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) The\) nvention relates to double netal cyanide (DMC) conplex catalyst
conposi tions. The catal ysts are hi ghly active in epoxide polynerizations.
The..i nventi on’ i'ncl udés i nmproved net hods for pr eparl ng the conpositions.
Pol yet her pol yol products nade using t cat%\_:y te<conposi tions have
exceptional ly Fow unsaturations. BACK THE | NVENTI ON Doubl e net al
cyahi de conpl ex conpounds are well known catal ysts for epoxide
pol ymeri zation.! The ;catal ysts are highly active, and give pol yether polyols
t hat have | oleGHb.YLAGTI\tEl DSMde.EdMEWMhCHANIDErCOMM:EX CATALVYSITSy basic
(KOH) catal ysis.r Conventional DMC catal ysts are prepared by reacting
aqueous sol utions of metal salts and netal cyani de salts to forma

precipitate of the:DMC corrpoupﬁ_:_ Syr; ' Tf@ﬂ be used to nmake a
vari ety of polynmer products, |nc ng po yet er, polyester and

pol yet herester lll\/l?gl I

pol yur et hane C(;ﬂ?'\(a %glsaﬁt'oel as?f)ér%fetr s@@%lﬁ%ﬁc%@aﬁzﬁwdé &(l ?:WSt
compositions. The catalysts are highly active in epoxide polymerizations. The
invention includes improved methods for preparing the compositions. Polyether

polyol products made using the catalyst compositions have excéptionally low

unsaturations.

BACKGROUND OF THE INVENTION

. Double metal cyahide complex compounds are well known catalysts for
epoxide pol.ymerization. The catalysts are highly active, and give polyether
polyols that have low unsgturation compared with similar polyo.ls made using
basic (KOH) catalysis. Conventional DMC catalysts are prepared by reacting.
aqueous solutions of metal salts and metal cyanide salts to form a precipitate of
the DMC compound. The catalysts can be used to make a variety of polymer
products, including polyether, polyestef. and po'lyetherester polyols. Many of
the polyols are useful in various polyurethane coatings, elastomers, sealants,
foams, and adhesives.

Conventional DMC éatalysts are usually prepared in the presence of a

low molecular weighi complexing age-nt, typically an ether such as glyme

(dimethoxyethane) or diglyme. The ether comple'x'es with the DMC compound,
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Conventional DMC catal ysts are usually prepared in the presence of a | ow
nnleqular wei ght .conpl exi ng agent, typically an ether such as glyne
(dlnethoxyethane) or diglyne. The ether conplexes with the DMC conpound,
and favorably inpacts the activity of the catalyst for epoxide
pol ynmeri zation. In one conventional preparation, aqueous solutions of zinc
s chloride (excegﬂ% and pot assi um hexacy anocobaltate are conbi ned by sinple

mi xi ng. Thand dayarablyy he a@fylwfofzthﬁ&asﬁx%égaaﬁee@gmnoéxreen%att%nlnn xed
wi th aqueous glynme. An active catalyst is obtained that has the formula:
[err] O heon&conveniionsl exeprratiganagueaus salatienscohzing chiaridenfexcessitands,
am des, ureas, and the |like. (See, for exanple, U S. Patent: Nos. 3,427, 256,

3,427, 334, &agmnﬂﬁexaamxobabamea@aiomméﬁ bykeirple MiEing4-Thbiediiting 281529
and 3- 149222) General ly, the catalyst made with glynme has been the

|
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active catalyst is obtained that has the formula:
Zn,[Co(CN),], - xZnCl, - yH,O - zGlyme

Other known complexing agents .include alcohols, ketones, esiérs,
-amides, ureas, and the like. (See, fqr example, U.S. 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 irelativefy high surface areas, typically within the
range of about 50-200 m%/g.

Normally, the complexing agent is added to the reaction mixture following
precipitation of the DMC compound. Some references, such aé U.S. Pat. No.
5,158,922, indicate that the complexing agenf can be included with either or
both of the aqueous reactant solutions, b'ut' no reference teaches any particular
advantage of having the compléxing agent present in the reactant solutions.

Double metal cyanide compounds prepared in the absence of a
complexing agent are highly crystalline by X-ray diffraction analysis (See Fig.
4), and are inactive for epoxide polymerization. When the.complexing agents

described above ére used, the resulting catalysts actively polymerize epoxides.



range of about 50-200 nferr]/g. Normally, the conplexing agent is added to
the reaction mxture follow ng precipitation of the DMC conpound. Sone
references, such as U.S. Pat. No. 5,158,922, indicate that the conpl exing
sagent can be included with either or both of theé aqueous reactant

sol utions, but no reference teaches amy particul ar advantage of having the

conpl exi NguARERY ditfiath driaijdil deRihaTIMEDLhbRRSS 8 '%ipéﬁﬁm de

conpounds -prepafed 1 n the absence of a conpl exi ng agent are
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known in the art suggest that conventional DMC catal ysts are actually
m xt ures qu;aomﬂrth‘gym«qum spnventiaoa DiGeatalystanwhichareegemerafiyious
| prepared by simple mixing--contain at Ieasi abbut 35 wt.% of highly crystalline
D'MC compound. DMGC compounds useful as epoxide polymerization catalysts
and containing less fhan about 30 wt.% of highly crystalline DMC compound are
" not known. |
Double metal-cyanide catalysts generally have good activity for epoxide
polymerizations, often much greater than conventional basic catalysts.
However, because the DMC catalysts are rather expensive, catalysts with
improved activity are desirable because reduced catalyst Ie\)els 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 immediafely following exposure of epoxide and starter polyol to the
- catalyst. Instead, the catalyst needs to be acfivat‘ed with a small proportion of
epoxide before it becomes safe to begin continuously 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.



conponent. Typically, conventional DMC catalysts--which are generally
prepared by sinple m xing-contain at | east about 35 wt.% of highly

crystal line DMC coipound. DMC conpounds useful as epoxide pol ynerization
catal ysts and containing | ess than about 30 wt.% of highly crystalline DMC
conpound are not known. Double metal cyanide catalysts generally have good

.- activity for epgxi ' | t ' .conyent i onal
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catalysts with jnpraqved actjvity are desiraple because reduced catal yst
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“induction"” period. In contrast to basic catalysts, DMC catal ysts

ordi nari | yadMerse iropacicefi pelyel| ynasturationy onppolywethanenpuipertigsyisiwell owi ng

exposure of epoxide and starter polyol to the catalyst. Instead, the

cat al yst rdoedsnerdete (See| fmtecamplehCeP.sBmith qirabpdr Elast. Blaseppai(degdefore it

becones safe to begin continuously adding the remai ni ng epoxi de. |nduction
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the i nducty Qi REIKEE AohiIBddoia®.) When a DMC catalyst is used, polyols having
unsaturations as low .as about 0.015 meg/g can be made. Polyether polyols
with even lower unsaturations can be made if a solvent such as teirahydrofuran
is used to make the polyol. See, for.example, U.S. Pat. Nos. 3,829,505 end :
4,843;054. However, for commercial bolyol production, the use of a.solvent is
| not particularly desirable. Thus, other ways to further reduce polyol
unsaturation are needed.
When conventional DMC catalysts are ueed.to polymerize epoxides, the
polyether polyol products contain relaﬁvely low levels (about 5-10 wt.%) of low .
molecular weight polyol impurities. A Way to eliminate these polyol impurities is
desirable because improved polyurethanes could result from the use of more
monodisperse polyols.
Double metal cyanide complex catalyst residues are ofteh difficult to
remove from polyether polyols, and a wide variety of methods have been
developed to cope with the problem. Remo’vai of DMC catalyst residues from

the polyols promotes long-term storage stability and consistent polyol



4 An advantage of DMC catalysts is that they permt the synthesis of high
nol ecul ar wei-ght pol yether polyols having relatively | ow unsaturation. The
adverse inpact of polyol unsaturation on pol yurethane properties is well
‘docunented. (See, ‘for exanple, €. P. Smth et al., J. Elast. Plast., 24
(1992) 306, and R L. Mscioli, SPlI Proceedings. 32nd Annual Pol yurethane
Tech./ Market. Conf. (1989) 139.) \{\hen.é DMC catal yst is used, polyols

havi ng upesognanreis usethape fagnalption. dlostanethgds inwive somediindrf| yet her

pol yols with even | ower unsaturations can be made if a solvent such as

t et r ahydichemieal treatomed of therpblyot fotlopdng pblyniieizatibnr Tharemias, bdérSiittiBat .
Nos. 3,829,505 and 4, 843, 054. However, for conmercial polyol production,
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further. ce polyol unsaturation are .needed. When conventional DMC
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SUMMARY OF THE INVENTION
- The invention is an improved catalyst for polymerizing epoxides. We
have surprisingly found that substantially amorphous DMC complexes are much
mbre active than conventional DMC complexes for epoxidé polymerization. In
addition, the amorphous complexes are more quickly activated (show reduced
induction periods) compared With conventional DMC catalysts.
The catalysts of the invention comprise at least about 70 wt.% of a
substantially amorphous DMC complex; more preferred compositions comprise
" from about 90-99 wt.% of the substantially amorphous DMC complex. The
more préferred'compositions. exhibit a powder x-ray diffraction pattern having
substantially no sharp lines at about 5.i (d-spacings, angsfréms).
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.



pol yet her polyol products contain relatively low |evels (about 5-10 wt.%
of | ow nol ecul ar wei ght polyol inpurities. Away to elimnate these pol yol
impurities is desirabl e because i nproved pol yuret hanes could result from

t he use of nore nonodi sperse polyols. Double nmetal cyanide conpl ex catal yst
sresidues are often difficult to renove fgom pol yether polyols, and a w de
vari ety of methods have been devel oped to cope with the problem Renoval of
DMC cat al yst residues fromthe polyols pronotes |ong-termstorage stability
and consi stent pol yol. 5 performance in urethane fornulation. Mst

met hods i nvol ve sone kind of chem cal treatnment of the polyol follow ng

pol yneri zat i on. THehewenties imseded Hé’tﬂ\@d@fd?ﬁff@?ériﬁ@ﬂ?e in@;t;.‘aeé&'c%}wgﬁcat al yst

preparation nethods that ultimately facilitate catal yst renova omthe

pol yol  pr osidugh IAARInSH mEW%dsWFWAk% DMC complex catalysts have been

known for about 30 years, no one has previously appreciated that the mettod
of combin.ing the reactants is extrémely important. We have now discoverzd,
quite surprisingly, that the way of combining the reéctants, and particularly :he
way in which the organic complexing agent is introduced into the.DMC
complex, is extrerﬁely-importdnt. One way to make the highly acti.\./'é,
substantially émorphous DMC complexes of the invention is to intimately
combine the reactants during preparation by homogenization or high-sheza-
mixing. Aqueous solutions of a water-soluble metal salt and a water-sotusle
metal cyanide salt are intimately combined in the presence of a complexirg
agent to produce an aqueous mixture contéining the DMC cémple'x catalyst.
The catalyst, which is then isolated and dried, comprises at least about 72 wt.%
of a substantially amorphous DMC complex.

In a second meti'lod, the organic complexing agent, preferably test-butyl
alcohol, is added to one or both of the aqueous reactant solutions before théy
are combined to produce the 'DMC cohplex. This method avoids the nezd to
intimately combine the reactants by homogenization or high-shear mixing.

The invention also includes a method for preparing an epoxide po!;'ymer;

The method comprises 'polymerizing an epoxide in the presence of a catalyst



The invention is an inproved catal yst far polynerizing epoxides. W have
surprisingly found that substantially anorphous DMC conpl exes are nmuch nore
active than conventional DMC conpl exes for epoxide pol ynerization. In _
addi tion, the anorphous conpl exes are nore quickly activated (show reduced
i nduction periods) conpared with conventfonal DMC catal ysts. The catal ysts

.of the invewhichrcompiisesat Riast @bt POMNI% 67 abubiétantialy atsiohousDME
anor phous DMC conpl ex; nore preferred conpositions cofnprise from about

90-99 w . %&ﬁméﬁg substantial |y amor phous DMC conpl ex. The nore preferred
conposi tions exhibit a powder x-ray diffraction pattern having

substantially n l.ines at agbout 5. 1 (d-spacings, angstrons). The
i nvention al so ﬁ@?@é@?“ggr@&i'@&dﬁ? Rﬂﬁyew(e&?r?&qﬁ§8ﬂm?§'t9%§§¥@h?%%:c ly
anor phous DMC conpl exes described above, and up to about 30 wt.%of a
highly cr yslffaﬂw'b{ea‘@tleglﬁnﬂﬁ@m%f\g e salalyste of e boeption: iThespelyalsdiave ess
than about 1 w.% of the highly crystalline DMC conpound.

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 catalyst 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 DﬁAWINGS
Figure 1 shows a plot of propylene oxide consumption versus time during
a polymerization reaction with one of the catalyst compositions of the invention
at 250 ppm catalyst. The induction time for the run is measured as discusséd
in Example 6 from the intersection of the extended baseline and slope
measurements. |
Figures 2-10 are powder x-ray diffraction patterns of various double

‘metal cyanide compounds. These are described more fully below.



The invention includes nmethods for preparing the inproved catal ysts

Al t hough conventional nethods for nmaki ng DMC conpl ex catalysts have been
known for about 30 years, no one has previously appreciated that -the method
sof conbining the reactants is extrenely inportant. W have now di scovered,
quite surprisingly, that the way of cogbining the reactants, and

particularly the wayd ' ' EQFIH | nt is introduced -
into the DMC conpl exdwgw{ﬁéwg t. Eﬁ@% make the highly
active, substantially anorphous DMC conpl exes of the invention is to

inti mtely corﬁh%@aﬁg@t? ehtheainvention.i wiikercapyeational Y Chepmgewndsiti on or

hi gh- shea- m xi ng. Agueous solutions of a water-soluble netal salt and a
wat er - solkobiwa imethel art psniseduldar epaxidei palymetization; aotriptisd dtreastealpmdsence of
a conpl exi ng agent to produce an aqueous m xture containing the DMC conpl ex

cat al yst .70TWe%c of al suistanthaillg amerphbes DMC! coresleRNMelid prdfereddRataapss at
| east about 70 wt.% of a substantially anmorphous DMC conplex. In a second
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of a substantially amorphous DMC complex.

As defined in this application, “substantially amorphous" means
substantially nonc&stalline, lacking a well-definéd crystal structure, or
characterized by the substantial absence of sharp lines in the X-ray diffraction
pattern of the composition. Powder X-ray di.ffraction (XRD) patterns of
conventional double metal cyanide catalysts show characteristic sharp' lines that
correspond to the prese_ncé of a substantial proportion of a highly crystalline
DMC component (see Figs. 2 and 3). Highly crystalline zinc
hexacyanocobaltate prepared in the absence of an organic complexing agent,
which does not actively polymerize epoxides, shows a characteristic XRD
fingerprint of shamp lines at d-spacings of about 5.07, 3.59, 2.54, and 2.28
angstroms (see Fig. 4).

