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PCT/ EP97/ 05638 DOUBLE METAL CYAN DE CATALYSTS
CONTAI NI N LI ZED POLYMERS
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(DMC) catal ysts useful 5 for epoxide polynerization. In parti cuI ar, t he
I nvention relates to DMC catal ysts that have high activity, are
substantially non-crystalline, and which contain a functionalized
pol ymer. The catal ysts are especially valuable for maki ng
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10 BACKGROUND OF THE INVENTION

Double metal cyanide complexes are well-known catalysts for epoxide
polymerization. These active catalysts give polyether polyols that have low
unsaturation compared with similar polyols made using basic (KOH)
catalysis. The catalysts can be used to make many polymer products,

15 including polyether, polyester, and polystherester polyols. These polyols are
useful in polyurethane coatings, elastomers, sealants, foams, and
adhesives.

DMC catalysts are usually made by reacting aqueous solutions of
metal salts and metal cyanide salts to form a precipitate of the DMC

20 - compound. A low molecular weight organic complexing agent, typically an
ether or an alcohol is included in the catalyst preparation. The brganic
complexing agent is needed for favorable catalyst activity. Preparation of
typical DMC catalysts is described, for example, in U.S. Pat. Nos. 3,427,256,
3,829,505, and 5,158,922.

25 For decades, DMC catalysts having a relatively high degree of
cryétallinity were used for making epoxide polymers. The most popular
catalyst contained an organic complexing agent (usually glyme), water,
some excess metal salt (typically zinc chloride) and the DMC compound
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crystallinity were used for making epoxide polynmers. The npbst popul ar
catal yst contai ned an organi ¢ conpl exi ng agent (usually glyne), water,

Sonme exce | salt (typically zinc chloride) and the ound
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(see Figure 2). Activity for epoxide polynerization, which exceeded the
activity available fromthe commerical standard (KOH), was thought to be
adequate. Later, it was appreciated that m)?e active catal ysts would be

val uabl e for successful comrercialization polyols from DMC catal ysts. 5
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preparati o Pat. Nos. 5,482,908 and 5,545,601). Compared with earlier DMC catalysts,
the DMC catalysts described in U.S. Pat. Nos. 5,470,813, 5,482,908, and
5,545,'601 have excellent activity and give polyether polyols with very low
unsaturations. The catalysts are active enough to allow their use at very low
concentrations, often low enough to overcome any need to remove the
15 catalyst from.the polyol.

The most active DMC catalysts now known generally have relatively
low degrees of crystallinity. Homogenizing the reactants to efficiently
incorporate organic complexing agent into the catalyst framework or
including a polyether (usually a polysther polyol) in the catalyst preparation

20 results in highly active DMC catalysts. Powder X-ray diffraction analysis of
these types of catalysts reveals é substantially non-crystalline catalyst (see
Figure 1).

Even the best DMC catalysts known could be improved. For

example, the catalyst of U.S. Pat. No. 5,470,813 tends to give polyols with

25 a high level of high molecular weight polyol tail and/or gel formation if the
polyol is made under “stressed” conditions (e.g., fast epoxide addition, very
low catalyst concentration). Gel formation fouls reactors. High molecular
weight polyol tail can also contribute to unacceptably high polyol viscosities
and difficulty with polyurethane foam processing.
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. would dry to an easily crushed cake. An ideal catalyst would give polyether

polyols with low unsaturation, a reduced amount of high molecular weight

15 polyol tail, and reduced problems with gel formation and reactor fouling. An

ideal catalyst would be active enough to use at very low concentrations,

preferably at concentrations low enough to overcome any need to remove

the catalyst from the polyol.

SUMMARY OF THE INVENTION

20 The invention is a double metal cyanide (DMC) catalyst useful for
epoxide polymerizations. The catalyst comprises a DMC compound, an
organic complexing agent, and from about 2 to about 80 wt.% of a
functionalized polymer or a water-soluble salt derived from the polymer. The
invention also includes a method for making the catalysts, and a process for

25 = making epoxide polymers using the catalysts.
| surprisingly found that DMC catalysts that include a functionalized
polymer as defined below are substantially non-crystalline and also have
high activity for polymerizing epoxides. The activities are comparable to
those already reported for DMC catalysts that incorporate polyethers (see
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formation and reactor
wexght polyol tail, and reduced problems with gel formation and reactor
fouling, even when the polyol is made under stressed conditions.
Apparently, a key to makihg highly active DMC catalysts is to inhibit
formation of highly crystalline forms of the catalyst. Incorporation into the
15 catalyst of a functionalized polymer produces a substantially non-crystalline
catalyst that is easy to prepare and isolate, is highly active, and gives high-

quality polyether polyols.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows powder X-ray diffraction patterns for a catalyst of

20 the invention (from Example 4), a polyether-containing DMC catalyst

prepared as in U.S. Pat. No. 5,482,908 (see Comparative Example 9),

and a substantially amorphous catalyst made in the absence of a

functionalized polymer additive as prepared in U.S. Pat. No. 5,470,813

(see Comparative Examples 10 and 11). Figure 2 shows a conventional
25 zinc hexacyanocobaltate-glyme catalyst. Figure 3 shows a zinc

hexacyanocobaltate made without a complexing agent.
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M(1V), MV, hlthblgrolfd ¥onsisting of Zn(ll), Fe(ll), Co(ll), and Ni(ll). In the formula,
X is preferably an anion selected from the group consisting of halide,

hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, and nitrate. The value of n is from 1 to 3 and
15 satisfies the valency state of M. Examples of suitable metal salts include,
but are not limited to, zinc chloride, zinc bromide, zinc acetate, zinc
acetonylacetate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll) bromide,
cobalt(ll) chloride, cobalt(ll) thiocyanate, nickel(ll) formate, nickel(ll) nitrate,

and the like, and mixtures thereof.
20 The water-soluble metal cyanide salts used to make the double
metal cyanide compounds useful in the invention preferably have the
. general formula (Y),M'(CN) (A) .in which M' is selected from the group
consisting of Fe(ll), Fe(llt), Co(ll), Co(lll}, Cr(l), Cr(ill), Mn(l1), Mn(lll), Ir(lll),
Ni(il), Rh(ill), Ru(il), V(lV), and V(V). More preferably, M' is selected from
25 the group consisting of Co(ll), Co(lll), Fe(l1), Fe(lll), Cr(ili), Ir(111), 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, cyanide, oxalate, thiocyanate, isocyanate, isothiocyanate,
30 carboxylate, and nitrate. Both a and b are integers greater than or equal to
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like. agent. Generally, the complexing agent is relatively soluble in water.
15 Suitable complexing agents are those commonly known in the art, as taught,

for example, in U.S. Patent No. 5,158,922. The complexing agent is added
either during preparation or immediately following precipitation of the
catalyst. Usually, an excess amount of the complexirig agent is used.
Preferred complexing agents are water-soluble heteroatom-containing

20 organic compounds that can complex with the double metal cyanide
compound. Suitable complexing agents include, but are not limited to,
alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides, and mixtures thereof. Preferred complexing agents are water-
soluble aliphatic alcohols selected from the group consisting of ethanol,

25 isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol, and
tert-butyl alcohol. Tert-butyl alcohol is most preferred.

A key component of the DMC catalysts of the invention is a
functionalized polymer or its water-soluble salt. By “functionalized polymer”
we mean a polymer, other than a polyether, that contains one or more

30 functional groups containing oxygen, nitrogen, sulfur, phosphorus, or
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15 -NHR, -NR,, -SH, -8R, -COR, -CN, -Cl, -Br, -C,H,-OH, -C,H,-C(CH,),OH,
-CONH,, -CONHR, -CO-NR,, -OR, -NO,, -NHCOR, -NRCOR, -COO -COOR,
-CHO, -OCOR, -COO-R-OH, -SO,H, -CONH-R-SO.H, pyridinyl, and
pyrrolidonyl, in which R is a C,-C; alkyf or alkylene group, and n has a value
within the range of about 5 to about 5,000. More preferably, n is within the
20 range of about 10 to about 500.

Optionally, the polymer also includes recurring units derived from a
non-functionalized vinyl monomer such as an olefin or diene, e.g., ethylene,
propylene, butylenes, butadiene, isoprene, styrene, or the like, provided that
the polymer or a salt derived from it has relatively good solubility in water or

25 - mixtures of water and a water-miscible organic solvent.

