-1 PROCESSES FOR THE PREPARATI ON OF DOUBLE METAL CYANI DE (DMC) CATALYSTS

FI ELD OF THE | NVENTI ON The present invention relates in general to processes
for maki ng double netal cyanide (DMC) catalysts, and nore particularly, to
processes 5 for preparing substantially anorphous DMC catal ysts at | ow
nolar ratios of transition netal salt tb cyanide netal salt by

simul taneously controlling the alkalinity of the netal salt used to nmake
the catalyst, the nolar ratio of water to total cations, the nolar ratio of
ligand to transition netal cation, and/or the nolar ratio of netal salt
anion to nmetal cyanide | ON Doubl e net al
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BACKGROUND OF THE INVENTION
Double metal cyanide (DMC) complexes are well known to those
skilled in the art for cataiyzing epoxide polymerization. Double metal
cyanide (DMC) catalysts for the polyaddition of alkylene oxides to starter
15 compounds, which have active hydrogen atoms, are described, for
example, in U.S. Pat. No’s. 3,404,109, 3,829,505, 3,941,849 and
5,158,922. These active catalysts yield polyether polyols that have low
unsaturation compared to similar polyols made with basic (KOHM) catalysis.
DMC catalysts can be used to make many polymer products, including
20 polyether, polyester, and polyetherester polyols. The polyether polyols
obtained with DMC catalysts can be processed to form high-grade
polyurethanes (e.g., coatings, adhesives, sealants, elastomers and
foams).
DMC catalysts are usually prepared by the reaction of an aqueous
25 solution of a metal salt with an aqueous solution of a metal cyanide salt in
the presence of an organic complexing ligand such as, for example, an
ether. In a typical catalyst preparation, aqueous solutions of zinc chloride
(in excess) and potassium hexacyanocobaltate are mixed, and



di met hoxyet hane (glynme) is subsequently added to the fornmed suspension.
After filtration and washing of the catalyst with aqueous glyne solution,
an active catalyst of formula: 5 Zn3[ Co(CN) $] 2 xZnCl 2yH2O*zgl yne i s
obtained. DMC catalysts prepared in this way have a rel atively high degree
of crystallinity. Such catalysts are-Bsed for naking epoxide polynmers. The
10 activity for epoxide polynerization, which exceeds the activity avail able
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di scl ose that at |east a 100% excess of transition netal salt is needed to
prepare highly active double netal cyanide (DMC) catal ysts. For a double
met al cyani g obtgiR@@und such as zinc hexacyanocobaltate with the chem cal
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important for the successful commercialization of polyols from DMC
catalysts.

15 Highly active DMC catalysts are typically substantially non-
crystalline, as is evidenced by powder X-ray diffraction patterns that lack
many sharp lines. The catalysts are active enough to allow their use at
very low concentrations, often low enough to overcome any need to
remove the catalyst from the polyol.

20 Hinney et al., in U.S. Pat. No. 5,158,922, disclose that at least a
100% excess of transition metal salt is needed to prepare highly active
double metal cyanide (DMC) catalysts. For a double metal cyanide
combound such as zinc hexacyanocobaltate with the chemical formula
Zn3[Co(CN)elz , the use of 3.0 moles of transition metal cation per mole of

25 metal cyanide anion in the catalyst preparation provides a 100% excess.

As those skilled in the art may be aware, significant drawbacks can
be encountered in using 100% more than the stoichiometric requirement of
metal salt. Such disadvantages include greatly increasing the cost of
catalyst production and increasing the likelihood of operator exposure to

30 hazardous materials and/or equipment corrosion. Nevertheless, the
previously described processes for preparation of highly active
substantially amorphous DMC catalysts employ at least 3.0 moles of



transition netal cation per nole of nmetal cyani de anion. For exanple, U S
Pat. No. 5,470,813, issued to Le-Khac, describes substantially anorphous or
non-crystalline catal ysts that have nmuch hi gher activities conpared with
earlier DVMC catal ysts. The DMC catal y$ks made according to the methods 5 of
Le-Khac '813 can have transition netal cation to netal cyanide nolar ratios
of appr oxi nearedijor? metdltdationipey mhgleafimetal SjdnidatnionstBon exdmple, U8, additi on
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t he amount of trangjtiaqn petal
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per nole oft | WnQN fromO0.0033 to 0.0324. The

catal ysts oy'%bapr’;%léngtg' g@%@??@ggr%, “identified by the presence of a
peak i M@ he i nfrHSdPatpblot 518875122 dpsuekioniee-Khac®tal.cdescribess cat al yst - maki ng
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of DMC cat ametalsattperendleraf ©OMCt compyurdhih thecatalyéior mat i on of smal |l anounts
of very high 30 beatal, in 0.8 Paf No. 3764815, destribe very active,
15 amorphous double metal cyanide (DMC) catalysts with improved
performance, which is attributed to the use of basic compounds that
control alkalinity of the reaction system. Desirable alkalinities are taught to
range only from 0.20% to 2.0% based on the amount of transition metal
salt used in the reaction. Alternatively, those alkalinities, when expressed
20 as moles of alkaline metal compound per mole of transition metal salt,
range from 0.0033 to 0.0324. The catalysts of Combs et al. may readily
be identified by the presence of a peak in the infrared spectrum at
approximately 642 cm™. The catalyst-making procedures taught require
mixing aqueous solutions of zinc chloride and potassium
25 hexacyanocobaltate in the presence of organic complexing agents such as
tert-butyl alcohol (TBA).
U.S. Pat No. 6,696,383, issued to Le-Khac et al., teaches the
addition of alkali metal salts during the preparation of DMC catalysts to
enhance activity and reduce formation of small amounts of very high
30 molecular weight polyol impurities.



None of the above-referenced art provides a neans to reduce the anount of
nmetal salt in the catal yst producing process to | ess than a 100% excess of
transition metal salt. That is, nmore than 3.0 nmoles of transition nmetal
cation are used per nole of netal cyadide anion. Several workers 5 have
attenpted to find ways around this requirenment. One solution is described in
U.S. Pat. No. 5, Rohef the hB&SuRreibRancedHlf pravideda Fleisdl rddubé @ite G oup | 1A
alkaline earth netal salts are wused in conbination with a stoichionetric
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nei t her 1@ he Copits 263 Glsd diceidsesd M its RRperd®@nba eRBMpEPMSE 6F alldfivief r anewor k or

gui dance as to specific adjustnent of nolar ratios of 25 water to ionic
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with increased activity always remain a desired goal. 30 Therefore, a need

al ways exi sthe 7261tpaieat¥ is silent ag tecwhether the catalyst s enystagline or
15 amorphous.
Eleveld et al., in U.S. Pat. No 6,716,788 describe a process for
making double metal cyanide catalysts where even higher alkalinity metal

salt is disclosed. Alkalinities ranging from 0.03 to 0.08 moles of alkaline
metal salt to transition metal salt are used in experimental examples

20 although the claims recite levels as high as 0.4 moles. It is noted that all
examples in the ‘788 patent employ more than 3.0 moles of transition
metal cation per mole of metal cyanide anion.

