and polyol quality (Table 6) ére shown in the

t abl es. 24 The preceding exanples are nmeant only as |IILEM$$&¢EﬁﬁBﬂm lmm
scope of the invention is defined by the clains. 25 [err]

Effect of Catalyst on Epoxide Polynerization Rate [err] ID

Cat. ant. Rate of polynerization

35

IMPROVED DOUBLE METAL CYANIDE COMPLEX CATALYSTS

ABSTRACT OF THE DISCLOSURE

Improved double metal cyahide caﬁalysts are disclosed.
The sUbstantially amorphous catalysts of the invention are
more active for polymerizing epoxides thén conventional DMC
catalysts, which have a substantial crystalline component.
Polyol products made with the catalysts are unusually clear,
have exceptionally low unsaturations, and contain no
detectable amount of low molecular weight polyol impurities.
A method of making the improved DMC catalysts, which involves

intimately combining the reactants, is also disclosed.



(ppm (g/min) F [err] -250~
1.78 100 _—_T_ﬁﬁ_B““TBﬁﬂﬁﬁﬂﬂ, 250

7 40 100 oINMEMTH e 2=
S

honbog. 3 Catal yst F rs prepare

Cat al yst on Induction Period [err]

Cla.i.ms :

as * escrlbed in U S Pater
Conparati ve exanple. Catal yst of the inyention. 27 Tal

3. 50¢X
3. 64
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1. An epoxide polymerization catalyst comprising at least

about 70 wt.% of a substantially amorphous double metal

cyanide (DMC) complek.

2. A catalyst according to Claim 1 wherein the

catalyst additionally comprises up to about 30

wt.% of a highly crystalline DMC compound.

3. A catalyst according to Claim 1. comprising at

least about 90 wt.% of the substdntially

amorphous DMC complex.

4. - A catalyst according to Claim 3 wherein the

catalyst additionally comprises up to about 10

wt.% of a highly crystalline DMC compound.

5. A catalyst according to Claim 1 comprising at

least about 929 wt.% of the substantially

amorphous DMC complex.

6. A catalyst according to Claim 5 wherein the

catalyst additionally comprises up to about 1

wt.% of a highly crystalline DMC compound.

7. A catalyst which consists essentially of a

substantially amorphous double metal cyanide

T

|
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ID Catalyst ~  Catatyst—— Inductlon Time (mn) concentration
_’__,__,.—#—~ -

o ron core TNMIIMIOAY =0 00,

TBA h 140 130
85 Catalyst F is prepared as described in U S. Patent No.

Conpar ati ve exanple. Catal yst of the iml2ention. 28 Tab

Cat al yst on Pol yol Unsaturation ID Catal yst Pol yol OH # Sol vent
Pol yol (mg KOH Q)

unsat uration !
eet Has Been Replaced THIS SHEET HAS BEEN :

a1

8. A catalyst according to any one of Claims 1 to 7

wherein the DMC compléx is a zinc

hexacyanocobaltate.

9. A catalyst according to any one of Claims 1 to 8
prep#red in.the presence of a water-soluble
aliphatic alcohol complexing agent selected from
the group consisting of ethanol, isopropyl
alcohol, tert-butyl alcohol, sec-butyl alcohol,
n-butyl alcohol, and isobutyl alcohol, tert-butyl

alcohol being preferred.

10. A catalyst according to Claim 7 which consists
essentially of a substantially amorphoué zinc
hexacyanocobaltate comﬁlex, wherein the cataiyst
is prepared in the presence of a water-soluble
aliphatic alcohol complexing agent selected from
the group consisting of ethanol, isopropyl
alcohol, tert-butyl alcohol, sec-butyl alcohol,
n-butyl alcochol, and isobutyl alcohol.

