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ElL ELD ©F*THE | NVENTI ON The invention relates to double (Posh
netal cyani de (DMC) conpl ex catal ysts useful for epoxide _
pol ynmeri zati on. The catal ysts, which coq#ain an unusually | ow
| evel .of netal salt, are highly active. The invention includes nethods for
preparing the catal ysts. Pol yether polyol products nmade using the catal ysts
have - 5 exceptionally | ow unsat urations.
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catal ysts are highly active, and give pol yether 10 pol yol s that have

| ow unsaturation conpared with simlar polyols mde using basi c
(KOH) catalysis. Conventional DMC catal ysts are prepared by reacting
aqueous solutions of netal salts and net al anide salts to forma
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a variety of polyner
The invention relates to double metal cyanide (DMC) complex catalysts
useful for epoxide polymerization. The catalysts, which contain an unusually low
-lcvel of metal salt, are highly active. The invention includes methods for
preparing fhe catalysté. Polyether polyol products made using the catalysts have

5 exceptionally low unsaturations.

BACKGROUND OF THE INVENTION
Double metal cyanide (DMC) compounds are well known catalysts for
eéoxide polymerization. The catalysts are highly active, and give polyether
10 polyols that have low unsaturation compared with similar polyols made using
basic (KOH) catalysis. Conventipnal 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, polyester, and polyetherester polyols. Many of the
15 polyols are useful in various polyurethane coatings, elastomers, sealants, foams,
and adhesives.
'DMC catalysts are usually prepared in the presence of a low molecular

weight organic complexing agent, typically an ether Such as glyme



products, including polyether, polyester, and pol yetherester polyols. Mny
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i npacts the activity of the catalyst for epoxide polynerization.
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one conventional preparation,, aqueous solutions of zinc ch]oride and
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precipitate of zinc hexacyanocobal tate i s conbined with an organic
conpl exi ng agentliphptie aleehnl egmpjexing agents such: 3§ tEbutaleahel (FRér-@854B8Pnulm:
10 Zn[err][Co(CN)[err]][err] xzZznC[err] - yHerr]O

zConpl exi ng agemhe conventional preparationDidfievat adlytoss off zincralleridé aid potagsigess of
the netal -salt conpared with the
hexacyanocobaltate are combined. The resulting precipitate of zinc
hexacyanocobaltate is combined with an organic complexing agent. The resulting
catalyst has the general formula:
10 Zn,[Co(CN)¢l, - xZnC'l2 - yH,0 - zComplexing agent
DMC catalysts are made v;/ith an excess of the metal salt compared with the
amount of metal cyanide salt used. See, e.g., U.S. Pat. Nos. 3,427,256,
3,278,457, and 3,941,849. More recently, we taught (U.S. Pat. No. 5,158,922)
an improved process for making easily filtered DMC catalysts by controlling the
15 order of reagent addition, the reaction tgmperature, and the stoi'chiomet.ric ratio of
the reactants. The 922 patent teaches to use at least about 2 100% stoichiometric

excess of the metal salt relative to the metal cyanide salt.” Thus, in the example

above, at least about 3 moles of zinc chloride is used per mole of potassium



amount of netal cyanide salt used. See, e.g., U'S. Pat. Nos. 3,427,256,
3, 2¥8, 457, and 3, 941, 849. MNbre recently, we taught (U S. Pat. No.

5, 158, 922) . an inproved process for making easily filtered DMC
catal ysts by controlling the 15 o der of reagent addition, the
reaction tenperature, and the stoichionetric ratio of - the
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3 : hexacyanocobal tate. The exanples in the reference use glynme as
t he organic generally g Eiski dilpridgdazincienacysasepbyliaie suparaties of @h@\w%tog
prepared by this procedure generally have zinc chloride to zinc

hexacyanocobal t abee. nBhe *922% patent dischbbesufin @.f6rnmula) compositionsbading &b &ttle9dd?2
patent discloses (in a fornmula) conpositions having as little as b5

0.2 mol essof meg.al mslas bf Artal BEIk pemolIE DI Gétifound ihhBe cabightyst .
Wil e the procedure described in the '922 patent (large excess of zinc

chloride) works wel 'WMIEWheQBVdE@durUdeéc%bk@%? ttﬁabﬁﬁ Q%&P{lé(r EQEccé§§%f Wnth other

conpl exi ng agents, including tert-butyl alcohol -butyl al cohol is
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to isolate. In

complexing agents, including tert-buty! alcohol. When tert-butyl alcohol is used,
the catalyst precipitate becomes gelatinous and difficult to isolate. In addition, the

10 activity of these catalysts for epoxide polymerizations, although quite high
compared with KOH catalysts, is still somewhat less than desirable. The catalysts
prepared by the reference procedure with glyme as the organic complexing agent.
typically polymerize propylene oxide wifh an activity less than about 2 g PO/min
at 100 ppm of catalyst, based on the weight of finished polyol, at 105°C.

15 ' _ Recently, we déscribed substantially amorphous DMC catalysts
(EP-A-0654302). These catalysts are preferably macie using a water-soluble
aliphatic alcohol complexing agent such as tert-butyl alcohol. An excess amount
of metal salt is used to make the catalyst. Zinc hexacyanocobaltate catalysts
described therein have more than 0.2 moles of metal salt per mole of zinc

20 hexacyanocobaltate present, typically



10 . activity of these catalysts for epoxide polynerizations, although

qui t & hi gh conpared with KOH catal ysts, is still sonewhat |ess

t han desirable. The catal ysts prepared by the reference procedure
with glyme as the organi c conpl exi ng agent typically polynerize
propyl ene oxide with an activity less than about 2 g PO mn at
100 ppm of catal yst, based on the weight of finished polyol, at 105[err]C
15 nRae ehan| Q5 melesies metabsdlt peromplenefi zin¢ Yexapmanohehata®MThe X-
catal ysts (EP- A-0654302). These catal ysts are preferably nmade

usi ng a wat er - sehybiffraction patterns shbwithatt the cafalystsadre cabspdneidiingmagdiots;siveh as
tert-butyl al cohol. An excess amount of netal 'salt is used to

make the catal yske cafdliés ARXanyana el ayt it eustdndhl sisence of sharp linddqs Ghd bed
therein have nore than 0.2 noles of netal salt per nole of zinc 20
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hexacyanocgbal t at e.. The . X- r.a i ffracti.on patterns show that the '
catal ysts éé)ll‘ e s%ﬁ@t‘%aﬁ? 1 IRYS, far RSP Yt?’ f%%r_ polymerizing pr?errbea?’%‘?eygf‘% are

characterized by the substantial] absence of sharp . lines in the .
powder X-ray di fATPALYSIHKOYER CRIANYSEs OTIGXGMPLY) ratehin xesy Ylsaboutid £cPPHaim atn
the '534 5 application have far dgreat er activity for polynerizing
propyl ene oxi de ¥0Qapm of catalyst were achieved.

Improved double metal cyanide catalysts are needed. Preferred catalysts
would be easy to prepare and isolate, and would have excellent activity for
10 polymerizing epoxides. Preferred catalysts would give polyether polyols having

narrow molecular weight distributions and low unsaturation.

SUMMARY OF THE INVENTION
The invention is an improved catalyst for polymerizing epoxides. The
15 catalyst is.a highly act-ivc, substantially crystalline double metal cyanide (DMC)
catalyst. Like other DMC catalysts, these complexes are made by reactihg
aqueous solutions of a metal salt and a metal cyanide salt in the presencé of an
organic complexing agent. The metal salt is used in excess compared with t.he
amount of metal cyanide salt, and the resulting DMC complex includes some of
20 the metal salt. Unlike previously known catalysts, -these catalysts contain less than

about 0.2 moles of the metal salt per mole of DMC compound in the catalyst.



previ ously known catal ysts. For exanple, rates in excess of about 3 g
PQ i n- 4t 100 ppm of catal yst were achi eved.

| mproved doubl e netal cyanide catal ysts are needed. Preferred catal ysts
woul d be easy to prepare and isolate, and woul d have excellent activity for
10 pol ymeri zi ng epoxi des. Preferr catal ysts woul d gi ve pol yet her
pol yol s havi ng I narrovK m)Lecul r weight distributions and | ow
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The invention is _an inproved catalyst for polynerizing epoxides. The 15
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cyani de ( DMC) catal yst. Like other DMC catal ysts, these conpl exes
are made by reaqiowdgr X-ray diffractiompattus of sharp ilimes (se¢ Fagsretald Hal Surpuisingly,
metal cyanide salt in the presence of an organi c conpl exi ng
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gorrpound in the lﬁ@ﬁe@ltx%t the activities available from conventional KOH catalysts, and are also

higher than those of ordinary DMC catalysts (as reported, e.g., in U.S. Pat. No.
.5,158,922). Previously, the only catalysts known to have such high activities were
the sﬁbstantially amorphous catalysts described in EF-A—0654302. Polyols made

10 using the catalysts of the invention have exceptionally low unsaturation, typically
less than 0.006 meq/g.