Thus, neither the Combs ‘261 patent nor the ‘788 patent provides

any framework or guidance as to specific adjustment of molar ratios of

25 water to ionic species, or molar ratios of ligand to transition metal cation, in
order to prepare highly active amorphous DMC catalysts with less than
100% excess of metal salt. As those skilled in the art are aware, even the
best double metal cyanide (DMC) catalysts can be improved. Less
expensive catalysts with increased activity always remain a desired goal.

30 Therefore, a need always exists in the art for processes for producing



doubl e nmetal cyanide (DMC) catal ysts that require a nuch | ower amount of
transition netal salt, but which still provide catalysts with the sought
after high activity. 5 SUMVARY OF THE | NVENTI ON Accordi ngly, the present

i nvention provides such processes in-9hich highly active, substantially
anor phous doubl e netal cyanide (DMC) catalysts can be prepared with very
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The inventive processes yield DMC catalysts that are substantially

15 amorphous and which exhibit a characteristic peak in the infrared
spectrum in the range of about 600-650 cm™. The DMC catalysts
produced by the inventive processes can be used to produce polyether
polyols, which in turn can be processed to form high-grade polyurethanes.

These and other advantages and benefits of the present invention

20 will be apparent from the Detailed Description of the Invention herein

below.

BRIEF DESCRIPTION OF THE FIGURES
The present invention will now be described for purposes of
25 iliustration and not limitation in conjunction with the figures, wherein:
Figure 1 shows the X-ray diffraction pattern of the comparative
DMC catalysts and one DMC catalyst made by the inventive process;
Figure 2 illustrates the X-ray diffraction pattern of the DMC catalyst
prepared by the inventive process according to Example 7; and
30 Figure 3 depicts the X-ray diffraction pattem of the DMC catalyst
prepared by the inventive process according to Example 8.



The present invention will now be described for purposes of illustration
and not limtation. Except in the operating exanples, or where otherw se

i ndi cated, all nunbers expressing quantities, percentages, OH 5 nunbers,
functionalities and so forth in the sfecification are to be understood as
being nodified in all instances by the term"about." Equival ent weights and
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pol ymeric |igan ere eratlo of water to cations is greater than
about 100 aEquh/IalenYMeéghtatam rablecRiarweaightscgivereberein imDaltone{Bh) agenni de
anion is |less an a be bound 'y t heory, the
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e q ransition

involving th tal cation anion such that they are readily
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nmetal cyani e sa t suc ratio of transition netal cation to
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per cent 1 ansi 11 n’ HEPA ORIl SopeRiatars eFisaaAntnvherS tIRaie FaiP mot al -
salt. Tyg reaction gf&Rnide-#88ahitrPRthdi@icyaRometallate anion is less than
about 6 and the mole ratio of water to total cations is less than
about 200; and
3. using functionalized polymeric ligands where the mole ratio of

water to cations is greater than about 100 and the mole ratio of

20 cyanide-free anion to metal cyanide anion is less than about 6.
Without wishing to be bound by any theory, the inventors herein speculate
that properly manipulating these process parameters promotes formation
of soluble, complexed cationic species involving the transition metal cation
and anion such that they are readily incorporated into the catalyst matrix.

25 All of the inventive processes provide for the preparation of highly
active, substantially amorphous double metal cyanide (DMC) catalysts, by
reacting, in aqueous solution, a transition metal salt having an alkalinity of
at least 2 wt. %, with a metal cyanide salt such that the molar ratio of
transition metal cation to metal cyanide anion is less than 2.9:1, more

30 preferably less than 2.5:1 and most preferably less than 1.5:1. The
alkalinity is expressed as weight percent transition metal oxide based on
the amount of transition metal salt. The reaction step is understood herein



-7 to be the act of mxing the nmetal salt and the netal cyanide salt to
produce a precipitated solid. In sonme enbodi nents of the present invention,
the reaction stop takes place in the presence of an organic conpl exi ng

|l i gand. In one enbodi ment of the preseft invention, a cyanide-free 5
conpound (i.e., an anion and an alkali netal) is added in the reaction step
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polyether after the reaction step.

In another embodiment, the present invention involves a process
where the mole ratio of cyanide-free anion to metal cyanide anion is
between 3 and 6 and the mole ratio of water to total cations is less than

20 250. More preferably, the mole ratio of water to total cations is less than
200. To promote retention of the metal salt in the catalyst, sufficient ligand
must be used to obtain a ligand to transition metal sait cation mole ratio
greater than 5. More preferably, the mole ratio of ligand to metal salt
cation is greater than 10 and most preferably between 10 and 200. As a

25 general rule, the inventors herein have found that higher ratios of water to
cation require higher ratios of ligand to metal salt cation. The precipitated
solid may or may not be treated with a functionalized polyether after the
reaction step.

In yet another embodiment of the present invention, the catalyst

30 may be prepared in very dilute solution, the mole ratio of cyanide-free
anion to metal cyanide anion is greater than 3 and less than 6, the mole
ratio of water to total cations is greater than 100, and functionalized



anion to nmetal cyanide anion is greater than 3 and |l ess than 6, the nole
ratio of water to total cations is greater than 100, and functionalized -8
pol ymeric conpl exi ng agents are used with or without typical |ow nolecular
wei ght conplexing ligand(s) in the redttion step. More preferably, the nole
ratio of water to total cations is greater than 150 and nost preferably
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exanple, an a nor e e solutions where
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about 6. Transition netal salt 25 The transition netal salt used in the

processes ofessthap 0;and morg\pseierably js lessthan y avenwhere thewateetand has- t he
formula (1) hosen fromzn(I1), Fe(ll), N (Il),
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highly achve oub e metal cyamde (DMC) catalysts with a characteristic

15  peak in the range of about 600 to 650 cm™ as described in copending U.S.

patent application Serial No. 10/649,520. It will also become apparent that

different features of the inventive processes may be combined with each

other in various ways. For example, an alkali metal salt may be used in

more dilute solutions where the mole ratio of cyanide-free anion to metal

20 cyanide anion is less than about 6.

Transition metal salt
The transition metal salt used in the processes of the present
invention preferably is water soluble and has the formula (l),
25 M(X)n 0]

in which M is chosen from Zn(l1), Fe(il), Ni{l), Mn(il), Co(ll), Sn{ll), Pb(il),

Fe(lll), Mo(IV), Mo(V1), Al(Ill), V(V), V(iV), Sr(il), W(IV), W(VI), Cu(ll), and

Cr(li1). More preferably, M may be chosen from Zn(li), Fe(ll), Co(ll), and
30  Ni(ll).