11. A catalyst according to Claim 10 which exhibits
an X-ray diffraction pattern of (d-spacing,
angstroms): 4.82 (br), 3.76 (br), and exhibits no

detectable signals corresponding to highly



H

and

‘ (meq/g) functionality F [err] 54
(Tr'i(ol) none 0 016 27 (Triol) " none
15 | 0.019 B TBA [err] 35 EM’tNTdfh@ﬂe
0011 27 (Trio E||||J|||||||“Ew|(url“| 0.010 14 (Triol) |l “rhon
0.011 D TBA ol ) none 5 8. ABRoMy! -
none : 0.004 27 (Diol) 3jone , e e
none 0.004 31 (Triol) THF 0. E

hept ane 0.006 Catalyst F is prepared as descrlbed' H
No. 5,158,922. Conparative exanple. Catalyst of the inventijon. ' REPLACED

crystalline zinc hexaéyanocobaltate at about (d4- '

spacing, angstroms): 5.07, 3.59, 2.54, 2.28.

"12. A catalyst according to any one of Claims 1 to 11

having a surface area of less than about 30 n?/qg.

13.. A method of making a double metal cyanide (DMC)
complex catalyst comprising: (a) intimately
combining and reacting aqueous solutions of a
water-soluble metal salt and a water-soluble
metal cyanide salt in the presence of a
complexing agent to produce an aqueous mixture
containing a precipitated DMC complex catalyst;
and (b) isolating and drying the DMC complex
catalyst.

14. A method according to Claim 13 wherein the
agqueous salt solutions are intimately combined by

a homogenization process.

15. A method according to Claim 13 or 14 wherein the
complexihg agent is selected from alcohols,
aldehydes, ketones; ethers, esters, amides,
ureas, nitriles} sulfides, and mixtures'thereof.

-
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29 Tabl e 5. ect of Catalyst on Catalyst Renoval ID Catalyst Polyol OH. ..
# F|Itr;EF%ﬁ\‘Sﬁ#Me\\\\\\E?sidual (my KOH g) - Tenp.i 'térr"’ﬁf—k o
cat al yst an I”I/ (ppm f unct Foha ‘T’F ’Zr‘
Co F J[err] mlll”ﬂ'/l 100 none 28 u 12 B8 ABR W98
25 (Triol) ' ///II/ none 6 3 [err] D TB&___*,__,__25;;:.--:.--.-.-.-.-.-_--.;_.-.-_-;
(Triol) nene’ 5 34< 2 Jerr] 14 (D 100

none 4 < 2 29 (Diol) 100 none _ < °:£é:+~—-w
(Triol) 100 none 4 <227 (Triol) l-na§3HEETHASBEEN t
hept ane 3 < 2 14 (Diol) 25 heptane |i6 REMLAGED |
Catalyst F is prepared as described in U S. Patent No. 5, 15852 2 g

> v e
T .

Conpar at i Vi6 exaaphethdd Catabydingf toh€laivents Gfherein the complexing

agent is a water-soluble aliphatic alcohol selected from

_ethanol, isopropyl alcohol, n-butyl alcohol, sec~butyl

alcohol, tert-butyl alcohol, isobutyl alcohol, and

mixtures thereof.

"17. A method as claimed in any one of Claims 13 to 16

characterised in that the resulting catalyst exhibits a

powder x-ray diffraction pattern having substantially no

sharp lines at about 5.1 (d-spacing, angstroms).

18. A method as claimed in any one of Claims 13 to 17 wherein

the resulting catalyst prepared by intimately combining

the reactants is at least about 65% more active as an

epoxide polymerization catalyst than a similar catalyst

prepared by simple mixing of the reactants.

19. °A method as claimed in Claim 18 wherein the DMC complex
catalyst is a zinc hexacyanocobaltate, and the activity
of the Catalysé is measured for the polymerization of
propylene oxide at 105°C using a catalyst level of 100
ppm based on the weight of finished polyol.

20.