Suijtable functionalized polymers include, for example,
poly(acrylamide), poly(acrylamide-co-acrylic acid), poly(acrylic acid}, poly(2-
acrylamido-2-methyl-1-propanesulfonic acid), poly(acrylic acid-co-maleic
acid), poly(acrylonitrile), poly(alkyl acrylate)s, poly(alkyl methacrylate)s,

30 poiy(vinyl methyl ether), poly(vinyl ethy! ether), poly(viny! acetate), poly(vinyl
alcohol), poly(N-vinylpyrrolidone), poly(N-vinylpyrrolidone-co-acrylic acid),

1S SHEET HAS BEEN
REPLACED
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least about 2 wt.% of the polymer is needed to significantly improve the
catalyst activity compared with a catalyst made in the absence of the
polymer. Catalysts that contain more than about 80 wt.% of the polymer are
generally no more active, and they are often difficult to isolate.
20 The molecular weight of the functionalized polymer can vary over a
fairly wide range. Preferably, the humber average molecular weight is within
the range of about 300 to about 500,000; a more preferred range is from
about 500 to about 50,000.
| surprisingly found that DMC catalysts that include the functionalized
25 polymers described above are substantially non-crystalline and also have
high activity for polymerizing epoxides. By “substantially non-crystalline,” we
mean lacking a well-defined crystal structure, or characterized by the
substantial absence of sharp lines in the powder X-ray diffraction pattern of
the composition. Conventional zinc hexacyanocobaltate-glyme catalysts

30 (such as those described in U.S. Pat. No. 5,158,922) show a powder X-ray



8 pol y( N, N-di met hyl acryl am de), poly(vinyl nethyl ketone),

pol y(4-vinyl phenol ), pol y(4-vinyl pyridine), poly(vinyl chloride),
pol y(acr ykwe ogygé3de CO- St yr ene) , pol y(vi nyl 5U|fate),PE9hﬁ6%h§%$

sul fate) sodiumsalt, and the like. In other preferre

catal ysts of the invention, the functionalized 5 polymer is selected
fromthe group consisting of polyesters, p@)ycarbonates - oxazoline
pol ymers, polyal kyl eni m nes, naleic acid and mal ei ¢ anhydri de

I hyd t I t.al Th
Funct ] onai | zed. SOFAEIoN pafiEh %ﬁ%?"'e 9LABHY SHarB e MRS Gbatas it aec)
pol y(di propyl enoalgnmwhasdlap&ﬂ?h ?iree( lof6-drpstalinfty o(sedr Pifimé € b). pot?{-{@
10 et hyl - 2- oxazol i ne),. poly(vinyl butyral-co- V|nyI al cohol - co-vi ny
acetate), and exacyapﬁgobaltaée PseRAred)in y‘Q aksenge of a complexing age@éﬂ&ab@t S

f th
the total anouniony GErEInERea ey dnTesitast batbngls orahe invehfi fie”
Preferabl y5 thethoseaesstisedimlt) 8. PatrNos.5)470,893tandd)482,908, dfe %bﬁtaﬁﬂ'@ 15

pol yner; nost preferred is the an e fr about 10 to about 60 wt. %
| east about 2 \/Jt"o%c&(ei?wge&??/ %’é@ l?%f%'i"@lﬁ’ﬁ"&@ﬁﬁl%r”)mrove the

ol yror. Catalysts (hapies ﬁ%‘%%‘%‘%f g HelRberhfaisoormbaSi R ola dtieey,
general |y no noreposted foe DM ¢atdlpsts dinat intorpordie polyethers ¢sées U.81 Pat.2os.
fairly vide rangdoznh andih oI5 Bis rans are SeDekdly hohes dhar the gtivites of
within 40  t&Rphfasle daftang&@,%aae%fu?e %Bgéﬁcé%@tﬁg@uncﬁldﬁ%ﬁﬁiarp‘glﬁ'ﬁéﬁd

range is from about t o about ,
surprisingly foﬁﬁd' ableai (Delow shawgscatalysis of thel instentivre have @ctivitisksi gredtets

pol ynmers descri bov bst a on- c taII| and al so, have
high activity f 9%@1 'B(&Fé@?é %?/"‘ ﬁ{lﬁ ﬁc compared w with

non-crystal i neless\tﬁan 10 g PO/fikR @&t e ppniforaa é&ﬂdlyéﬂ@‘réﬁ@t‘édqhxﬁé%bs%hbécdfur e,
or characterized b substanti al absence of sharp lines in the

powder X-ray dlhera@ptx@ma!ﬁsdtmlmsf t he conposition. Conventi onal

zinc hex anOCObal S%%ygﬁp@t\g% I;’g{,)ws @H@qu anraogqls%egﬁé %gei :

U S Pat. . 5,158,
of the mventlon are substantially non-crystalline or amorphous. In fact, the

powder X-ray diffraction pattems for catalysts of the invention are
remarkably similar to those we described in those earlier patents. The
teachings of U.S. Pat. Nos. 5,470,813 and 5,482,908 related to catalyst

20 characterization by powder X-ray diffraction are incorporated herein by
reference.

Catalysts of the invention are characterized by the substantial absence
of sharp lines and relatively few signals. Figure 1 shows powder X-ray
diffraction patterns for a catalyst of the invention (containing poly(vinyl

25 methyl ether) as the functionalized pol;lmer, see Example 4), a polyether-
containing DMC catalyst as described in U.S. Pat. No. 5,482,908 (see
Comparative Example 9), and a substantially amorphous DMC catalyst
containing no polymer additive as described in U.S. Pat. No. 5,470,813 (see
Comparative Examples 10 and 11). As the figures demonstrate, the traces

30 are remarkably similar in spite of the presence or absence of a polymer



9 diffraction pattern containing many sharp |ines, which indicates
that the catal yst has a high degree of crystallinity (see Figure
2). Zinc hexacyanocobal tate prepared in the absenc f a

conpl exi ng"2g&AE3Ys al so highly crystalline (see Fi S’G&@P§7’."5ﬁ3§ .
contrast, catalysts of the invention, like 5 those described in U S
Pat. Nos. 5,470,813 and 5, 482,908, are substantially

non-crystalline (see Figure 1 and Conpar at i\ Exanples 9-1 1).

Activities of catalysts of the invention are conparable to those already

reported for DVEEHHE.andinspie of REefppad diftergreseimibiekind of polysnepadditives .

5, 482,908 and 5, hi jwiti f
20 07 conpar abt Eoldfigt or WACHRISEASAmEn Y pkdephefoB by e 58RI
pol yrer . depdradd soriewhal onmiheshmiount obfumictiohalizd pbiymery e haturbafe

activities greater than about 15 g PO mn. at 20-25 ppm catal yst and
105[err] C conpar’ie R@lymer, and the m&yepime Qigapicymplexing agentp Geneally the

ke Lhe ool yereoRe' BF cRRRANGE Beoraases i) InctBEing By faipy iBmet
of the inventioncemtentsubstantially non-crystalline or anorphous. In fact,
are Fermar kabl P rETGHEoLFa T ot Do aEdoR il & sholsoralaielushar
patents. The E/owdgg%my;ﬁﬁfr%ﬂdr\ ﬁeaﬁ’?ét-a Nosp %@7&1%&1@% for Heu? WPs

a ut'S.
related to catalyst aracterl zation by po r X-ray action are
i ncor por at ed her amgsttoms, which corregpendsto an angle of about 23ttalapsut 24fdddrees

e 0 5 ek o e 3585, 250 apsfori e

di ffraction pattgsmespetids? € IuN-AidtRf hallehd (FWHRY) 08t &f bt RPBY (YhNY!
25 nmet hyl ether) as the functionalized gol ynmer, See Exanple 4 a
gay

pol'yet her - preferredicatalystamMbecrgshiof the sliffraiction pattamn 4s sebstantially

DM catal yst - Mon-crysTRRg; b SRR et hrpRde” pRHkE e Bl
Pat. No. 5,470, 8gadingeof about 4. LedA® ahgstrorhs apoets18 & 19dehkdes A@g‘tﬁ@ta?

figures denopnstrate, the traces 30 are remarkablc)/ simlar in spite o
the present® or andaheut %P tab67aRgRtroms (about 13 to 15 degrees two theta) dominate

the pattemn. Additional, much smaller non-crystalline peaks are usually

present. Figure 1 shows a preferred catalyst of the invention (functionalized
polymer = poly(vinyl methyl ether), see Example 4) that has powder X-ray
diffraction peaks at d-spacing (angstroms): 3.75, 4.81, and 6.06.

20 Catalysts of the invention are easily isolated during preparation by
simple filtration, thus avoiding the need for centrifugation. As the examples
below demonstrate, a simple pressure filtration can be used when the
catalyst is washed and isolated. As Comparative Examples 10 and 11
show, cataiyst isolation in the absence of a functionalized polymer requires

25 the more difficult centrifugation routine.

Dried catalysts of the invention are easily reduced to free-flowing

powders without the need for crushing or pulverizing under great force. This

~ contrasts with most DMC catalysts, which are commonly dried to a cake and

then crushed to make a powder. As shown in Comparative Examples 10

30 and 11 and Jap. Pat. Appl. Kokai No. 3-245848, a difficult crushing step is



10 additive, and in spite of profound differences in the kind of
pol ymer additive (pol yether or functionalized polyner). The exact

posi tion QfobdfsREAKS depends sonewhat on the anpunt
functionalg‘f zedfspo ymer, the nature of t he pol yner, aggi‘ltmﬁgw%sas?%r e. of

t he organi c conpl exi ng agent. Generally, the 5 degree of crystallinity
decreases with increasing functionalized p?%ymer contents.
Preferred catal ysts of the invention exhibi’t a single relatively sharp

powder X-ray diffraction peak, at a d-spaci of abouyt 3,7 to about 3.8
angstroms, whi cﬂo%?%éé t%can\'%fﬁ@p 3"63(‘]%&1?3 stdiltgs pakeptp pewdass 10

two theta. Thi scgfaaﬁt_g&? éﬁﬁi}\)aéﬁlg}r}‘lg{é%: il @e&?épwtregggvﬂﬁg%g i _which

f
corresponds to a val ue of about
preferred catal yst s,Palyraerizationodf epoxidésrwith iiefdatalysisof thainvention produces
substantial ly

- tal line; addi ti ' d eak
centered aroundP@lyols hréc‘),?ngc; 3 ﬂ?&lén@s ﬁ%ﬁng: 7.@3%35%%55{%;%%%@3&518
to 19 d t t
15 degreastuo TedOfHRh 18vels foriifa066 ol wh doli BofygRpRnep o tinder | 2,
non-cryst al | i nespesses! conlitionseat 480°C are 0.904420:007Mngqfg: Rolybtsnmase from
Pol y(vi myl * mot nitabydie e the VERL R Tontail THORER 1674ls g biohiclplr weight
diffraction peajgiyaf t&lr,senﬁmémzcéa%b@ﬁsmrﬁgégforﬁ\a‘ﬁbn and réabfor fggung,

Catal ysts of the i'nvention are easily isolated during preparation
sinple filtratieventwoen dheirplyel isnmnadscunder siressedfeandilions sucht as low

when the 10 caBRY ReRARRH, Sptrn L RIS, AR TANS BRENEY & ° 1o
and 11 _ sb@wlg/sm@deyanthbepammamdamé@po@bﬁ@ﬂ@@dmf/e,amhuﬁqiée@ﬂahdéred
pol ymer requires 2 the nore difficult centrifugation routine.