30 Ni(Il). -9 In the above formula (1), X is preferably an anion chosen from
hal i des, hydroxi des, sulfates, carbonates, cyanides, oxal ates,

t hi ocyanates, isocyanates, isothiocyanates, carboxylates, and nitrates. The
value of nis froml to 3 and satisfi-€®-the valency state of M 5 Exanpl es
of suitable transition nmetal salts include, but are not limted to, zinc

chloride, zinc bypiHedghovel fafmarellpOeis ;xrefé‘raa@eérpabrbac‘cﬁo@bﬂ frordi nc benzoat e,
zinc nitrate, iron(ll) sulfate, | ron(I ) brom de, cobalt(ll) chloride,

cobal t (11) halides;hysraxides, cuifates, parhanetas cyanides) oxalptas,t rate, and t he

s mont 1 onel AR REY anatis, e By iR 8. cieCRvlRe ARTIRAER, ° (ol [ *Lsea

in the inventiveTheorhssof A iofremot té Bandrgdtizfies thé valencgendtealfiMd. In  the
i nventi ve processes, aqueous solutions of the transition netal salt

preferab®y have &xamples phwl;ahk trgnsiticametahaals include, bubhareBehl oxi de

15 used i s IECHR) 2P sl 2ol HARefard i Fed ol BicbtaBal tare) T
the al kal i nizing tﬁénmcziﬁc Aitrate, drorgi) éiﬁfaléeﬁb d(n) bismideoesbalt(i) ef er abl y may
range from2.1 . % as zinc oxi de based on the ampunt of zinc

chloride i nohhmdgopgbalﬂﬂ) thicepanate nicksl(B dormaatge nickel(¥ heitrate,and then net al

ange 20 1 1 b= Hixyieiheediiuieh 2t OFbfite Rblifng et Sieferféd vay i vy ot

the traggsition gy menfidedBeidindbbvethihlkafinig sotheatasiiorfetglosdl nat i on of
t hese val ues, inclusive of the recited values.” The alkalinity of the

transition msedlinhe inventien pennesads ooa of e vadables tobewentrioled! Iral t .

Techni cal - t de zinc

chl ori de, @gﬁg}ﬁnﬁ% P«iﬁ% g?eﬁlﬁ?o uﬁ?%f%’g%f tg‘% iTaé%@giP’ ﬁ\%&'g‘iﬁﬁepar ations
because of tﬁi‘@fe’fﬁﬁl?‘”a\#@'ah alRaRHityCsTGrealdp R 2.0 wh. S6 23 rhatal @kidee transition
metal salts often contain acidiC inpurities, and_aqueous solutions of these

salts can hmsedmf@ﬁ@mow\@f@ml salt.t Ferexample, ifithadransition metal saltret al
oxi de) . 150" u%’é%@&ﬁ‘lcé 3nd (c%?ﬁrﬂoﬁlymase% o rﬂgxg zinc hexacyanocobaltate),

the alkalinity of aqueous zinc chloride used in the process preferably may

range from 2.1 to 20 wt. % as zinc oxide based on the amount of zinc
chloride in the solution. A more preferred range for the transition metal
salt is 2.8 to 15 wt. % as transition metal oxide; most preferred is the range

20 from 3.0 to 12 wt. % as transition metal oxide. The alkalinity of the
transition metal may be in an amount ranging between any combination of
these values, inclusive of the recited values.

The alkalinity of the transition metal salt often depends on the
source of the metal salt. Technical-grade transition metal salts, e.g.,

25 technical-grade zinc chloride, are particularly preferred in large-scale
catalyst preparations because of the relatively lower cost. However,
technical-grade transition metal salts often contain acidic impurities, and
aqueous solutions of these salts can have extremely low alkalinities (less
than 0.2 wt. % as metal oxide). For example, the inventors herein have

30 found that technical grade zinc chiloride solutions normally have alkalinities
within the range of 0 to 0.3 wt. % as zinc oxide. In such instances, the
inventors herein have added a base to the aqueous solution to adjust the



30 found that technical grade zinc chloride solutions normally have
alkalinities wthin the range of 0 to 0.3 w. %as zinc oxide. In such

i nstances, the inventors herein have added a base to the aqueous sol ution
to adjust the -10 alkalinity to a varkd®-of nore than 2.0 wt. % as net al

oxi de. Suitable bases are conpounds that when added to pure water result in

a sol ution lakelinly G ankigs eBinere tHaw2.0.v. %7 s nistaboxidy. ISuitablé basgmni ¢ base,
such as a netal oxide, an alkali netal hydroxide, or an al kali  netal

carbonate, @F@ SAMPOYNGS ihat waenadded ko purawatarirasult ina splicp hayingand may be
dded |
250030 1 s it 7 A e 6 P IORRSS, S0 ol 1

to or durin XI'ng o e reagents cyani de
salt 10 The oxideglancaliali thetaldlydrexide,tcrcan alkal enatalearbonatepoo@esses

preferably I's water soluble and has the fornmula (11), s M(CNVb (A c (11)
i n whi chSM [osgamigdager sush aeema)mlnse('mm;awﬁempoua@mvv} a@k{ﬂd o (1),

10,111 1 b s 4 obbiordPEh s sefilon Mided otk 10
lr(li1), andmxmg(doflthe rabgemgﬁmthg:m@nswﬁt may contain one or nore of

these netals. In the above formula (11), Y is hydrogen, an alkali netal ion,
or alkaline earth nmetal ion. Ais an anion chosen from halides, hydroxides,

20 sul f at esm@w@gﬁa_cyani des, oxal ates, thiocyanates, isocyanates,

I sot hi ocyan ates, and nitrates. Both a and b are integers
greater 1ghan or erhemetdl chanidetsdtiveasted infthé eventiveprecadses, b, and c
bal ances the charge of M. Suitable netal cyani de salts include, but are

not |im t ed Rreferablyds walen selble padhasthedarauk (), pot assi um 25
hexacyanoferrate(ll), potass oferrate cal ci um
hexacyanocobal tate(111), lit mmgﬁt@ﬁoi ridat gll | |1 ) and the like. Alkali
net al hexacyanocobal t at es are m)st preferred Exarrpl es of doubl e net al