A method as claimed in any one of Claims 13 to 17 wherein

the resulting catalyst prepared by intimaﬁely combining

the reactants is at least about 200% more active as an

This Sheet Has Been Replaced




30 Table 6. Effect of Catalyst on Polyol Purity and Clarity 1D Catalyst——-

Low Mol . W. Appearance ({errjf—after 3 Pol yol |npuri y"‘gﬁ%k% Y¥eT
by GPC) F glyne RRoreEde ﬁcted

cl ear 31 dai ms mllmnmu“ulwla"wt al cggﬁiydg (-I[;I\B/é) co

conpl ex at | east .%is ubstantially anorphous . 2. || ASCORGEE L L
according to Cla|n11 of whi ch conpl ex atzg east 90 wt.%is su stantlally _
anor phous. 3. A conpl ex according to Claim1 of which cga {

W.%is substantially anorphous. 4. A conpl ex which con rﬁﬂSSH§§§Mﬁ%ﬁﬁ‘
of a substantially anorphous
epoxide polymerization catalyst than a similar catalyst

prepared by simple mixing of the reactants.

21. The method of Claim 20 wherein the DMC complex catalyst
is a zinc hexacyanocobaltate, and the activity of the

catalyst is measured for the polymerization of propylene

oxide at 105°C using a catalyst level of 250 ppm in the
finished polyol.

22. BAn epoxide polymerization catalyst as claimed in any one
of Claims 1 to 12 when prepared by a method as claimed in
any one of Claims 13 to 21.

23. A method of preparing an epoxide polymer, said method
comprising polymerizing an epoxide in the presence of a
catalyst according to any one of Claims 1 to 12 and 17.

24. A method according to Claim 18 wherein the epoxide
polymer is a polyether polyol.

25. A low-monol polyether polyol composition prepared using
the cataiyst_of'any one of Claims 1 to 12 and 22.

26,

A low-monol polyether polyol composition having an
unsaturation of less than about 0.006 meq/g.
—_—

“This Sheet Has B
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DMC conpl ex. 5. A conpl ex according to any one of the preceding clains

whi ch conpri ses zinc fexacyanocobattate. 6. A conplex ag . _ "E;}ﬁ\
one of the prece ed in the presence of a \
al i phatic al cohom"ﬂm @)Imdm mL sel ected fromthe groupjjconsi st |3;gbmf1997 ‘!
et hanol , isopropyl* alcco ert=pbutyl alcohol, sec-butyl almadol. -wr=putyl .

al cohol, and isobutyl alcohol, tert-butygl alcohol bei ng pr
zi nc hexacyanocdbaltate conplex accordi ng to any precedi

conprising, as a E?ﬁB&?ﬁ&ﬂ&m ent, a water- sol ubl e al i phdt Teisasciot ‘rr'.“'

sel ected fron1the ng of ethanol, sec-butyl ,;“;_;132:35
mﬂﬂﬂlﬂﬂl{ E{_ al yst, when anal yzed by
Huliled [err] ([err] = 1.54059 A) using a Sienens

| sobutyl al cohol,
di ffraction using
D500 Kristalloflex diffractometer powered at 40 kV and 30 mA and operated
in a ste@dcarh risle-ménd2r pdliyetherwipolynlc eoxpositionr a8 Qlaimedddhst ep
with diffractoneter divergence slits of [err] - in conjunction with
nmonochr onet er Glatinle2€cwbenaprepared ofsing rfhenrgatakyst re€panyi oseyof
exhibits an X-ray 32

Claims 1 to 12 and 22.

28. A method for improving the filterability of a DMC complex
catalyst from a polyether polyol product following
epoxide polymerization, said method comprising using'as a
polymerization catalyst the DMC complex of any one of
Claims 1 to 12 aﬁd 22.

29. A double metal cyanide complex catalyst having a surface

area less than about 30 m¥/g.

30. The catalyst of Claim 29 having a surface area less than

about 20 m¥/g.

31. A double metal cyanide catalyst which is the reaction
product of a water-soluble metal salt, a water-soluble
metal cyanide salt, and a complexing agent, and which is
effective to polymerize propylene oxide-at a rate in
excess of 2.3g PO/min/100 ppm catalyst, based on the

weight of finished polyether, at 105°C.