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



intimately conbi ne the reactants by honogeni zati on or hi gh-shear m xing.
The invention also includes a nethod for preparing an epoxi de polyner. The
nmet hod conprises pol ymerizihg an epoxide in the presence of a catalyst 7
which conprises at |east about 70 wt.% of a substantially anmorphous DMC .
conpl ex. The invention also includes pol§ether pol yol conpositions that are
“uniquely available fromusing the catalysts of the invention. The polyols

have except | S | ' Mt f

fow o fcu%@?%eéo&{“%%%@bﬁﬁ%'bﬁﬁﬁ%s b fialDME Bpediion batdiithe o'
met ho or inproving.the filterabilifty. of compl t t f

pol yother $JORALY it o Fm?mgws%medlg%mﬁﬁgﬁxfbﬂﬁs B et hod
conpri ses using, [

BN Conp! eAmeasiReoBPODHE {Sepdrits Bh. Typichll, conventional DME catass, "

which are generalily .prepared by simple mixing, contain at least about 35 wt.%
of highly crystailine DMC compound.

The catalysts of the invention are distinguishable from conventional DMC |
cofnpositions based on their substantial lack of crystalline material. The
substantial Iack 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 methoc_l- of the

. invention ljsing tert-butyi alcohol as a'complexing agent, for example, _the X-ray
diffrabtion pattern shows essentialiy no lines for crystalline zinc
hexacyanocopaltate (5.07, 3.59, 2.54, 2.28 angstroms), but instead has only
two major lines, both relatively broad, at d-spacings of about 4.82 and 3.76
angstroms (see Fig. 5). A similar pattem is observed when the method of the
invention is used with glyme as a complexing agent (see Fig. 6).

Spiking experiments démonstrate that DMC catalysts prepared by the
method of the invention typically contain less than abdut 1 wt.% of highly
crystaliine DMC compound. (See Fig. 7, which shows that even 1 wt.% of
highly crystallihe DMC compound can be detected by X-fay ahalysis when

spiked into a sample of a substantially amorphous catalyst of the invention).



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a plot of propyl ene oxide
consunption versus tinme during a polynerization reaction with one of the
catal yst conpositions of the invention at 250 ppm catal yst. The induction
time for the run is neasured as discussed in Exanple 6 fromthe
~intersection of the extended baseline ggpd sl ope neasurenents. Figures 2-10

are DOV\UeFiQIE-S ahows fdf Frivélired thad Fohling acguﬁéeéritraw a‘i‘l%l'ghSuWMC satasde
conmpounds hese are descrl bed nore fully bel ow. DETAI LED DESCRI PTI ON
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substantial I/y o?rlr\?éhly crystalhne DMC compound. (Such a catalyst falls wuthnn the
scope of the invention, which contains at least 70 wt.% of a substantially
amorphous DMC catalyst.) Finally, Fig. 10 shows that the X-ray pattern for a
substantially amorphous catalyst of the invention, when spiked with 40 wt.% of
highly crystalline DMC compound, closely resembles the‘ pattern obsérved for a
DMC catalyst made by a conveniio_nal catalyst preparation. Some of the X-ray
results are summarized 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 prepari'hg substantially amorphous catalysts, and the potential
value of reducir;g the content of highly crystalline DMC compounds in these
catalysts. It appears, based on our 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 preSencé is preferably minimized or
eliminated. |
The iﬁvention includes c_:ompdsitions which comprise at least about 70

wt.% of the substantially amorphous DMC complex catalysts of the invention

and up to about 30 wt.% of a highly crystaliine DMC compound. More



DMC compl ex; nost preferred are catal ysts conprising at |east about 99 w. %
of a substantially anorphous DMC conpl ex. As defined in this application,
"substantially anor phous" neans substantially noncrystalline, |acking a

wel | -defined crystal structure, or characterized by the substantial absence
of sharp lines in the X-ray diffractionlpattern of the conposition. Powder
X-ray diffpeefeirech cormpDsitiomst efrthe inverdionveomprisenst idasbaboute®Ciiwt &4 afitole

catal ysts show characteristic sharp lines that correspond to the presence

of a subst sutistahtigliyoRaoipousodDME boraplex cdtalysBahd g tONMbORMROREN, of fRE
Figs. 2 and 3). H ghly.crystalline zinc hexacyanocobal tate prepared in the
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The catalyst compositions of the invention have relatively low surface
areas. Conventional DMC compounds have surface areas within the range of
about 50 to about 200 m?*g. In contrast, the surface areas of the catalysts of
the invention are preferably I_ess than about 30 m%g. More preferred
bompositions have surface areas less than about 20 m%g.
- Double metal cyanide compounds useful in the invention are the reaction
products of a water-soluble metal sait and a watér-soly'ible 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(l), Fe(ll), Ni(ll), Mn(ll), Co(ll),
Sn(ll), Pb(ll), Fe(ill), Mo(IV), Mo(V1), Al(lIl), V(V), V(IV), Sr(ll), W(IV), W(VI),
Cu(ll), and Cr(lll). More preferably, M _is selected from the group consisting of
Zn(li), Fe(ll), Co(ll), and Niif). in the formula, X is preferably an anion selected
from the group consisting of halide, hydroxide, sulfate, carbonate, cyanide,
oxalafe, thiocyanate, isocyanate, isothiocyanate. car‘boxyla’;e, and nitrate. The

value of n is from 1 to 3 and satisfies the valency state of M. Examples of

suitable metal salts include, but are not limited to, zinc chloride, zinc bromide,



anor phous material, suggesting that conventional DMC epoxidation catal ysts
are actually m xtures of highly crystalline. DMC conpound and a nore
anor phous conponent (see Fig. 3). Typically, conventional DMC catal ysts,
Which are generally prepared by sinple mxing, contain at |east about 35
wt. % of highly crystalline DMC conpoung, The catalysts of the invention are
di sti ngui Hhrabheetat®d zine acetunylxvetatb)Veine anesate, 2irc hiaes icon(llhsilfate,
substantial |ack of crystalline material. The substantial |ack of
crystallinj ' de XBD ; ] ; [ or no
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catal yst is prepared accqr.di tg the nethgd of . the invention usin
tert-butyln"a{)eé@ﬁ&'tr%?’ gngéﬁﬁﬂ@% %Bdéﬁ'é ©s ﬂ?ﬁ‘re@&anpl e, the X-ray °
diffraction pattern shows essentially no |lines for crystalline zinc
hexacyanocobal t e Wateggoluble metsl de st HERY to make e doyhle daetahas onl y
two major lines, both relatively broad, at d-spacings of about 4.82 and

3. 76 angstayanide sempbunds Gpefulirsthe invention peefarably bave the genkeal formulaet hod
of the
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(Y),M'(CN),(A), in which M' is selected from the group consisting of Fe(ll),
Fe(H), Co(ll), Co(lit), Cr(l), Cr(lit), Mn(i1), Mn(li1), Ir(H), Ni(l1), Rh(ilf), Ru(ll),
V(IV), and V(V). More preferably, M' is selected from the group consisting of
Co(ll), Co(lll), Fe(ll), Fe(lll), Cr(lll), Ir(1i1), and Ni(ll). The water-soluble metal

- cyanide salt can contain one or more of these metals. In the formula, Y is an .

~alkali metal ion or alkaline earth metal ion. A is an anion selected from the
group consisting of halide, hydroxide, sulfate, carbonate,lcyanide, dxalate,
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 ¢
balances the charge of M'. Suitable water-soluble metal cyanide salts include,
but are not limited to, potassium hexacyanocobaltate(lll), potassium
hexacyanoferrate(ll), potassium hexacyanoferrate(lil), calcium
hexacyanocobaltate(lll), lithium hexacyanoiridate(lll), and the like.

_Exampies of double metal cyanide compounds that can be uséd in the

invention include, for example, zinc hexacyanocobaltate(lil), zinc

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



I nvention is used with glynme as a conpl exi ng agent (see Fig. 6). Spiking
experinments denonstrate that DMC catal ysts prepared by the nethod of .the

i nvention typically contain | ess than about 1 wt.% of highly crystalline
DMC conpound. (See Fig. 7, which shows that even 1 wt.% of highly
crystalline DMC conpound can be detected3by X-ray anal ysis when spiked into

. @ sanpl e .of cebalt(li} hertcydriocobatiatelitl)sarehtid k. Plrthécekdpleti dirbuitable 10.
Fig. 8 shows a m xture that contains a substantially anorphous DMC cat al yst
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m'xtur'et_hat contains a stanti al ly anor phous S ed W th 25
scope of t RIS PRI RF P e RO har SR (bR Vo of & substantial 'y
anor phous DMC catalyst.) Finally, Fig., 10 show that the X-ray pattern for
a substantially d r‘fﬁ%eﬁt EQMR g’%‘f’n%Pf theeinveotien Ao prepriad dp the @resanseso
me- ool of a complexing agent. Generally, the complexing agent must be relatively
soluble fn 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 "precipitat,ion of
the qatalyst. As is explained elsewhere in fhis application, the manner in which
the corﬁplexing agent is introduced intq fhe DMC complex can be extremely
important. Usually, an e;(céss amount of the complexing agent is used.
Preferred complexing agents are water-soluble heteroatom-containing organic
compoun;is that can complex with the double metal cyanide compound.
Suitable complexing' agéntls include, but are not limited to, alcohols, aldéhydes,
ketones, ethers, esters, amides, ureas, n.itriles, sulfides, and mixtures thereof.
Preferfed complexing égents are water-soluble aliphatic alcohols selected from
 the group consisting of ethanol, isopropyl alcohol, n-butyl alcohol, isobutyl
élcohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-butyl alcohol is most
preferred.

The conventional‘method of preparing DMC compounds useful for

epoxide polymerization is fully described in many references, including U.S. |



hi ghly crystalline DMC conpound, closely resenbles the pattern observed for
a DMC catal yst made by a conventional catalyst preparation. Sone of the
X-ray results are sunmarized in Table 1. Conventional DMC catal ysts
typically contain at |east about 35 wt.% of highfy crystalline DMC
compound. No one has previously recogni zggl the desirability of preparing

. substanti a'#éteﬁmbahs,t'l%aﬁ?éi@.'ﬂ,shé osﬁ[‘2,47"7?56’52%2%?,%5%{{?9%% fégg?,iz% the

content of highly crysta ne DMC conpounds 1'n the'se ta appears,

i ther a dehREiRS: Snd'S841,808, Shd Yapaied Pt ADR, RGO EIA 250 TR e
catal yst, and its presence , s pref eé%ebt{l; mninmzed or elimnated. The

i nvention i6a¢hiAgS of tnesirefemncesye ppventional satalyss peerarationantd of
the substantially anorphous DMC conpl ex catalysts of the invention and up
to about 3Guitabls BMG campaundsrarstincorpaatenbereinpuyu rafereroedn their entirety.

The invention includes methods for making substantially amorphous
DMC catalyst corﬁpositions of the iovention. One method comprises two steps.
First, aqueous solutions of a water-soluble metal salt and a water-soluble metal
cyanide salt (the "reactant solutions") are intimatelyloombined and reacted in
the presence of a complexing agent to produce an équeous mixture that |
contains a precipitated DMC complex catalyst. Second, fhe catalyst is isolated
and dried. The complexing agent can bé included with either or both of the |
aqueous salt solutions, or it can be added to the DMC compound irﬁmediately
following precipitation of the catalyst. It is proferred _to pre:mix the complexing
agent with either the water-soluble metal cyanide salt, or with the water-soluble
metal salt, or both, before intimately combining the reactants. The resulting
catalyst composition is substantially amorphous, as is evidenced by fhe
substantial absence of highly crystalline DMC compound by X-ray diffraction
analysis. |

We surprisingly discovered that achieving an intimate combination of the
reactants is important for preparing catalysts having low crystallinity. In

conventional methods, the water-soluble metal salt and the water-soluble metal



preferred conpositions of the invention conprise at |east about 90 wt. % of
the substantially anorphous DMC conpl ex catal yst and up to about 10 wt. % of
the highly crystalline DMC conpound. Most preferred are compositions that
contain at |east about 99 wt.% of the substantially anorphous DMC conpl ex
catal yst and up to about 1 wt. % of theghighly crystalline material. The

catal yst ceyapmed thR¥e bnitifed Y 844A6Us M BRE dlrd ‘éﬁhfdlx'rﬁw{ea% fegferar eas.
Conventional DMC conpounds have surface areas within the range of about 50

?ﬁviﬁft’éﬁﬁﬁfﬁé%era glfRE &L ey fg%ﬁa P%@b?&?@&%&mfﬁ SEeafhg gosnbls e

Doupl I
cyani de. coRBBUECsEhE MPRIGERY m%éém‘ti‘o%”ae%p i eatbisis hevia o aueHe bR a
wat er-sol ubl e netal salt and a water-soluble netal cyanide salt. The

wat er - sol UNeUREehhighly erystaling BMG caeponret, dypiealiy greatenihannbout &5r] |
which Mis selected fromthe group consisting of zZn(l1), Fe(ll), N (II),
M(11), Cogl.%., Wenfdund thalb combinifig theé reactihis! iv)a midmpel effeélivd td achis(d)
V(IV), Sr(ll), WIV), WWVI), Cu(ll), and C(IIl). Mre preferably, Mis
sel ect ed fdﬂﬁtﬁﬁ’&e%&#@inﬁﬂm Wiﬁ@%ébftarﬁg(rééﬂlts Eﬁédﬂs}antﬁwldrhorp%@le (r).

In the formul a, Is preferably an anion sel ected
catalysts that are exceptionally useful for epoxide polymerization. Suitable

n

methods of achieving this intimate combination of reactants inclu&e |
hofnogenization, impingement mixing, high-shear stirring, and the like. When
the reactants are homogehized, for example, the amount of highly crystalline
material in the catalyst composition is minimized or eliminated, and is much
lower than the amount of highly crystalline material present in a catalyst made
by simple mixing. Examples 1 and 2 show how to make a cataly_st by the first
method.

A sec-ond'method of the invention is also effeétive in producing a
substahtially amorphous DMC complex. In this method, the organic complexing
agent is added to one" or both of the aqueous reactant solutions before they are
combined to pfodu_ce the DMC complex. This method guarantees that the
complexing agent will be available during the'formation of the DMC compound.
Preferably, the organic complexing agent is tert-butyl alcohol. Aithough the

reactant solutions can be intimately combined by homogenization or high-shear



fromthe group consisting of halide, hydroxide, sulfate, carbonate,

cyani de, oxal ate, thiocyanate, isocyanate, isothiocyanate, carboxylate,

and

nitfate. The value of nis from1l to 3 and satisfies the valency state of
M Exanples of suitable netal salts incl ude but are not limted to, zinc

chl ori de,
benzoat e,
chlori de,
and-the |i
used to
pr ef er abl

y h
group confdhegasta
MI(TTY, M(ITT), Ir(III) N(1T), Rh(ITT), Ru(Il), V(I and V Mor e
pr ef er abl ybymesecqnd methed.f r om t he érom)o congls%l ng(o1y)Co(||) @

zi nc brom de, 12 zinc acejg zinc acetonyl acetate, zi nc

%I){b}gq a%tde%bﬁbeﬂ abRlb! We%hﬁﬁttﬁ‘?t thfsol'%'tﬂad Qﬁ/@ﬁ“lagﬁu?éi hfl( trate.