cyani de conpounds that can resent invention

i ncl ude, butinavhichM' is ch@aeéufr@la F&l(llhfe("') 00(") CO(HI) Cr(ll) C?r(lll),
15 Mn(ll), Mn(Ill), Ir(11E), Ni(l1), Rh(ill), Ru(lt), V(IV), and V(V). More
preferably, M' is chosen from Co(ll), Co(lll}, Fe(il), Fe(lll), Cr(1}, Ir(tll), and
Ni(ll). The metal cyanide salt may contain one or more of these metals.
In the above formula (ll), Y is hydrogen, an alkali metal ion, or
alkaline earth metal ion. A is an anion chosen from halides, hydroxides,
20 sulfates, carbonates, cyanides, oxalates, thiocyanates, isocyanates,
isothiocyanates, carboxylates, and nitrates. Both a and b are integers
greater than or equal to 1; and the sum of the charges of a, b, and ¢
balances the charge of M'. Suitable metal cyanide salts include, but are
not limited to, potassium hexacyanocobaltate{lll), potassium
25 hexacyanoferrate(ll), potassium hexacyanofemrate(lll), calcium
hexacyanocobaltate(lil), lithium hexacyanoiridate(lll), and the like. Alkali
metal hexacyanocobaltates are most preferred.
Examples of double metal cyanide compounds that can be made by
the process of the present invention include, but are not limited to, zinc
30 hexacyanocobaltate(lll), zinc hexacyanoferrate(lli), zinc hexacyano-
ferrate(ill), nickel(ll) hexacyanoferrate(ll), cobalt(ll) exacyanocobaltate(lll),
and the like; with zinc hexacyanocobaltate(lll) being the most preferred.



30 hexacyanocobaltate(ill), zinc hexacyanoferrate(lll), zinc hexacyano-
ferrate(111), nickel (H hexacyanoferrate(li), cobalt(H)

exacyanocobal tate(lll), and the like; with zinc hexacyanocobaltate(lll)
being the nost preferred. -11 Cyani de-ifiree conpound Sone of the inventive
processes occur in the presence of a cyanide-free alkali netal containing
conmpound. Tigyantdfrbb gdfipundcont ai ni ng conpound is included to naintain the
nolar ratio of netal salt anion to netal cyanide anion. O the alkali

metal s, particul aﬁqrpepnfmeeweatw%p@qessm pesurgpdne presenceefiaim and cesi um

The cyani de G n om hal i des,
hydr oxi des, c&éﬁ@gtﬁ’é@g D ona%&hgm“i%p@%gaungapﬁ%xglpgﬁg‘ibtéir’]d nitrates.
Sodi um and  pehtsAingrBonpdurd Bﬁﬁc!ﬂﬂéd i@ refistaireithe rhblaPrainot metalEaii ng agent
The |nvent|ve processes may occur in the presence of an organlc conpl exi ng

agent, iSe. anigntomeialoyaniseanion. Rfhe alkalideetals, padiculrily aefesedpar ati on or

i?ﬂéﬁ%ﬁéi.%é'lﬁf@%‘%@ﬁlﬁfﬁ%@ A goSfint N 2hnigk e oStpERAeT ™ ™ ©
preferably pebfiirablg/hassd diioA chosva oM halidds iMyBroxideR) suifates, agent s are
t hose commnly known in the art, as taught, for _exanple, in U.S. Pat. No.

5, 158, 922, tqaéb@mataseomén@@b@xymﬂw%n&ates;cSpgwnaaed petassiympy
reference t onpl exi ng agents 20 are water-sol uble

het er oat om g%#sﬁqﬁ "E%ﬁcﬂ?éfgﬁggccorrpounds that can conplex with the double
met al cypni de conpound. Suitable conpl exing agents include, but are not

limted to, alcohols, aldehydes, ketones, ethers, esters, am des, ureas,
nitrites, swms thereof. Preferred corrpl exi ng agents are

LTS AT RS o 6 i bR o7

2- et hyl - 3- RioreplexidgGigent, l@tlmé' co?n;blumgxdgein fay be edted eithst lring! cohol .
Tert-butyl al cohol_ I's nost ci)r eferred

preparation or immediately following precipitation of the catalyst. An

15 excess amount of the complexing agent is preferably used and the
complexing agent is preferably relatively soluble in water. Suitable
complexing agents are those commonly known in the art, as taught, for
example, in U.S. Pat. No. 5,158,922, the entire contents of which are
incorporated herein by reference thereto. Preferred complexing agents

20 are water-soluble heteroatom-containing 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, nitrites, sulfides, and mixtures thereof. Preferred
complexing agents are water-soluble aliphatic alcohols chosen from

25 ethanol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl
alcohol, 2-methyl-3-butene-2-ol, 2-methyl-3-butenyl-2-ol, and tert-butyl
alcohol. Tert-butyl alcohol is most preferred.

Catalysts made by the processes of the present invention are

substantially amorphous (non-crystalline). By "substantially amorphous,”

30 the inventors herein mean that the catalyst is 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



Cat al ysts made by the processes of the present invention are substantially
anor phous (non-crystalline). By "substantially amorphous,” 30 the inventors
herein nean that the catalyst is lacking a well-defined crystal structure,
or characterized by the substantial absence of sharp lines in the powder
X-ray diffraction pattern of the conpd@-+tion. Conventional zinc -12
hexacyanocobal tate-gl yne catal ysts (such as those described in U S Pat.

No. 5, 158, QI@XastwbabaweglyMeremalvsifsf(sach asthpse descriteehindl) 8. Ratnany

harp |ine e of h of c taII n Zi nc _hexacyano-
iobalot alte ;%gﬁ%’ﬁglﬁ@‘ﬁﬁs@ g‘%y s I It‘%‘?"\d BHANY )5( Y
crystalline s?:%gp lifed, WGEATR %St aﬁﬂ%&fgﬁse%%w&émﬁ@ hil‘r@ﬂ{a@g L¥nds made by

the inventive rocess are su anor phOUS an actl ve.
Functi onal i mbal%alewmpafd\djndheabgense pf adnn‘q:lehygtagenpra)higblyes of t he

resent pnventi.o naII ncl nct mer or its
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wat er - soluble salt derived fromit, has relatively good solubility in polar

sol vents, i.e., .at } 15 0.5 wt. % of the polyner or its salt dissolves

at roon1tenﬂgﬂﬁﬁgﬂﬂlﬁﬁfQQWHﬁi or mixtures of water with a water-niscible

or gani ¢ sol vent. [ ude, but
TR protf 6 o pScBeg 1 BRLSAHR hcrh

are not limted to, ur an; tert-butyl
al cohol 10andnajnept|orkdly intladera {smbtmallzea palyrmepor itsmiatétesolublramajbr ating the
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phosphorus, or halogen, wherein the polymer, or a water-soluble salt

derived from it, has relatively good solubility in polar solvents, i.e., at least
15 0.5 wt. % of the polymer or its salt dissolves at room temperature in water

or mixtures of water with a water-miscible organic solvent. Examples of

water-miscible organic solvents include, but are not limited to,

tetrahydrofuran, acetone, acetonitrile, tert-butyl alcohol, and the like.

Water solubility is important for incorporating the functionalized polymer
20 into the catalyst structure during formation and precipitation of the double

metal cyanide compound.