The invention also includes methods for making the catalysts. In one
method, the catzilyst is made by using an excess amount of the metal salt, but the
excess is less than a 100% stoichiometric excess relative to the amount of metal

15 cyanide salt. The resulting catalyst contains less than about 0.2 moles of the metal
salt per mole of DMC compound in the catalyst. In a sccona rhcthod, a larger
excess of the metal salt can be used, but the resulting catalyst is subsequently
washed with a mixture of water and an organic complexing agent in a2 manner
effective to i)roduce a DMC catalyst that contains less than about 0.2 moles of the

20 metal salt per mole of DMC compound in the catalyst.



In contrast to the substantially anmorphous DMC catal ysts that we
di scovered previously (EP-A-0654302, the catalysts of this invention

exhibit a powder X-ray diffraction pattern of sharp lines (see
Figs. 2 and 3). Surprisingly, t hese crystalline catal ysts have
excellent activity for polynerizing epoxides (greater 5 than 3 g

PO mn at 100 ppmcatal yst). The catal ystg activities are significantly
hi gher than the activities avail able from conventional KCOH catal ysts, and

are al so hi gher thﬁrﬂ-‘fﬂﬁ?ﬁ ﬂfpﬂf)fﬂ! WrVH@'\QRQ\WI@J(Y§tS (as
reported, e.g., in US. Pat. : 158, 922). Previously, the only
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but the i'g:es§2 J@.S | ess th gr St oi chi orrfet ri ¢ excess rel ative
to the arbunt of metds are powdey, rﬁabﬂ °” ?ﬁ@e’l’@sﬁff’?ﬂﬁu%ﬁf‘ﬁl yst
contains |l ess than about 0.2 noles of _the. taI sal t |p nol e of
DMC conpound i N'eXREYaNacebalate qat’ﬁa|&S‘§ecT6Wdf‘91ﬂEFﬁé‘ﬁ? dgsq:rgpqﬁgmore fully beloweycess
of the metal salt can be used, but the resulting catalyst is subsequently
washed with a mxture of water and an organic conpl exing agent in a manner
effective to produce a DMC catal yst that contains |ess than about 0.2 noles
of the 20 met al sal DﬁTéﬁ‘LﬁBI@ESGWQN)@E[fME INVENEIQNLt al yst .

The double metal cyanide (DMC) catalysts of the invention generally

10 resemble the catalysts known in the art, but contain a relatively low level of the
metal salt. The catalysts of the invention are the reaction products of a water-
soluble metal salt and a water-soluble metal cyanide salt. The water-soluble
metal salt preferably has the general formula M(X), in which M is selected from
the group Consisting of Zn(ll), Fe(ll), Ni(ll), Mn(ll}, Co(l), Sn(ll), Pb(ll), Fe(lil),

15 Mo(1V), Mo(VI), Al(IlT), V(V), V(IV), Sr(l), W(IV), W(Vl),.Cu(lI), and Cr(iil). More
preferably, M is selected from the group consisting of Zn(ll), Fe(ll), Co(ll), and
Ni(ll). In the formula, X is préferably an anion selected from the group
consisting of halide, hydroxide, sulfate, carbonate, cyanide, oxalate,
thiocyanate, isocyanate, isothiocyanate, carboxylate, and nitrate. The value of

20 nis 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, zinc



6 _ BRI EF DESCRI PTI ON OF THE DRAW NGS
‘Fig: 1 shows a plot of propyl ene oxide consunption versus tinme during a
pol ymeri zation reaction with one of the catal yst conpositions of the

i nvention at 10.0 ppm catal yst. The rate of reaction is determ ned
fromthe slope of this plot. 5 Figs. 2-5 are powder X-ray
diffraction patterns for various zinc hexacyanocobal t at e

catal ysts. The figures are descri bed mor e’ ful | y bel ow.
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wat er - uble netal salt and a water-soluble netal cyanide salt.
The wat er - sol u'B'Fré‘e ahd tRe likenapdmixtires e Aing hpkides are pyefrsres) f or nul a
MX)[err] in which Mis selected from the group consisting of

zZn(11), Fe(ll), Ni (ITihe walersplubleometalicyasidelsajts usledi tb)malie {Hel dgyble hietal
Mo(IV), Mo(VI), AL(IIT), V(V), V(IV), Sr(I1), WIV), WW), cu(ll), and
Cr(111). 5vore cyanide comppneﬂeuabﬁuyin e isvargloagtreterbblyrhavieethgrgeapral dashdai Ng
of zn(11), Fe(ll), Co(ll), and
(Y),M'(CN),(A) in whi_ch M’ is selected from the group consisting of Fe(ll),
Fe(ll), Co(Il), Co(lll), Cr(l1), Cr(ll1), Mn(il), Mn(ii1), Ir(11), Ni(l1), Rh(1f1), Ru(ll),
V(IV), and V(V). More preferably, M' is selected from the group consisting of
Col(ll), Co(lll), Fe(ll), Fe(ll), Cr(l!l); ir(lil), and Ni(ll). The water-soluble metal
10 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, carboxylate, and nitrate. Both a and b
are_integers greater. than or equal to 1; the sum of the charges of a, b, and ¢
15 balances the charge of M'. Suitable water-soluble metal cyanide salts include,
| but are not limited to, potassium hexacyanocobaltate(lll), potassium
hexai:yanoferrate(ll), potassium hexacyanoferrate(lll), calcium
_he#acyanocobaltate(lll), lithium hexacyanoiridate(lll), and the like:
Examplés of double metal cyanide compounds that can be used in the

20 invention include, for example, zinc hexacyanocobaltate(lll), zinc

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



Ni (Il'). Inthe fornmula, X is preferably an anion selected fromthe group
consi sti‘ng of halide, hydroxide, sulfate, carbonate, cyani de, oxal ate,
t hi ocyanate, isocyanate, isothiocyanate, carboxylate, and nitrate. The

val ue of 20 nis fromlto 3 and satisfies the valency state of M
Exanpl es of suitable metal salts include, but are not [imted
to, zinc chloride, zinc bromde, zinc

7 acet at e, zi nc acetonyl acetate, zinc benzoate, zinc nitrate,
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cyani de conpoup ds usef i.n, the.inventio r ef era have t he general
forml a each “%S[‘ﬁr"r‘"]"M’(a(‘ﬁl)'T“é’r'P? }S{]Bgﬁej‘” PH T is selected from
the group consistin e e(l1!), gll) Co(lll), C(Il1),
ar(I1), M(ll), ?fhﬁlﬁata'wt(iqum)‘e ingentipy afﬂ@(?ﬂﬁ’? inRiftq pyesence of a

V(I'V), and V(V). Mre preferably, M is selected fromthe group consisting
0 5 c&emqex"@egemy Geaerally, theegamplpxingragent ymustt jbe| relafivelyrapluble

Ni (I'l). The water-soluble netal 10 - cyani de salt can contain one or
nore of these ramwgter. Puitahie commieniag agents arp those commonly known in the art, as

taught, for example, in U.S. Pat. No. 5,158,922. The complexing agent is
added either during preparation or immédiately following precipitation of the
catalyst. As is explained elsewhere in this application, the manner in which the

10 complexing agent is introduced into the DMC complex can be extremely
important. Uéually, an excess amount of the complexing agent is used.
Preferred complexing agenté are water-soluble heteroatom-containing organic
compounds that can complex with the _d_ouble metal cyanide compound.
Suitable complexing agents includé, but are not limited to, alcohols, aldehydes,

15 ketones, ethers, esters, amides, ureas, nitriles, sulfides, and mixtures thereof.
Preferred complexing agents are water-soluble al.iphatic alcohols selected from
the group consisting of ethanol, isopropyl alcohal, n-bgtyl alcohol, isobutyl
alcohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-butyl alcohol is most
preferred.