Dried catal yst sStsessast qongitionsont 2% RRB| ¢atalyst 2-bopr cadditien, tige for
propylene oxide (see Comparative Example 11), gives a polyol with
unacceptably high viscosity (17000 cps), a relatively high content of high

15 molecular weight polyol tail (8260 ppm of polyol having a peak molecular
weight greater than 100,000), and significant reactor fouling from gel
formation. Catalysts of the invention overcome these problems by giving
polyols with low viscosities, low contents of high molecular weight tail, and
no reactor fouling even under stressed conditions.

20 Apparently, a key to making highly active DMC catalysts is to inhibit
formation of highly crystalline forms of the catalyst. While DMC catalysts
having a relatively high degree of crystallinity have been used for decades
for making epoxide polymers, it has now become clear that DMC catalysts
having relatively low crystallinity are more desirable. The invention provides

25 a general route to substantially non-crystalline catalysts. Incorporation into
the catalyst of a functionalized polymer produces a substantially non-
crystalline catalyst that is easy to prepare and isolate, is highly active, and
gives high-quality polyether polyols. '

The invention includes a method for making the catalysts. The

30 method comprises reacting aqueous solutions of a metal salt and a metal



powders w t hout the need for crushing or pulverizing under great force.
Thi s contrasts with nost DMC catal ysts, which are commonly dried to

a cake andwogsllsslo then crushed to make a powder. As shown ?gzgﬁgglagégl ve

Exanpl es 10 and 11 and Jap. Pat. Appl. Kokai No. 3-24

difficult crushing step is normally required to convert a
dried DMC catal yst filter cake to powder. Catal ysts of the invention
are easily reduced to free-fl ow ng powders.12 Pol yneri zati on of
epoxides with the ca alsyﬁts f the invention produces . pol yol s havi ng
very | ow unsat urcé(tai”é#%. alll PECSENARHRE an 98@%"5? canplexing agenhiansh the

| evel s for an 8 i-WH . oxypropyl ene) di ol made under

stressed condi t?gﬁgﬁ?r;#altlz%% err ¥C£are 0.004 to 0.007 neq/g. Polyols nmade
from cat al yst sincf typg;al imetbodj agueaurs solutions of adnbtal satt (stichiaghzine

| ecul ar wei ght . lyol, tail., an educed prohlens with gel
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stressed cenditiZyBirst/fdachsd irptMelﬁresenEéwlahSérgﬁﬁmC@éﬁ.Egé agﬁﬂt {&?&h as
a cat al yst out a

Xi
epoxi de addition. As Table 1 shows, ) ) de
functional i zed gertybulyl aleahol) end thiedunotienaliredgrolymer using efficient mixinig to ons

of 20 m cat al nd 2-houyr, addi ti ti for . . propyl e oxid see
Conpar glto i ve Exaﬁ%)gﬁﬁgﬁ?g{a&%§ lﬁwpofﬁ%lm%{ ﬁaﬁ 1S usedl%&éﬁg%?'a I '*’I’I"?‘tﬁf)’ss
viscosity (1700GePp tontainsthatrbdtich prodlcconthethe® shit dhdHaetal cPRhiBEWAY,
wei ght polyol tail (9260 ppm of pol i/ol havi ng a peak nol ecul ar

&

wei ght greater twhighisgheotpublemetel gyanidesampednd.orAlsopreagnt ammeyecess

ol yol s with | oSt Bl Wier, MHGAMC S BHEAH BT Babhf SRaLBRGie38 Robrath
and no r eswhals ificorpbrajed (e Bonedexteat incthecshtaystistriuctore. 20
Apparently, a key to jmking highly active DMC catalysts is to inhibit

formation of highly cT@%f%cﬁrﬂé ae Fambited anydesisad temprraturemPretarablyst s
o P o Gl Sopepared O SRR el A
temperature to about 80°C; a more preferred range is from about 35°C to

15  about 60°C.

The organic complexing agent and functionalized polymer can be
included with either or both of the the aqueous salt solutions, or they can be
added to the catalyst slurry immediately following precipitation of the DMC
compound. It is generally preferred to pre-mix the complexing agent with

20 either aqueous solution, or both, before combining the reactants. If the
complexing agent is added to the catalyst precipitate instead, then the
reaction mixture should be mixed efficiently with a homogenizer or a high-
shear stirrer to produce the most active form of the catalyst. It is generally
preferred to add the functionalized polymer following precipitation of the

25 DMC compound. The_polymer-containing catalyst is then usually isolated
from the catalyst slurry by any convenient means, such as filtration,
centrifugation, decanting, or the like.

The isolated polymer-containing solid catalyst is preferably washed
with an aqueous solution that contains additional organic complexing agent

- 30 and/or additional functionalized polymer. After the catalyst has been



having relatively low crystallinity are nore desirable. The invention
provi des 25 a general route.to substantially non-crystalline catalysts.

I ncorpora%&&&&%on_ the catalyst of a functionali zed g]r%&ggé g oduces

a substantia crystalline catalyst that is eas

and isolate, is highly active, and gi ves high-quality polyether
pol yol s. The invention includes a nethod for making the
catal ysts. The 30 met hod conpri ses reacﬂﬁng aqueous sol utions of a netal

salt and a met al

cyani de salt i nwagheshdbismusually areferrgdriocdanitmdar n‘ga%t!ﬁtwﬁﬂdhteheata!yst
functionalized %Xﬁ@é’; 2 5onstant wejght,. Shf?atﬂettc\éa‘u‘ﬁgkfeg%mr sgﬁ@ugﬂﬁgf,%@tmg

sol utions of a such a oride

cyani de salt (sm@camiyma@eewnuwnusmanw 55482,908, the teaehingsdf wisigkt ed
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al cohol ) and t h@re ifeaPe 6e‘ﬂchyyrﬁéﬁ"eﬂ§ ng efficient mxing to

roduce a gatal yst sl t
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t
tenperature. Pre the catalyst |Is prepared at a tenperature
within the rangenmtumlsdmerem‘omThe proceserqwr bewsed to abake raﬂ[:iem]cﬁ blackor e

The. or gani’® comsoBRNERtEgello Shaina ReTbEAHbs. ¥ §FamPlean Hvether polyol
i ncluded with ei édGrfonbﬂiebPysnféaﬁaﬁéwoﬁaﬁéau%@htméPk driteSof &hyidfGaycan

be added to the cata t slurry inmediately follow ng precipitdtion
of .the DMC groupmwpmlnl@g initiatar. general |y preferred to pre-mx the

conpl exing agent w t ht)ther monomers that will copolymerize with an epoxide in the

. presence of a DMC compound can be included in the process of the

15 invention to make other types of epoxide polymers. Any of the copolymers

known in the art made using conventional DMC catalysts can be made with

the catalysts of the invention. For example, epoxides copolymerize with

oxetanes (as taught in U.S. Patent Nos. 3,278,457 and 3,404,109) to give

polyethers, or with anhydrides (as taught in U.S. Patent Nos. 5,145,888 and

20 3,538,043) to give polyester or polyetherester polyols. The preparation of

polyether, polyester, and polyetherester polyols using double metal cyanide

catalysts is fully described, for example, in U.S. Patent Nos. 5,223,583,

5,145,883, 4,472,560, 3,941,849, 3,900,518, 3,538,043, 3,404,109,

3,278,458, 3,278,457, and in J.L. Schuchardt and S.D. Harper, SPI

25 Proceedings. 32nd Annual Polyurethane Tech./Market. Conf. (1988) 360.

The teachings of these U.S. patents related to polyol synthesis using DMC
catalysts are incorporated herein by reference in their entirety.

Polyether polyols (or monols) made with the catalysts of the invention

preferably have average hydroxyl functionalities from about 1 to 8, more

30 preferably from about 2 to 6, and most preferably from about 2 to 3. The



20 ei t her aqueous solution, or both, before conbining the reactants. If
t he conpl exi ng agent is added to the catal yst precipitate instead,

t hen the reaction m xture should be m xed efficiently with a
hormogeni zeV@ P34 gh- shear stirrer to produce the nBSTERXH45638 f or m

of the catalyst. It is generally preferred to add the functionalized
pol ynmer follow ng precipitation of the 25 DMC conpound. The

pol yner-containing catalyst is then usuallyl#sol ated fromthe

catal yst slurry by any conveni ent neans, such as filtration,
centrifugation, pelyalsipretgrably have nurrer average molecular weights withirethe range

Bautons <ol ut i ondtaaRut e Gidholdien and B b inereR B Tonas s fomheuEh.o0
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13 washed, it is usually preferred to dry it under vacuum unti
cat al yst 809hes a constant weight. Suitable techniques for washing

and isolatipgg ' ' A 5.4 908,
t he teachi ngs of whi chﬂg fsmhéfeé(aﬁpj%gﬁﬁe&é&ﬁ@ﬁﬁ@%ﬁ%@ﬁﬁ?@m@e sﬁﬁledo
The invention inpl tHiearawilr ARRYided makvagativhsethati i WiRhin e spirit of thEhi S
process conprises polynerizing an epoxide in the presence of a double

netal cyani de callyeptieon @ndiscopeRidheiaimser ef erred epoxi des are et hyl ene
oxi de, propyl ene oxide, butene oxides, styrene oxide, and the |ike, and

m xtures thereof. The process can be used to nmake random or bl ock 10
copolyners. The epoxi de pol ymer can be, BEXAMPkKEpl e, a pol yet her polyol

ar oup- cont ai ni ng FA@Vek bfeparation: Zing HexacysisobaUREPatH Agoral Gomplex.
oo T el | he " obos oG PO NRERGAGLEBYE, corpound oon

epoxi de pol yners. Any of the copol yners :

A 5.0 wt.% solution of poly(N,N-dimethylacrylamide) in distilled water

is prepared (Solution 1). Zinc chloride (75 g) is dissolved in distilled water

(275 mL) and t-butyl alcohol (50 mL) to give Solution 2. Fifty grams of

Solution 1 is added to the zinc chloride solution. Solution 3 is made by

15 dissolving potassium hexacyanocobaltate (7.5 g) in distilled water (100 mL).