) thiocyanate, nic f or mat

%3@0{@‘5%&2%@020?@\9 e 'a@@b%ﬁ%ﬁha@%%bﬁﬁffbﬁﬁ%@@ B on

ve the"?g E" forg1.|1|1)S err] in which M is selected fromthe

Q¥ (How to @9@‘?@ gatadyst (of the igventien,

Fe(l'l), Fe(lil), C(lit), Itr(lll), and Ni(Il). The water-sol uble netal

To summarize, substantially amorphous DMC catalysts of the invention
can be made by two general m-ethods. In one method, the reactant solutions
are intimately combined by homogenization, high-shear mixing, or the like.
Intimate combination is needed if the organic complexing agent is added
following pre;:ipitation of the DMC compound. A second method of making
substantially ahorphous DMC catalysts avoids the need for intimate
combination of the reactants. In this method, the complexing agent is present
in one or both of the reactant solutions before they are-combined to produce
the DMC compound.

. With either 6f the two methods of the invention described above, the
order of addition of reagents (metal salt soluti.oh to metal cyanide salt solution,
or vice versa) is not critical. Either method gives a substantially amorphous |
DMC compound with either order of addition of the reactants.

We surprisingly found, however, that wﬁen.the second method is used
(i.e., when the organic complexing égent is present in one or both of the

reactant solutions before they are combined), a much more active catalyst

results if the metal cyanide salt solution is added to the metal salt solution. See

Co(111),



‘cyani de salt can contain one or nore of these netals. In the fornmula, Yis
an alkali nmetal ion or alkaline earth netal ion. Ais an anion sel ected
fromthe group consisting of halide, hydroxide, sulfate, carbonate, _
cyani de, oxal ate, thiocyanate, isocyanate, isothiocyanate, carboxylate, and
nitrate. Both a and b are integers gregfer than or equal to 1, the sum of

. the char geExarhpkes 18-1drizblowbaltus; ethenhthecdemogd méthidd. ofpriepating the

wat er - sol ubl e netal cyanide salts include, but are not limted to,

pot assi um hR¥ReY RNesaha sairefdridd to A8d Ass MeNGyanid8ak ebrAbAGb/the
.pot assi um hexacyanoferrate(l11), calcium.hexacyanocobaltate(lll), |ithium

hexacyanoié.lhg?tsgﬁlé utic?rpd the |ike. Exanples of double netal cyanide
conmpounds at can be used in the invention include, for exanple, zinc

ey aN0CObl ot e GBS SH3A5L i BLE0 ) #0498 polraeroTiie 1

P A agess Comprishs polymerising an epoxide ih the prasancs of a doubla metal
cyanide catalyst composition of the invention. . Preferred epoxides are sthylene
oxide, propylene oxide, butene oxides, styrene oxide, and the like, and mixtures
thereof. The process can be uéed to make random or block copbl'ymers. 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 époxide polymers. Any of the copblymers known in the art made |
using conventional DMC catalysts can be made with the catalysts of the
in_vention_. For example, epoxides copolymerize with oxétanes (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

polyetherester polyols using double metall cyanide catalysts is fully described,

for example, in U.S. Patent Nos. 5,223,583, 5,145,883, 4,472,560, 3,941,849,



doubl e metal cyani de conpounds are listed in U S. Patent No. 5,158,922, the
t eachi ngs of which are incorporated herein by reference. The catal yst
conpositions of the invention are prepared in the presence of a conpl exing
agent. Generally, the conplexing agent nust be relatively soluble in water.
Sui tabl e conpl exi ng agents are those cqgnonly known in the art, as taught,

el t her - du ?Rg bAoA Wﬂ@%@?é@%é% k) ptf-géptm el he

cat al yst xpl ai ngd el sewhere in thi S appl i cation, the manner in
whi ch theaéa ae% igefage /M

QCQYGINGS =i\ AR PRlyanet
“extrenely |rrportant Usual Iy, an excess am)unt of the corrpl exi ng agent S
. used. PreCont.d989nP6exiTig tegehingsafdhese &r.Ssphtents rélatedr togpalywicont ai ni ng
organi ¢ conpounds that can conplex with the double netal cyani de conpound.

Sui t abl e synthesisiun@ OMC Tatalgsisdire iRcGrparRed terbin by @eu‘éﬁceﬂh%@ﬁ' S,

al dehydes, ket ones ethers, esters, amdes, ureas, nitril sul fi des and
m Xt ures fhﬁ‘?fb Preferred conpl exi ng agents are water- soI ubl e ali phat iC
al cohol s sSel ected from the group consisting of ethanol, isopr opy!l al cohol,

n-butyl al COhOJBBe ﬁﬁggfa{%lﬁg ai%goqﬁbgltt ‘I:J(t\/lema)(alygt ‘%*lﬁe 'inven |otnearrte l%“{/l

al cohol . Tert

active compared to conventional DMC catalysts (see Table 2). For example, a
zinc hexacyanocobaltate catalyst made using tert-buty! alcohol as a eomplexing
agent and made by homogenization (and containing less than 1 wt.% of
crystalline DMC compound by X-tay analysis) is about 65% more active at 100
ppm, and 200% more active at 136-250 ppm, than the same catalyst made by
simple mixing (and containing about 35 wt.% crystaliine DMC compound). A
consequence of higher polymerization rattes is that polyol producers can use
*less of the relatively expensive DMC catalyst and save money. More active
catalysts also permit the producer to reduce batch times and increase
productivi.ty.

The substantially amorphous catalyst compositions of the invention show
a reduced induction period compared with conventional catalysts in a polyether
polyol eynthesis (see Table 3). Ce_nventional DMC catalysts are not |
immediately active toward epoxide polymerization. Typically, a starter polyol,

the catalyst, and a small amount of epoxide are combined and heated to the



preferred. The conventional nethod of preparing DMC conpounds useful for
epoxi de polynerization is fully described in many references, including
U. S. 14 Patent Nos. 5, 158,922, 4,843,054, 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 teachings of tgese references related to

conventi o 0

[ ncorporatag I %&%ﬁﬁ%‘ erg}r{%egﬁl%“g r en#gly%zgghe | nvenB; on 't ncl udes
met hods fqr Kin bstant hous cat.al yst co S|t|ons of the
i nventi on! M@Z"?Péﬁﬂ%‘%i E%n‘BFFé Xt(ago'%? pfse."e%%“'s)a&!ﬁ@é% Xﬁtl ons of a
vvater sol ubI e netal salt and a water-sol uble netal cyanide salt (the

"r eact ant PgepmEsAive afiktheneharged iapoxisieppegins imaeadheferg additioralpr esence

of a conpl exing agent to produce an aqueous mixture that contains a
pr eci pi t agpdxioearosgielxbe aoatiggeusiyBadded to the polytedrization seastor.aflée

substanﬁally amorphous catalysts of the invention are more rapidly activated
than ccianventional catalysts that contain up to 35 wt.% of crystalline DMC
compound. This feature of the catalysts is also an. economic advantage
bec;ause delays in adding the epoxide are reduced.

Polyether polyols prepared using the catalysts of the invention have
exceptionally low unsaturations, consistently less than about 0.007 meq/g.
These unsaturations are at least about 50% lower than polyol unsaturations
avéilable from the DMC catalysts hreviously known (see Table 4). Preferred
polyols of the invention have unsaturations less thén about 0.006 meg/g, and
more preferably less than about 0.005 meg/g. The reduction in uﬁsaturation
compared with polyols previously available from conventional DMC catalysts
should offer some advantages for polyurethane's_ made With the polyols of the
invention. -

Polyether polyols .made_ with the catalysts of the invention preferably
have average hydroxyl functionalities _fro{"rn about 2 to 8, more preferably from
about 2 to 6, and most preferably from about 2 to 3. The polyols preferably

have number average molecular weights within the range of about 500 to about



and dried. The conpl exi ng agent can be included with either or both of.the.
aqueous salt solutions, or it can be added to the DMC conpound imediately
fol [ ow ng precipitation of the catalyst. It is preferred to pre-nmix the
conpl exing agent with either the water-soluble nmetal cyanide salt, or with
the water-soluble netal salt, or both,2defore intinmately conbining the
react ant s. 50,080r e%mMnengeta‘reﬂ yange:rsnfpmalabam 1i,80G tdhabautt 12000; arost phous,
as is evidenced by the substantial absence of highly crystalline DMC

conpound byreferrdy igltHd faﬁ% ROMPAdMt R, 600 Y& aBBPBI0DONG! Yy di scovered that
achi eving an intimate conbi nation of the reactants I's inmportant for

Ao L o e T
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with polyols prepared with conventional catalysts. Gel permeation

chromatography (GPC) analysis of these polyols shows no detectable low

molecular weight polyol impurities. In eontrast, conventional DMC catalysts

made in the usual way with glyme as a complexing agent show a marked GPC

peak corresponding te about 5-10 wt.% of a low molecular weight polyol

impurity. N

Interestingly, polyols made with the eatalysts 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 e 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.



then added. This nethod of preparation results in catalysts having a
subst'anti al amount of highly crystalline DMC conponent, typically greater
than about 35 wt.% W found that conbining the reactants in a nmanner
‘effective to achieve an intimate conbination of the reactants results in

. ,Substantial |y anorphous catal ysts that .a1e exceptional Iy useful for epoxide

pol yneri zati on SUI t.a ods of achi VI n e conpi nati on of
reactants incl U tﬁ&i&ﬁﬁﬁﬁ 'Bﬁenﬁ"?ﬁ)f:% 8‘3%1‘0[‘5%&' Fgﬂteé'ﬁgggesti rring,
and the |iKke. V\hen the reactants are honogeni zed, for exan'r) t he amount
of hi ghl y PRt Anather way de iisglaterthernatelystisytetlirstdite ithe oalyot withra mi zed or
elimnated, and is nuch lower than the anount of highly crystalline

materi al [sobeabisuch as heptahg 30 redute tigcssityp tieemiitemipe rhisture! tosretoagrd 2 show
how to make a catal yst by the first nmethod. A second nethod of the :

i nvent i on thé calaipstehh@ehar Stripthe ﬁ@lyﬁwﬁébté‘né WhRIUPE to dbtain M@ phgeg DVC

conplex. In this nethod, the organicC conpl exing agent is added to one or

thecuk ORISR RI S PR SRR e
avail abl etc()]I l#éc':ov%r tﬁe ca?alm 'otthe mven%o%m p%?yolfs. An advantage of the
cataly_sts 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, whén a polyol
made with a conventional glyme catalyst is hot-filtered, substantial amounts of
the DMC compound remain in the polyol. [f desired, the isolated catalyst
composition nf the invention can be recoveréd and reused to catalyze 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.

EXAMPLE 1

Preparation of Zinc Hexacyanocobaltate Catalysts by Homogenization
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 a homogenizer until the solids



Preferably, the organic conplexing agent is tert-butyl alcohol. Although

the reactant solutions can be intinmately conbi ned by honogeni zation or

hi gh- shear 16 m xing as descri bed above, we found that this nethod gives
a substantially anmorphous DMC conpl ex of the invention without the need for

_intense m xing of the reactants. Exanpbgs 8-11 show how to nmake a catal yst
of the invention by the second nethod. To sunmarize, substantially

anor phous dibéoheat bl gstezontl Heaker,rwirg chiotidea@0hy) isatissoed inodgienized!
met hods. In one nethod, the reactant solutions are intinmately conbi ned by

honogeni Z@\Fdhéhng 30 iL): shesh qlidSi GincUhidrite 5b dlgﬁon &{:1:.% frfedCRitRipgtion is

needed if t rganl o corrpl exi ng agent 1s a ovm ng preci p| tation of
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this met h?%hé£§tefy gﬁére é:%r?l lnugge t te Isglup cr)r?ss ean tr’mxture of tert- -butyl alcohol (100
mL) and deionized water (100 mL) is added slowly to the suspension of zinc
hexacyanocobal_tate, anq the mixture is__hdmogeﬁized for 10 min. The solids
are lsolated by centnfugatlon 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 éf tert-butyl alcohol. The catalyst is isolated 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 D, and has the powder X-ray diffraction pattern

shown in Fig. 5.

EXAMPLE 2

Preparation of Zinc Hexacyahocobaltate Catalysts by Homogenization
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 solutions and homogenization in the
presence of isopropyl alcohol, the ca_talyst' slurry is filtered through a 0.45

micron filter at 20 psi. The waéhing steps of Example'1 are also repeated, but
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in one or both of the reactant solutions before they are conbined to |

produyce the DMC conpound. Wth either of the two nethods of the invention
descri bed above, the order of addition of reagents (netal salt solution to
netal cyanide salt solution, or vice versa) is not critical. Either nethod
gives a substantially anorphous DMC comg®mund with either ordefr of addition

- of the readitpdtion ralestvapr deritilightié W dsed 'R oRite thédatagtn THewasread
met hod is used (i.e., when the organic conpl exi ng agent 1s present in one

bot h of ' . ' ) h
oGt ive cat SPSYSAS R SRl 8 Sebiled bofE B aNEL B01 107 P

netal salt .sol.ution. ~17 Exanpl es 13- 14 bel ow. Thus, when the second
met hod of ;5$ g d?ﬁ%zaqlé%tt% yst is used, it is preferred to add the netal

cyanide salt solution to the netal salt solution.

COMPARATIVE EXAMPLE 3

Preparation of Zinc Hexacyanocobaltate Catalysts by Simple Mixing
Tert-butyl Alcohol as the Complexing Agent (Catalyst B)

The procedure of Japanese Pat. Appl. Kokai No. 4-145123 is generally
followed. Potassium hexacyanocobaltate (4.0 g) is added to deionized water
(75 mL) in a beaker, and the mixture is stirred until the solids dissolve. In a
second beaker, zinc chloride (10 g) is dissolved in deionized water (15 mL).
The aqueous zinc chloride solution is combined wit_h the solution of the cobalt
salt using a magnetic stirring bar to mix the solutions. 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 hexacyanocobaitate,
and the mixture is stirred for 10 min. The solids are isolated by centrifugation,
and are then stirrec;i fbr 10 min. with 100 mL of a 70/30 (v:v) mixture of tert-b_utyl
alcohol and deionized water. The éolids are again isolated by centrifugation,
and are finally stirred for 10 min with 100 mL of tert-butyl alcohol. The catalyst
is isqlat_ed by centrifugation, and is dried in a vacuum oven at 50°C and 30 in.
(Hg) to constant wéight. This catalyst is identified as Catalyst B, and has the

powder X-ray diffraction pattern shown in Fig. 3.