20 The conventional method of preparing DMC compounds useful for

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



alkali metal ion or alkaline earth netal ion. Ais an anion selected from

-the s group consisting of halide, hydroxide, sulfate, carbonate,
cyani de, oxal at e, t hi ocyanate, isocyanate, isothiocyanate,
carboxylate, and nitrate. Both a and b are integers greater than
or equal to 1; the sumof the charges of a, b, and ¢ 15 bal ances t he

charge of M. Suitable water-soluble netal cyanide salts include,

but are not linited to, potassium hexacyanocobaltate(lll), potassium
hexacyanof er r at' (¥ 1) 1o pot 5¥s 1 tm hekabyhnbf 6 PEY ¢ A1) 56 als dREm4. 3.427 244
hexacyanocobal t,atgzgl 1), lithium hexacyanoiridate(lll), and the |ike
Exanpl es of doubf&8-Aefadndkydfil §49canpdapresendal. ARR! Hokaska 414bheS. The
i nvention include, for exanple, zinc hexacyanocobaltate(lll), zinc

hexacyanof er r at'@@Fhings ofihgee Hebesrnrande@tedatoeganvntiona icalalyst preparation and
hexacyanof errate(l | % , cobalt(11)

hexacyanocobal t sititaple PMC gerapewrds aredncarpotaied heseimpy esfectnceun titadit entirety.
doubl e nmetal cyani de conpounds are listed in U S. Pat No. 5, 158,922, the
t eachi ngs Sof whi ch affe tatelysisoviahe dnvestion wiftey froed MG catalysts known in the art The
catal ysts of the invention are prepared in the presence of a
in that those of the invention contain a relatively small proportion of the metal
salt. Catalysts of the invention contain some metal salt, but in an amount less
than about 0.2 moles of metal salt per mole of DMC compound. Preferably, the
catalysts contain less than about 0.15 moles of metal salt per mole of DMC
10 compound; most preferred are catalysts contain less than about 0.1 moles of
metal salt per mole of DMC compound.

DMC complexes that contain no metal salt are inactive as epoxide
polymerization catalysts. Thus, it is necessary to leave some metal salt in the
catalyst during preparation. Excessive washing of the catalyst with water can

15 deactivate DMC catalysts by removing all of the metal salt component, even if
an excess o-f the metal salt is used to prepare the catalyst. DMC catalysts
made by conventional methods with a large excess of metal salt contain more
than 0.2, typically more than 0.5, moles of metal salt per mole of DMC
compound. '

20 The catalysts of the invention are substantially crystalline. Powder X-ray

diffraction analysis shows that these catalysts have predominantly sharp lines,



5 - conpl exi ng agent. Generally, the conplexing agent nust be relatively
sol tbl e * In water. Suitable conpl exing agents are those commonly
known in the art, as taught, for exanple, in U S Pat. No.

5, 158, 922. The conpl exi ng agent is 0 added either during preparation
or immedi ately foll ow ng precipitation o} t he catalyst. As is

expl ai ned el sewher.e in.this application. the.nanner .in which the 0
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i mportant. Usual |y, an excess anmount of the conpl exi ng agent is used.
Preferred conpl eRfergstiaglyngincderaqyanesobaitals dodecplidiaisa t8ifnds wrepriadnig the gani c
conpounds that can conplex with the double netal cyanide conpound. .
Sui t abl e conpl exabsepcacérat eompledinglagenbuts adsochighly drystallieeiby &-rayl analysiss(see

al dehydes, 15 ket ones, ethers, esters, am des, ureas, nitriles,

sul fides, and m Rigudpshut lhes eofactivity for polymdeiziigeepoziiesonpl exi ng agents are
wat er - sol ubl e al i phatic al cohols selected from t he group

consi stingsof et hanol EarisQpy®piparat { activebDME cacla_rF@Jaqhat W& RUbntially
al cohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-butyl al COnhOI S
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fully described Jl"ﬁ'esg%géélyrsgf t?arderplg&sgregt@? laéf\cnjv'xtnygthyn %MC catalysts prev_iously known in
the art. Catalysts tbat polymerize propylene oxide at rates greater than about 3 g
PO/min. at 100 ppm of catalyst at 105°C (based on the weight of finished
10 polyether) were obtained. Catalysts having both a high degree of crystallinity and
| high activity were not known. |
We surprisingly found that catalysts prepared under conditions effective to
leave a small proportion of metal halide in the catalysts are highly crystalline and
can polymerize propylene oxide at a rate greater than about 3 g PO/min. at 100
15 ppm of catalyst at 105°C. (based on the weight of finished polyether). For
example, zinc hexacyanocobaltate caitalysts prepared using the methods of the
invention contained, by elemental analysis (chloride content), about 0.07 to 0.18
moles of zinc chloride per mole of zinc hexacyanbcobaltate. The catalysts exhibit

substantially crystalline powder X-ray diffraction patterns with signals present at

20 about 6.1, 5.9, 5.1, 4.2, 3.8, 3.6, 2.5, and 2.3 (d-spacing, angstroms).



9 Pat ent " Nos 9, 158,922, 4,843,054, 4,477,989, 3,427,339, 3,424,334,
3, 427, 256 3,278,457, and 3,941, 849, and Japanese Pat. Appl. Kokai
No 4-145123. The ' teachi ngs of these references related to
conventional catalyst preparation and ;4 sui t abl e DMC conpounds are

I ncor por at ed hereln by reference in their entlrety 5 The
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of DMC conpound. Preferably, the catal ysts contain | ess than about
0.15 nol es of netal buhddiger tontheie high DRiLities,Othe catatystrpefuthe invepten pivef er r ed
are catal ysts contain |l ess than about 0.1 noles of nmetal salt per

nol e of DMC conpelyetier polyol products having iVExezptipiatiydowtlaed] of mntauntion Tt al
salt are inactive as epoxide pol yneri zation catal ysts. Thus, it

I's necessary toyhgase |6 Rsdithidn ﬁ@kéls'f@r Fn'alé‘mﬁ polyurethane§ a#ieH dckli€hdphpgical
preparation. Excessive washing of the catalyst with water can 15

??aCt lvate DMC ¢ l'tYe§t1§ ?Jgp cfo%ﬂn@%/rg?@s aHyeﬁl &)Q@ggq{a@i @shrufA{TRE ﬂt@?ﬁhaneven

an e ess 0 to p epare the catal yst.
DMC cat al ysts conyv ntLon d fArge excess of
metal salt cont APAUtLPR TRGE o2 rf’%aenusbugz eca )}é& t‘ﬁ“&eﬁ#

al yrmre an 0.5, noles
of nmetal salt per nole of DMC .
P The invention includes methods r}Br makmg the highly active DMC

complex catalysts. Generally, the methods used to make the catalysts of the
10 invention resemble the methods known for making the highly active, substantially
amorphous catalysts described in EP-A-0654302 and in copending Appl. Ser. No.
08/435,116, filed May 15, 1995. In these methods, a substantially amorphous
DMC catalyst is prepafed either by: (1) intimately combining and reacting
aqueous solutions of metal salt and metal cyanide salt in the presence of an organic’
15 complexing agent, usually with h(;mogenization, high-shear, or impingement-
mixing of the reactants; or (2) reacting aqueous solutions of the metal salt and
metal cyanide salt in the presence of the organic complexing agent, wherein one or
both of the reactant solutions contains the complexing agent. .When the second
" method is used (organic complexing agent present before reaction of metal salt and

20 metal cyanide salt), intimate



20 The catal ysts of the invention are substantially °

crystal I'i ne. Powder X-ray diffraction anal ysis shows that these
catal ysts have predom nantly sharp |ines. _

10 whi ch indicates a relativel yahigh degree of crystallinity (see
Figs. 2 and 3). Interestingly, zinc hexacyanocobaltate

dodecahydrate, whigch is pared in.the . absence of a conpl exing
agent. 15 al so ROGRMgSH QLIS ERoRnthjs nel reguitedo\Rbialn esupstantially amorphauy.  4)
but has no activity for polynerizing epoxides. 5 Earlier, we
prepared highl ycﬁég'ﬁlve DMC catal ysts that were substantially

anor phous by X-ray diffraction analysis (see Fig. 5; see also

EP- A- 0654302) . The methadseofdhe iivgation, heliicinwaty theseadpproaahdsi soiteyhajan DMC
catal ysts previously known in the art. Catalysts that polynerize

propyl ene oxi de sadprisiagBSgige sabsintialiperyabdliie BML catalysts. TheR¥tibds oftdhe 100
ppm of catalyst at 105[err]C (based on the weight of finished 10

pol yet her)s wer e i@%ﬁi}ﬁ‘@ﬂm &&?}ﬁks&’%ﬁc&ﬁé&h Qgret%ﬂwayasnﬂil(lgﬁggﬁmﬁﬁ%f Hetal salt

crystallinity an I gh activity were not

inity S
cave b sl | b BERERRh e B Rlell PRRPAGR PR RS Rieli) ' °

crystalline and - can polynerize propylene oxide at a rate greater
than about 3 g PEfA%¥PR-at 100