Solution 3 is added to the zinc chloride/poly(N,N-dimethylacrylamide)

mixture over 30 min. while homogenizing the mixture at 20% of the

maximum mixing intensity. The reaction temperature is kept at 50°C during

the course of the reaction with an internal coil for heating or cooling. Mixing

20 intensity is increased to 40% for the next 10 min. of mixing. The mixture is

pressure filtered through a 5 micron filter at 40 psig. The filter cake is

reslurried in a mixture of {-butyl alcohol (200 mL) and distilled water (70 mL),

the mixture is homogenized at 40% intensity for 10 min., and is tﬁen

pressure filtered as described above. The solids are resiurried in t-butyl

25 alcohol (185 mL), and the washing and isolation process is repeated. The

filter cake is dried in a vacuum oven at 60°C to constant weight. The dried

catalyst is easily crushed to a free-flowing powder. The catalyst contains 24



known in the art made using conventional DMC catal ysts can be nade with
the catal ysts of the invention. For exanple, epoxides copolynerize with
oxetanes (wWodsagflgt i n U. S. Patent Nos. 3,278,457 and 3, 404,54%p gzgg

pol yethers, or wth anhydrides (as taught in U S. Patent Nos. 5,1 §3 and
20 3,538,043) to give polyester or polyetherester polyols. The
preparation of pol yet her, pol yest er, 4 $nd pol yet herester polyols

usi ng doubl e nmetal cyanide catalysts'ts fully described, for

S oan. a9, 3 o00vh a5l RoRBENettyaE iarige): Catay ANty sakBropVERe axide
and in J.L. Schugé ? Zaﬂgn&@ag—?wmnsgﬁ@ﬁppm Capaedi ngs, 32nd Annual

Pol yur et hane Tech. rket. Conf 1989) 360. THe teachi ngs of these
U S. patents rel ated to pol yol synthesis using DMC catal ysts are

I ncorporated herein by reference in thej Pol yet her
polyols (or nonols) made with the catal GWFE%e I nvention

preferably have agataigst Prepacation: Zime Heragydridoobaltatart-bagl hicbHo Gomprike 30
preferably from about 2 to 6, and npst preferably fromabout 2 to 3. The

14 Bolyol s preferably HeQrtaining Plﬂ\?éﬂ%ldﬂyrﬁﬁlﬂf&ﬂﬁ)ar wei ght's wi t hin
t he range of about 500 to about 50, 000. nore preferred range is

about 2,000 | o about 2RSS %9%S°%ﬁt'n%‘s?ﬁ‘§é“?a§? { Glip A ™

nerely illustratgicbhel (sov@ ?]t@gwemaﬁoﬁhl |pPstessium: hexaéydd&ofyaﬂtam (7.5 g)
recogni ze many variations t are he spirit of the
i nvention and sci§pdisgpiveddncdigiliad water (1 00 mL) to give Solutlon 2. Solution 3 is

EXAVPLE 1 prepibd by HssBIVARTHA | RllinyipyREIIdEHE 6 8 RIS o' mby bk

al cohol Conpl ex
10 t-butyl alcohol (2.0 mL). Solution 2 is added to solution 1 over 30 min. while

homogenizing the mixture at 20% of maximum mixing mtensnty Reaction
temperature is maintained at 50°C during the addition. Mixing intensity is
increased to 40% for the next 10 min. of mixing. The homogenizer is
stopped. Solution 3 is added to the mixture, which is stirred magnetically for

15 3 min., and is then pressure filtered through a 20 micron filter at 40 psig.
The filter cake is reslurried in t-butyl alcohol (130 mL) and distilled water (55
mL), and the mixture is homogenized for 10 min. at 40% intensity. The
homogenizer is stopped. More poly(1-vinylpyrrolidone) (2.0 g) is added, and
the mixture is stirred magnetically for 3 min., then pressure filtered as

20 described above. The filter cake is reslurried in t-butyl alcohol (185 mL) and
is homogenized at 40% intensity for 10 min. The homogenizer is stopped.
More poly(1-vinylpyrrolidone) (1.0 g) is added, and mixing, filtration, and
isolation of the catalyst solids proceeds as previously described. The cake
is dried under vacuum at 60°C to constant weight. The dried catalyst is

25 easily crushed to a free-flowing powder. The catalyst contains 22 wt.% of
poly(1-vinylpyrrolidone). Catalyst activity for propylene oxide polymerization
is 12.2 g PO/min. at 25 ppm catalyst.



10 Cont ai ni ng Pol y(N, N-di met hyl acryl am de)
A5 0 w.%solution of poly(N Ndinethylacrylamde) in distilled water

ot or WO BEBYHTPY 2k bty &l cohol (50 nl) {0 give SSFARURIS Firiy

grans of Solution 1 is added to the zinc chloride solution. Solution
3 is made by 15 di ssol vi ng pot assi um h%acyanocobal tate (7.5 g) in
distilled water (100 ni). Sol uti on is added to the zinc

chl ori de/ pol y(N, N-di met hyl acryl am de) | xture over 30 mn. while
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filter cake is reslurried in a mxture of t-butyl alcohol (200 ni)

and distilled water Zﬁﬂ@cﬁfg}lde solution 825 W%gg&é}%r ][‘P%T.ng@ &&5ib g{escr it

intensity for 10 mn ed as
above. Th& sol digtilled evvatesl(%@lmti) landtt—bunyylalmol (59Imb)1d>d> divéBatljionahd t he

"2 vacuum ovoRTRS HE PR RoRAREE A7 5 i dissaed dp ified afor o , St
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propyl ene oxi d\élnylpyfmhdmﬂﬁrp?ﬁ!sfyhﬁaﬂql@r’(& éQ)ZB'I wagerF(@Drmh) arad t-mmylmimhol
catal yst.

Catal yst Prepaffi D) ARLtieR 2,18 added i solytion 1,0¢4] g R Gomwhile 5
Cont ai ni 0y Pol kbdogenyiting thelmigture)at 20% of maximum mixing intensity. Mixing

intensity is increased to 40% for the next 10 min. of mixing. The
homogenizer is stopped. Solution 3 is added to the mixture, Which is stirred
magnetically for 3 min., and is then pressure filtered through a 20 micron
filtter at 40 psig. The filter cake is reslurried in t-butyl alcohol (130 mL) and
15 distilled water (55 mL), and the mixture is homogenized for 10 min. at 40%
intensity. The homogenizer is stopped. The mixture is pressure filtered as
described above. The filter cake is reslurried in t-butyl alcohol (185 mL) and
is homogenized at 40% intensity for 10 min. The homogenizer is stopped.
Filtration and isolation of the catalyst solids proceeds as previously
20 described. The cake is dried under vacuum at 60°C to constant weight. The
dried catalyst is easily crushed to a free-flowing powder. The catalyst
contains 24 wt.% of poly(1-vinylpyrrolidone-co-acrylic acid). Catalyst activity
for propylene oxide polymerization is 17.2 g PO/min. at 20 ppm catalyst.



Zinc chloride (75 g) is dissolved in distilled water (275 nmL) and t-butyl
al cohol (50 nL) to give Solution 1. Potassi um hexacyanocobaltate (7.5 Q)
i s dissoly, ' j,stilled water (100 nlL) to give Solution 2. *57@8 31is
pr epar ed b?q’cﬂsgg%ﬁovi ng pol y(1-vinylpyrrolidone) (8.0 g) in V\lI:":I er &r?t) )
and 10 t-butyl alcohol (2.0 nmL). Solution 2 is added to solution 1 over

30 mn. while honogeni zi ng the m Xtﬁée at 20% of maxi mum m xi ng
intensity. Reaction tenperature is i ntained at 50[err] C during
the addition. Mxing intensity is increased to 40% for the next 10
m n. of m xing. The honogenizer is EXA“&?B% d. Solution 3 is added to

the m xture, whi | tr ' ' ' n
pressure filter egé? tﬁr%%g%@gs%m%gmdnﬂg %‘%%/yeérr%:to i’ggaﬁ?ﬁgmamﬁw dﬂ?‘éb@?l ter
cake is reslurried in t-butyl dlentasling Paly(vinyl methyiethet)l ed wat er (55
mL), and the m xture is honogenized for 10 mn. at 40%intensity. The

honogeni zer is stopped. Mdire poly(1l -vinylpyrrolidone) (2.0 g) is added,
q th et : . ) : R
an € mXtURg %g C}ﬁé‘KJ §&dt@ﬁgﬁﬁbrﬂﬁh&%’g{<e%yl3etﬁbfs)lm dléﬁ%d)ﬁlé%éﬂfse

filtered as 20 ~descri ove. ter el1s reslurried in t-butyl
al cohol (1& nl)prapared (Solution $). hdinogblorided335 g)awd tenagraimsyoffSolution i are

5 added  and" m GOMBINGY Aith-gistiied el (18P hEL AR HBHHE Adal dbstimya ¥
solids proceeds lf%darc%visauﬁldh desogolofisn INs sr¥eared by dissjd;viggi petasaiah

vacuum at 60[err to constant wei %ht. The dried catal’yst _easily
crushed to a frchexacysinogopaliater (3.7heg)cin distiledcwater mbLat . Solution 4 is

pol y(1-vinyl pyrrolidaone). I | Vi f i
DOl YL DY S90Sl ESORRR S @88 Patconol (1.0
16 10 _ ml)., Solution 3 is added to SIRMAHPLE cver 15 min. &RBT°Csivhile
Preparation: Zinc xacyanocobal tate/t-butyl al cohol Conpl ex

Cont ai ni ng Pol y(homogenizing the daixiire At23%] ¢fcmaximym mixing intensity. Mixing
intensity is increased to 40% for the next 10 min. of mixing. The
homogenizer is stopped. Solution 4 is added to the mixture, which is stirred
magnetically for 3 min., and is then pressure filtered through a 20 micron

15 filter at 40 psig. The filter cake is reslurried in t-butyl alcohol (65 mL) and
distilled water (27.5 mL), and the mixture is homogenized for 10 min. at 40%
intensity. The homogenizer is stopped. Additional aqueous poly(vinyl
methyl ether) (13.5 g of Solution 1) is added, and the mixture is stirred
magnetically for 3 min. The mixture is pressure filtered as described above.