32. A double metal éyanide catalyst which is the reaction
product of a water-soluble metal salt, a water-soluble

metal cyanide salt, and a complexing agent, and which is
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diffraction pattefn havi ng substantially no sharp lines at about 5.1 (d-

spaci ng, angster according to claim?7 h - I
substantially no ﬂ@f lin he X-ray diffraction patt E&L#@BW{@“E’; i

1, and 3.6 (d-s 9. A conmpl ex accordinglto ol 8 i
haV| ng substanti ssg?fhes in the X-ray di ffractla Dade t-er et B
~about 5.1, 3.6, and 2. 5 (™- g, angsyrons). 10. A CONpFeEx abbUfGlng__Q
claim7 having substantially no sharp lines in the X-ray N 1
pattern at about 5.1, 3.6, 2.5, and 2.3 (d-spacing, angs ﬂUﬁ%?HFﬁnfﬁ’ﬁmc' |
conpl ex according to any one of the preceding clainms having aHEEWf%F s.areal
of less than about 30 [err]. 12. A double netal cyani de~conpl ex having a
surface area less than 30 [err]. 13. A conplex according to Caim12
havi ng a surf zffectivécte pbiymedrizel propylene dxide aktal ragenide
conplex which is the reaction product of a water-soluble netal salt, a
wat er - sol ubl e ¢%¢e8s c9&indddgs 2OV nind/@59 mlma@%emasaddovmtbn i S
effective to polynerlze Eropylene oxide at a rate in excess of 2.3g [err]
t

ppm cat al yst, Wakght opft hindshge rolvetheme AHA92iRer, at [err].

33. A catalyst as claimed in any one of Claims 1 to 9 wherein
the substantially amorphous DMC complex exhibits a powder
x~-ray diffraction pattern having substantiélly no sharp

lines at about 5.1 (d-spacing, angstroms).

34. A catalyst as claimed in Claim 10 characterised in that
the substantially émorphous ziﬁc hexacyaﬁocobaltate_ -
complex exhibits a powder x-ray diffraction pattern:
having substantially no sharp lines at about 5.1 (d-

spacing, angstroms).

35. A double metal cyanide (DMC) complex catalyst that
exhibits a powder x-ray diffraction pattern having
substantially no sharp lines at about 5.1 (d-spacing,

angstroms).

36. A DMC catalyst which comprises at least about.70 wt.% of

the catalyst of Claim 35.

37. The catalyst of Claim 35 or Claim 36 having a surface

‘area less than about 30 m?/g.
This Sheet Has
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15. A conpl ex aeG@LdL_g‘LQ_E%;Lg;éf which i.s effective to polynerize .
pr opyl ene oxi de a rate in of 3.7g [err] ppmc Lo |
t he weight of fi nMﬂ H”H at [err]. 33 16. A mplﬁ\éﬁniﬁé‘i’éi .
"’f !{n the substantially ambr phous ,PR@RC
Clk yenasharp

in any one of Ca
exhi bits a powder x- ray‘dlﬁf n pattern having subst bngdtal Ly ARG sharp i

lines at about 5.1 (d-spacing, angstrongg. 17. A conple J%?“'ﬁﬁﬁ I'n
Claim 16 characterised in that the substantially anor pha N
hexacyanocobal t ate conpl ex exhibits a powder x-ray diffr '&qusmﬁﬁiéﬁhEE ‘
havi ng substantially no sharp lines at about 5.1 (d- spag|ng, &H@%ﬁ£ﬁ§§)+_ﬁﬂi
18. A double netal cyanide (DMC) conplex that exhibits a =X=T &
diffraction pattern having substantially no sharp lines at about 5.1 (d-
spacing, angstrons). 1 9. A conplex according to claim18 which -has a

surface agga IRSéakB@.g}s%b@st c?lfhini‘éd]in 2y én8ebE0g12finERki 1Y g Houy &
metal cyani de (DMC) conpl ex

28 and 30 to 37 which is effective to produce a polyether

e _____:;'

polyol that contains, by gel permeation chromatography
(GPC) analysis, substantially lower levels of low
molecular weight polyol impurities'compared with polyols

made with conventional double metal cyanide catalysts.