The invention includes a process for making 'an epoxi de polyner. This
process conprises polynerizing an epoxide in the presence of a double netal
cyani de catal yst conposition of the invention. Preferred epoxides are

. ethyl ene oxide, propylene oxide, butene oxides, styrene oxide, and the
Tike, and nmixtures thereof. The procggs can be used to make random or bl ock

copol ynmers. The epoxide pol YWMIERRAI?WE‘CEK%MWEPAG a pol yet her polyol
derived fromthe polynerization of an epOXI ein the presence of a hydroxyl

dboxtdo T ﬂf}gﬁ’%’%&?ha&f ing %@g i, %gaéy ‘?@ H’?@ep\rlmofzgsgnof
the invention to QB vk &leghpl as RieXin Xﬂ&/ the

copol ymers known in the art made using conventional DMC cat aI ysts can be
made with the Ea@ Rroaadureof Gamparative iExammpe S isxalipwed, exsept daat
copolynerize with oxetanes (as taught in U S. Patent Nos. 3,278,457 and

3, 404, 1093opropy! aleohol isatdest i, place of tért-buby dicohed {rabtheosgids are U. S. Pat ent
Nos. 5,145,883 and 3, 538,043) to give polyester or polyetherester polyols.

The pr epgsghta by ffitbatioreiusing .a 09 bf&‘?bﬁrfﬂteﬁf’é*hépiﬁéﬁt @Fbéﬁttrmxgaﬁmrﬁ/ OfReUSi Ng
doubl e nmetal cyanide catalySts is fully descri bed,
catalyst is isolated and dried as described above. This catalyst is identified as

Catalyst C.

COMPARATIVE EXAMPLE 5

Préparation of Crystalline Zinc Hexacyanocobaitate
No Complexing Agent (Catalyst A)

Potassium hexacyanocobaltate (4.0 g) is dissolved in deionized water
(150 mL) in a beaker. Zinc chloride (10 g) is dissolved in deienized 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 réslurried 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, apd has.the powder X-ray diffraction eattern shown in

Fig. 4.



for exanple, in U S Patent Nos. 5,223,583, 5,145,883, 4,472,560,

3,941, 849,

18 3,900, 518, 3,538, 043, 3,404,109, 3,278,458, 3,278, 457,

in J L. Schuchardt and S.D. Harper, SPI Proceedi ngs. 32nd Annual

Pol yur et hane Tech./ Market. Conf. (1989) 360. The teachings of these U S
patents related to polyol synthesis usi2a®g DMC catal ysts are .i ncorporated
. herein by reference in their entiretgEXAMLEWStantially anorphous DMC

catal ysts of the invention are highly active conpared to conventi onal

catal ysts (see Taé§§¥aagi%agg,@eﬁ§ams@1aﬁ? @'xp%rm@m&@&&g@m%@éb@r&at-a' yst

made using tert-bu

| 'as a conpl exi ng agent an

h i zati d t aj.ni | .1 1 wt.. % of tal i '

by o ay- anatys: Aot Stited3eafa i Gittond Wi baboRimieodnne Joenh Horaor”

active at 130-250 pp t han t he sane catal yst made by si n;)l e m xing (and
(gb I_ys;{(o.os t

cont ai ni ng Whbetarss

Drand, zing hexaeyanacobalipiesrin 0 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 traceé of water from
the triol starter. The reactor is pressurized to about 1 psi with nitrogen.
Propylene oxide (10-11 g) is added to the reactor in one portion, and the
reactor pressure is monitored carefully.' Additional propylene oxide is not added
until an acceleratéd pfessure drop occurs in the reactor; the pressure drop is
evidence that the catalyst has become activated. When catalyst activation is
veriﬁed, the remaining propylene‘ oxide (490 g) is added gradually over about 1-
3 Hat a constant pres'sure of 20-24 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, 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

and

DMC

und



consequence of higher polynerization rates is that polyol producers can use
| ess of the relatively expensive DMC catal yst and save noney. Mire active
catal ysts also pernmit the producer to reduce batch tinmes and increase
.productivity. The substantially anorphous catalyst conpositions of the

i nvention show a reduced induction per2é&d conpared with conventiona

catalysts bcdmBUARENCInd RMs IBRORS Fatks SR TABLAIGR (mE8HEN A 3b, OV

catalysts are not I mmedi ately active toward epox YNeri zation.

Typically, a.starter pol ’ e catalyst,, and a smal.l unt of, epoxide
are conbi ngﬁ'%%?ﬁ%&{%ﬁ#gbppgb ppmgcqjé@§frlgae HREA A ﬂa@%éﬁﬂd@ and no
epoxi de polynerizes imedi ately. The pol yol manufacturer nust wait (often
for several hours) until the catal yst becones active and the charged

epoxi de begins to react before additional epoxide can safely be
continuously added to the pol yneri z&XAMPLEZt or. The

Polyether Polyol Synthesis: Effect of Catalyst on Polyol Unsaturation,
Catalyst Removal, and Polyol Quality

A two-gallon stirred reactor is charged with polyoxypropyiene triol (700
mol. wt.) starter (685 g) and zinc hexacyanocobaltéte ‘catalyst (1.63 g). .The
mixture is stirred and heated to 105°C, and is stripped under vacuum to remove
traces of water from the triol starter. Propylene oxide (102 g) is fed to the
reactor, initially under a vacuum of 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 cétalyst has become activated. When' catalyst aétivation 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 completé, 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 100°C 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 are quantified by X-ray analysis.



substantially anmorphous catal ysts of the invention are nore rapidly-
acti,vated than conventional catalysts that contain up to 35 wt. % of
crystalline DMC conpound. This feature of the catalysts is also an econonic
advant age because del ays.in adding the. epoxide are reduced. Pol yether
pol yol s prepared using the catalysts &7 the invention have exceptionally

| ow unsat ur at i PaRetit@dibR! @ohh bol@%ﬂé@g@@@ﬂ&aﬂeﬁ%@lm.%. 858 Sriols

unsaturations are at |east about "50%’l ower "t han polyol unsaturations .
avai l abl e - ; reyi I erred
pol yol s o?lfe{ ﬁ@ﬁ%%%n %g\%é%tﬁggt%‘rm ?@ﬁ?%@%@ﬁ%@eﬁ%&é@%ﬁ@& g,
and nore preferably |l ess, than ahout 0.005 neqg/g. ,The reductjon in

unsat ur at 85&058% na W‘Pﬂgﬁg?%r‘g) 3'?%??9’3[]@”89@‘9%qr}éBFén\f%WPconvent i onal
DMC catal ysts shoul d of fer some advantages for pol yurethanes made with the
pol yol s ohqm@wz%tmn)onT.hqvtwwtmrth@Gagaiv%s whife idventionenceperiget s of the

I nvention preferably have average hydroxyl functionalities fromabout 2 to
8, nore ppelysesizhtion rate @able 2Y, indudionapetiot ffable &) epalpdbiyurisatumatibnut 2 to
3. The polyols preferably have nunmber average nol ecul ar weights wi thin the
range of i 4906athRyséhetbval (Table 5), and polyol quality (Table 6) are shown in

.the tables. .

EXAMPLES 8-11

Preparation of Zinc Hexacyanocobéltate Catalyst: Tert-Butyl Alcohol
Present During Formation of the DMC Compound

A round-bottom flask equipped with mechanical stirrer, addition funnel,
and the‘rmometer is charged with distilled water, potassium hexacyanocobaltate,
and tert-butyl alcohol (See Table 7 for arﬁounts). The mixture is stirred until all
of the potassium salt dissolves. The resulting solution is heated to 30°C. To
the stirred solution is added a 50/50 (wt/wt) solution' of zinc chioride in water
over 50 min (see Table 7). Stirring continues for another 30 min. at 30°C. The
resulting white suspension is filtered under pressure at 30 psig. An 8.0 g
portion of the filter cake is resuspended with vigorous stirring in a solution of
tert-butyl alcohol (110 g) and water (60 g). After all of the solids are completely
suspended in the wash solution, stirring continues for 30 min. The mixture is

filtered as de_scribed above. The entire filter cake is resuspended in 99.5% tert-



20 50,000. A nore preferred range is fromabout 1,000 to about 12,000; nost
preferred is the range from about. 2,000 to about 8,000. Polyols prepared
with the catal ysts of the invention also have substantially | ower |evels of
-lkow nol ecul ar wei ght pol yol inpurities conpared with polyols prepared with.
conventional catalysts. Cel perneatiore&hromatography (GPC) anal ysis of

these pola)isaiBtr 184 gleARlS MohatbB BESS oA atiled M fh¥PLatd I | L €5.

In contrast]; convention DMC catal ysts nade in e usual way w gl yne as

| exj . di b 5-10 . %
o “a T ow drBReACFEC SUBHd RIS At T o SRR RS Hrity W0 < "rade i th
the catalysts of the invention are usually clearer than polyols nmade with
convent i GIRAYOXRYPyoRYlene 5‘[‘9}2}!35",*“9 AdneleeHir wejghtef| alout S0R0ANd adydseeA aft er

weeks of storage at roomtenperature, while the latter
number of about 28 mg KOH/g generally using the procedure of Example 7, but

on a smaller scale with a propoxylated glycerin starter triol (hydroxyl number
240 mg KOH/g) and a catalyst level of 250 ppm in the final polyol. The

unsaturations of the polyols appear in Table 7.

COMPARATIVE EXAMPLE 12.

Preparation of Zinc Hexacyanocobaltate Catalyst: Temnt-Butyl Alcohol
Added After Formation of the DMC Compound

The procedure of Examples '8-1i is generally followed, but is modified as
described below. Tert-butyl alcohol is not added initially; the reactor is charged
with water aﬁd potassium hexacyal;socobaltate (sée Table 7 for amounts). After
the aqueous zinc chloride solutioq is added, the tert-butyl alcohol is added, and
the mixture is stirred for 30 mih. at 30°C. The catalyst is then isolated, dried,
and used to prepare a polyether triol as described previously (See Table 7).

The resuits of Examples 8-11 and Comparative Example 12 show the
lower polyol unsaturations available from using a catalyst made by the process
of the 'invention with tert-buty! alcohol initially present during p'o.recipitation of the

catalyst.



tend to quickly devel op a haze during storage. Another advantage of the
substantial |y anorphous catal ysts of the invention is that they are nore
easi |y renoved from pol yether polyols follow ng polyol synthesis conpared
.w th conventional DMC conpounds. The problem of how to renove DMC conpounds
from pol yet her pol yols has been the 2%bject of many investigations (see,
for exanple, U S. Patent Nos. SgkAfMRISs 13 4RP1475., 5,010, 047, 4,987,271,
4,877,906, 4,721,818, and 4, 355,188). Most of these nethods irréversibly’

deact | vat ekl SEOI Y Additior bt KaBobh Boffchen Cafal A RANHQ TR
oot ed SR e B S N R SR

reduce viscosity, then filter the nmixture to recover the catal yst, and then
strip the polyol/heptane nixture t EXWRELE 1he purified polyol. The nethods
described in U S. Patent No. 5,010,047 can al so be used '

Solution 1 is prepared by dissolving zinc chloride (75 g) in tert-buty!

alcohol (50 mL) and distilled water (275 mL). Sol(xtion 2 is prepared by
dissolving potassium hexacyanocobaltate (7.5 g) iﬁ distilled water (100 mL).
Solution 3 is prepared by mixing tert-butyl alcohol (2 mL) and distilled water
(200 mL). |

Solution 2 is-added to solution 1 over 30 min. with homogenization.
Mixing by homogenization contirjues for an additional 10 min." A stir bar is
added. Soiution 3 is added, and the mixture is slowly stirred magnetically for 3
min. The mixture is filtered under pressure at 40 psig. The filter cake is
reslurried in tert-butyl alcohol (130 mL) and diétilled water (55 mL), and the
mixture is homogenized for 10 min. The mixture is filtered as described before.
The cake is reslurried in neat tert-butyl alcohol (185 mL), and is horhogenized
for 10 min. The mixture is ﬁltered,- and the cake is dried under vacuum at 60°C-.l
Yield: 8.6 g. The catalyst is used to polymerize propylene oxide as described
in Example 6. The rate of polymerization at 105°C ahd 10 psig at 100 ppm

_ catalysf is 26.3 g PO/min.



to recover the catalysts of the invention from polyols. An advantage of the
catal ysts of the invention is that they can be renoved cleanly from pol yols
even with a hot filtration in the absence of any solvent. In contrast, when
3 polyol made with a conventional glyme catalyst is hot-filtered,
substantial anpunts of the DMC conpoud® remain in the polyol. If desired,
the isolated catal yst conposition &XAMPLENV&Nnti on can be recovered and
reused to catal yze anot her epoxi de polynerization reaction because these

sinpl e filtratiggufigs "lqg%réﬁar'é@tbﬁéi&%bﬁrtdg\/p&‘éﬁ%wHé%&%o@ébﬁl‘té@t@ 5 The

foll owi ng exanples nerely il ustrate t he 7 nvention. Those skilled in the

?Lbem!l)nrgizﬁffs%ﬁ%g%‘{x ! A R LER0ED BT SRfudy B
Compl o nvagRIEE © birzgt Bipeiesierils 7% AEin- A5l tan bk & SRS e

to dei oni zed vvater (150 In a beaker, and the mxture is bI ended with a
honogeni z4$ pmarpdtfmmggmmgyl alcohol (2 mL) and distilled water (200 mL)

Solution 2 is added to solutron 1 over 30 min. with homogenization.
Mixing by homogenization continues for an additional 10 min. A stir bar is
added. Solution 3 is added, and the mixture is slowly stirred magnetically for 3
min. The mixture is filtered under pressure at 40 psig. The catalyst is isolated,

" washed, and dried as described in Example 13. The catalyst is used to
polymerize propylene oxide as described 'in Example 6. The rate of
polymeérization at 105°C and 10 psig at 100 ppm catalyst is 15.6 g PO/min.

The results from Examples 13 and 14 show the effect of'reversing the
order of addition of reagents m a process of the invention. The results show
the unexpectedly higher catalyst activity'availat.zle from a catalyst made by
adding the metal cyanide salt solution to the metal salt solution.

The preceding examples are meant 6nly as illustrations. The scope of

the invention is defined by the claims.



di ssolve. In a second beaker, zinc chloride (20 g) is dissolved in .
dei oni zed water (30 nlL). The aqueous zinc chloride solution is conbined
with the solution of the cobalt salt using a honogenizer to intimtely m X
*t.he solutions. Immediately after conbining the solutions, a m xture of _
tert-butyl alcohol (100 nlL) and deioni zed water (100 nL) is added slowy to
t he suspension of zinc hexacyanocobal3iate, and the m xture is honobgeni zed
for 10 min, The solids are isolated by centrifugation, and are then
honogeni zed for 10 min. with 250 nL of a 70/30 (v:v) mixture of tert- butyI
al cohol and_deionized water The solids are _again_isolated by

centrifug{tlon, and are finally honpgenized for 10 min with 250 nL of

tert-butyli al cohol. The catglyst mﬁcl dﬁélggteéhg}%ﬂgﬁfu iohf ugation, and i

dried in g vacuumoven at 5 err]C 0 constant weight} This
cat al yst ifs—gent+ed—as—Catalyst—bB—anrd—has—the—powder—X—gy—di-H+adt i on
pattern sijown}in Fig.}5. EXAI\/PLE 2 Pt-BpuDiffractionofati@mc Hexacy aBmfaobaI flat e
Cat al yst s'by Honopgeni zati on (d-spacings, angstroms)’ area*
2
D jcatalyst ooy lase |376 |ass  [254 |228 |(™79
A | Cryst. X absent | absent{ X X X 454
' Zn-Co? .
B | TBA X X X X X X - 82
stirred® : : .
C | IPA X absent| X X X X n.m.
- stirred?
D | TBA absenty{ X | X | absent| absent | absent 14
homog.? :
E [IPA absent| X X absent | absent | absent n.m.
homog.? '

X= X-raiy diffraction line present; n.m. = not measured.