20 The filter cake is reslurried in t-butyl alcohol (82.5 mL) and is homogenized
at 40% intensity for 10 min. The homogenizer is stopped. Filtration and
isolation of the catalyst solids proceeds as previously described. The cake
is dried under vacuum at 60°C to constant weight. The dried catalyst is
easily crushed to a free-flowing powder. The E:atalyst contains 8.0 wt.% of

25 poly(vinyl methyl ether). Catalyst activity for propylene oxide polymerization
is 25 g PO/min. at 25 ppm catalyst. Figure 1 shows a powder X-ray
diffraction pattern for this catalyst.



Zinc chloride solution (62.5 wt.%in water, 120 g) is conbined with 5
distilled water (230 nL) and t-butyl alcohol (50 nlL) to give Solution 1.

Pot assi u ocobaltate (7.5 g) is dissolved in di stll g,g,& 100
nm) to give g l ?dqon 2. Solution 3 is prepared by dissolving P@%@“”( _
vi nyl pyrrolidone-co-acrylic acid) (8.0 g) in water (50 nmL) and t-butyl

al cohol (2.0 m.). Solution 2 is added to solution 1 over 30 mn. at
50[err]C while 10 honogeni zing the m xt\#e at 20% of maxi mum i xi ng
intensity. M xing intensity is_increased to 40% for the next 10
nmn. of mxi ng The honogeni zeFXAMREBSred. Sol ution 3 is added to

bressure 111t er dPEEEIRPARSIon: Zinc HeRBERRIIOBaltc/Eyt)) Bledtiol Bty v,
cake is reslurried in IdeamlngaPoly(mhyl(rﬂxéfhyh‘ehha)ldndiﬂ’olyemle‘ﬁllel ed wat er

(55 nmL), and the mxture is honogenized for 10 mn. at 40%
I ntensity. The honobgeni zer is stopped. The m xture is pressure filtered as

and | homgane ShRGEATR O BB ey st X POr R ard bR L

stopped. 5 in distiladhwater (2&5 mk.))laa'dl tebutgf alcbhok BRmLyttosgive dSolpti Oﬁeleds
dr.i ed, under vac at 60[err]C

o o
fo Constant vl SLtioREE mage by 4Rsdiingndlnstm bexadianscobalnizi(£s o i
free-flow ng poyseifed Thatédt p ot mb)... SoRRiBha' 8s i 33 Mhd&® Yy p@ls}é{o}v

-vinyl pyrrolidone-co-acrylic_ acid). alyst acti vi rop?lene
oxi de pol yneri zaly(exypropyieng) gldbdﬂﬁmmomcm weight,28.81g)dn distllled water (50
17
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Cont ai ni np Pol yrhifi. ratl 507Et Witile Boffddenizing the mixture at 20% of maximum mixing

intensity. Mixing intensity is increased to 40% for the next 10 min. of mixing.

The homogenizer is stopped. Solution 3 is added to the mixture, which is

stirred magnetically for 3 min., and is then pressure filtered through a 20

micron filter at 40 psig. The filter cake is reslurried in t-butyl aicohol (130

15 mL), distilled water (155 mL), and poly(vinyl methyl ether) (1.0 g), and the

mixture is homogenized for 10 min. at 40% intensity. The homogenizer is

stopped. Additional 1000 mol. wt. poly(oxypropylene) diol (2.0 g) is added,

and the mixture is stirred magnetically for 3 min. The mixture is pressure

filtered as described above. The filter cake is reslurried in t-butyl alcohol

20 (185 mL) and poly(vinyl methyl ether) (1.0 g), and is homogenized at 40%

intensity for 10 min. The homogenizer is stopped. Additional 1000 mol. wt.

poly(oxypropylene) diol (1.0 g) is added, and the mixture is stirred

magnetically for 3 min. Filtration and isolation of the catalyst solids proceeds

as previously described. The cake is dried under vacuum at 60°C to

25 constant weight. The dried catalyst is easily crushed to a free-flowing

powder. The catalyst contains 20 wt.% of poly(vinyl methyl ether) and

poly(oxypropylene) diol combined. Catalyst activity for propylene oxide
polymerization is 17.9 g PO/min. at 25 ppm catalyst.



An 8.0 wt.%solution of poly(vinyl nmethyl ether) in distilled water is 5
prepared (Solution 1). Zinc chloride (37.5 g) and ten grans of Solution 1

are v&&;%*ég&dcw th distilled water (137.5 nlL) and t- butél al cohol ('25

m) to e Solution 2. Solution 3 is prepared by

pot assi um hexacyanocobaltate (3.75 g) in distilled water (50 nml).
Solution 4 is prepared by m xi ng seventeen grans of Solution 1 with
t-butyl alcohol (1.0 10 m.). Solution 3 18 added to Sol ution 2 over 15
mn. at 50[err]C while honogeni zing the m xture at 20% of naxi num

m xing intensity. M xing I nt ensi BXAMPLE® eased to 40% for the next .
10 mn. of mxing, The homkqeni zer is stopped. Solution 4 is added
to the mxture, whatdystPraparation: Znc Hexagypragabaltaje/t-butyd aldahol Complex

fiter oake s resurrieqotnisy POVYRHIAN N ddd BoyBinerbRT 7., 1T g
water (27.5 m), and the mxture is honmpgenized for 10 mn. at 40%
ot byt elher) (13, 5 oZ5% Pl BiT-8g) isdsseived Tosleiarwiad GAY S sickand b
above. 20 2 ‘Tne T RRonBLE2SIN b gV SBNARAI. ScttdH s Fiadt By lidilving. g
i s honpgeni zed potassium hegacyanpeokaltate {8.751d) inidistillEdevatentse mizer Sokition
o oo aty ceccr BBy cpuohd S oot Bofy St babumonyeos) et o
freo- {1 owl ng_povglan stliediter Gyl ) ahd tbutyl B! [0 L) Seluich 3 i agsied
met hyl ether). Osx Spltiongk over {Qmim alps ey white horiagenizing tiee imiaturerat 20%
(1203 Pen T & O F8684 Rbosly. SWiing iRBRYRy B RAISESedSS 8o% for the
18 "~ next 10 min. of mixing. The homodeMP4tiE stopped. Solution 3 is added
to the mixture, which is stirred magnetically for 3 min., and is then pressure
filtered through a 20 micron filter at 40 psig. The filter cake is reslurried in
t-butyl alcohol (65 mL), and distilled water (27.5 mL), and the mixture is
15 homogenized for 10 min. at 40% intensity. The homogenizer is stopped.
Additional 1000 mol. wt. poly(oxypropylene) diol (1.0 g) is added, and the
mixture is stirred magnetically for 3 min. The mixture is pressure filtered as
described above. The filter cake is reslurried in t-buty! alcohol (92.5 mL) and
poly(vinyl ethyl ether) (3.0 g), and is homogenized at 40% intensity for 10
20 min. The homogenizer is étopped. Additional 1000 mol. wt.
poly(oxypropylene) diol (0.5 g) is added, and the mixture is stirred
magnetically for 3 min. Filtration and isolation of the catalyst solids proceeds
as previously described. The cake is dried under vacuum at 60°C to
constant weight. The dried catalyst is easily crushed to a free-flowing
25 powder. The catalyst contains 18 wt.% of poly(vinyl ethyl ether) and
polyether diol combined. Catalyst activity for propylene oxide polymerization

is 21.7 g PO/min. at 25 ppm catalyst.