O_ne way to make a catalyst of the invention is to follow the procedures
used to make a substantially amorphous catalyst, but to use less than a large excess
10 of the metal salt in making the catalyst (see Example 3 and Fig. 3). Previous
methods used a large excess of the metal salt. In this method of the invention, the
metal salt is used in excess, but the excess amount is less than a 100%
stoichiometric excess relative to the amount of metal cyanide salt. The resulting
catalyst contains less than about 0.2 moles of the metal salt per mole of DMC
15 cgmpound in the catalyst. (Previous catalysts contained at least about 0.5 moles of
the metal salt per mole of DMC compound in the catalyst.)
Another way to make a catalyst of the invention is to follow the procedures
used to make.a substantially amorphous catalyst, but ;o modify the washing routine

(see Examples 1-2 and Fig. 2). In this method, aqueous solutions of the metal salt

20 and metal cyanide salt are first reacted in the presence of an organic complexing



15 ppm of catalyst at 105[err]C (based on the weight of finished

pol:yet her). For exanpl e, zinc hexacyanocobaltate catal ysts
prepared using the nmethods of the i nventi on contai ned, by

el enental analysis (chloride content), about 0.07 to 0.18 nol es
of zinc chloride per nole of zinc hfiacyanocobaltate The catal ysts exhibit
substantially crystalline powder X- y diffraction patterns with signals
present at 20 about 6.1, 5.9, 5.1, 4.2, 3.8, 3.6, 2.5, and 2.3
(d-spaci ng, angstromns). Figs. 2 and 3 show powder X-ray

diffracti on pattegea.fAs i tieadays bS making Rebstantially amorphoanicatalysts, the reactants
In addition to their high activities, the catalysts of the invention give

pol yet her pol yol ,pg @%tlﬁtlﬁgtqw&n?d?néﬁxgﬁ%' Q8ait )éonlnﬁ}@thgvfg]@npi% (?rrcsﬁ%tkifﬁnﬁgauy

unsaturation. The ue of | Ow unsafuration polyo

pol yur et hanes wi tx{ﬂﬁﬁé%?lb}) #E tBE¥§JcP§l solutions, The rREth?é’ltt fstq.ﬁcd th X}ﬂticcs's

docunent ed. Pol yé aving unsa ura I'ons 1 ess

b 0. 004 / b f th
e nventi on i nArPABLHBRHERE P AMAR) Ay oF AL G AR UE Bt i be large

conpl ex catalysts. Cenerally, the nethods used to make the catal ysts of the
10 i nvent i on oF é3@HD| Enlikseprinr methedsk isvmethod waskenHetqatalyst precipitatst witle a

substantial ly
mixture of water and an organic complexing agent in a manner effective to

produce a highly active DMC complex catalyst that contains less than about 0.2
* moles of the metal salt per mole of DMC compound in the catalyst.
The amount and kind of washing needed to achieve less than about 0.2
- 10 moles of residual metal salt per mole of DMC compound in the cataiyst depend on
many factors, including which complexing agent is used, the relative amounts of
water and organic complexing agent in the wash solutions, the number of washes,
the volume of wash solution per gram of catalyst, the separation method used
(i.e., filtration or centrifugation), and other factors. With roﬁtine experimentation,
15 a skilled person can se:‘lect conditions to make a catalyst of the invention that best
suits her needs. The effectiveness of the washing routine can be gauged by
measuring the chlorine and metals contents of the catalyst, and by inspecting the
powder X-ray diffraction pattern exhibited by the catalyst.
The ir_wention includes a process for making an t:,poxidc polymer. This

20_ process comprises polymerizing an epoxide in the presence of a double metal



anDrphous catal ysts described in EP-A-0654302 and in copendi ng Appl. Ser.
No. * 08/ 435, 116, filed May 15, 1995. In these nethods, a
substantial | y anorphous DMC catal yst is prepared ei t her by: (1)
intimtely conmbining and reacting aqueous solutions of nmetal salt
and netal cyanide salt in the presence of an organic 15 conpl exi ng
agent, usually w th honogeni zation, "high-ghear, or inpingenent
m xi ng of the reactants; or (2) reacting aqueous sol utions of the netal

salt and ey :rnrlrmhﬁlly LCYFRpARuSALE kN AR 8@ PF. 4 Ne..-0f rg'arr\'nzlenr_-
conpl exi ng agent, wherein one or both of the reactant sol (t1ons

contains the conpéexbpPcA8 Mide, WiRM L eI SLCHMENe oxndc and llﬁm‘ﬂhﬁp%n’dfm}iﬁﬁgs

(organi c conpl exi ng agent present before reaction of netal
metal cyanide grliédr, THY hiFRESs can be used to make random or b

lock h
12 conbi nati on of the reactants i s not FEQUIFESC 5°8% Yme"; The
substantially apDRLiRRAURmM ferdbff 2 1N thods of
t he inventi on, E/I\ﬁllcﬁ(‘:S §/r o ?lgéeee:ap rog\éﬁ}es Sdre W1 (pade by powmw'%n

prl singly

Prvent | o 3.”5?@%%“"?95ﬁékhég?ﬁ%%%sﬁﬁh%%PF% *ﬁ%g""n& itgRs e 2

oportion of
tal yst
(ﬁ;gh Egl:ltl n pr ecedIOtﬁgmgF‘&qeyg Eth mfacopo fr%grrl]}é %&th%naggg)oxpcpeollrﬁhca & QIS S

€ presence
of a DMC compound can be included in the process of the invention to makg
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 -
10 invention. For example, epoxides copolymerize with oxetanes (as taught in
U.S. Pat. Nos. 3,278,457 and 3,404,109) to give polyethers, or with anhydrides
(as taught in U.S. Pat. Nos. 5,145,883 a_nd 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,
15 for example, in U.S. Pat. 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.-Schu'chardt.
-and S.D. Harper, SP| Proceedings, 32nd Annual Polyurethane Tech./Market.

Conf. (1989) 360. The teachings of these U.S. patents related to polyol

synthesis using DMC catalysts are incorporated herein by reference in their

20 entirety.



par agr aph. One way to nmake a catalyst of the invention is
to foll dw t he procedures used to make a substantially anorphous
catal yst, but to use less than a | arge excess 10 of the netal salt
in making the catal yst (see Exanple 3 and Fig. 3). Previous

met hods used a | arge excess of the netal salt. In this nethod of the

I nvention, the netal salt is ysed in excess, but the excess
amount is less than a 100% stoi chionetric excess relative to the

amount of netal cyanidgisaldialy e tRSKLEMRG are highly acuoat aliystecont ai ns
| ess than about 0.2 noles of the netal salt per nole of DMC 15

conpound i n t henGahrlng DME PaRWsRUSA cBhsé Y idnte I HigndIqsbidthed 2864 r@leoud 0. 5
nol es of the netal salt per nole of DMC conpound in the

catal yst.) that polyol producer£R8h RSE 18&YortRe TBK BV Ay Gabah¥ed DMC thRlyshwRAt i ON
is to follow the procedures used to nmake a substantially

anor phous cat al ¥t moRay. Wré&ggi\{%cééglgﬁt‘g?ﬁéggmﬁipmé Bfoducer to reducd B&Rh

Exanples 1-2 and Fig. 2). 1 ueous sol utions of the netal

salt 20g nrﬁ@gia%tiﬁéreﬁé/émo%cﬁ%? IAeRidltiohS tne EAGHEE SiMnk %eﬂ(i&ﬁ%ﬁ%e of

an organic conpl ex

agent. As in t B asROfndTY BLIBHARLAUY: WrnPEH PORSRSAEA, KabR astdie

reactants

ppm or less. At such low concentrations, the catalyst can often be left in the

polyether polyol without an adverse effect on product quality. The ability .to

leave catalysts in the polyol is an important advantage because commercial
10 polyols currently require a catalyst removal step.