Preferred functionalized polymers are represented by the
formula (111),

——(CH'-TH)h——

A
()

25
in which R' is hydrogen, —COOH, or a C4-C; alkyl group, and A is one or
more functional groups chosen from —OH, —~NH2, —NHR, —NR,, —SH,
—~SR, —COR, —CN, —C, —Br, —CgHs-OH, —CgH4-C(CH3),0H, —CONH,,
~CONHR, —CO-NR, —OR, —NO,, —NHCOR, ~NRCOR, —COOH,

30 —COOR, —CHO, —-OCOR, —COO0-R-OH, —S0O3H, ~CONH-R-SO3H,



tn which R is hydrogen, -COOH, or a Cl1-C3 al kyl group, and A is one or
nore functional groups chosen from-0OH, -NH2, -NHR -NR2, -SH -SR -COR
-CN, -C, -Br, -C6H4-OH, - C6H4-C(CH3)20H, -CONH2, -CONHR, -CO NR2, -OR,
-NC2, -NHCOR, -NRCOR, -COOH, 30 -COCRi3=CHO, -000R -COO- R-OH, -SCBH,

- CONH- R- SCBH -13 pyridinyl, and pyrrolidonyl, in which Ris a Cl1-C5 al kyl

or al kyl ene ‘ﬂﬁﬁ' thin 000. More
pr ef er abl y, ant?ﬁ?rra F%@'@f%*c E%gﬁkﬁl%?%ﬂ( ée'gzéu ar e ght of the
functi onal |amdinﬂwsyamalueamtmaftbe rargge of 5 to 5000l yMoredpreferably, nisef erabl y, the

nunber aver age, npl ecul ar within the range of 200 to 500, 000; nore
preferably Wﬁﬁ'ﬁnigedaﬂﬁegb%é‘ggbome mol ecul ar wei ght of the functionalized

pol ymer may be i ese

val ues, incl usi VE %?"?EE“?E‘S’F@@%% ues. zgy cgﬂgl@ B?ﬁt\ﬁg\r %HIIC%'I onal i zed
pol yner &l staidywidedengee Rreferablyuthe sumber avmdgbrmoieeulanrwdlgntam onal i zed

vi nyl nononeg 2 h asgan fi Y di ene, ? 8 el | ene,

but yl enes, bmﬁer{éng?%gbﬁﬁ%goﬁﬂ%ﬁw %Pfe?#é'y T%is ﬂ 8 ‘that the
pol ymer or ﬂg& i n water
or m xturesﬂc]) %ﬁ%@é&“@fhﬁrﬁ%&%h@@%ﬁgﬁ%@h SO vent @lﬁl tabl e
functional i rardjimpbyiween ametombinalioh of tkeseovaliies; ineldsive, of theIrggited y1 ani de) ,

pol y(acryl am de co-acrylic acid), poly(acrylic acid), poly(2-5
acryl ami do- YaIH€Bhy| - 1- pr opanesul foni ¢ acid), poly(acrylic acid-co maleic

d I
ﬁg![ hécrﬁ?a{((a?g,r yb(?“?bé%%e flﬂ'ﬁ!t%ﬁ& 5)5\9%f%@/ﬁ@ et h%e%mr@tspol y(vinyl
acet ate), pdesivedifromea nohdumctlcmdllzétmvu’lyh priomomiar Sui:hrEé an piafin o

vi nyl pyrrolidone-co-a l'ic aci N, N- di | acryl am de pol y(vi nyl
met hyl ~ ket oflene, gel- wlﬁyf%nﬁypmf%n éw;bw % isgp %wvl nyl

gm ?;'t g;a) Sogf’tﬁr%( @Ee[ {b'ré\ﬁd rﬂa‘et‘ilﬁ? Pé%]%r a 841 Mé—!h@éfd froH i ﬁhE)relaB%M( vinyl 25
good solubility in water or mixtures of water and a water-miscible organic
15 solvent.

Suitable functionalized polymers include, but are not limited to,
poly(acrylamide), poly{acrylamide-co-acrylic acid), poly(acryiic acid),
poly(2-5 acrylamido-2-methyl-1-propanesulfonic acid), poly(acrylic acid-co-
maleic acid), poly(acrylonitrile), poly(alkyl acrylate)s, poly(alkyl

20 methacrylate)s, poly(vinyl methyl ether), poly(vinyl ethyl ether), poly(vinyl
acetate), poly(vinyl alcohol), poly(N-vinylpyrrolidone), poly(N-
vinylpyrrolidone-co-acrylic acid), poly(N,N-dimethylacrylamide), poly(vinyl
methyl ketone), poly(4-vinylphenol), poly(4-vinylpyridine), poly(vinyl
chloride), poly(acrylic acid-co-styrene), poly(vinyl sulfate), poly(vinyl

25 sulfate) sodium salt, and the like.

Preferred functionalized polymers are polyethers, particularly
preferred are polyether polyols. Suitable polyethers for use in the
processes of the present invention include polyethers produced by ring-
opening polymerization of cyclic ethers, and epoxide polymers, oxetane

30 polymers, tetrahydrofuran polymers, and the like. Any method of catalysis
may be used to make the polyethers. The polyethers can have any
desired end groups, including, for example, hydroxyl, amine, ester, ether,



Preferred functionalized polynmers are polyethers, particularly preferred
are polyether polyols. Suitable polyethers for use in the processes of the
present invention include polyethers produced by ring- opening

pol ymeri zati on of cyclic ethers, and-ddgoxi de pol yners, oxetane 30 pol yners,

t et rahydrof uran pol yners, and the | i ke. Any nmethod of catalysis nmay be used

to nake t heopﬁievmwepﬁefeﬁaa poRjeNIsériaaire poethévSoldls halfitd aesragad groups,

i ncludi ng, for exanp @/jdrox yl, am ne, ‘ester, ether, -14 or the like.
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hydr ogen-containing initiators and basi c, acidic, or organonetallic

catal ystd (iastivebydwoeneconiainingindiatorssand basie, gaidineor orgapermetalisl ude
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4000, O her POUATRE: Rﬁﬁﬁérigsﬁ'%fﬁéﬁbﬁ’ﬁ%fﬁfﬂ@%@a@ o PRaldk P ene ool | ne
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hydr oxyet hyl cel l'ul ose, starches, acetal s. Thus, the functionalized

pol ymer rmy Ped/(oxyRropylens) solypls qr@@nwgecb -§0/p@lyolsdpadicujarly monols
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and 20 thedgpde.4000d] salts thereof. Catal ysts nade by the processes of the

present invention optionally contain up to 80 wt. % (based on the total
amount of cat al ySdthesfunalienalizastpelymers may ipelugemolyaasbenatest er abl y, t he

catalysyg cQibghihd pSifhrers Cpdifalkylenimines, maleic acid and maleic anhydride

copolymers, hydroxyethyl cellulose, starches, and polyacetals. Thus, the

functionalized polymer may be, for example, poly(ethylene glyco! adipate),

poly(dipropylene glycol adipate), poly(1,6-hexanediol carbonate), poly(2-

ethyl-2-oxazoline), poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate), and
20 the like, and salts thereof.