Cat al yst Preparation: Zinc Hexacyanocobal tate/t-butyl al cohol Conpl ex

Cont ai ni ng Pol y(vinyl nethyl ether) and Pol yether Di ol Zi nc
chl oride (75 Zl and poly(vinyl nmethyl ether) (3.0 g) are dissolved 5 [
di stilled W&Pg 631975 ) and t-butyi alcohol (60 nml) to gi v& SHERN08681.
Solution 2 is made by dissol ving potassi um hexacyanocobaltate (7.5 g) in .
distilled water (100 nl). Solution 3 is made by dissolving

pol y(oxypropyl ene) diol (1000 nol ecul ar weidght, 8.0 g) in distilled water
(50 m.) and t-butyl alcohol (2.0 nL). Solution 2 is added to

Sol ution 1 over 30 10 mn. at 50[ er rEXAMPRILE 7honpgeni zing the m xture at
20% of maxi mum m xi n dntensity. Mxing ipntensity is ncreased to
40% for the next @tagfsrtl.Pr%‘Parﬁ‘f'Qth'."c égxacyan@ﬁgbﬂ@%&w&g@lcpbogp@mglgx
Solution 3 is added to the mxtu [ [ irred magnetically
for 3 mn., and is then pressuretﬁqt%@r datFﬁJrl%eusgtﬁrgoygjtI m cron
filter at 40 psig. The filter cake is reslurried in t-butyl alcohol (130 15 .

m), distilled 155 i d..pol y( i hyl (1.0, 9),
The e o 1 ZRcHikgtde SA0REE28 W ke Mowaley, Jo0i@)isicqmbiieg Wik
honogeni zerg i s  distilled watéP@3d gﬁhgcﬁﬁd @Jwt¥|1&98haptso %L)df@nli@i\fé’ﬁﬁ?ﬁ l€ene)

diol (2.0 g) is added, the mixture is stirred magnetically for
3 nmin. The mi xt Petassium dexaeyanocobaltater (7.5 4} dg dissaleadt in distilled ovater 1ih@0

filter cake is re rri.edd n . 1- byt . A and Lgyl
methyl ether) (17 w? ,9"5%§°ﬂ4§"’ﬁ‘o#oé%ﬂ@’§§@fs ﬁg%’a’eﬁlgé J%%ﬂl\gﬂgi @@kﬂcﬁﬁ%
mn. The hOfTDgeni08{1-555pcﬁyd8@@€ﬂen‘§éﬁbhipbmhe&%ﬁ1 Pahetii-1,3-propanediol and
pol y(oxypropyl ene) diol (1.0 g) is added, and the m xture is stirred
magneti cal | y f ora@pigi acid,progrgt eiono eacR!itePr, ghin wagen |angst-
d {piogEl ool /Chamical e, 810 Shin Watel (30 mégianest

DECCECS 10 55 bR BN SSSAR o SUSe FsSolorly Sibr 4Rl RRUME, o
a free-flow ng while hompgesizing thd miglarehy20%afmhakimun? thixihgihiehsity) Mixingy!
o) st b i 8 9B SAE s, L e AR, The 25
ppm catalyst.  pomegenizeris stopped. Solution 3 is added to the mixture, which is stirred
magnetically for 3 min., and is then pressure filtered through a 20 micron
15 filter at 40 psig. The filter cake is reslurried in t-butyl alcohol (130 mL) and
distilled water (55 mL), and the mixture is homogenized for 10 min. at 40%
intensity. The homogenizer is stopped. Additional polyester polyol (2.0 g)
is added, and the mixture is stirred magnetically for 3 min. The mixture is
pressure filtered as described above. The filter cake is resturried in t-butyl
20 alcohol (185 mL) and is homogenized at 40% intensity for 10 min. The
homogenizer is stopped. Additional polyester polyol (1.0 g) is added, and
the mixture is stirred magnétical!y for 3 min.‘ Filtration and isolation of the
catalyst solids proceeds as previously described. The cake is dried under
vacuum at 60°C to constant vx—leight. The dried catalyst is easily crushed to
25 a free-flowing powder. The catalyst contains 5.0 wt.% of polyester polyol.
Catalyst activity for propylene oxide polymerization is 19.2 g PO/min. at 20

ppm catalyst.



19 EXAMPLE 6 Cat al yst
Preparation: Zi nc Hexacyanocobal tate/t-butyl al cohol Conpl ex

Cont ai ni n nyl ethyl ether) and Polyether Diol Zi nc
chlori de ?@58@%# i's dissolved in distilled water (137.5 niyCHRI70s6s%

butyl al cohol (25 nL) to give Solution 1. Solution 2 is made by dissol ving
pot assi um hexacyanocobaltate (3.75 g) in distilled water (50 nL). Solution
3 is made by dissolving a 1000 nol ecul ar w&itght pol y(oxypropyl ene) di ol
(4.0 g) indistilled water (25 nL) and t-butyl alcohol (5.0 nL).
Solution 2 is added to Sol uti oeEXAMPLE 85 nin. at 50[err]C while

ntonsi ty 19 i normawl Brasaliy2ing HeXac ROl Blin SiSHon Gomplene

honogeni zer is stopped. Sol uti ganfa,h,ﬁ qﬁ’&?ﬁ-vmylp rroli§éné)yre m xture, which
is stirred magnetically for 3 mn. IS then [gressure filtered

through a 20 mcron filter at 40 pS|g The filter cake is reslurried in

U0 S0 (5 kol A B

Addi t i onal 51000inalstilleéi-watek xémwmomd ma}yr%&hdl 50 ral) 6 ghid Sblutiii 1t he

m xture is stirred magneti cal lé for he m xture is pressure filtered
as descaobawrazdsmadm yﬂisaobﬁn@m@asswmdmxapvaechaltateﬁ;& g) in

nomogen ced ot HOSNEH: fptet 1PB nfo! 50 Solffi| 3 einagsy ol Fruxifl pol1-

stopped.  Addi {inglpyiroli@eRe) 8.0 gywmh distilled w@l@rxmxmgrmtm@l allta%ol((@ ® 9

is added, and the mxture is stirred magnetically fo
Filtration and Mot at$eution 2Hs added ytet Selytipas T peRIc8@smin. at 50°5.‘s ‘while

Previ ous! ygaeschbhfsherTiifg 1k miduld b€ 90u 8P maBTE AR kREALE:. | Yiing s

const ant wel ght cata I'S easli crus
powder. The cat mt;nslt}cdstmcr&sbﬂ ¢ . 40%f farothd \ne)aIS(etmm ef hﬁbbmgﬁd The

D o Roogerties Bopbate el 41 Sk P acaf %, Whicn s stired
magnetically for 3 min., and is then pressure filtered through a 20 micron
filter at 40 psig. The filter cake is reslurried in t-butyl alcohol (130 mL) and

15 distilled water (65 mL), and the mixture is homogenized for 10 min. at 40%
intensity. The homogenizer is stopped. Additional poly(1-vinylpyrrolidone)
(2.0 g) is added, and the mixture is stirred magnetically for 3 min. The
mixture is pressure filtered as described above. The filter cake is reslurried
in t-butyl alcohol (185 mL) and is homogenized at 40% intensity for 10 min.

20 The homogenizer is stopped. Filtration and isolation of the catalyst solids
proceeds as previously described. The cake is dried under vacuum at 60°C
to constant weight. The dried catalyst is easily crushed to a free-flowing
powder. The catalyst contains 22 wt.% of poly(1-vinylpyrrolidone). Catalyst
activity for propylene oxide polymerization is 14.‘7 g PO/min. at 20 ppm

25 catalyst.



20 EXAMPLE 7 Cat al yst
Preparation: Zinc Hexacyanocobaltate/t-butyl al cohol Conplex

Cont ai ni ester Pol yol Zinc chlorid i (62.5

L% in \?\ﬁt"g’lﬂfgﬁo g) is conbined with 5  distilled wat ef"%ﬁ%"and
t butyI al cohol (50 nL) to give Solution 1. Pot assi um
hexacyanocobaltate (7.5 g) is dissolved in distilled water (100 m)
to give Solution 2. Solution 3 is prepar eoe%y di ssol vi ng LEXOREZ

1080- 55 pol yol (condensation pol mar from 2-met hyl -1 . 3- propanedi ol and
adi pic acid, product of Inolex @(@&@L water (50 nmL) and t-

vin at Solerr] Eeg*a'ﬁ'ﬂf#?a*‘f’ﬁ%gdeﬁ?’z‘. ﬁ“ﬁc@ﬁ%ﬂ%feﬁkéﬂgf‘a‘%%@#ﬁé!%?

mxing intensity. M Xing Oﬁrﬂmalﬁg/Polgethm'rwyeu to 40% for the next
10 mn. of mxing. The honogeni zer is stopped. Solution 3 is added
to the mxture, which is stirred magnetically for 3 mn., and is

il cake s resi iErcediondy (BEd dTis solvea, ip diied waer o8 ) BE

water (55 &l), tabdtyl lascohok(18@ mk) Itunrpngmme&bltﬁtwn HO Bolutient 20@®amade by

o added and tABSAGIG,PRRSSLER NERBGRASHEEEt [P 3,0 dh AietlierWelenETR. | <

filt
T SR e e OO i,
mn. The weightg20i2zg)x wits chstdlpﬂedateAddmOlmhhand&mﬁy[ alcopol {(ﬁB mnL)0 g)
dded, d .t I, Xt ' ti d igal Ly f i
oo Von e SelifirySfp GH41S sbinh {55 TRACSHCEHY Afind o om.
previ ousl ypdes CFangH&i@h’t%kmé §nrﬁﬁg pateU8 iireased to gu@wmrfom ﬁ%de@ 10
constant weight. The dried catal I's easily crushed to

free-fl ow ng popsigrof mitregerat e/ s magrrataa ﬁghgndr@ppwmwlp@s,tﬁam@n@ts

Catal yst. acti Vi Lol 91 0l (YDA 2 blFed AV4TRIAZ $dith drd dSiafodlf Rrlblhre

filtration through a 20 micron fitter at 40 psig. The filter cake is reslurried in
a mixture of distilled water (201 mL) and t-butyl alcohol (492 mL), and is

15 stirred at 900 rpm for 1 h. The stirring rate is dropped to 450 rpm, ‘and
additional 1000 mol. wt. poly(oxypropylene) diol (7.6 g) is added. After
mixing for 3 min., the solids are isolated as described above. The filter cake
is reslurried in t-butyl alcohol (700 mL) and mixed at 900 rpm for 1 h. The
stirring rate is dropped to 450 rpm, and additional 1000 mol. wt

20 poly(oxypropylene) diol (3.8 gy is'added. After mixing for 3 min., the solids
are isolated and dried at 60°C under vacuum to constant weight. The dried
catalyst is easily crushed to a free-flowing powder. Catalyst activity for
propylene oxide polymerization is 20 g PO/min. at 25 ppm catalyst. Figure
1 shows a powder X-ray diffraction pattern for this catalyst.