Samples were analyzed by X-ray diffraction using monochromatlzed CuKe,
radiation { A = 1.54059 A). A Seimens D500 Kristalloflex diffractometer powered at
40 kV and 30 mA was operated in a step scan mode of 0.02° 20 with a counting

Il time of 2 seconds/step. Divergence slits of 1° in conjunction with monochrometer

It and detector apertures of 0. 05° and 0.15° respectively. Each sample was run from
5%to 70° 20.

! Water of hydration can cause minor variations in measured d-spacings.

2 Comparative example.

3 Catalyst of the invention.

* Surface area is measured by nitrogen adsorption usmg the standard BET method.




| sopropyl Al cohol as the Conpl exi ng Agent (Catalyst E) The procedure of
Exapple 1 is nodified as follows. |sopropyl al cohol is substituted for
tert-butyl al cohol. Follow ng conbination of the zinc chloride and

spot assi um hexacyanocobal tate sol uti ons and honogeni zation in the presence
of isopropyl alcohol, the catalyst slurry is filtered through a 0.45 m cron
filter at 20 psi. The washing steps o32Exanple 1 are al so repeated, but

23 filtration rather than centrifugation is used to isolate the catalyst.
The washed catalyst is dried to constant wei ght as described above. The
catalyst is identified as Catal yst E. COVPARATI VE EXAMPLE 3 Preparation of

Zi nc Hexacyano sts by Sinple Mxing Tert-butyl Al cohol as
the Conpl gki ng Agent (Catalyst B) The procedure o apanese Pat. pl.
Kokai No. - 14511a2b?1ei2S. Bfae 84 bgtalyst 6n Epoxide Polymerization Rate (105°C) -
iD Cataiyst Cat. amt. (ppm) Rate of polymerization (g/min)
F | glyme'? | 250 3.50 -
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.® - 250 1.70
' Catalyst F is prepared as described in U.S. Patent No. 5,158,922.
2 Comparative example.
3 Catalyst of the invention.




fol | onwed. Potassi um hexacyanocobaltate (4.0 g) is added to deionized water
(75«m.) in a beaker, and the mxture is stirred until the solids dissolve.
In a second beaker, zinc chloride (10 g) is dissolved in deionized water
(415 nlL). The aqueous zinc chloride solution is conbined with the solution
of the cobalt salt using a magnetic stirring bar to m x the sol utions.

| mredi ately after conbining the solut3®ns, a mixture of tert-butyl alcoho
(50 nmL) and deionized water (50 nm.) is added slowy to the suspension of

zi nc hexacyanocobaltate, and the m xture is stirred for 10 mn. The solids
are isolated by centrifugation, and are then stirred for 10 mn. with 100
nmL of a 73— r——p—ettrao of tort_butyvl gleghel -—anddal gnl Lzed wat The

solids arg aai n isol ate' y centrifugatio, and are finally stirred tor 10

mn with §00 nL of teTibi®al Wifeat 600MalystTHE (mdicBby Peribd (1@PERt ed by
centrifugf@tion, and is dried in a vacuumoven at 50[err]C and 30 in. (Hg)
to constaftr—werght—This—Ttgtatyst—TsTdentTred—as Catatyst—B—and—hat t he
powder X- ay di ffracti on pate@dalysshown ih Fig. 3. _
: | Catalyst concentration - induction Time (min)
(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,
2 Comparative example.
3 Catalyst of the invention.




24 COVPARATI VE EXAMPLE 4 Preparation of Zinc Hexacyanocobaltate Catalysts
by Sinple Mxing Isopropyl Al cohol-as the Conplexing Agent (Catalyst C) The
procedure of Conparative Exanple 3 is followed, except that isopropyl

al cohol is used in place of tert-butyl alcohol, and the solids are isolated
by filtration using a 0.8 mcron filt rather than by centrifugation. The
catalyst is isolated and dried as descri bed above. This catalyst is
identifiedas Catalvst C COVPARATIVE EXAMPLE 5 Preparation of Crystalline

Zi nc Hexgcyanocobal tate No Conpl exi ng Agent (Cat al yét A) Potassium
hexacyangcobal tate (4. 9aglh 4 SefdctBPLURMS BrdsdipiiRGwiRIG (150 L) ih a
beaker. dinc chloride (10 g) is disso d in deionized water (15 n) fn a
second bdeaker—TFhe aqﬁtﬁﬁo_oul tH-oRsS—af 68—t U|u-| ek Y- corbt-red—ant ..uune*' cal | Yy
stirred flor L0 mi'n. The pr ¢&olyot QHe#l soa_gjs are isol at ed} Bplyoent ri f ugit i on.
The sol i dsiDat €atadgdturri ed | imddQbigyed a@ver(t100 nl) f ol uG€ataiation
. and functionality . (meq/qg)
F glyme'? 54 (Triol) none ‘ 0.016
27 (Triol) none 0.017
15 (Triof) 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 (Diol) - 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 described in U. S Patent No. 5,158,922.
2 Comparative example.
3 Catalyst of the invention.




W th stlrrlng, and are again recovered by centrifugation. The catalyst is
dried’in a vacuum oven at 50[err]C and 30 in. (Hg) to constant weight. This
cafalyst is identified as Catalyst A and has the powder X-ray diffraction
pattern shown in Fig. 4. 25 EXAMPLE 6 Epoxide Pol ymerizations: Rate
.Experinments--CGeneral Procedure A one-lRBger stirred reactor is charged mnth
pol yoxypropyl ene triol (700 nmol. wt.) starter (70 g) and zinc

hexacyano £L0-057 to0 0 143 g 100- 250 ppmlevel in
-finished pol yol, see Table 2) The m xture is stirred and heated to |

105[err]cf and is stri pp%lélﬁdeﬁﬁe\éﬁsr’éma‘ioﬁt oRTHtESE RERBWEL 1o oT (T o e
triol stafter. The reactor is pressurize a [y Wi th nitrogen.
Propyl enejroxtte—{16—di—gr—+s—addedro—t-he—pasctor—H “nﬂ portion—and tihe
reactor pllessure is noPdlyadr@d #car ef FiltrationAdfi t i onal pr apyluealecamygte i s |not
added ID | Catalyst | (mg KOH/g) Temp. Solvent (ppm)
and functionality (°C) . - Zn Co
F | glyme'? 27 (Triol) - 100 none 28 2
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) 100 none 4 <2 i
27 (Triol) 25 heptane 3 <2
14 (Diol) _ 25 heptane 6 <2 ,
! Catalyst F is prepared as described in U.S. Patent No. 5,158,922.
-2 Comparative example.
% Catalyst of the invention.

Table 6. Effect of Catalyst on Polyol Purity and Clarity

ID | Catalyst Low Mol. Wt. Appearance (25°C, after 3 weeks)
Polyol Impurity
(Wt.%, by GPC)

F | glyme 5-10 - hazy
TBA none detected clear J




until an accel erated pre$sure drop occurs in the reactor; the pressure drop
is evidence that the catal yst has becone activated. Wen cat al yst
activation is verified, the remaining propylene oxide (490 g) is added
gradual |y over about 1 - 3 h at a constant pressure of 20-24 psi. After
2propyl ene OX|de addition is conplete, t3e m xture is held at 105[err] C

until a constant praessure is ohsarvo ad._Residual uynreacted nonone then ’
stripped nd%bnéaﬁuurprabafatroheomwpbamw With Ui RebHA Ita 00' ed and
e %wsﬂaw@%% O O
st eepest easured to fi ﬁ éﬁ? $8n rate |n rans of PO

convert eg

petdssinsgction of th| 5 1ine and 4 peiyopont al {l ine
ext ended

ée Q%Lg:ntohe Ryl S {2k ohchibie | PEHEL Akl 2 (i

Tenct on g?on & Akl (of ] PEISOR) 1)V (i) = §°
435 15 - 15 30 £ 0.0027
9 302 7.4 39 152 0.0035
10 | 430 5.0 5.0 40 0.0032
11 | 393 15 15 121 0.0030
ci2 | 264 24 24 192 0.0072




various catalysts at 100-250 ppm catal yst | evel s appear in Table d 3.
EXAMPLE 7 Pol yet her Pol yol Synthesis: Effect of CaL&I—ys-r/oﬁTDBI’ygIl‘&n
Unsaturati'on, Catalyst Renoval, and Polyol Quality A T ﬂ“\“\ed
+«freactor is charged with pol yoxypropylene triol (700 ﬂmm“‘m ¥ (685
g) and zinc hexacyanocobaltate catalysly (1.63 g). Thé& ure ¥s%tirred
and heated to Westlaim:] C, and is stripped under vacuumto renpve traces of
water fromthe triol starter. Propylene oxide (102 g) is fed to the -

reactor, initidll4 catalgst whichamomprises3} least dbdyit,70awti%d biea rsabstamtiafly essur e
I's nmonitored carefully. Additional propylene oxide is not added until an

accel et atglofRRS HoULS AataPSHiHid IDKD) doMRbRWhélth BRI 4 OBoh?

evi dence that the catal yst has bec ctivated. Wien catal yst activation’
is verifi LA ropyl ene oxide (5713 g) is added gradually over
about 2 th\F/j\,HP e enréiliiﬁg g?h{&ﬁgga reactor pressure |less than 40 psi. After
propyl ene oxid dition is.c lete, the mxture is held at 105[err]C
until a consta @ calalystof %f«@wh RETPHESS Fﬁ'ae%@EQHt ﬁgr%trfgrdi s then
stripped under vacuum fromthe pol yol product. The hot polyol product is
filtered the substantializ amoerphgus HMCIcasmplesr t ri dge '

3. The catalyst of claim 1 which comprises at least about 99 wt.% of

the substantially amorphous DMC compiex. |
- 4. The catalyst of claim 1 wherein the DMC complex is a zinc
| hexacyanocobaltate.

5. The catalyst of claim 4 brepared using tert-butyl alcohol as a

complexing agent. |

| 6. A composition which comprises at least about 70 wt.% of a
substantiaily amorphdus'DMC complex .catalyst, and up to about 30 wt.% of a ‘
highly crystalline DMC compound, wherein the composition is useful as a
catalyst for polymerizing epoxides.

7. The composi.tion of claim 6 which comprises at least about 90 wt.%
of the substantially amorphous DMC complex catalyst, énd up to about 10 wt.%
of the highly crystalline DMC compound.

8. The composition of claim 6 which comprises at least about 99 wi.%

of the substantially amorphous DMC complex catalyst, and up to about 1 wt.%

—
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(0.45 to 1.2 mcrons) attached to the bottom of the We

catal yst. Residual Zn and Co are quantified by X-ray analysis. “\
Pol yet her diols (from pol ypropyl ene glycol starter, 45 &m \N\w
triols are prepared as descri bed above using zinc hexa ate " *

catal ysts made by conventional nethodsq stirring) and by tﬁe. met hod of the

.. invention ¢ohtheobgghiy anyistalljine DMC icopwpaiundf t he catal ysts of the invention on

epoxi de pol ynerization rate (Table 2), induction period (Table 3), polyol

unsaturation (Tal & datalystiniots tonsisievadsenfiall) 6f &)substphtiafy vtlorpHals t y
(Tabl e 6) -are shown in the tables. EXAMPLES 8-11 Preparation of Zinc

o Co RS, ot St gl FigsaBully 10 T o ©f
?ddi tion funnel 10. The catalyst of claim 9 which contains less than about 1 wt.% of a
highly Crystailine DMC corﬁpound. |
11. The catalyst of clain_i 9 having a.surface area less than about 30
m?g. | |
12. The cafalyst of claim 9 wherein the DMC complex is a zinc
hexacyanocobaltate.
| 13. The catalyst .of claim 12 prepared using tert-butyl alcohol-as a
complexing agent.
| 14. A method of making a double metal cyanide (DMC)\ complex
catalyst, said method comprisingf (a) intimately combining and reacting
aqueous solutions of a watér-soluble metal salt and a water-soluble metal
cyanide _salt_ in the presence .of a complexing agent to produce an aqueo'us
mixture containing a precipitated DMC complex catalyst; and (b) isolating and
drying the DMC complex catalyst. |
. 15. The method of claim 14 wherein the resulting catalyst furthér
comprises up to about 30 wt.% of a highly crystalline DMC compound.

16. The method of claim 14 wherein the resuilting catalyst has a surface

area less than about 30 m%g.
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and thernoneter is charged with distilled water,
hexaCyanocobal tate, and tert-butyl al cohol (See Tabl e 7. for mg ﬂ %
I t| ng

nd xture is stirred until all of the potassium salt dlﬁm m
solution is heated to 30[err]C. To the stirred sol uti
. (wt/wt) solution of zinc chloride in V@ er over 50 mn (see Table 7).

suspension 15 FTcdI e@ﬂ%%?%@&@yhg%@%éﬁ@é‘?&nl@ﬁao@%‘éh#lﬁ? 2"of the
filter cak resus dW|th VI Qrous stirring in a solution of
tert - but yi™ H?aiﬁlbfcﬁor? 333’ %r'i\?"%%ﬁ Za("@D RPC€¥&¥ter all of the solids are

conpl etely suspended i n t he wash solution, stirring continues for 30 mn.
The m xture is18i |The e@thed ebslaimskdawhsteir therhempiaxing: agent isrsatedted| s
resuspended in 99.5%tert- 28 butyl alcohol (144 g), and is isolated as
descr i bedfrabmthe. groue ddrisisihgwfk&!'cdﬂmlsl,ralddhysdesf}&bemdsCeMS,négbts, under
vacuum The catalyst is used to prepare a pol yoxypropyl ene triol having a

mol ecul ar aifdeH) lurbhs, aRiies, BN And rhikflires Yhereof.

19. The method of claim 14 wherein the complexing agent is a water-
soluble_aliphatic alcohol selected from the group consisting of ethanol, isopropyl
alcohol, n-butyl alcohol, sec.-butyl alcohol, tert-butyl alcohol, isobutf/'l' alcohol,
and mixtures thereof.

20. The method of claim 14 wherein the résulting catalyst prepared by
intimately combining the reéctants is at least about 65% more active as an |
epoxide poiyn'ierization catalyst 'th_an a similar catalyst prepared by simple
mixing of the reactants. |

21. The fnethod of claim 14 wherein the resulﬁng catalyst prepared by'

" intimately combining the reactants is ai least -about 200% more ac;tivg as an
epoxide polymerization catalyst than a similar catalyst prepared by simple
mixing of the reactants.