Polyether polyols prepared using fhe catalysts of tﬁe invention have
exceptionally low unsaturations, consistently less than about 0.007 meq/g.
Preferred polyols of the invention have unsaturations less than about 0.006
.meq/g, aﬁd more preferably less than about 0.005 meg/g. The reduced

15 unsaturation compared with polyols made with conventional DMC catalysts .
offers advantages for polyl;rethanes made with the polyols of the invention.
| Polyether polyols made with the catalysts of the invention preferably
have average hydroxy! functionalities from about 2 to 8, more' preferably from
about 2 to 6, and most preferably from about 2 to 3. The polyols preferably

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



are either intimtely conbined, or the organic conpl exing agent is present

initially in one or both of the reactant solutions. The netal
salt is used in an excess anount conpared to the anmount of netal
cyani de salt, and the excess can be | arge 5 or small. Unlike prior

met hods, this nmethod washes the catal yst precipitate with a
m xture of water and an organic conpl exing agent in a manner effective to
produce a highly active DMC conpl ex cat al &t "that contains |less than about

0.2 50T00@S Aot Bral@téd r&ld ishesm Mot 9fodaMe aenpanndg; indhe
catal yst. The anpunt and ki nd of washi ng needed to

achi eve |ess tdiaferd0iiing rBngd fom aboulRb6s 1@hbbGSEAY! metal salt per mol e
of DMC conpound in the catalyst depen many factors, including

whi ch conpl exi ng agg{y ¢ rﬂllﬁwﬂﬁfﬁxar&\g‘éﬁrﬁé% MSst?ﬂBLfﬁé Svhtion. Jhose sﬁmh% and

or gani ¢ conpl exi ng- age sol trons e nunber

used T O MBSl KeoBicB oa%ya% %agm&m%ée%aﬂ%ﬁ f‘\’%‘g@’éé{v‘gn
Wth routine ex §r| msnt ?Lﬂ on a skilled person can select
conditi oRs to ﬁﬁ g°%Pe 8] ‘-’yg?'"aﬁ the invention that best suits

her needs. The effectiveness of the washing routine can be gauged by
measuring the chlorine and netals contents of the catal yst, and by

i nspecting the powder X-ray diffraction pattern exhibited by the
catal yst. The i nventi ofXANH4RIds a process for meking an
epoxi de polyner. This 20 process conprises pol ner|2|nq an epoxi de
in the presence of PieRryatier ofratZinc Hexacyanocobaltate/tert-Butyl Alcohol Complex

10 Containing Less Than 0.2 moles of ZnCl, per mole of Zn,[Co(CN)g],

In this example, a 306% stoichiometric excess of zinc chloride is used to
make the catalyst, but the washing routine reduces the amount of zinc chloride
remaining' to less than 0.2 moles per mole of zinc hexacyanocobaltate present
in the catalyst. |

15 Potassium hexacyanocobaltate (4 g) is dissolved in water (75 mL) to
make Solution 1. Zinc chloride (10 g) is dissolved in distilled water (15 mL) to
make Solution 2. Solution 3 contains tert-butyl alcohol (50 mL) and distilled
water (150 mL). o

Solution 1 is combined with Solution 3. The agueous zinc chloride

20 solutioﬁ (Solution 2) is then added slowly while homogenizing the reactant
mixture. After zinc chloride addition is complete, the mixture is homogenized

for another 20 min.



14 cyande catal yst conposition of teh invention. Perferred epoxides

ar e’ et hyl ene oxi de, propyl ene oxide, butene oxides, styrene oxide,
and the like, and m xtures t hereof . The process can be used to nake
random or bl ock copol yners. The epoxi de polynmer is preferably a

pol yet her pol yol nmade by polynerizing an 5 epoxide in the presence of
a hydroxyl group-containing initiator. 17 O her nononers that

wi |l copolynerize with an epoxide in the presence of a DMC

conpound can be i nthudeditng tdle preigess oflatiey fiventn ¢ rioonditer) at A0

ot her types of epoxide polyners. Any of the copolyners known in the art
made puisi Tige eengelids amatortbibed atival teatiutgadicdrel (B0lenlidna dibgied

catal ysts of the 10 i nvention. For exanple, epoxides copolynerize with

oxetanes (as tigh{s0i ML), and the mixkdr&.is Rainoghbiged 302Z@ mlh.7 THR 232144 109) to
gi ve pol yethers, or with anhydri des (as taught in U S. Pat. Nos.

5,145, 883 and fﬁe@a@ﬂ@wd&lﬂdé’&nﬁ%yeﬁr{ee\fve%ohds are combiféd ¥Rk heh BRLRT
pol yol s. The preparation of "pol yether, polyester, and

ol Y215 S0 SRMRAE, ) i PN BRI B Sl o
g g;g 22(7) 3, % Sﬁt-hessc%lgg e a{blﬁgg ijngally, tr§e3§ol%3hre%o%4nétp%nh%e%?%er‘/llﬁs’
butyl alcohol (100 mL), homogenized, and isolated. The solids are then dried in
a vacuum oven at 50-60°C, 30 in. (Hg) for 4-5 h.
The catalyst polymerizes propylene oxide at a rate of 11.1 g/min (100
10 ppm catalyst, 105°C, as described in Example 4). Elemental analysis of the
catalyst indicates 1.4 wt.% chloride content (0.14 moles of ZnCI2 per mole of
Zn,[Co(CN)gl,). Powder X-ray diffraction analysis of the catalyst shows a
substantially crystalline material that exhibits signals at about: 6.1, 5.9, 5.1, 4.2,
3.8, 3.6, 2.5, and 2.3 (d-spacing, angstroms) (see Fig. 2). A polyether triol

15 made using.the catalyst (see Example 5 for proceduré) has an unsaturation of

0.0043 meqg/g and a hydroxyl number of 30 mg KOH/g.

EXAMPLE 2

20 Preparation of a Zinc Hexacyanocobaltate/tert-Butyl Alcohol Complex
Containing Less Than 0.2 moles of ZnCl, per mole of Zn,{Co(CN)l,

In this example, a 306% stoichiometric excess of zinc chloride is used to

make the catalyst, but the washing routine reduces the amount of zinc chloride



and S.D. Harper, SPI Proceedings, 32nd Annual Pol yurethane Tech./ Market .
Conf. (1989) 360. The teachings of these U S. patents related to polyol

synt hesi s using DMC catal ysts are incorporated herein by reference in their
20 entirety. 15

The DMC catal yst of the invention are highly active conpared to :
conventional DMC catal ysts. A consequencef higher polynerization rates is
-t hat polyol producers can use |less of the relatively expensive DMC cat al yst
and salfE"HOABYC 'asrB2adtd Teleape Totassohiiee g sianorpleBtedrsentt o
reduce batch 5 times and increase productivity. In addition, the

catal ysts of tWetherfig#yston are often active enough to allow their
use at very |ow concentrations, such as 25 ppmor |ess. At such

| ow concentrati ons, Tederasedare et Examplef t isngeneralbf tollpweghexcept that the

pol yet her polyol w'thout an adverse effect on product quality. The ability
to : | edoenaganky seaction mixturpas PehtedstoziD’Cginualhe atiient cgrueenause
comercial 10 polyols currently require -a catal yst renoval step.

Pol yet her5 pol yadire ghlequde.ed using the catal ysts of the invention have

The resulting solid catalyst is isolated by filtration as in Example 1 except
that a 1.2 micron nylon filter is used. The washing sequence uses a 50/50
(volume) mixture of tert-buty! aicbhol/water for the first two washes, and neat
tert-butyl alcohol for the final wash. The catalyst is isolated and dried as .
10 described in Examp_le 1.

The catalyst polymerizes propylene oxide at a rate of 10 g/min (100 ppm
catalyst, 105°C, as described in Example 4). Elemental analysis of the catalyst
indicates 1.8 wt.% chloride content (0.18 moles of ZnCl, per mole of
Zns[Co(CN);]z). Powder X-ray diffraction analysis of the catalyst shows a

15 substantially crystalline material that exhibits signals at about: 6.1, 5.9, 5.1, 4.2,
3..8. 3.6, 2.5, and 2.3 (d-spacing, angstroms). A polyether triol made using the

catalyst (see Example 5 for procedure) has an unsaturation of 0.0039 meg/g

and a hydroxyl number of 31.1 mg KOH/g.



exceptionally | ow unsaturations, consistently |less than about 0.007 neq/g.
Preferred polyols of the invention have unsaturations | ess than about 0.006
meq/ g, and nore preferably | ess than about 0.005 neq/g. The reduced 15
unsaturation conpared with polyols made with conventional DMC catal ysts

of fers advantages for pol yurethanes nade with the polyols of the invention.
Pol yet her polyols made with the catal ystsygf the invention preferably

have average hydroxyl functionalities fromabout 2 to 8, nore preferably

from . about 2 to 6, and nost ggagiEr@hl y fromabout 2 to 3. The
pol yol s preferably 20 have nunber average nol ecul ar wei ghts within
the ramge of about Pmr&l%na&%kmc exa anoco baltate/tert-Butyl A

; ylL Al fbol Com
16 50, 000.  AdiRkiRicRN e T %@ g"%
12, 000; nost pr‘eln rres I'S t € r‘?ﬁ%?' &gm %‘ejm [(’lt gc
8, 000.