39. A catalyst as claimed in Claim 38 which is effective to
produce a polyether polyol that contains, by gel
permeation chromatography (GPC) analysis, no detectable

amount of low molecular weight polyol impurities.

40. A catalyst as claimed in any one of Claims 1 to 12, 24 to
28 and 30 to 38 which exhibits a reduced induction period

compared with that of a conventional DMC catalyst.

41. A catalyst as claimed in any one of Claims 1 to 12, 24 to
28 and 30 to 38 which can be used to produce a haze-free

polyether polyol.
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neihod conprlses'“T‘T‘Tﬁfrﬁa%eLy~chb|nlng and reactlng aqueous sol utions ==,
of a mater-solubl salt and a water-sol uble netal cya et |i
presence of a conp R bmproduce an aqueous m xtur 6@ﬁ#§?hﬁ%ﬁT \
precipitated DNC co i solating and drying the conﬁ}é? ________________
A nmet hod accordi ng ereln t he aqueous salt sol ufj iR gre "

i nti mtely conbi ned by a hoanenlzat|0n3 Process. 22. A neth
Claim 20 or 21 wherein the conpl exi ng agent is sel ected fro

ccording to_

oreen |
al dehydes, ketones, ethers, esters, am des, ureas, nltrlles ‘Bﬂ$ﬁk€§§§§ F M!
. A
M xtures ther eof IMEROVER ﬁ@ﬁﬁ!%’ £1, P B ! L N e
conpl exi ng agent” 15 a om
et hanol, isopropyl alcohol, n--butyl alcohol, sec-butyl alcohol, tert-butyl

al cohol , isobutyl alcohol- ando o Lt h 4 .A nmethod as
clainmed in any one of C ains BS =it hat the resulting

I hi bi t &l
Sharp 11 nes at SBRECEY ?@éﬁ%a?%%%ia%éﬁoné%i%@%%hd’-*?as 2 med
nany one Ple GbdParti ¢ lailbifpRods [ORARMLL 158 CNIPLNRERIRISF DY
intimately conbining the reactants 1s at |edst

“more active for polymerizing epoxides than conventional DMC

catalysts, which have a substantial crystalline component.
Polyol producﬁs made with the catalysts are unusually clear,
haﬁe exceptionally low uﬁsaturations, and contain no
detectable amount of low molecular weight polyol impurities.

- A method of making the improved DMC catalysts, which involves

intimately combining the reactants, is also disclosed.



65% nore active as an i i zatlon catal yst than a.Si.

catal yst prepared by Eﬂﬂiﬂﬂ&‘ﬂﬁ 'he reactants. 26;:" it HEET
claimed in Caim?25 nplexwazmchx%ﬁ:‘ noa'(@)%glag?e \
and the activity of the catalyst is nmeasured for the poliyn rlzﬁl @
propyl ene oxide at [err] using a catalyst |evel of 100 pp MAPY: :
wei ght of finished polyol. 27. A nethod as clained in any one of Cains 20
to 24 wherei &I%in_rs:resul ting conplex prepared by intimately conbining the
reactants is at [east about 200% nore active as an epoxi de pol ynerization
catalyst than a simlar catalyst prepared by si rrpl e mxing of the

tants. 28. A nethod | a 9
;egfngnthaCQanoc&oﬁgPPgE&e‘%seéﬁ(‘id: %M)tﬁprﬁ \rlf% f‘%ﬂ %/‘Q'Be"p%x/c ggF gé for
the pol yneri td,o gt [err] using a catalyst Ievel of
250 ppmin tﬁ\gt [ ﬁlsgﬂat%&%@?%' Sn%bﬂsxn epoxi de pol yneri zati )c/)n cat al yst

conprising a conplex as clainmed in any one of Clains 1 to 19 when prepared
by a nethod as clainmed in any one

ai np 28. 3 cat al yst
clained in clai m 2 CRARIAX |a§°9fq"68tti°vaafrﬁ ngd’l‘!l'B'é’haC%P ﬁaeaﬁfn%ﬁ’tt Zt
cont ai ns, by. sgshp g é}ﬂ &;’@t ography (GPC) analysis, substantially
i cul ar

| ower Ievels melght pol yol inpurities

3. A complex according to Claim 1 of which complex at least 99 wt. %

is substantially amorphous.