22, A DMC complex catalyst fnade by the method of claim 14.

23. A method of preparing an epoxide polymer, said method corripfising
polyrﬁerizing an epoxide in the presence of a catalyst which corﬁprises at least

about 70 wt.% of a substantially amorphous DMC complex.

I
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nunber of about 28 ng KOH g generally using the proc but

on a'smaller scale with a propoxylated glycerin star

nunber 240 ng KOH/ g) and a catal yst |evel of 250 ppmclcﬂm
The unsaturations of the polyols appear in Table 7 12
. Preparation of Zinc Hexacyanocobal tate4®at al yst: Tert-Butyl AI cohol Added

After Formatio of f

general ly fol Ig‘\}ved gl%?rHr% égﬁig%ggfq%%%&vﬁéﬁ%éﬁa[) é?;p tﬁcohol
i s not adde ; reac wi,t h water and potassi um
hexacyanog%%'é{‘l %} é@ fr'gﬁlyecwsﬁa@l"eaﬁbﬁﬁ &pok{p fer the aqueous zinc

chl ori de solutlon |s added, the tert-butyl alcohol is added, and the
mxture is sti?bed Mmathed afiprepaningen epdxide polgmest %ﬂ@@eﬁ‘@dtwr isiag at ed,
dried, and used to prepare a polyether triol as described previously (See
Tabl e 7). pdigmerizing an epoxidenimpihesprésériceintla@ataigstawhich donsigts eséntidiigw t he
| ower pol yol unsaturations available fromusing a catal yst nmade by the.

process obf éf&%bhfﬁfﬁlﬁlly%%dlbhbuﬁQ’JMC%BrM;bIei" cohol initially present during
precipitation of the tatal yst

26. The method of claim 25 wherein the epoxide polymer is a polyether

polyol.
27. A low-monol polyether polyol composition prepared using the
catalyst of claim 1.
28. A low-monol polyether polyol composition prepared using the
composition of claim 6.
29. A low-monol polyether polyol composition having an unsaturation
less than about 0.006 meq]g.
30. A method for improving the filterability of a DMC complex catalyst
- from a polyether polyﬁl product following epoxide polymerizatidn, said method
comprising using as a polymerization catalyst the substantially amorphous DMC
.complex of claim 1. |
~ 31. A catalyst which consists essentially of a substantially amorphous -
| zinc hexacyanocobaltate complex, wherein.the catalyst is prepared in the

presenbe of a water-soluble aliphatic alcohol complexing agent selected from
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29 EXAIVPLES 13 and 14 Effect of Order of Addition of React ant l ons on
Cat al yst Activity Tert-Butyl Alcohol Added During Formatlo

Compound EXAMPLE 13 Solution 1 is prepared by dissolving z
g) in tert-butyl alcohol (50 ni) and distilled water (275 rﬁ_) c
is prepared by dissolvi ng pot assi um hexfe)l gyanocobal tate (7.5 g) in d’!s

and di st | FERuPdons éeth% hopion) ke b dariRitycR cdhenoas bud 30

mn. wth hom)genl zatlon M x b honogeni zati on conti nues for an

addi t i onal aleehas - blAY's@'Pﬂh@alanﬂsiSMHalC@mlut ion 3 is added, and the

mxture is slowy stirred magnetically for 3 min. The mxture is filtered

under pressure 32. Jhepsatglysibechairht34r whizkeexibits an X-ray diffraction pattern of
(d-spacing, angstroms): 4.82 (br), 3.76 (br), and exhibits no detectable signals
corrésponding to highly crystalline zinc hexacyanocobaltate at about (d-spacing,
angstroms'): 5.07, 3.59, 2.54, 2.28. |

33. A double metal cyanide complex cataly-st having a surface area less
than about 30 m%g.

34. The catalyst of claim 33 having a surface area less than about 20
m?/g.

35. A double metal cyanide catalyst which is the reaction product of a
water-soluble metal salt, a water-soluble met_al cyanide salt, and a complexing
agent, wherein the catalyst is effective to polymerize prdpylene oxide at a rate
in excess of 3 g PO/min/100 ppm catalyst, based on the weight of finished
polyether, at 105°C. | |

36. A double metal cyanide catalyst which is the reaction -pr_oduc_:t of a
water-soluble metal salt, a water-soluble metal i:yanide salt, and a complexing
agent, wherein the catalyst is effective to polymerize propylene oxide at a rate

in éxcess of 5 g PO/min/250 ppm catalyst, based on the weight of finished

polyether, at 105°C.

L
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reslurried in tert-butyt alcohol (130 nL) and distilled water (55 nlL), and
the m xture is honogeni zed for 10 mn. The mxture is filtered as descri bed
before. The cake is reslurried in neat tert-butyl alcohol (185 nmiL), and is
hopogeni zed for 10 mn. The mxture is filtered, and the cake is-dried

under vacuum at 60[err]C. Yield: 8.6 g he cat is used to pal! ynerize

-propyl ene oxi de as descri bed in.Exanpl e4 . The-ra Im‘\‘ ‘Eon at
105[err]C and 10 psig at 100 ppm catal yst is 26. 3[\3 ‘M\m XAMPLE
14 Solution 1 is prepared by dissolving potassium hexascyehno&obal taté (7.5
g) indistilled water (300 nL) and tert-butyl alcohol (50 nL). Solution 2
'is prepared by dissolving zinc chloride (75 g) in distilled water (75 nL).
Solution 3 is prepared fromtert-butyl alcohol (2 nmL) and distilled water
(200 nly. Sol utioBg72 Tire sddysbtiod cimut wdrerdinahersubBtanitially wimidrphous DMC

honogeni zat i on.
complex exhibits a powder x-ray diffraction pattern having substantially no sharp
lines at about 5.1 (d-spacmg, angstroms).

38. The method of claim 14 wherein the resulting catalyst exhibits a
powder x-ray diffraction pattern having substantially no sharp lines at about 5.1
(d-spacing, angstrbms_). '.

39. The catalyst'of claim 31 wherein 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).

40. The catalyst of claim 1 wherein the caialyst is effective to produce a
polyether pplyol that contains, by Qel permeation. chromatography (GPC)
analysis, substantially lower levels of low molecular weight polyol impurities
compared with polyols'made with conventional double metal cyanide catalysts.

41. The cataiyst of claim 40 wherein the catalyst is effective to produce
a polyether polyol that conta{ins, by gel permeatidn chromatography (GPC)
analysis,. no detectable amount of low molecular weight polyol imburities.

42. The catalyst of claim 1 wherein the catalyst exhibits a reduced |
induction period compared with that of a conventional DMC catalyst.

43. The catalyst of claim 1 wherein the 'cata_lyst can be used to produce

a haze-free polyether polyol.

-
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M xi ng by honogeni zat i on continues for an add| ti onal tir bar is
added. Solution 3 is added, and the m xture is g‘ﬁw‘lﬁgnet ically
for 3 mMmn. The mxture is filtered under pressu he catal yst
.5 isolated, washed, and dried as described in E>t'a | e"13. The catal yst is
used to pol ynerize propyl ene oxi de a$3described in Exanple 6. The rate of
pol ymeri zat i on44t A dblbler in€tad eyatidepfIMCptorhplexpgatatyst tiay sixhibits1h. 6 g

PO mn. The results from Exanpl es 13 and 14 show the effect of reversing

the order %@hdéldﬁhréy @ﬁr@&tuér@?ﬂﬂéﬁﬁhaﬂng sRbs@AtaiPho ISharp Ivedht aBout’H9
results show t he unexpect edly higher catalyst activity available froma .

- cat al yst ﬁﬁa a% Qe metal cyanide salt solution to the netal salt
sol uti on. % ng exanpl es are rreant only as illustrations. The scope

of the inventi gﬁ 'E D%' ?éiy&ywhlcﬁ compnses at Ieas]t J:outeio wi. %t talyst

Characteri zati

catalyst of claim 44.

46. The catalyst of claim 44 having a surface area less than about 30
m?/g. -

47. The catalyst. of claim 44 effective to produce a polyethé‘r polyol that
‘contains, by gel permeatibn chromatography (GPC) analysis,' substantially lower
levels of low molecular weight polyol impurities compared with polyols made
with co’nventional double metal cyanide catalysts.

48. The catalyst of claim 44 whersin the catalyét is effective to produce
a polyether polyol that contains, by gel permeation chromatography (GPC)
‘analysis, no detectable amount of low mqlec_ular weight polyol impurities..

49, The catalyst of claim 44 Wherein the caftalyst exhibits a reduced
induction period combared with that of a conventional DMC catalyst.

50. The cafalysf of claim 44 wherein the catalyst is used to produce a=
haze-free polyether polyol.

.51. The method of claim 20 wherein the DMC complex catalyst is a zinc

hexacyanocobaltate, and the activity of the catalyst is measured for the
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o 0 S ”gssﬂ’ﬂﬂiamml'"mml

(mMerr]/g) A absent absent

454 Zn-Co[err] B TBA X X

82 stirred2 C |PA X absdk X X

n.m stirreQjy@erigation of propylene gyisierat 105C using amataIYStabyehof &ﬂ@@pm absent
14 honmog[err] E [|PA absent’ X X absent absent absent

n. m honogbadsed on Xhe ayeightf 6fr finishexhpblyok present; n.m = not neasured.
Sanmpl es were anal yzed by X-ray diffraction using nonochromati zed [err]

radiation ( [ers3, Thb SéfRR & clain 291 WRERIPERY DVIC Tompiet bsm@tfé i hem?t er
powered at 40 kV and 30 mA was operated in a step scan nod 0. 02
2[err] Wi tje.a 5aHBEOEMate, and the activity of the catalyst is measured for the
polymerization of p'ropyle.ne oxide at 105°C using a catalyst level of 250 ppm in
the finished polyol. |
53. A zinc hexacyanocobaltate complex catalyst having, as a
complexing agent, a water-soluble aliphatic alcohol selected from the group
consisting of ethanoi, isopropyl aléohol, .tert-butyl alcohol, sec;butyl alcohol, and
isobuty! alcohol, wherein the catalyst, when analyzed by powder X-ray
diffraction u'sing monochromatized CuKa, radiation { A = 1.54059 A) using a
Seimens 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 divergence slits of 1° in conjunction with
monochrometer and detector apertures of 0.05° and 0.15° respectively, exhibits
an X-ray diffraction pattern having substantially no sharp linés at abbut 5.1 (d-
spacing, angstroms). |
54. The catalyst of claim 83 having substantially no sharp lines in fhe X-
ray diffraction pattern at about 5.1 and 3.6 (d-spacing, angstroms).

55. The catalyét of claim 53 having substantially no sharp lines in the X-

ray diffraction pattem at about 5.1, 3.6, and 2.5 (d-spacing, angstroms).

/ i aced



time of 2 seconds/step. Divergence slits of 1[err] in conju ' ith
nonochr onet er and detector apertures of 0.05[err] m\ﬁ“‘“!‘@m““‘mm
respectively. Each sanple was run from5[err] to '/\m rrs. terr]

WAt er of hydration can cause m.nor variations in mehsur ed d-spacings. [err]
Conparative exanple. [err] Catalyst #3the invention. [err] Surface area is
« measured by nit b6gethendatalystiofclaimi 58) hatiagssubstantidBED shetrhdides in t& XFabl e
2. Effect of Catalyst on Epoxide Polynerization Rate (105[err]C ID

Cat al yst ray diffrétion pattern(atraout SRBIR60D.5) And"2.8i (dpaRind, EngstrbnTs).
glyme[err] 250 - 3.50 130

é- Zsi 100 57. A double mbt&%yanidtomplek GRAIGE! that exhibits an X3y

diffraction péttern using monochromatized CuKe, radiation ( A = 1.54059 A)‘
substantially as shown in Figure 5.

58. A double metal cyanide complex catalyst that contains up to about 5
wt.% of substahtialiy crystalline DMC compound, and exhibits an X-ray
diffraction pattern using moniochromatized CuKe, radiation ( A = 1.54059 A)
substantially as shown in Figure 8. |

59. A double metal cyanide complex catalyst'that contains up to about
30 wt.% of substantially c;rystalline DMC compotind, and exhibits an X-ray

 diffraction pattem using mbnochromatized CuKe, radiation ( A = 1.54059 A)
substantially as shown in Figure 9.

60. A zinc hexacyanocobalate catalyst of claim 57.

61. A zinc hexacyanocobalate catalyst of-claim 58.

62. A zinc he_xacyanocobélate cata!;/st of élaim 59.

63. A polyether polyol having a nominal hydroxyl functionality of at least

- 3, mostly secondary hydroxyl grdups, and an unsaturation less than about
0.007 meqg/g. |
64. The polyether polyol of claim 63 wherein the polyol is a

polyoxypropylene polyol or an ethylene oxide-propylene oxide copolymer. |
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130 2.50 100 L 2.25‘5‘%@”
:%).5(8)4 ‘C IPA sti rred[err]lo' > 130 250 7 40\\“1“\\“1“!‘@‘ @L

honog[ err] - 250 1.70 [err]*Catal'yst Fis
prepared as described in U S. Patent No.4é,158,922. [err] Conparative

“exanple. [err] gal al*ﬁésgg?gtrﬁgdlw R ?%ha@gl%gﬁsﬁurﬁfd}uefeks%an?at al'yst

concentrati on

on I nduction Period (1 Cat al yst

- I nducti on él'ti)g& 6_%B)meq/g.

66. The polyether polyol of claim 63 having an unsaturation less than
about 0.004 medg/g.

67. A method of making a double metal cyanide (DMC) complex
catalyst, said method comprising reacting aqueous soluﬁons of a metal salt and
a metal cyanide salt in the presence of a tertiary alcohol complexing agent,
wherein one or both of the reactant solutions contains the complexing agent,

" and wherein the metal cyanide salt solution is added to the metal salt solution.

68. The method of claim 67 wherein the DMC complex catalyst is a zinc
hexacyanocobaltate. |

69. The method of claim 67 wherein the tertiary..alcohol complexing
agent is tert-butyl alcohol.

. .
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(ppm F glyne[err] 100 230 250

180 B TBA stirred[err] 100 : 220 130

180 250 90 D TBA honog[err] 100

240 130 , 130 250 85 [err]
Catalyst F is prepared as described in44S. Patent No. 5,158,922, [err]
Conparative exanple. [err] Catal yst of the invention.: 34 Table 4. Effect

of Catal Y 1L P AMAVEDOUBLEA METAL CYANIDE COMPLEX CATALYSTS :
ABSTRACT OF THE DISCLOSURE

Improved double metai cyanide catalysts are disciosed. _The
substantially amorphous catalysts of the invention are more active for
polymerizing epoxides than conventional DMC catalysts, which have a
substantial crystalline component. Polyol products made with the catalysfs are
unusually clear, have exceptionally low unsaturationé, and cbntain no detectable
amount of low molecular weight pblyol impurities. Methods of mafdng the
improved DMC catalysts are also disclosed. In one method, the reactants are
intimately combined to produce a catalyst of the invention. In another method,

an organic complexing agent is iniﬁally present in the reactant solutions.