I nventi on5 Those ski NST%%”&)% hl%@fr&%s‘?ﬁ%gp e;oea?atmr?llér/éjcl\%%%gz aﬁr&ﬁi}g\eﬂ% ?%Y I ons

E?(ZF\/P?[Ee 1W' thi naTBQ“; s%&cﬁuo!‘ne?ri éxcess OY%'\net }n%pal salt to prepare%ﬁg F():Si‘ta?yst the clains.

A one-liter round-bottom flask equipped with mechanical stirrer, pressure-

equalizing addition funnel, and thermometer is charged with potassium

hexacyanocobaltate (5.0 g), tert-butyl alcohol (95 g), and distilled water (445 g).
10 The mixture is stirred until all of the metal cyanide salt dissolves. The solution
is warmed to 25°C. A solution of zinc chloride (5 @) in water (5 g) is added

over 1 min. to the stirred reaction mixture. Stirring continues for another 30

min. at 25°C.

The resulting wh'ite suspension is filtered through a pressure filter at 30
15 psig. The solic_!s are resuspended with vigorous stirring in a solution of tert-butyl
alcohol (68 g) and water (38 @), which is a 70:30 (by volume) solution. After al-l
of the solids are completely suspended in the wash mixture, stirring continues
for an additional 30 min. The solids are again isolated by pressure filtration,
and are resuspende& in tert-butyl alcohol (99.5%) (98 g, 125 mL). After all of
20

the solids are completely suspended in the wash mixture, stirring continues for

an additional 30 min. The solids are isolated and dried in a vacuum oven at

45°C, 30 in. (Hg) for 18 h.



Preparation of a Zinc Hexacyanocobaltate/tert-Butyl Al cohol Conplex 10
Cont ai ni'ng Less Than 0.2 noles of zZnC [err] per nole of '

Zn[err][Co(CN)[err]][err] In this exanple, a 306%

stoi chionetric excess of zinc chloride is used to make the

catal yst, but the washing routine reduces t he amount of zinc chloride
remaining to less than 0.2 nol es per 8 of zinc hexacyanocobal tate

pr esent in the catalyst. 15 Pot assi um

hexacyanocobal t at ' 1,550, V. terad 4 &10r¢ make
Solution 1. Zinc grh of | leklsri%/a)igm" 8((}§>2lc()1\p€e "frn gl smtﬂl)l EIO‘) W /t”eup “(E)) m) to

g‘ia‘;fi lsf"egt | ONpém °§?Al%tat ?85‘?:&3“&%&&& Gl ExDibil a2 @l%n%mil dQ\d M3 d'mﬁ

H°T 1's combi ned
% Then addeacdril PRFROR A ey e O moie® 4>'“W”péf‘°'9"°*g%"”e.2)
After zinc ch

for anot her go:;hbd?Cﬁfjﬂ t bowder X- raWt(?ract’lon analysus o Iihe canal}%’{‘&%e%éeﬂ

17 d catal is. isol ate

_ 5
m cron 3| ter)Shﬁ‘P’sZ?OSUbS?an“a"\r’]%B?i?ad'%g‘a\’%fg{i‘@t| LIS f"%%bd) } 98, |
tert-butyl al quh,ozl.. (g% gtg :f{‘.dz.gf SFSI, Ialngd2.1 (d-spacing, angstroms). A po!yethe( triol

made using the catalyst (see Example 5 for procedure) has an unsaturation of

0.0026 meq/g and a hydroxyl number of 29.8 mg KOH/g.

10 N EXAMF;'LE 4
Epoxide Polymerizations: Rate Experiments--General Procedure
A one-liter stirred reector is charged with polyoxypropylene triol (700 mol.
wt.) etaner (70 g) and zinc hexacyanocobaltate catalyst (0.057 g, 100 ppm level
in finished. polyol). The mixture is stirred and heated-to 105°C, and is stripped -
15 under vacuum to- remove traces of water from the triol starter. The reactor
pressure is adjusted to a vacuum of about 30 in. (Hg), and .propylene oxide (10-
11 g) is added in one portion. The reactor pressure is then monitored carefully.
Additional propylene oxide is not added until an accelerated pressure drop
occurs in the reactor; the pressure drop is evidence that the catalyst has
20 beceme activated. When catalyst activation is verified, the remaining propylene

oxide (490 q) is added gradually to keep the reactor pressure at about 10 psig.



wat er (50 m.), and the mi xture i s honbgeni zed for 20 mn. The catal yst IS
filtered as previously described. The wet solids are conbined with

tert-butyl 5 al cohol (70 nL) and distilled water (30 nL), the
m xture i s honogeni zed for 20 mza., and the solids are isolated.
Finally, the solids are conbined with neat tert- butyl al cohol

(100 nm), hon%%}sygSH\gcﬁD%xlﬁoicﬂhﬁgr .JT:{?_E\&?H ‘Eﬁr ﬂh?\uF HEMALLEdobTE o e

a vacuum oven at [err]C, 30

catal yst pol yr@fdsﬁg;ﬁﬁ%%é ?sngbgéﬂngc? altes Rje%f Zéﬂlr‘r]jfzbl emar N (kD stpgll%ed of

ppm cat al yst, 105 as descri ntal "ana

t he % C i de ¢ nt en .

ZnC [err] per &&f V\éf%hu'lnn‘%r%%e pgﬁfép;ﬁ?@%(aagﬁhgrqﬁy ey Ff?leg%\%&ﬁ??o%rfegy
di ffraction anal ysur of , the catalyst s substantial ly
crystal line materi al©fRIG™MENeR5CH é“ é?tﬁnav@“a‘? @cﬁ?f‘s“@‘pfﬂonég)g"s geqction
3.8, 3.6, 2.5, .and 2.3 (d-spacing, angstrons) (see Fig. 2). A polyether
triol 1% Himgemia) 'ﬁgif?%eée(ﬁawg 1)s heexlan®p|oé the Fevertdeederrast pgintan
unsaturation of . 0.0043 neqg/g and a hydroxyl nunber of 30 ng
KOH g. is measured to find the reaction rate in grams of PO coriwéARPIcEr PninuR) The

Preparati on of a Zinc Hexacyanocobaltate/tert-Butyl Al cohol Conpl ex
.Cont ai ni ng Les#tqusentian of Vg ke ehd Zn@irjzontd! liperexteridedofrom the baseline of the
Zn[err][Co(CN)[err]][err] In this exanple, a 306%
stoi chi onet ri c careeisdalodn 28 tiee Tlauotiérdl @mies(inigrdutes) required for the darkgstttbe
catal yst, but the washing routine reduces the anount of zinc chloride

become active.

10 : When this procedure is used to measure propylene oxide polymerization
rates, the catalysts of the invention typically polymerize PO at rates in excess of
about 10 g/min at 100 ppm catalyst at 105°C (see Fig. 1). In contrast, a
catalyst made by the procedure of U.S. Pat. No. 5,158,922 poly_merizes PO at a

rate of about 2 g/min. at 100 ppm catalyst at 105°C.

15
EXAMPLE 5
Polyether Polyol Synthesis
A two-gallon stirred reactor is charged with polyoxypropylene triol (700
20 mol. wt.) starter (685 g) and zinc hexacyanocobalitate 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



18 remaining to less than 0.2 noles per nole of zinc
hexacyanocobal t at e present in the catal yst. The
procedure of Exanple 1 is generally foll owed, except that the

honogeni zed reaction mxture is heated to 30[err]C during the addition of
aqueous 5 zinc chloride. The resulting solid
catalyst is isolated by filtration as in22xanple 1 except that a
1.2 micron nylon filter is used. The washi ng sequence uses a 50/50

(vol unme) m xt yegedf, |F\i‘ﬁ5ﬁy QH&e{r aabe&hﬂl(/fvx@;to%i 36% 5. hhd e Fr‘/‘Qth\‘a&@ Sured

neat tert-butyl” al cohol for the final wash. The catalyst

I sol ated and qgigshi@Sed J:Qrﬁfulh/edﬁéc‘fl b#?ﬁ%rb&ﬂ@f@@t 1% no/l addeij f(%l an The

catal yst pol yneri zes propy oxXl| e at ate o

talyst, 105 e I f th
cat l v 105 1l g A5G0 I G A g S S sS'gagfsnce
ZnCl [err] per

diffraction antgﬁy&esc%t?lylshgaﬁ29?8??‘%@%4{% (%%E Ca]‘?l'{/%[ﬂé%’amrr Y Y%f'f‘ed tR’e

crystalllne mat erial that exhi bi s SI nals ategbout 6.1, 5.