Catalysts made by the processes of the present invention optionally
contain up to 80 wt. % (based on the total amount of catalyst) of the
functionalized polymer. More preferably, the catalysts contain from 5 to 70
wt. % of the polymer; most preferred is the range from 10 to 60 wt. %. At

25 least 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 80 wt. % of the polymer are generally no
more active, and are often difficult to isolate. The functionalized polymer
may be present in the catalyst in an amount ranging between any

30 combination of these values, inclusive of the recited values.



wt. % of the polyner, nost preferred is the range from10 to 60 wt. % At 25
least 2 wt. % of the polyner is needed to significantly inprove the catal yst
activity conpared with a catalyst nade in the absence of the pol yner.

Catal ysts that contain nore than 80 w5 -% of the polyner are generally no
nore active, and are often difficult to isolate. The functionalized pol yner

may be present i Alfehati@hg e furiciionalifdppslymen ngdyge pattisigrorany 30
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processes of the present invention nmay take the form of powders or pastes.

Preferre@ past e Qubsiantially asrphpus cataiysts predusgd fty the procgssesief e et al

igf
cyanide co & 9 | | @xl ent, and
T om 1 1o T pésept iVerBn Ry fak e o oF RoBBERNOFpAAER, PrfhAECT 200,
the 10 cat alpaste patalystd €onthimvfrom TB1d 68 We. % afca Hedlsletrheral EPanider ons as
measured by |ight scatterin et her pol yol dispersions of the

i n pol )
catal yst parcomepaund, fogmda thpaMyg/QQ an @rgania samplexingragent anskifemr e ful |y

ncor por at ed WM Byo! Willer Fpioned b RbAE, AORRETROOLHR 0T Te
processa@ ofcatdlgstprticiot have enpativlelslze lessthan 4 0imicromsds shegduredibyat resul t
fromthe use of netal salts with relatively hi gh al kal i ni trﬁ@l The catal ysts

have a uni qlighbsedttering ingalyather pelyoktispersicnsmfdhe catalystiartielesi n copendi ng

thi's poak i forae calingS anlhdinotl tor Rkpicinaarefuf BeBEied 'S on Ued”i n
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catal ysts made by t he processes of the present invention are useful in any

react or confrefareee $erelgat can be used to prepare pol yethers
15 Catalysts produced by the processes of the present invention have

unique infrared spectra that result from the use of metal salts with
relatively high alkalinity. The catalysts have a unique peak in the range of
600 to 650 cm™ as detailed in copending U.S. patent application Serial No.
10/649,520. Preferably, the intensity of this peak increases as the

20 alkalinity of the metal salt solution used in making the catalyst increases.

Reactors and processing conditions
The catalysts made by the processes of the present invention are

useful in any reactor configuration that can be used to prepare polyethers
25 or polyether-ester polyols. The semibatch process is widely used and

these reactors could utilize a range of mixing conditions with energy inputs

from 0.5 to 20 horsepower per 1000 gallons with mixing energies of 5 to 8

hp/1000 gallons proving particularly useful. Those skilled in the art will

appreciate that the optimum energy input will likely vary with the product
30 molecular weight, e.g., a greater amount of energy is preferred for



25 or polyether-ester polyols. The sem batch process is wi dely used and
these reactors could utilize a range of mxing conditions wth energy inputs
fromO0.5 to 20 horsepower per 1000 gallons with m xing energies of 5to 8
hp/ 1000 gal | ons proving particularly ub®ful. Those skilled in the art wll
appreciate that the optinmumenergy input will likely vary with the product
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concentration of oxide added to the reactor after the stripping procedure is
complete. There also can be an advantage to using a lower temperature
for activation (e.g. 105°C) and completing the major part of the alkoxylation
at a higher temperature (s.g. 130°C).

20 In polyol production processes designed to operate at low DMC
catalyst levels, the quality of propylene oxide and ethylene oxide can be
important in obtaining a stable process and in producing a final product
with low amounts of contaminants. Low levels of alkalinity or water in the
propylene oxide can potentially inhibit or deactivate the catalyst, thereby

25 resutfting in high propylene oxide concentrations in the reactors and
creating a safety hazard. The permissible water and alkalinity ranges are
dependent on the catalyst level. For systems designed to operate at DMC
catalyst levels in the range of 20 to 30 ppm, an alkalinity of less than
3 ppm as potassium hydroxide is preferred. The limiting values for

30 alkalinity and water content will vary depending on the molecular weight of
the polyol with these parameters being more important with fow molecular
weight polyols. In processes operating near the process limits, water



25 resulting in high propyl ene oxide concentrations in the reactors and
creating a safety hazard. The perm ssible water and alkalinity ranges are
dependent on the catal yst |level. For systens designed to operate at DMC
catalyst levels in the range of 20 to 0-ppm an alkalinity of Iess than 3
ppm as potassium hydroxide is preferred. The limting values for 30
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EXAMPLES Thgseaaaeidn trosenént@r othef procbss to tenove lyprpylenenot to be
limted, by the follow ng exanples. 20 Conparative Exanple 1 A DMC catal yst
was made acce¥igdendomomplesularweighbcomponents like propippaldelydeamethyl| i t er

baf fled, roupg:aed LRGN Bropyltiter MEtRSSopfobiether, acetaldehyde, and
furan may require an additional polyol process step to remove these
15 components prior to foam manufacture.

EXAMPLES
The present invention is further illustrated, but is not to be limited,
by the following examples.
20
Comparative Example 1
A DMC catalyst was made according to U.S. Pat. No. 5,783,513 as
follows: a one-liter baffled, round-bottom flask was equipped with a
mechanical paddie stirrer, heating mantle and a thermometer. Distilled
25 water (275 g) was added to the flask followed by technical grade zinc
chloride (76 g). Sufficient zinc oxide was added to bring the alkalinity of
the system to 0.48% ZnO. The mixture was stirred at 400 rpm and heated
to 50°C until the entire solid dissolved. Tert-butyl alcohol (40.0 g) was
added to the solution and the temperature was maintained at 50°C.
30 A second solution was prepared with potassium hexacyano-
cobaltate (7.4 g) in distilled water (100 g). This potassium hexacyano-
cobaltate solution was added to the zinc chloride solution over one hour.