Figure 1

————
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Pol yol OH # Pol yol I'D Catalyst (mg KOH g)

Sol vent unsaturation-and functionality (meqg/ g)
F < glyme[err] 54 (Triol) none 0.016 27 '
(Triol) none : 0.017 15 (Triol) ' none ' -
0.019 B TBA stirred[err] 35 (Triol) none 0.011
27 (Triol) none ©0.878 14 (Triol) none '
0.011 D TBA ho:Fqgrr‘] 500 27 (Triol) , none £ 0. 005 56
(Diol) norne =0t 0.004 27 (Diol) none
0.005 14 (Diol) non450 0.004 31 (Triol) THF
0.003 12 (Triol) hept an€j F-is prepared
as described in U S. PatendOlNal 5, 158,922. [err] Conparativefexanpl e.
. ) >

%350

5

= 300

%

= 250

2

&5 200

o

o 150

o

ﬁll"lllnllllllllerl
0 20 40 60 80 1_Q0 120 140 160
TIME MIN
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Fig.2.

COUNTS
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[err] Catalyst of the invention. 35 Table 5. Effect of Catal yst on

Cat al’yst Renoval Pol yol OH # Filtration Resi dual catalyst ID
Catal yst (ng KOH g) - Tenp. Sol vent “(ppm and functionality
([err] O Zn ' Co F glyne[err] 27 (Triol)
100 none 28 B TBA 25 (Triol) 100 none
6 3 stirred[err] D TBA 2/5 25 (Triol) 100 none
5 < 2 honog. [err] 14 (D oI)F- 3 100 none 4
<2 29 (Diol) 100 none I . <2 14 (Triol) 100
none 4 < 2 27 (Triol) .25 hept ane 3 <
2 ' ' - '
o0}
©
Q
10
w
|.._
prd
21
O
&)

10 15 20 25 30 35 40 45 50 55 60 65 70

TWO-THETA 'DEGREES.

Fig.4.
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14 (Diol) 25 hept ane 6 < 2 [err] Catalyst Fis
prepared as described in U S. Patent No. 5,158,922. [err] Conparative
exanple. [err] Catalyst of the invention. Table 6. Effect of Catal yst on

Pol yol Purity and Clarity ID Catalyst - Low Mol . W. Appear ance
(25[err]C, after 3 weeks) Polyol Inpurity (W.% by GPC) F glyne

5-10 hazy D o) none detected

cl ear 36 Table 7. Preparation of Catal ysts with Tert-Butyl Al cohol

Initially Present and Unsaturations of FPPQ/eSher Triols (28 OH#) Made from
the Catal yst STHETA-SCALE -

o b
l.._
pd
o
o)
oL

10 15 20 25 30 35 40 45 50 55 60 65 70

~ TWO-THETA DEGREES:
Fig.6.
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Pot assi um Pol yol Ex. Wat er hexacyano-
tert-Butyl Zinc chloride wunsaturation (Q) cobal tate Al coho
(50 (9) (meg/g) (g ) 8 435 15 15 30
0.0027 9 . 302 7.4 39 152 0. 0035. 10
430 5.0 5.0 - 40 0.0032 11 393

15 15 121 . 4@50030 C12 264 . 24

24

192 - 0.0072 Ve cFﬂthi? 37 4. A
cat al yst which conprises at |east about!?7 "% of a substantially

anor phous doulll e netal cyanide (DMC) conpl ex, wherein the catalyst is
useful for pol

conpri ses at

COUNTS

COUNTS

ymeri zing epoxi des. 2. The catalyst of claim1 which
east about 0 wt. % of

LI [N R S S SN SRS Sy N B SR M M et S B B A Meaet e |

- 12 14 16 18 20 22 24 26 28
TWO-THETA DEGREES.

Fig.8.

-5.095
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t he §ybstant|ally anor phous DMC conpl ex. 3. The catalyst of claim1 which
coinlses at lea about 99 wt.%of the substantially amorphous DMC conpl ex.
4.” The catalyst of claim1l wherein the D conplex is a zinc
hexacyanocobal tate. 5. The catalyst of claim4 prepared using tert-butyl

al cohol as a conpl exi ng agent. np05|t|on whi ch conprises at | east
about 70 wt. % of a substantlally a ous. DMC conpl ex catalyst, and up to
about 30 wt.% of a highly crystalli E%(é}onpound wherein the conposition
is useful as a catalyst for polynerizi epoxi des. 7. The conposition of
claim6 which conprises at |east about 90 w.% of the substantially

anor phous ovc conpl ex catal yst, and up to about 10 w. % of the highly
crystallinel DMC conpound. 8. The ‘gonposition of claim®6 which conprises at

| east- about}] 99 wt. % of the subsanti al |y anor phous DMC conpl ex catal yst, and
up to about{1 wt.%
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38 of the highly crystalline DMC conpound. 9. AWI sts
essentially of a substantially anorphous double cyanl d | ex
useful ¥ for polymerizing €poxides. 10. The catal yst g@
contains | ess than about 1 wt% of a highl crystal\ ou‘hd 11.
The catal yst of W?b[%lﬁz having a surface3é4rea Iess a<n a{bout 30 nferr]/g.
12. The catal yst aim9 wherein the D conplex is a zinc

hexacyanocobal tatg. A13... NCIE I i} i M 1210 RALed . jsipg Lert - butyl

al cohol as a conplex! R Fgent. o 1a- g a BubleT e Tyani de

Sitlpridhe st thast &
o o A SRR ol B LS
wat er - sol ubl e net al
for polymerizing epoxides.

2. The catalyst of claim 1 which comprises at least about 90 wt.% of
the substantially amorphous DMC complex.

3. The catalyst of claim 1 which comprises at least’ about 99 wt.% of
the substantially amorphous DMC complex.

4, The catalyst'of claim 1 wherein the DMC complex is a zinc
hexacyanocobaltate.

5. The catalyst of claim 4 prepared using tert-buétyl alcohol as a
complexing agent. |

6. A composition which gomprises at least about 70 wt.% of a
substantially amorphous DMZ complex catalyst, and up to about 30 wt.% of a
highly crystalline DMC cgmpound, wherein the composition is useful as a
catalyst for polymerizing epoxides.

7. The ﬁ\position of claim 6 which comprises at least about 90 wt.%
~ of the substantially amorphous DMC complex catalyst, and up to about 10 wt.%

of the highly crystalline DMC compound.

8. The composition of claim 6 which comprises at least about 89 wt.%

2Ly Arndo - ala - - by
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cyani de salt in.the presence of a conplexing agent to rodu ueous
m xture containing precipitated DMC conpl ex cat al Mm“ m\ m@ atl ng
and drying the DM conplex catal yst. 15. The netho erein the
resul ting cat al yst further conprises uggto about 30wt | %of a h| ghly
crystalli [V e o LG ok 8 Anhire- At Dotk O alm 14 _where esut i ng
cat al yst has a surface 39 17. The net hod of claim 14 V\herel n the Aqueous

et hod of L?Qi m B BireRV R VA Toaets BleAu bR B BRI R5TFE ol
consi sting Icoho al. dehydes, ketones ethers esters, am dgs, ureas,
nitrites, Qigle a ?MFW@(FG % westubfor polymetnizing-epaxidest cl 5/m 14

wherein the conpl exing agent is a water- soluble aliphatic al gohol sel ected
fromthe group cd.sThacgatalyst ¢fzclaim 9iwhiph @entains less than about A wt.% of a

highly crystalline DMC compound.

11. The catalyst of claim 9 having a surface area lgés than about 30
m?/g.

12. The catalyst of claim 8 wherein the DMZ complex is a zinc
hexacyanocobaltate.

13. The catalyst of claim 12 prepargd using tert-butyl alcohol as a
complexing agent. |

14. A method of making a double metal cyanidel (DMC) complex
catalyst, said method comprisipg: (a) intimately combining and reacting
aqueous solutions of a wajér-soluble metal salt and a water-soluble metal
cyanide salt in the pregénce of a complexing agent to produce an aqueous
mixture containing 4 precipitated DMC complex catalyst; and (b) isolating and
drying the DMQ complex catalyst.
— 15. Ahe method of claim 14 wherein the resulting catalyst further

comprigés up to about 30 wt.% of a highly crystalline DMC compound.

16. The method of claim 14 wherein the reéulting catalyst has a surface



al cohol, n-butyl al cohol, sec-butyl alcohol, tert mol I sobut yl

al cohol y and m xtures thereof 20. The net hod of cl n
resul ting catal yst prepar ed by intimtely conbini ng mm‘m&mgl‘l at -

|l east about 65% npre active. as an epoxi dggpol yneri zation catdl yst ¢ n a
'simlar catalyst reared by Si Ie m'xi ng of the reactants 21. The nethod
of claim 14 wher®d SA% VS T e L Ll Aragraguaous seltitiesisyarepbi ni ng
the reactants is at |east about 200% nore active as an epOXI de

‘pol yrer i zat indimatetyatgrabinekzby a lmimodenizatimnaprpsessqr epar ed by si npl£ mi xi ng
of the reactants. 22. A DMC conpl ex catal yst nade by the nethod/of claim

14. 3. A nethod 98. MTHPAIEREd 3 RN SXhBRSIN TRE coﬁﬂil&nﬁh@@ﬁt OERbLRUNg
pol ymeri zi ng an epoxide in the presence of a catal yst i Ch rrpr| ses at

least about frdfh e it CoriktinigPN AiBbhdis 2ARERPISS KBMndLTUSGK; esters,

amides, ureas, nitriles, sulfides, and mixtures thereof.

19. The method of claim 14 wherein the complexing agent is a water-
soluble aliphatic alcohol selected from the group conéisting of ethanol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol, tert-buytyl alcohol, isobutyl alcohol,

W and mixtures thereof.

20. The method of claim 14 whergin the resulting catalyst prepared by
intimately combining the reactants is 4t least about 65% more active as an
epoxide polymerization catalyst than a similar catalyst prepared by simple
mixing of the reactants.

21. The method of/claim 14 wherein the resulting catalyst prepared by
intimately combining tfe reactants is at least about 200% more active as an
epoxide polymerization catalyst than a similar catalyst prepared by simple
mixing of the péactants.

22. /A DMC complex catalyst made by the method of claim 14.

23. A method of preparing an epoxide polymer, said method comprising

pojymerizing an epoxide in the presence of a catalyst which comprises at least

ala ARy, L) - a - marnno IRA amnio
T332, 2 o—H—ct—SUot iR mE e B oUS1THAGC—GE <
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40 24. The nethod of claim 23 wherein the catal yst further conprises up to

about 30 wt.% of a highly crystalline DMC conmpound. 25. A ‘ “\
preparl ng an epoxide polyner, said nmethod conprising polyne ‘m ‘ \
epoxide in the presence of a catalyst Whl% consi st essentl cofta

substantial ly armrphous DIVC conpl ex 26 e rret hod of cI aim 25 V\,herel n the

epoxi de pol yrer—24—ahsongthddotpoimd3-whereiitheraatabrabifu seotiyd
conposition prepared using the cat aI yst of claim 1 28. A Iovv- m)nol

pol yet her pabyet 3¢ W% Dftd kighly eystatithelBMT) cbimpoaadposi tion of claimb. 29.
A | ow- nonol pol yet her poI yol conposition having an unsaturatlon | esg’ t han

about 0.006 neq/§g

conpl ex' cat al yst ?rom a ?’% éH’n& yole%é?@%fwg I ow ﬁggté%%&) r%"@/c
ItO ﬁLygﬁL;tz Z;Péjlgm%ﬁg}%ogﬁ%ﬁgl%%%rg #@ég a cataefyﬁ WHiICh rcoﬁgits essceargtlaalll?//St
of a substantially amorphous DMC complex.
26. The method of claim 25 wherein the epoxide pojymer is a polyether
polyol.
27. A low-monol polyether polyol compositioh prepared using the
U catalyst of claim 1.
28. A low-monol polyether polyol cemposition prep.ared using the
composition of claim 6.
29. A low-monol polyetherpolyol composition having an unsaturation
less than about 0.006 meqg/g
30. A method for improving the filterability of a DMC complex catalyst
from a polyether polydl product following epoxide polymetization, said method
comprising using’as a polymerization catalyst the substantially amorphous DMC
complex of gfaim 1.

. A catalyst which consists essentially of a substantially amorphous

zing’hexacyanocobaltate complex, wherein the catalyst is prepared in the

aeTat P a¥a mlata ¥ a¥a e
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conpl ex of claim1l. A catalyst which consists essentially of a

subst antsi al | y amorphous zin exacyanocobal tate conplex, wherein the
catalyst is prepared in the presence of a water soluble aliphatie al cohol
conpl exi ng agent sel ected from 41 the group consisting of ethanol,

| sopropyl al cohol, tert butyI al cohol , sdd.butyl alcohol n- butyl al cohol,
and |Sobuty h&lcpoisleensidtind - ctisdmd\isbooviE-hirbRE l ey ;|‘>;‘|___ el =
diffraction pattern of (d spaC|ng, angstrons 4’82 (br) 3.76 (br), "apd

exhibits no it %S E to hi ghly crystalline zisfc
hexacyanocobal t at eﬁyﬁ%?l | gl sr'r?g),%w:?tngsdti’.&rg)oms) 5.07, 3.59, 2.54, /2. 28.

S5, A Soubl e 1ot ob CHAD o T 34 Sl R S e

than about 2(g-spacmg, angstroms): 4.82 (br), 3.76 (br), and exhibits no detectable signals
corresponding to highly crystalline zinc hexacyanocobaltate at gbout (d-spacing,
angstroms): 5.07, 3.59, 2.54, 2.28.

33. A double metal cyanide complex catalyst having a surface area less

than about 30 m%g.

-, 34. The cétalyst of claim 33 having a sdrface area less than about 20

mg.

35. A double metal cyanide cafalyst which is the reaction product of a
water-soluble metal salt, a watersgoluble metal cyanide salt, and a complexing
agent, wherein the catalyst is/effective to polymerize propylene oxide at a rate
in excess of 3 g PO/min/A00 ppm catalyst, based on the weight of finished

~ polyether, at 105°C.

36. A dodble metal cyanide catalyst which is the reaction .product of a
water-solublé metal salt, a water-soluble metal cyanide salt, and a complexing
agent, wherein the catalyst is effective to polymerize propylene oxide at a raté

in excess of 5 g PO/min/250 ppm catalyst, based on the weight of finished

>
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mMerr]/g. 35. A double netal cyanide ¢ yst which is the reaction product
of a water-soluble netal salt, a water-soluble netal cyanide salt, and a

. conpl exi ng agent, wherein'the catalyst i effective to polynerize propyl ene
" oxide at a rate in-excess of 3 g PO mn/100 ppm catal yst, based on the
wei ght of finished polyether, at 105[err4Z 36. A double metal cyanide
~catalyst which is the reaction product of a water-solube netal salt, a
wat er - sol ubl e netal cyanide salt, and a conpl exing agent, erein the
catalyst is effective to polynerize propylene oxide at a rate in excess of
5 g PO mn/250 ppm catal yst, based on the weight of finished 42 37. The
catal yst of claim1 wherein the substantially anorphous DMC/ conpl ex ‘
exhibits a powder yoray dififracti on. patiern.havi ng substiant.ially. ngysharp
lines at about 5.1 ('d-spaclng, angstrons). Rty

complex exhi_bits a powder x-ray diffraction pattem having substantially ng/Sharp
~ lines at about 5.1 (d'-spacing, angstroms). '

38. The m_ethod of claim 14 wherein the resulting catalyst gxhibits a

. powd_er x-ray diffractiqn pattern having substantially no sharp lines at about 5.1
(d-spacing, angstroms).