3.8, 3.6 2.5, ’%"@%‘"PHV@BE&X sﬂ)r'ér?é’)’ RTPBE3IW: sy alePb? rhﬁ’&é‘*um ng

the maintaining a reactor pressure less than 40 psi. After propylene oxide addition
is complete, the mixture is held at 105°C until a constant pressure is observed.
Residual unreacted monomer is then stripped under vacuum from the polyol
product. The hot polyol product is filtered at 100°C through a filter cartridge
10 (0.45 to 1.2 microns) attached to the bottom of the reactor to remove the
catalyst.
The preceding examples are meant only as illustrations; the following

claims define the scope of the invention.



catal yst ,(see Exanple 5 for procedure) has an unsaturation of 0.0039 neq/g

and a hydroxyl nunber of 31.1 ng KOH g.
19 - EXAMPLE 3

Preparation of a Zinc Hexacyanocobalt atehgert-Butyl Al COhO”I“'H“I'H"""l,””"l
* [ L L] s *

Cont ai ning Less Than 0.2 noles of ZnCl[err] per nole of

Znlerr][Co(CN)[err]][err 5 This exanple ildustrates the
preparation of a DMC st by using only a 63% stoichionetric
excess of the netal salt to prepare the catalyst. A

one-liter round-bottadm f| Aséoubtpumpiak dyaniden(IEN anmpleix talyst ehjchproegsiseea
equal i zing addition funnel, and thernoneter is charged with potassium

hexacyanocobal t éDMC(&mEbo@)xd 4reérigalib cypRkiphipent, A0d @) metaNshi ivterdih @t Wat er
(445 g). 10 The mixture is stirred until all of the netal cyani de

sal t dissol ves. c-zm?ys§9$dﬁlh§’féss than about 0. Q%MMctrﬁetﬁ%ﬁede} %orlﬁa‘%fs ﬁ![Ngéf[ ﬁg of

zinc chloride (5 g) 1n water (5 g) Is ad

stirred reactloQDH} xture. Stirring continues for another 30 mn
at 25[err]C ) The resulting white suspension is filtered
through a pressure filter at 30

15 ded
with vigorous stirri r%g i n 4 %t%lly&aiso‘ilta'ﬁ‘f:dt"éf:@‘ rgt}té%aractenseg that the DMC ' ©

compound is a zinc hexacyanocobaltate and the metal salt is a zinc halide.

3. A catalyst as claimed in claim 1 or claim 2 characterised in that the
organic complexing agent is selected from alcohols, aldehydes, ketones, ethers,
esters, amides, ureas, nitriles, sulfides, and mixtures thereof.

\ 4. A catalyst as-claimed in claim 3 characterised in that the organic
complexing agent is tert-butyl alcohol.

5. A catalyst as claimed in claim 1 which comprises zinc
hexacyanocobaltate, tert-butyl alcohol, a.nd zinc chloride and wherein the catalyst
contains less than about 0.2 moles of zinc chloride per mole of zinc
héxacyanocobaltate.

6. A catalyst as claimed in any one of the preceding claims
characterised in that it contains less than about 0.15 moles of the metal salt per
mole of DMC compound.

7. A catalyst as claimed in claim 6 characterised in that it contains less

than about 0.1 moles of the metal salt per mole of DMC compound.

8. A catalyst as claimed in any one of the preceding claims



al cohol (68 g) and water (38 g), which is a 70:30 (—by—v—el—ua%)—sel—ul—uan

Aftér all of the solids are conpletely su
m xture, stirring continues for an additi Fli lﬁ U\gﬂsol i ds
are again isolated by pressure filtrationy, nded

in tert-butyl alcohol (99.5% (98 g, 125 m_) After aII of t he
solids are conpletely suspended in the wash m xture, stirring contl nues for
an addi tional 3¢hapoteristthan dul itds salvstantigly gtystallanedandr hag pomden Xviag Wiffrastiem at
45[err] €, 30 in (Hg) for 18 h. '

20 signalhiet souabysts. R .y a2, 368 6PPY, ané 2d¥ (ddspasing fangatrems).
10.9 g/mn (100 ppm cat al yst, 105[err]C, as described in Exanple

4) . Elenmental anal ysgs of atdatulyst as clalmé'diirﬁidﬁfsénd oigigises1d07 dndvhadfnghl or i de
content (0.07 noles of zZnCl[err] per nole of

Znferr] [CO(C'\')[E5\LJJJ§[)€rg)] )jrffrﬁ’&i&ﬁ{ auél &%s hle thI‘BGvnaiH% ys of the

catal yst (see F ws a substa ycrys allne mat eri al
that exhibits S|gnal ?‘n?tl iRed 5.1 a el 8, 3.6, 3.1,
2.5, 2.3, and 2.1 (d ‘pac a%ﬁ’\ﬁtc ab‘HE(ig ﬂﬁPngﬁl@g{W&PF?ﬁﬁ @ﬂca‘ms nmade
usi ng the catal yst (see Exa 5 for procedure) has an unsaturation of

0. 0026 neq/g an8 aéa?ﬁ?’(ﬁeéxg}lth%dhﬁé?ffeﬁ!“cz@ polygerigy pigpylene oxide at a rate in

excess of 3 g PO/min at 100 ppm of catalyst, based on the weight of finished
polyether, at 105°C.

11. A catalyst as claimed in any one of the preceding claims
-chara'ctcrised in that it is capable of producing a polyether polyol having an
uﬁsatufation less than about 0.005 meq/g.

12. A method of making a highly active DMC complex catalyst, said
method comprising reacting aqueous solutions of a metal salt and a metal cyanide
salt in the presence of an organic complexing agent, wherein the metal salt is used -
in an excess amount less than a 100% stoichiometric excess relative to the amount
of metal cyanide salt, and the resulting catalyst contains less than about 0.2 moles
of the metal salt per mole of DMC compound in the catalyst.

13. A method of making a highly a-ctive DMC complex c;extalyst, said
method comprising:

(a) reacting aqueous solutions of a metal salt and a metal cyanide salt in

the presence of an organic complexing agent to produce a éatalyst
precipitate, said metal salt being used in excess compared with

the amount of metal cyanide salt used; and



10 )
Epoxi de Pol ymeri zati ons: Rate Experinents- General :

A. one-liter stirred reactor is charged with poly mg@m ll (700
nol . w.) starter (70 g) and zj#c hexac | yst
(0.057 g, 100 ppm | evel in finished. poI on ). The m xture i's
stirred and heated t 105 errké: and is strl{gp under vacuumto
rempve traces of wat SR the, Gaialy L LGRS ‘I’HB r'@%‘f'&r"f waler and
pressure is adjusted to a vacuum-of about 30 in. (Hg), and propyl ene oxide
(10- 11 g) is QM8 Somperngagent Bha TERact eliective 'pPwsycr 2 i s then
noni tored carefully. Addi ti onal propyl ene oxide is not added
until an accel erated presbighty asutivp DMC complex caiglystrthai contdins lessathemrboithe
pressure drop is evidence that the catal yst has 20 becone

activated. Wen catal yst 8¢ méddsidiihé mewekall p&dmotehsf DR eohpeindriRpké ene
oxide (490 g) is added gradually to keep the reactor pressure at about 10

psi g. catalyst 21 Af ter
pr opyl ene oxi de addition |s conplete, the nixture is held at 105[err]C
until a const,gnt r e n r
is then stopped 2! u%gféﬁl\légcaﬁuc%@%% ‘éﬁ;ﬂn 3 ér'?édﬂlr (1)%1% Q&éﬁﬁd lpléﬁ)aqe

ol yol is cooled, a eco .
poly the B?\/Ié cataszt 1s a zinc hexacyanocobaltate.

15. A method as claimed in claim 12, claim 13 or claim 14
characterised in that the organic complexing agent is tert-butyl alcohol.

16. A method as claimed in any one of claims 12 to 15 characterised in
that the DMC catalyst is sut;stantially crystalline and has powder X-ray diffraction
signals at about 6.1, 5.9, 5.1, 4.2, 3.8, 3.6, 2.5, and 2.3 (d-spacing, angstroms).