4. A complex which consists essentially of a substantially amorphous
DMC complex.
5. A complex according to any one of the preceding claims which

comprises zinc hexacyanocobaltate.

6. A complex according to any one of the preceding claims prepared in
the presence of a water-soluble aliphatic alcohol complexing agent selected
from the group consisting of ethanol, isopropyl alcohol, tert-butyl alcohol,

sec-butyl alcohol, n-butyl alcohol, and isobutyl alcohol, tert-butyl alcohol

being preferred.

7. A zinc hexacyanocobaltate complex according to any preceding claim
comprising, as acomplexing agent, a water-soluble aliphatic alcohol selected
from the group consisting of ethanol, sec-butyl alcohol, and isobutyl alcohol,
wherein the catalyst, when analyzed by powder X-ray diffraction using
monochromatized Cuka,radiation (A = 1.540569 A) using a Siemens D500
Kristalloflex diffractometer powered at 40 kV and 30 mA and operated in a
step scan mode of 0.02° 28 with a counting time of 2 seconds/step with
diffractometer dfvergence slits of 1°in conjunction with monochrometer and

detector apertures of 0.05° and 0.15° respectively, exhibits an X-ray
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35 conpar ed W|th Eol s made with conventional double netal cyanide

18 nadae
" produce a poI yet th mmmﬁm'"m gl Ing CIbf/lI gqelgop\évplnggt : oHEEM%EFﬂFBBF’ﬁpﬁ

(GPC) analysis, no ‘det’ectabl e sarmunt of Iow mol ecul ar weilight pol t‘[
Il mpurities. 32. A catalyst as clained in Caim30 or 31 RIGh---exti

reduced i nduction period conpared w t??t hat of a conventi
33. Acatalyst as clainmed in Claim

i

ich. can be used_to

cat al yst :

32
produce a haz¥ ﬁf?@éo'b&%?%brhaf{m%/o?“ Sﬁﬁnt'allﬁ( L3 ﬁgg%f"”&seﬂhﬁh%‘taﬁ kd8ki de

pol ymer, saidg

a catal yst ac or

.to Claim 34 vvherel n the epOXI de polyner is a polyether polyol. 36. A

| ow nonol poI

one of Claims 29 tH
functlonallty

unsat uration

1 %Lsart%xan %ﬁ?n At ASHIHB N, DAY 99/ [d-9pAURTY, aHYtAMs).
9. A complex according to claim 7 having substantially no sharp lines in

the X-ray diffraction pattern at about 5.1, 3.6, and 2.5 (d-spacing,

angstroms).

10. A complex according to claim 7 having substantially no sharp lines in
the X-ray diffraction pattern at about 5.1, 3.6, 2.5, and 2.3 (d-spacing,

angstroms).

11. A complex according to any one of the preceding claims having a

surface area of less than about 30 m?/g.

12. A double metal cyanide complex having a surface area less than 30

m?/g.

13. A complex according to Claim 12 having a surfacé area less than 20
m?/g.

14. A double metal cyanide complex which is the reaction product of a
water-soluble metal salt, a water-soluble metal cyanide salt, and a
complexing agent, and which is effective to polymerize propylene oxide at
a rate in excess of 2.3g PO/min/100 ppm catalyst, based on the weight of
finished polyether, at 105°C.

15. A complex according to claim 14 which is effective to polymerize
propylene oxide at a rate in excess of 3.7g PO/min/250 ppm catalyst, based
on the weight of finished polyether, at 105°C.

d )ng pol ymeri zing an epoxide in the presence of
aﬁ@é@éf;ﬁ;‘one of Clainms 29 to 33. 35. A nethod according

L") bl ST R oSl s e
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an et hyl en
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using the
| mprovi ng
pol yol pro

to 109.