mechani cal paddle stirrer, heating mantle and a thernoneter. Distilled 25
wat er (275 g) was added to the flask followed by technical grade zinc
chloride (76 g). Sufficient zinc oxide was added to bring the alkalinity of
the systemto 0.48% ZnO The m xture was stirred at 400 rpm and heated to
500C until the entire solid dissolved18ert-butyl alcohol (40.0 g) was
added to the solution and the tenperature was nai ntai ned at 500C. 30 A

second sol utAfér thaaddittivewas cohipleted! seihg Wdiceatinuea fof aRaldditichdl 7- 4 9) in
distilled water (100 g). This potassium hexacEano- cobal tate sol uti on was

added toltheﬁQnﬂnutemaSﬁDaG- Sothind sglu%mfwfwm autiol (71Bghrtedrbutyle addition
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m nute period. The flask contents were stirred for an 5 additional three

m nut es Bef oadditioraldbisedminstes biforedhe sold wet eakewasfaolleeted yy. The filter
cake was reSﬁFgﬁnded in a beaker with 70/30 (ww) tert- butyl

al cohol / di st "FPEA wat er sol uti on (100 g) using a honogeni zer. The suspended

slurry was transfepé fiflePdsie Was résudpentded!in sk WitheZG6780 (W%id?ﬁ 10 beaker
was rinsed with 70/30 (ww TBA/water solution (56 g) to transter all of
t he mat eri al butyhalcohoVdistillegswater solkiondil 08 @) nisingt & bosogenizerprhiténd 50C. A

000 diol (2.0 dded he, f | ask d. |, ' df
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honogeni zer. e suspended sl urr s ‘transferred bac the initial
reacti on vesakbf thedmetariabhcEieeslunywas stireed fort6d minutes at 400Irpndand)) to
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of dry powderesuspendéctirf albleakengith the tert-butyt alcohol solution (100 g) using a
15 homogenizer. The suspended slurry was transferred back to the initial
reaction vessel and the beaker was rinsed with tert-butanol (44 g) to
transfer all material. The slurry was stirred for 60 minutes at 400 rpm and
50°C. Then, a 1000 Da diol (1.0 g) was added and the mixture was stirred
for three more minutes. The slurry was filtered and the solids were
20 collected to dry in a vacuum oven overnight at 40°C to 50°C.
The final yield was 10.5 g of dry powder with the following |
percentages determined by elemental analysis: Zn = 23.5%; Co = 10.1%;

and Cl = 4.3%.

25 Comparative Example 2
A DMC catalyst was made without the addition of NaCl to maintain

the molar ratio of metal salt anion to metal cyanide anion as follows: a
one-liter baffled, round-bottom flask was equipped with a mechanical
paddle stirrer, heating mantle and a thermometer. Distilled water (275 g)

30 was added to the flask followed by technical grade zinc chloride (6.07 g).
Tert-butyl alcohol (40.0 g) was added and the solution was heated to 50°C
with stirring at 400 rpm.



per cent ages determ ned by el enental analysis: Zn = 23.5% Co = 10.1% and
G = 4.3% 25 Conparative Exanple 2 A DMC catal yst was nade w thout the
addition of NaCl to maintain the nolar ratio of nmetal salt anion to netal
cyani de anion as follows: a one- Ilter baf fl ed, round-bottom flask was
equi pped with a nmechani cal paddle sti Ber, heati ng mantl e and a
thernoneter. Distilled water (275 g) 30 was added to the flask foll owed by
techni cal grade 7 secarid solutien Q\ﬁs(megal[ed with potassitim hiexabyang-40. 0 g) was

dded and the sol ut h i1 h 400 -19 A
Cecond Sol utpbAaRof o AR R Halst (A0 ahrr b SRS rBkasiaRes (7. 2 ) i
distilled W%Toﬁhltétboéblmon Wab BdRHAG The' ik HASHRISOILBGR BVbPbRe HRiyH! | On was

added to the zinc chloride solution over one hour. After the addition was
conpl et ed, dAfterthegdditionowas completed; sturingwastsantinued fenaniadditionaht 50C. A
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m nutes before the solid wet cake wa$ col l [tration.
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tert-butyl hol/ istille ol uti 1 e .S ended slurry
was sti rredq‘ ﬁﬂt’@'gugﬁsv% ?&ﬂ%ﬂﬁ%ﬁ%ﬁﬁ@éﬁﬁﬁﬁctﬁa (2.0 g) was
added to thﬁf}lfr%aﬁ’&l( and the slurry was stirred for three mnutes. The

m xture was tered and the filter cake was resuspended in the 15 reaction
vessel WOt h tert -Tha filteradakerwas (esuspghded irethel mc;:omuessellwul'eaom 60

Tt ur e v @0 PRk Rrhelsied walktaotton d5eidl; A& st ca “and 1 he
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(2.0 g) was added to the flask and the slurry was stirred for three minutes.
The mixture was filtered and the filter cake was resuspended in the
15 reaction vessel with tert-butyl alcohol (144 g). The slurry was stirred for
60 minutes at 400 rpm and 50°C. Then, a 1000 Da diol (1.0 g) was added
and the mixture was stirred for three more minutes. The slurry was filtered

and the solids were collected to dry in a vacuum oven overnight at 40°C to

50°C.

20 The final yield was 8.8 g of dry powder with the following
percentages determined by elemental analysis: Zn = 24.6%; Co = 13.9%;
and Cl = 0.8%.
Example 3

25 A DMC catalyst was made at a 2:2 Zn/Co mole ratio with NaCl

added to maintain the molar ratio of metal salt anion to metal cyanide
anion as follows: a one-liter baffied round bottom flask was equipped with
a mechanical paddle stirrer, heating mantle, and a thermometer.
Deionized water (275 g) was added to the flask followed by technical



per cent ages determ ned by el enental analysis: Zn = 24.6% Co = 13.9% and
G = 0.8% Exanple 3 25 A DMC catal yst was nade at a 2:2 Zn/Co nole ratio
with NaCl added to maintain the nolar ratio of netal salt anion to netal

cyanide anion as follows: a one-liter2®affled round bottom fl ask was

equi pped with a nechanical paddle stirrer, heating mantle, and a
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wi th pot assiwith btiringyat4@0aphal tate (7.4 g) in deioni zed water (100 g). The
pot assi um hexacyano- cobaltate solution was added to the zinc chloride

sol uti ondover a oh&ereRd solwdipn was prepared htn%am "LQB@&V@E‘@‘ stirring was
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prepared anccobdfate solutibh wdd addeddo mbeznmﬂchioﬁde Belulignoverntacomehood. The
flask contents were stirred for an additional three mnutes bef ore
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with 70/ 30 solutloné@G to transfer all the materi al The slurry was
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tent-butyl abgfilvationol uti on (100 g) using a honopgeni zer. The suspended

slurry was transferred back to the initial reaction vessel t he
The filter cake was resuspended in a beaker with 70/30 (w/w) teﬂ-

15  butyl alcohol/deionized water solution (100 g) using a homogenizer. The
suspended slurry was transferred back to the initial reaction vessel and the
beaker was rinsed with 70/30 solution (56 g) to transfer all of the material.
The slurry was stirred for 60 minutes at 400 rpm and 50°C. A 1000 Da diol
(2.0 g) was added to the flask and the slurry was stirred for 3 minutes.