17. A method as claimed in any one of claims 12 to 16 characterised in
that the DMC catalyst contains less than about 0.1 moles of the metal salt per
mole of DMC compéund in the catalyst.

18. A method of preparing an epoxide polymer, said method comprising
polymerizing an epoxide in the presence of a catalyst as claimed in any one of

claims 1 to 11 or obtained by a method as claimed in any one of claims 12 to 17.



-

To determne reaction rate, a plot of PO consunption (g) vs. reaction 5
t'ime (ni n) is prepared (see Fig. 1) . The sl ope of the curve at its steepest

poi nt is neasured to find the reaction rate in grans of PO
converted per mnute. The ' i nter §e6ct| on of this line and a
hori zontal |ine extended fromthe baseline of the curve is taken

as the i nd_uctl onilgbm‘g Artﬁwtlﬁggﬁhkﬂlﬁggﬂ@?Amﬁlf@(ﬁvﬁ‘i%%([ ﬁ@;ﬁ}rgs'fs

becone active. I'S” procedure 1s used
propyl ene oxi de pol yneri zation t@éﬁ’mhe catal ysts of the
invention typically polynerize PO at ra ess of about 10

g/mn at 100 ppm catal yst at 105[err]C (see Fi In contrast, a
Q\G%W)l%"

cat al yst ade by t he Highly agiveedeylemstal pyanid gipteocatalysrhiche sk at
a rate of about 2 g/mn. at 100 ppm catal yst at 105[err]C. 15
EXAMPLE 5 other highly active DMC catalysts, are substarRillly etrystallifg| opolpriSy atDieid s
A two-gallon stirred reactor is charged wth pol yoxypropyl ene triol (700
20 mol . vvtcobnpaaxﬁf ta@lorg A6 cEhpRRihg Zighit, AR AOHABOSAD et tHRadatdlyst t
(1.63 g). The m xture is stirred and heated to 105[err]C, and is

stripped under vaguinitQ t??r{"?d’o%t 0.2 moles of tﬁé ﬁ'fé?a"l st pePhRle &f BFME Rmpoid.
.starter. Propylene oxide (102 g) is fed t

The catalysts may be formed by reacting aqueous solutions of a metal salt and a
10 metal cyanide salt in the presence of an organic complexing agent, wherein thé
metal salt is used in an excess amount less than a 100% stoichiometric excess
relative to the amount 6f metal cyanide salt. Alternatively the aqueous solution
may be reacted with the metal salt in excess to form a catalyst precipitate and the
precipitate then washed with water and complexing agent to produce the catalyst
15 product. Polyether polyols made from the catalysts have low unsaturation and are

useful for making many types of polyurethane products.

FIGURE 1



22 _ reactor, initially under a vacuum of about 30 in (Hg), and thre
react’'or “pressure . is nonitored carefully. Additional propylene oxide
is not added until an accel erated pressure drop occurs in the
reactor; the pressure drop is evidence that the catal yst has becone
activated. Wen catal yst activation is verified, the 5 remai ni ng
propyl ene oxide (5713 g) is added gradudfPy over about 2 h while

mai ntai ning a reactor pressure |ess than 40 psi. After propyl ene oxide

addi tion is complete, the mxture is held at 105[err]C until a
constant pressure i s observed. Resi dual unreacted nononer is then
stripped under vacuum fromthe pol yol product. The hot pol yo
product is filtered at 100[err]C through a filter cartridge 10 (0.45

to 1.2 mcrons) attached to the bottom of the reactor to renove the

catal yst. Th Lecedi ng exanp] es are neant only as
illustrations; the foll ow ng ns fefine the scope of the
i nvention. lgurle

500

3

Lt Lt s 1 i 01l Li L.l 1 1.4.1 1 0L 1Ly 41 Ll i [0 0 T S O O O I |

400

W W
o O
o O

6]
o

NN
S ¢
o

PO Consumption [g]

—_
o O
o O

f

4
o

o

&

®

@

o

T™TT"1

50

LR L

100

ll]llllll

Time [min]

150 200 250 300




CLAI Ms: 1. A doubl e net al
conprisés a DMC compound,
wherein the
per nole of DMC conpound. 2.
characterised in that the DMC conpound
the nmetal salt is a zinc halide.
claim1 or

an organi c conpl exi ng agent

ié;éizi

claim?2 characterised in that the

cyani de (DMC) conpl ex catal yst which

, and a netal
catal yst contains | ess than about 0.2 noles of the netal

sal t,
sal t

A catalyst as clainmed in claim1
nc hexacyanocobal tate and
A catalyst as clained in

s3una)

organi c conpbexi ng agent is
sel ect ed fpromratcohots,—ardenydes, Ketones, ethérs, estidr'8, am des, ureas,
nitriles, jsulfides, and m xtures thereof. 4. catal yst as
claimed ifl claim 3 characterised in that the organic coffpl exi ng agent is
tert-butyl} al cohol . 5. A catalyst as clainmed {jn claim 1 which
conpri ses |zi nc hexacyanocobal tate, tert-butyl alcohol, ®ngd zinc chloride
and wherei'h the al yst contains |ess than about 0.2 Es of zinc
chl ori de pFr nolfe~of zinc hexacyanocobaltate. A catal yst as
clainmed injany o of the preceding clains characterise in that it
contains | gss tdg? about 0.15 noles of the netal salt p nol e of DMC
conmpound. 7. A catalyst as clainmed in claim aharacterlsed in
that it cofitai nsmess than about 0.1 noles of VA&- | Salt per nole of
DMC co .
npoupd (@)
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8. .,Acatalyst as clainmed in any one of the preceding cl ai ms
characterised in that it is substantially crystalline and has powder X-ray
diffraction signals at about 6.1, 5.9, 5.1, 4.2, 3.8, 3.6, 2.5, and 2.3

(d-spaci ng, angstrons). 9. A catal yst as clainmed in any one of
claims 1 to 7 and having a powder X-ray gffraction pattern substantially
as shown in Fig. 2. 10. A catalyst as clainmed in any one of the

preceding clains characterised in that it is effective tq | yneri ze
propyl ene oxide at a rate in excess of 3 g POnmn at 100 m of - cat al yst,
based on thg wei ght of fisished polyether, at 105[err]C 11. A
catalyst as,jclainmed in any one of the preceding clains chigracterised in
that it is dapabl g Qf producing a pol yether polyol having unsat uration
| ess t han abjout O! meq/ g. 12. A nethod of maidiflg a highly
active DMC clonpl ex catal yst, said nethod conprising react}ing aqueous

sol utions of} a net@I)saIt and a netal cyanide salt P#'%h& presence of an
organi ¢ conpl exi ngsagent, wherein the netal salt is used N an excess
amount | ess fhan a:E?O@bstoichionetric excess relative to {he anpunt
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of netal

0. 2 ol es
13.
met hod conpri-si ng: (a)

salt and a metal cyanide salt in
organi ¢ conpl exi ng agent to produce a c&fal yst
precipitate, said netal
t he amount of netal

cyani de salt,

of the netal salt per

cyani de salt used; and

salt being used in excess

and the resulting catal yst contains |ess than about

nol e of DMC conpound in the catalyst.
A met hod of nmaking a highly active DMC conpl ex catal yst,

sai d

reacti ng aqueous solutions of a netal

the presence of an

conpared with

(&)
25 (o) wastimg the catalyst precipitate mnth @_ Xt ure of water
and organi ¢ conpl exing agent in a manner ective to produce
a highly active DMC conpl ex catal yst that cfintains |ess than
about B 0.2 moles of the netal salt per nole {gDMC compound in
t he catal yst. 14. A nmethod as claiped in claim12 or
claim 13 cHaracterised in that the DMC catalyst is a zing
hexacyanoc baltate<d_ 15. A nethod as clainmed in ¢giaim12, claim13
or claimi14 9
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characterised in that the organic conplexing agent is tert-butyl al cohol.
16.< “*A"nethod as clained in any one of clains 12 to 15 characterised in
that the DMC catal yst is substantially crystalline and has powder X-ray
diffraction signals at about 6.1, 5.9, 5.1, 4.2, 3.8, 3.6, 2.5, and 2.3
(d-spaci ng, angstromns). 17. A\ﬂithod as claimed in any one of
claims 12 to 16 characterised in that % DMC cat al yst contains |ess than
about 0.1 noles of the netal salt per nole of DMC conpound in the

cat al yst. 18. A met hod of preparing an epoxi de pol ymer, said

met hod conpri si y T f ; f _ascatal yst as
clainmed in any clains 1 to 11 or obtained by a method}hS clained in
any one of cl ai -
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