Gaim ﬁiﬂlﬂﬂﬂmﬁﬂﬂ

- e

g. 38. —A Tow ronol _pol yet ﬁ t her polyol conpositi

on less than® adout" 0°005 meq/ g. 36 40. Ap
Claim 39 characterised in tgmt it has an unsat

e oxi de-propyl ene oxi copol'ymer . Al ownon

tal yst af f d 30 Lo 33, d f
BAGerY | baving, PLESERTIYOUE. CORIR cllhes 4 YU nf o BEPPENGer

gHggtr{,msl) ow ng epoxi de pol ynerization, said nethod conprising
using as a polynerization cat al yst the DMC corrpl ex of any one of Clains 1

17. A complex as claimed in Claim 16 characterised in that the
substantially amorphous zinc hexacyanocobaltate complex exhibits a powder
x-ray diffraction pattern having substantially no sharp lines at about 5.1 (d-

spacing, angstroms).

18. A double metal cyanide (DMC) complex that exhibits a powder x-ray
diffraction pattern having substantially no sharp lines at about 5.1 (d-

spacing, angstroms).

19. A complex according to claim 18 which has a surface area less than

about 30 m%/g.

20. A method of making a double metal cyanide (DMC) complex which
method comprises: (a} intimately combining and reacting aqueous solutions
of a water-soluble metal salt and a water-soluble metal cyanide salt in the
presence of a complexing agent to produce an aqueous mixture containing

a precipitated DMC complex; and (b) isolating and drying the DMC complex.

21. A method according to claim 20 wherein the aqueous salt solutions

are intimately combined by a homogenization process.

22.° A method according to Claim 20 or 21 wherein the complexing agent
is selected from alcohols, aldehydes, ketones, ethers, esters, amides, ureas,

nitriles, sulfides, and mixtures thereof.

23. A method according to Claim 22 wherein the complexing agent is a
water-soluble aliphatic alcohol selected from ethanol, isopropyl alcohol, n-

butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, and

SH ET |
06 neg/g. 39. A poly t?\%"‘pﬁbr‘lgyol ) ‘l
racterised in that it jhas an j

ration | ess than
about 0.004 neq/g. 41. A polyether polyol as clained in any one of C ains
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34. A catalyst as clained in Caim10 charactérrsed 1T n t hat

the

subst anti al lyixfipesRine¥SofZzi NC hexacyanocobal tate conpl ex exhibits a powder
x-ray diffraction pattern having substantially no sharp Iines at about 5.1
(d- spacing, angstrons). 35. A double netal cyanide (DMC) conpl ex catal yst

t hat exhi bi
sharp lines

% ° B ool 15elineil sy Gab Rn G20 223N Apkerked o,

conpri ses athiete redbfiig cOmpfleXerhibitaes sedvaley xtraQfdifft@dtiarPBattern having

substantially no sharp lines at about 5.1 (d-spacing, angstroms).

25. A method as claimed in any one of Claims 20 to 21 wherein the
resulting complex prepared by intimately combining the reactants is at least
65% more active as an epoxide polymerization catalyst than a similar

catalyst prepared by simple mixing of the reactants.

26. A method as claimed in Claim 25 wherein the DMC complex is a zinc
hexacyanocobaltate, and the activity of the catalyst is measured for the
polymerization of propylene oxide at 105°C using a catalyst level of 100

ppm based on the weight of finished polyol.

27. A method as claimed in any one of Claims 20 to 24 wherein the
resulting complex prepared by intimately combining the reactants is at least
about 200% more active as an epoxide polymerization catalyst than a similar

catalyst prepared by simple mixing of the reactants.

28. A method as claimed in claim 27 wherein the DMC complex is a zinc
hexacyanocobaltate, and the activity of the catalyst is measured for the
polymerization of propylene oxide at 105°C using a catalyst level of 250

ppm in the finished polyol.