- 39. The catalyst of claim 31 wherein the subsjantially amorphous zinc
hexacyanocobaltate éomp!ex exhibits a powder xAay diffraction pattern having
substantially no sharp lines at about 5.1 (d-spacing, angstroms).

40. The catalyst of claim 1 whereif the catalyst is effective to produce a
polyether polyol that contains, by ge}/permeation chromatography (GPC)
analysis, substantially lowér levels of low molecular weight polyol impurities -
compared with polyols madg/with conventional double metal cyanide catalysts.

41. The catalyst 6f claim 40 wherein the catalyst is effective to produce

U a polyether polyol that contains, by gel pérmeatidn chromatography (GPC)
analysis,. no delgctable amount of low molecular weight polyol impurities.

42. ¥he catalyst of claim 1 wherein the 'éatalyst exhibits a reduced
inductignt period compared with that of a conventional DMC catalyst.

43. The catalyst of claim 1 wherein the catalyst can be used to produce

M - aVe Wl ate atho 2 =
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38. The nethod of claim 14 wherein the resulting catalyst exhibits a powder
x-ray diffraction pattern having substantially no sharp lines at about 5.1
(d-.spaci ng, angstromns). 39. The catal yst of claim 31 wherein the
substantial |y amorphous zi nc hexacyanocgpal tate conpl ex exhibits a powder
x-ray diffractionpak t R, havi.ng ‘....0.'- A4l LY 19, 020D L Des, .a about 5.1
(d- spaci ng, angstro 5) T A0, The oAt 370! i S AR Cyst is
effective to produce a ether yo] that nt ai ns, gel per Zat i on
chr omat ograﬂ?@’d@éxd)a aﬁ’n‘& 108, paét%%lhéMﬂgﬁq tq W@V rl°e§’%4 iBes St el ar
wei ght polyol inpuritieées conpared with polyols nmad wth convent onal doubl e
met al cyani dd-spaciigy angstrams).The catal yst of clai m 40 wherein fhe catal yst
is effective to produce a polyether polyol that contains, by/Qel perneation
chromat ogr aphy ( @8C) AdDMICy satalyst whitti esrnph$es anieast abdull POWAIBL &fgher wei ght
pol yol inpurities. 42. e catalyst of claim1 wherein the/catalyst
exhibits a Fzﬁﬂi"g‘ﬁ(bf'd?ﬁl"l@a&on period conpared with that of a conventional
DMC cat al yst . The catal yst of claim 1 wherein the cAtalyst can be used
to produce

st

46. The catalyst of claim 44 having a surface arga less than about 30
m%/g.

47. The catalyst of claim 44 effective to produce a polyether 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 cyapide catalysts.

48. The catalyst of clainy44 wherein the catalyst is effective to produce
a polyether polyol that con{dins, by gel permeation chromatography (GPC)

“analysis, no detectablg/amount of low molecular weight polyol impurities.

49. The catg yst of claim 44 wherein the catalyst exhibits a reduced
induction periogd compared with that of a conventional DMC catalyst.

50. Ahe catalyst of claim 44 wherein the catalyst is used to produce a
haze-frége polyether polyol.

51. The method of claim 20 wherein the DMC complex catalyst is a zinc

(nNnaxacvanocopnaliale - —ana-inne-ac AVAl A al~Wal-t - meastredia a¥a
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43 44. A double netal cyanide (DMC) conpl ex catal yst that exhibits a powder
x-ray diffraction pattern having substantially no sharp |ines at about 5.1
(d-spaci ng, angstrons). 45. A DMC catal yst which conprises at |east about
70 Wt . % of the catalyst of claim44. 48 The catalyst of claim44 having a
. surface a -pbdleamdzationBpudp\londloridel-ato108tT-usihg-acadtahmsievel-ot 66 Hohd
effective to produce a pol yether polyol that contains, by gel pernegfion

chr omat ogr aB?séd%ﬁ)théqﬁéiﬁﬁf &f ﬁﬁgﬁé&wﬁaﬁbﬁl ly lower levels of |ow molecul ar
i d wt

wei ght pol yol 1 npurities”conpare pol yol s made with conventi gnal

catal yst i o ef f cogt Jbe et Gt eflin 2 YopRuT S bRy ik SaeliReS arghe e
perneation chronat ogra hy (GP % anal ysis, no detectable ampuny of | ow
mol ecul ar VREXAAY2PS 9&5&%%%@ fig activity of the catalyst is measured {gr the

polymerization of propylene oxide at 105°C using a catalyst lex¥el of 250 ppm in

the finished polyol.

53. A zinc hexacyanocobaltate complex catalygt having, as a
complexing agent, a water-soluble aliphatic alcohof selected from the group
consisting of ethanol, isopropyl aicohol, tert-bytyl aicohol, sec-butyl alcohol, and

N~ isobuty! alcohol, wherein the catalyst, wher analyzed by powder X-ray

diffraction using monochromatized CuKe, radiation ( A = 1.54059 A) using a
Seimens D500 Kristalloflex diffraciémeter powered at 40 kV and 30 mA and
operated in a step scan mode/6f 0.02° 26 with a counting time of 2
seconds/step with diffractofheter divergence slits of 1° in conjunction with
monochrometer and dgtector apertures of 0.05° and 0.15° respectively, exhibits
an X-ray diffractio’pattern having substantially no sharp lines at about 5.1 (d-
spacing, angsjroms).

o 54. e catalyst of claim 53 having substantially no sharp lines in the X-
ray difffaction pattern at about 5.1 and 3.6 (d-spacing, angstroms).

55. The catalyst of claim 53 having substantially no sharp lines in the X-

alhad ds O 01 adataa ala a Ta = - S la¥a a¥a e
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49. The catal yst of claim44 wherein the catalyst exhibits a reduced

i nduction period conpared with that of a conventional DMC catal yst. 50. The
catal yst of claim44 wheteinthe catalyst is used to produce a haze-free
pol yet her polyol. 51. The method of chgl m 20 wherein the DMC conpl ex

catalyst is a_zigQ - "oor -.'. e,act Vit of the catlyt
measur ed for the o 42 er| 2 5T 5 OpYT ene eX1 08 At OB B¢ S|ng
a catalyst level of 10 sed on the wei ght _of finished polyol. . The
Tet hod of - &Py firactonEALBR ﬁ%bms‘) Loind 25, mc%%(d $RRGinG, afigeoms)
hexacyanocobal tate, and the activity of the catalyst is nmeasured for the

pol yreri zati on &7. pA(ﬁQMh&&lmeiai eyanide compiax ¢atalyst that @xbiitsl ars X-gayvel of
250 ppmin the finished polyol. 53. A zinc hexacyanocobaltate cgnpl ex
cat al yst haliffragtiompattern using monochromatized CuKe, radiation ( A = 1.54059 A)
substantially as shown in Figure 5.
58. A double metal cyanide complex catalyst that copfains up to about 5
wt.% of substantially crystalline DMC compound, and exHibits an X-ray

diffraction pattern using monochromatized CuKe, ragdiation ( A = 1.54059 A)

substantially as shown in Figure 8.

~ 59. A double rhetal cyanide complex£atalyst that contains up to about

30 wt.% of substantially crystalline DMG/compound, and exhibits an X-ray
diffraction pattern using monochromdtized CuKe, radiation ( A = 1.54059 A)
substantially as shown in Figure/S.

60. A zinc hexacyandcobalate catalyst of claim 57.

61. A zinc hexagyanocobalate catalyst of claim 58.

62. A zinc héxacyanocobalate catalyst of claim 59.

63. A polyether polyol having a nominal hydroxyl functionality of at least

—/

3, mostly sgtondary hydroxyl groups, and an unsaturation less than about

0.007 meq/g.

64. The polyether polyol of claim 63 wherein the polyol is a

1y i I*HI\



conpl exi ng agent, a water-soluble aliphatic alcoh selected fromthe group
consi sting of ethanol, isopropyl alcohol, tert-butyl alcohol, sec-butyl

al cohol , and isobutyl alcohol, wherein the catal yst, when anal yzed by
powder X—ray diffraction using nonochromatized [err] radiation ([err] =
1.54059 A) using a Selnens D500 Kristall 8 ex diffractoneter pomered at 40
kV and 30 mA andéSpdihetpolystheapolyobof clmim8llkavihgarOohsatadatidhdesd +h a-
counting time of 2 seconds/step with diffractoneter dlvergence sli s of
1lerr] in capdtEdOS ™ h nonochroneter and d ector apertures g# 0.05[err]
and 0.15[err] respectively, exhibits an X-ray diffraction pati{€rn having

substantial |y noegh3i bleheRboRlaf it o dFrai Sl thea 0BT AR ind, T

catal yst of claim" tralTy no's I nes ray

dlffractlon atte out 5.1 and 3.6 (d-spacing, angStrons). 55. The
catal yst of@ '@@%"ﬁ%‘s’bng substantially no sharp lirxfes in the X- ray

diffraction pattern at about 5.1, 3.6, and 2.5 (d gpaci n% angstrons).
67. A method of maklngadouble metal cy ide (DMC) complex

catalyst, said method comprising reacting agdeous solutions of a metal salt and
a metal cyanide salt in the presence of’a tertiary alcohol complexing agent,
wherein one or both of the reagtant solutions contains the complexing agent,

and wherein the metal cyahide salt solution is added to the metal salt solution.

\o/
68. The method of claim 67 wherein the DMC complex catalyst is a zinc
hexacyanocebaltate.
9. The method of claim 67 wherein the tertiary alcohol complexing
—

|



45 56. The catal yst of claim53 having substantially no sharp lines in the
X- ray diffraction pattern at about 5.1, 3.6, 2.5, and 2.3 (d-spacing,
angstrons). 57. A doubl e nmetal cyanide conplex catalyst that exhibits an
X-ray diffraction pattern using nonochr®$mati zed [err] radiation ( [err] =
1.54059 A) substantially as shown in FiwQre 5. 58. A double netal cyanide

conpl ex catal yst that contains up to about 5 0 ially
crystalli nHIWcAﬁﬁ@UﬁdPOHﬁHEe%ETMth%I% r%a%#ﬁrfacfl o‘ﬁéifp%t tern using
nonochromati zed [err] radi aABSTRAGT IQF THE DISOROSUREDbst antially as shown
in Figure 8. 59. A double netal cyanide conple catalyst that contains up to

about 30 wt. % of Ikl i a exhi bits an
6 OfimprVELAbIBE Hiel %gérﬁﬁé caeangz(gg?fefaﬁ?ﬂlﬁséd e

X-ray diffraction pattern using nohochromat radiation ( [err] =

1.54059 A) | i OMR, i aur . 6Q. A zinc.,hexacya cobal ate
cat al yst o?aggt}bﬂ?%ghﬁpﬁ%i‘ *%@8@%&6‘?8@%‘?’5?&9 Eﬁrﬁlaﬁng& cl ai m 58.
62. A zinc hexacyanocobal ate, cat al zst . of Bl\ﬁbm 59. .

po?yme zing epoxides than conventional 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. Methods of making the
improved DMC catalysts are also disclosed. In one method, the reactants are
intimately combined to produce a catalyst of the invention. In another method,

an organic complexing agent is initially present in the reactant solutions.

Figure 1



. 40 1701~0 REPLACEMENT SHEETS  S@ew
63. A polfyetdher. pol yol' having a non e hy df op ebesh:4kedn :Gfaakd LY. t6fpagkd |.gas
3, nostly secondary hydroxyl groups, and an uv{ggtyxa)tlorba[;%w ttg%g&peut
0.007 meqg/g. 64. The pol yether polyol .of cl &aim$3; vmg\e bhe nglydlais 4
pol yoxypr opyl ene poly ér an et hyl ene §| de @r@&&%,é; ne d%% """

| £apal -
46 65. The polyrrer_ pol yol of clai-m 63 having an unsat ur'at g(§;1 gé)sﬁ)tz%h'" :

‘about 0. 005 ne . The pol yether polyol{of claim63 havi ngﬂgfq

unsaturation |- 7 about 0.004 rmeqg/g. 6 DATERDERECEIPE i e -a--doubl
metal cyani de (GDMVO) &Mmmmammummmmwmhmexmb@m@d

ous solutions of -a netal salt and. a tal an| E]g in theq% nofa

tertiary alcohsompoisgs BRFHRE ayaqheou ° #pd 3R 4apee
sol utions contalng éyggxd%gmbﬁéfeﬂgo&%’ﬂoth of the reaczan: solutions contains a complexing

agent and wherem the metal cyamde salt solution i is added to the metal salt solution.

2. A method according to claim 1 wherein the complexing agent comprises an
alcohol, aldehyde, ketone, cther, ester, amide, urea, nitrile, sulfide or a mixmre
thereof. '

3. A method according to claim 2 wherein the alcohol is a water-soluble aliphatic

aléohol.

4 A method according to claim 3 wherein the water-soluble alipharic alcohol
comprises ethanol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl
alcohol, isobutyl alcohol or a mixture thereof.

5. A method according to claim 4 wherein the water-soluble aliphatic alcohol
comprises tert-butyl alcohol. ' '

6. A method according to any preceding claim wherein the DMC complex is a
zinc hexacyanocobaltate.

7. A DMC complex whenever prepared by the process of any preceding claim.

8. A method of preparing an epoxide polymer, which method comprises
polymerising an epoxide in the presence of a catalytic complex according ta claim 7.

9. A method according to claim 8 wherein the epoxide polymer comprises a

polyether polyol.

low-monol polyether polyol composition prepared using the catalytic
ACERENT 38 Fﬁ

-complgx pf claim 7.

forf
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and wherei’n The netal cyanide salt solution is added to the nmetal salt
solution. 68. The method of clai.m 67 wherein the DMC conplex catalyst is a
zi nc hexacyanocobaltate. 69. The nethod of claim 67 wherein the tertiary

al cohol conplexing agent is tert butyl al co:%)l :

HIGHLY ACTIVE DOUBLE METAL CYANIDE .(;,'_O.'MP_LEX CATALYSTS
ABSTRACT OF THE DISCLOSURE |

{mproved double metal cyanide catalysts are disclosed. The
substantially amorphous catalysts of the invention are more active for
polymerizing epoxides than 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. Methods of making the
improved DMC catalysts are also disclosed. In one method, the reactants are
intimately combined to produce a catalyst of the invention. In another method,

an organic complexing agent is initially present in the reactant solutions.

Figure 1
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