21 EXAMPLE 8 Cat al yst
Preparation: Zi nc Hexacyanocobal tate/t-butyl al cohol Conpl ex

Cont ai ni R -vi nyl pyrrolidone) zZinc c ' ution
(120 g owgz“%x;\ha.%zm [err] in water) is dissolved 5 r#"ﬁf‘%ilgsa{qgﬁsed ,
water (230 nlL) and t-butyl alcohol (50 nmL.) to give Solution 1.

Solution 2 is made by dissol ving potassi um hexacyanocobaltate (7.5 g) in
distilled water (100 nL). Solution 3 is @&e by nixing pol y(1-

vinyl pyrrolidone) (8.0 g) with distilled water (50 nL) and t-butyl al cohol
(2.0 m.). Sol uti on LOMPARAIIMED EXAMP 10@rst 180 nin. at

"ot enst ty. M xi neptalyst PrEREREh s ek diaotolhi el Byl Bo PR s,
mn. of mxing. The Pr gaNitaeut a FunttiongkzedPblymer 3 is added to
the m xture, which is stirre magnetically for mn., and is then

pressure filtered through a 20 m cron filter at 40 psig. The filter .

cake is reslurried i%tﬁ‘s&ﬂﬁ%’!‘\eﬂc&%ﬂ%g%:?@@ gﬁ% &1’§§01X88/iiﬁtdii§thl‘§‘a Watet"

(55 nmL), and the m xture 1s honodeniz
i( gt Sns; tys ng (goomie)d rarﬁiat-bw alcoholg80 Mt 'o;gioeﬁolmﬂry l(lll-S/c;gmﬁblgmscrhh_d}ﬁne)
.0 g) is a , .and the mxture is stirred magnetically for mn. The

mxture is pr egléfuﬁ"@_sf’l"!riga?'@& %%%Z?ﬁ Sgéf‘ &[ﬁ&lﬂgg waler 275t@¥)-c§9l“tic§‘ 2is
resturried — added iy Jef 80%hint Wih HBrogBAizalgh HI800 'cf HiadinuiR
intensity for m n. he honogeni zer 1s Stopped. Filtration an

i sol ation of t meixiey iatgrsity s &fied the addition ipcomptals, the mpixturieds Hlomaogsnizeded.

The cake is dried, ynd 6Q : to. constant wei ght. Th
' ed catal yst A SRS PR Mrensiy Tarctd prip,q e MR IS Contifudaaat
cat al yst 1gont aiyS088 rifn fér Qg) rﬁg'{.% Jsdlé{t'e”t}‘lb%ﬁ]iﬁe'.l Lﬂg@gblg)%%%kdﬂ%rrizeg iSpt-

activity for propyl ene oxide polynerization is . . m 25
catal yst. butyl alcohol (155 mL) and distilled water (65 mL). The mixture is

homogenized at 40% intensity for 10 min. and is then centrifuged as

described above. The solids are reslurried in t-butyl alcohol (185 mL),
homogenized at 40% intensity for 10 min., and isolated. The catalyst is
15 dried under vacuum at 60°C to constant weight. The dried catalyst is
pulverized (difficult) to give a free-flowing powder.
Catalyst activity for propylene oxide polymerization is 17.9 g/min at
50 ppm catalyst (Comparative Example 10), and 9.3 g PO/min. at 20 ppm
catalyst (Comparative Example 11). Figure 1 shows a powder X-ray
20 diffraction pattern for this catalyst.

EXAMPLE A
Epoxide Polymerizations: Rate Experiments--General Procedure

A one-liter stirred reactor is charged with polyoxypropylene triol (700

mol. wt.) starter (70 g) and polymer-containing zinc hexacyanoccbaltate

25 catalyst (0.0114 to 0.057 g, 20-100 ppm level in finished polyol). The
mixture is stirred and heated to 105°C, and is stripped under vacuum to
remove traces of water from the triol starter. The reactor pressure is



22 COMPARATI VE EXAMPLE 9 Cat al yst
Preparation: Zi nc Hexacyanocobal tate/t-butyl al cohol Conpl ex

Cont ai ni ng Pol yet her Pol yol Zinc chloride (283.5 IS
di ssol ved 918“dfl6é{‘%||ed water (1039 nl) and 5  t-butyl al c%ﬁWP?'g%ﬁ?’&TL)_to

produce Solution 1. Solution 2 is nmade by di ssol vi ng potassi um
hexacyanocobaltate (28.35 g) in distilled water (378 m.). Solution 3
is nmade by m xi ng pol y(oxypropyl ene) di ol 24000 nol ecul ar wei ght ,

30.2 g) with distilled water (180 nmL) and t-butyl alcohol (7.6 niL).
Solution 2 is agdistactospiacuwn of abost 3Q irh (Hg),50idprdpgleric bxiglel (10- 10 gitis 450

o 3 O B e R ke B S St e
to 450 rpm Sol pHHRIBNAI %l%ggl/lene oxidé! ekt a?dedflﬂ til@ﬁ‘bEéé’leF&teﬁt r%%E%J ﬁfocpf’ on

mn. Solids are isolate pressure I'tration throu
filter at 40 psPeeurshid thelreectosathe presserd drop isdevidence that thercatalyst s

o0 T Ao A T e Tndomaiiad "
addi ti onal 1000prapylers oxiﬁég%@)g)’w Ay L gRdUHIg to (Eeh Bk k&cw&gs@ﬁ 8t

mxing for 3 mn., the solids are isolated as described above. _
cake i s falkavtiiPirsig.i After prepylene exists agdditionnis)camplete,tbe mixtanis pm

for 1 h. The hEdA Nl | ed_t. [ nd, addi ti onal
1000 moi . w . 20ed aﬁ%?é&?ﬂ%&%%@?é%&? PEFS ”q?ég é’f%%“{e?paﬁgé sl nreagied ng
for.3 min., thenmriomer is then stri?eﬂ unddevasiuandromited pollydiHresutC dnfitie
vacuumto, constant weight. The dried catalyst is easily crushed to

a free-fl ?JW ng B%'m ﬁ.CW%FQQt’e%\fqu-ty for _propyl ene oxi de
pol yneri zation is 201g JAhmhiRe ré‘écft%ﬁ rBﬁé?SaC@gf‘g?’ ';s/?t g&ﬂsﬂh‘ﬁﬁtion (g) vs. réadtiips 2

powder X-ray diffraction pattern tor thi
time (min) is prepared. The slope of the curve at its steepest point is

D)

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
15 of the curve is taken as the induction time (in minutes) required for the
catalyst to become active. Measured reaction rates are summarized in
Table 1.
' When this procedure is used to measure propylene oxide
polymerization rates, the catalysts of the invention typically polymerize PO
20 at rates in excess of about 15 g/min at 20 ppm catalyst at 105°C. The
epoxide polymerization rates for the catalysts of the invention are
consistently higher than similar catalysts prepared in the absence of a
functionalized polymer (see Comparative Example 11).

EXAMPLE B
25 Polysther Polyol Synthesis: 8000 Mol. Wt. Polyoxypropylene Diol

A one-liter stirred reactor is charged with polyoxypropylene diol (725
mol. wt.) starter (65 g) and zinc hexacyanocobaltate catalyst (0.0173 g, 25
ppm). The mixture is stirred and heated to 130°C, and is stripped under
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COVPARATI WeobiiédtbES 10 and 11 Cat al yst Prepar ati onpcgkP$r/0s63s
Hexacyanocobal tate/t-butyl al cohol Conpl ex Prepar ed
W thout a Functionalized Pol ynmer Pot assi um
hexacyanocobaltate (8.0 g) is dissolved indistilled water 5 (300 m.)
and t-butyl alcohol (50 ni) to give Soluti 1. Sol utlon 2 |s made

by dissol ving zinc chl (7.5 di stl ed wat.er Solution 2
Y nddeq vPEuas) RG] MAIRCR RrRcve rakeRaitatashf Siom e ol msater.
maxi mum 'Prépﬂ@né RkRIBYH QBQ) léfé{ﬁb th@%ﬁ&@ftlhﬁﬁlly Enﬂeﬂ? %n{ Sfabout
m xture i s honogenize % of maxi mum i nt ensi t e

mxture is cent lmge(bﬂgax and the x:eacmmnegaure)ns amomﬂqredt@aneﬁdl)at eAddmaonal

lids. Th | h
i sti 1 ed et or PLoRfiRfe SRS diiapdbd anti an acceldlafdhregatie Stporairare 1y
for 10 mng andihe réb@t@r cipat picsears! dﬂ? is evndend:ésﬁfa!t hRe cranet h’éléebéca%m@S

are reslurried in butyI al cohol honogeni zed at
intensity for 1@Cﬁvated awﬂwe@@aéalw aqtivationt isl yevifiad; the remammgl puumdene

\;; 3;: \l;g m 2te d6(()£“e ][ %’L‘ﬁﬁt @)1 gcqg?ég %&ee%&ﬁ]e'}ea“}[ F;US: %56 §g~n mﬁs%tea‘l'gtﬁﬁ 1)> After propylene

Cat al yst acti vi oxidenadditiopyisesumphete|etheoinyxtare ihelthat 9307C Ui @oﬁhtant
50 ppm cat al yst (Conparative Exanpl e 10) and 9.3 g POmn. at 20
cat al yst ( ConpaPi@§sHse iscabsanied. esﬂ%uer%cé%moreprﬁemethenstapped Under

0o 7D Pt VABL B0 R M5 vl prost . (. EARTPES. PP

Procedure Comparative Examples C9-C11).

The preceding examples are meant only as illustrations; the following
claims define the scope of the invention.