29. An epoxide polymerization catalyst comprising a complex as claimed
in any one of Claims 1 to 19 when prepared by a method as claimed in any

one of Claims 20 to 28.

30. A catalyst as claimed in claim 29 which is effective to produce a
polyether polyol that contains, by gel pefmeation chromatography (GPC)

analysis, substantially lower levels of low molecular weight polyol impurities

0
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37. The catal yst of COaim35 or C'aim36 having a surf acira@;%‘s%‘gq’,ﬂ '-
about 30 [err]. mulﬂi Mwlﬂm yst as claimed in any ofjeRGHILAGEN io =
12, 24 to 28 ant““u “I s effective to produce & poly 3y ol
that contains, by gél perteatidh chromatography (GPC) ang| Pglies ¥
substantially | ower |evels of |ow nohecul ar wei ght polyol
conpared with polyols nade with conventional double netal cyanide
catalysts. 3&%m émroat@itﬁsFowglmhaedwim Foriviendidnahi ddubie RietSC cy¥Ride?
produce a pol yePher pol yol that contains, by gel perneation chronmatography
(GPC) anal ystatalysdsdet ect abl e amount of | ow nol ecul ar wei ght pol yol
mpurities. 40. A catalyst as clainmed in any one of Clains 1 to 12, 24 to
28 and 30 to 38 which exhibits a reduced induction period conpared with
that of a cogyent Aog@dalydvias alaiestin ElaimA30aiviiylstis asffedtiiges! prodasy $ne

of Clains 1 to 12, 24 to 28 and 30 to 38 which can be used to produce:a
haze-free polyether polyol that contains, by gel permeation chromatography (GPC)

analysis, no detectable amount of low molecular weight polyol impurities.

32. A catalyst as claimed in Claim 30 or 31 which exhibits a reduced

induction period compared with that of a conventional DMC catalyst.

33. A catalyst as claimed in Claim 30, 31 or 32 which can be used to

produce a haze-free polyether polyol.

34. A method of preparing an epoxide polymer, said method comprising
polymerizing an epoxide in the presence of a catalyst according to any one
of Claims 29 to 33.

35. A method according to Claim 34 wherein the epoxide polymer is a

polyether polyol.

36. Alow-monol polyether polyol composition prepared using the catalyst

of any one of Claims 29 to 33.

37. A polyether polyol having a nominal hydroxyl functionality of at least
3, mostly secondary hydroxyl groups, and an unsaturation less than about
0.007 meqg/g.

38. A low-monol polyether polyol composition having an unsaturation of

less than about 0.006 meq/g.

39. A polyether polyol as claimed in Claim 37 or Claim 38 characterised

in that it has an unsaturation less than about 0.005 meq/g.
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40. A polyether polyol as claimed in Claim 39 characterised in that it has

an unsaturation less than about 0.004 meq/g.

41. A polyether polyol as claimed in any one of Claims 36 to 40
characterised in that the polyol is a polyoxypropylene polyol or an ethylene

oxide-propylene oxide copolymer.

42. A low-monol polyether polyol composition as claimed in any one of
Claims 37 to 41 when prepared using the catalyst of any one of Claims 30
to 33. |

43. A method for improving the filterability of a DMC complex catalyst
from a polyether polyol product following epoxide polymerization, said
method comprising using as a polymerization catalyst the DMC complex of

any one of Claims 1 to 19.
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IMPROVED DOUBLE METAL CYANIDE COMPLEX CATALYSTS

ABSTRACT OF THE DISCLOSURE

Improved double metal cyanide catalysts are disclosed.
The substantially amorphous catalysts of the invention are
more active for polymerizing epoxides thén conventional DMC
catalysts, which have a substantial crystalline component.
Polyol products made with the catalysts are unusually clear,
~have exceptionally low unsaturations, and contain no
detectable amount of low molecular weight polyol impurities.
A method of making the improved DMC catalysts, which involves

.intimately combining the reactants, is also disclosed.