A one-liter stirred reactor is charged w th pol yoxypropylene triol (700
nol. w.) starter (70 g) and pol yner-contai ning zinc hexacyanocobal tate 25
cat al yst to 0.057 g, 20-100 ppmlevel in finished p The
m xture ig&%r%?eod and heated to 105[ &% ]C, and is stri ppedpﬁ%w%f%um_to
renove traces of water fromthe triol starter. The reactor pressure is

24 adjusted to a vacuum of about 30 in. (Hg), and propyl ene oxide
(10-1 1 g) is added in one portion. The reactor pressure is then
nmoni tored careful ly. Addi tional propylene oxide is not added until
an accel erated prepsure ¢drop __ ocpurs i|n tlhe fredctqr; |t hg pressuje
drop is eviderfce that tha%%tgl ysi1 %a@ = gbgcoﬁle Ect&at d3 |Wen§
catal yst actiyatioh ig veEFed, { e} @p& nPrige | S| &| Srfopyl Brje oxifde (490
g) is added grnadua Iy:%to keep djhe repctpr lordssure jat gbout E10
psig. After prhopyl pnerox{de_addiil | QMR [ekg: <Hhg Mgt urte ils 2
held at 105[efr]C unt 1;g;§’nsi @ DI Sply e |s8gbZqr¥dds |[R8qi Gual ul eact ed
nononmer is thgn stfi pg@ dnger \@:@ngr@r gneqpogy.og pPEqdE4tS |and gue 10
pol yol is cooljed ahd} Eegpvered] Td d4t ernni e reactiongrai e, a
pl ot of PO corjsunp i},‘p%’é;):vs. reqct| onj thmg (mn)f 14 priepar&d. { The
sl ope of the qurve| @ -gt$ St eepast @Jig\?tvisg ol = maes:ureg to findgthe
. . = - - ] v kot - . Q .
reaction ratelin gfang & PO convenrt pe per| Mndtle=| =1 = | Fhesijnt er gecti on
of this line gnd a| [RB&PMal lline ektended flrom tHe hasglinpe 15 gof {t he
curve i s takend as I@gigmctio time| (ip mnytes) rleqyirgd flor {the 8
catal yst to bgcone|act g b G eas @ e '@cg oR |r atleg [aeg g ngurgz ed i
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epoxi de polynerization rates for he catal ysts of the invention are
consi stently higher than siml ﬁiu ﬂl’ w red in the absence of a
functi onal Wes/6dloyner (see Co | 11) : V\}’_CT/EP97/05638

EXAMPLE B 25 Pol yet her Pol yol Synthesis: 8000 Ml .

Pol yoxypr opyl ene Di ol A one-liter stirred reactor is
charged with pol yoxypropyl ene diol (725 27 nol. w.) starter (65 g) and
zi nc hexacyanocobal tate catal yst (0.0173 g, 25 ppm . The mxture is

stirred and hepifpglsto 130[err]C, and is stripped under
25 vacuum?or 0 5 h at 130[err]Cto renove traces of water fromthe

diol starter. l,en X|de g) is fed to the reactor,
initially under v&ﬁ %?% E com ’s S30 in. (Hg), and the r eact or

pressure i s noni t ?ed Caldelibld )hetéﬂdyémﬁBaéompound propyl ene oxide is not
added until an accel erated pressure drop occurs in 5 the reactor; the

pressure drop is e(h)demorg@mcmmpmg@genasandcone acti vat ed.
When catal yst activati ofL rified h mai, NLRg py. ene oxi de
(618 @) is added gradual® y ﬁ@“ Fbplitg 2 te°( éZ’ BB "‘%‘9 At 8r fynasignalized
oxide addition is conplete, SHQrEr siee thén@F@lyaéthégobﬁér\]vgtéméélhb?e salt
en

const ant pressure is observed. Resid unr eact ed nonomer
stripped under 10 vacuum @ariveg] &om the functinealized glolymeduct . (See

Exanpl es 1-8 and _
precedi ng exanpl es? H??'ﬂéﬁ%@géﬂyﬁ't §s Eﬁ%qggf?%\f P(S’ﬁ‘sc')ytsﬁ%mf‘ﬁlt?%RPH@’er X-ray
clai ms define the diffedstiod ahBFsigivention. |

2. The catalyst of claim 1 wherein the functionalized polymer has the

general structure:
' —(CR’-CH),—

A

in which R’ is hydrogen, -COOH, or a C,-C; alkyl group, and A is one or
‘more functional groups selected from the group consisting of -OH, -NH,, -
NHR, -NR,, -SH, -SR,-COR, -CN, -Cl, -Br, -C4H,-OH, -C4H,-C(CH,),0H, -
| CONH,, -CONHR, -CO-NR,,-OR, -NO,, -NHCOR, -NRCOR, -COOH, -COOR, -
CHO, -OCOR, -COO-R-OH, -SO;H, -CONH-R-SO,H, pyridinyl, and
pyrrolidonyl, in which Ris a C, C5 alkyl or alkylene group, and wherein n has
- a value within the range of about 5 to about 5,000.
3. The catalyst of claim 2 wherein n has a value within the range of
about 10 to about 500. '
4. The catalyst of claim 1 wherein the functionalized polymer is
. selected from the group consisting of polyesters, polycarbonates, oxazoline
polymers, polyalkylenimines, maleic acid and maleic anhydride copolymers,
“hydroxyethyl cellulose, starches, and polyacetals.
5. The catalyst of claim 1 wherein the double metal cyanide compound
is a zinc hexacyanocobaltate.

This Sheet Has Been Replaced RE Gl SARGEE

| S




[err] 1. A catalyst which is substant lally non-crystalline

by powder X-ray diffraction an (a) a doubl e
met al cng@lﬁggm)ound aHnTI ﬂmrlil E[nﬂ! orrpl exi ng ?@(mipw@éhﬁs
nze h (i)

(c) from2 to 80 wt. % of a functd ona conpri ses
t he general structure:

28

6. The catalyst of claim 1 wherein the organic complexing agent is
tert-butyl alcohol. |
7. A catalyst which comprises:
(a) a zinc hexacyanocobaltate;
(b) t-butyi alcohol; and
(c) from about 2 to about 80 wt.% of a functionalized polymer
other than a polyether, or a water-soluble salt derived from
the functionalized polymer;
- wherein the catalyst is substantially non-crystalline by powder X-
ray diffraction analysis. |
8. The catalyst of claim 7 wherein the functionalized polymer has the
general structure:
——(CR’-?H)"—

A

in which R’ is hydrogen, -COOH, or a C,-C; alkyl group, and A is one or
more functional groups selected from the group consisting of -OH, -NH,,
-NHR, -NR,, -SH, -SR, -COR, -CN, -Cl, -Br, -C¢H,-OH, -CH,-C(CH,),OH,
-CONH,, -CONHR, -CO-NR,, -OR, -NO,, -NHCOR, -NRCOR, -COOH,
-COOR, -CHO, -OCOR, -COO-R-0OH, -SO,H, -CONH-R-SO;H, pyridinyl,
and pyrrolidonyl, in which R is a C,-C, alkyl or alkylene group, and
wherein n has a value within the range of about 5 to about 5,000.

9. The catalyst of claim 8 wherein n has a value within the range of
about 10 to about 500.

10. The catalyst of claim 7 wherein the functionalized polymer is
selected from the group consisting of polyesters, polycarbonates,
oxazoline polymers, polyalkylenimines,' maleic acid and maleic anhydride
copolymers, hydroxysthyl cellulose, starches, and polyacetals.
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[err] i n which R is hydrogen, -COOH, or a (Jerr]-Cerr] alkyl

group, and A is one or nore f mmmﬂ el ected fromthe group
consi sti O6%/1630H, - NH2, - NHR, m m! Em COR, CN, - ®CI/EB7/(05638
-Clerr]Herr]-0H, C[err]H[err] Cerr'f]) er*r]O—I -CONH[ err], -CONHR,
-CONRerr], -OR -NJerr], - NHCOR, -NRCOR, -COCH, -COCR, CHO, - OCOR,
- COO- R- OH, -SCIerr]H CO\IH—R— SJerr]H pyyidinyl, and pyrrolidonyl, in
which Ris a Cferr]-(err] alkyl or alkylene group, and wherein n has a

value within the ragge ﬂfcaﬁalpgt@hgzﬂ Sthpfiség: 1S selected fromthe group
consi sting of polyesters, car nateg oxazollne pol ymers,

pol yal kyl eni m nes, nafa&) c aczuic heﬂauﬁrmoobaita;ajrl de copol yners,

orl ved from the ?Lﬁifmo AP PUBA TS def  nod. | 2. The catal yet. of
wherei n the double meldl oo 3ok tiabgut 80 Wt ASard hhdiiindiizel fu s
hexacyanocobal tate. 4. “ﬁﬁterdhaalaypnlyethecloxlarwate/meble sdiederiged from
conpl exing agent compri Sestl'txee r1‘tunc:lg’tli'<5ﬁlahzed poﬁlmer, said functionalized polymer

having the general structure:

—(CH,'?H)n—
A

in which R’ is hydrogen, -COOH, or a C',-C5 alkyl group, and
A is one or more functional groups selected from the group
consisting of -OH, -NH,, -NHR, -NR,, -SH, -SR, -COR,-CN,
-Cl, -Br, -CgH,-OH, -CgH,-C(CH,),OH, -CONH, -CONHR,
-CO-NR,, -OR, -NO,, -NHCOR, -NRCOR, -COOH, -COOR, -
-CHO, -OCOR, -COO-R-OH, -SO.H, -CONH-R—SOSH,
pyridinyl, and pyrrolidonyl, in which R is a C,-C; alkyl or
alkylene group, and wherein n has a value within the range
of about 5 to about 5,000; and

wherein the catalyst is substantially non-crystalline by powder X-

ray diffraction analysis.
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