20 The mixture was filtered and the filter cake was resuspended in a beaker
with the tert-butyl alcohol solution (100 g) using a homogenizer. The
suspended slurry was transferred back to the initial reaction vessel and the
beaker was rinsed with tert-butanol (44 g) to transfer all of the material.
The slurry was stirred for 60 minutes at 400 rpm at 50°C. A 1000 Da diol

25 (1.0 g) was added and the mixture was stirred for three more minutes.

The slurry was filtered and the solids were collected to dry in a vacuum
oven overnight at 40°C to 50°C.
The final yield was 8.8 g of dry powder with the following
percentages determined by elemental analysis: Zn = 24.2%; Co = 9.9%;
30 andCl=4.8%.



beaker was rinsed with tert-butanol (44 g) to transfer all of the material.
The slurry was stirred for 60 mnutes at 400 rpmat 50C. A 1000 Da diol 25
(1.0 g0 was added and the m xture was stirred for three nore mnutes. The
slurry was filtered and the solids wer2l €oll ected to dry in a vacuum oven
overnight at 40C to 50C. The final yield was 8.8 g of dry povvder with the
fol |l ow ng Eﬁﬁﬂreages determ ned by elenental analysis: Zn = 24.2% Co =
9.9% 30 an 8% -21 Exanple 4 A DMC catal yst was made at a 2.0
Zn/ Co ol e ratio A PMCuaalalyshwasmade abark. a.zweaénwelrahomth Mabl netal salt
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neated o sOUR(r ip 3 5) wB ARy iRe etk SWALErtncPics WFadR it °F, 05 e
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pot assi um hexacyano- cobaltate solution was added to the zinc chloride

sol uti on oveaddgctocnbring theoalk@lmwm the systepn tada 386 Bplht Tart-tutyk ri ng was

cont 1< Sehofd LR obioR el WSl AEheAddl Sy T, o 100

pr epar eq gandstifiAg @t 4ootrpm. f | ask  at the end of the 60 m nute period. The
flask contents were stirred for an additional three m nutes before the
solid wet cake waA sesbhdsphdiopywas prepared with masmrrfhexanyauake was

esuspended | Ol T3 h Sk bt i B SRS ot
back to the ¢ébditaté sbRA6H WS dddetio thaziké Bhloride solution over one hour.
After the addition was completed, stirring was continued for an additional

15 60 minutes at 50°C. A third solution of 1000 Da diol (7.9 g), tert-butyl
alcohol (27.1 g), and water (14.9 g) was prepared and added to the flask
at the end of the 60 minute period. The flask contents were stirred for an
additional three minutes before the solid wet cake was collected by
filtration.

20 The filter cake was resuspended in a beaker with 70/30 (w/w) tert-
butyl alcohol/distilled water solution (100 g) using a homogenizer. The
suspended slurry was transferred back to the initial reaction vessel and the
beaker was rinsed with the 70/30 solution (56 g) to transfer all of the
material. The slurry was stirred for 60 minutes at 400 rpm and 50°C. A

25 1000 Da diol (2.0 g) was added to the flask and the slurry was stirred for
three minutes. The mixture was filtered and the filter cake was
resuspended in a beaker with the 70/30 solution (100 g) using a
homogenizer. The suspended slurry was transferred back to the initial
reaction vessel and the beaker was rinsed with tert-butanol (44 g) to

30 transfer all of the material. The slurry was stirred for 60 minutes at



beaker was rinsed with the 70/30 solution (56 g) to transfer all of the
material. The slurry was stirred for 60 mnutes at 400 rpm and 50C. A 25
1000 Da diol (2.0 g was added to the flask and the slurry was stirred for
three minutes. The mixture was filtereRand the filter cake was resuspended
in a beaker with the 70/30 solution (100 g) using a honogenizer. The

suspended S|400bpm/@$\dt503®f¢héﬁdah80@ Da)didh(ﬂ Ony)twerd addedt hhdtheessel and the
beaker was rinsed with tert-butanol H{é 30 transfer all of the
materi al . Twewmr@rwgsﬁme@tqrﬂh@p rmre eun futihe slurry wasifiteregdansditheso c

Then, a 1000 tﬁﬁl .é?}l gﬁa)to flﬁyaﬁ%\}éﬁeove[?hgh‘t'%ﬂbeé tg5peged for

three nore m nu ered and dS Were col |l ected
todry in a vaCUU'ITh@ﬂnal y)eldrwasgﬂﬂ gr&n@ﬁmw@o&myiwuﬂ‘hme‘iaﬂawmg eld was 8.7
grans of dry powder W|th the foll % ? ger cen det erm ned by el enent al
anal ysi s zrpercentages mge@bafe%me tal ahalysis, "5( 0% gox W%at al yst
was made at Qn&C'i_’ Z416§;o nole ratio wwth NaCl 10 added to maintain the nolar
ratio of metal salt anion to nmetal cyanide anion as follows: a one-liter
baffl ed, round- bottomflask was equi pped Wth a mechanical paddle stirrer,
heating mantl e and a thernoneter. Distilled water (275 g) was added to the
flask foll OV\E@BﬂQéchni cal grade zinc chloride (4.22 g) and sodi um

chl oride (60.0 g) he

al kalinity of the S)ﬁﬁé@%@&WéﬁW?& \rﬁzg@ ﬁ%@@%‘qﬁnﬁﬁ%% g) was
added and t hadded t8 maintainthb endlacrdtiv SidAiGtahshit anin tormetaldyadle rpm A
second sol uti on was Prepar ed with potassium hexac%llano- cobaltate (7.4 g) in

di stilled wadRipn@soligws: aaaefitaraiiles, mundbpltem flask wasaquipredwitht i on” was
e ot . e O PR Aol PO e opidal 211,
third sol uti watafms@@m atideld 10 tha fiakk féliiwed by Yéchnidal grade e 1 9), and
vater (14.9 g%lorlde (E E?% g%raei&i &%?ur%dc%?gnéeo(éohg g]; '3 Suif<f|0|ent zinc oxide was
15 added to bring the alkalinity of the system to 4.88% ZnO. Tert-butyl
alcohol (40.0 g) was added and the solution was heated to 50°C with
stirring at 400 mpm.
A second solution was prepared with potassium hexacyano-
cobaltate (7.4 g) in distilled water (100 g). The potassium hexacyano-
20 cobaltate solution was added to the zinc chloride solution over one hour.
After the addition was completed, stirring was continued for an additional
60 minutes at 50°C. A third solution of 1000 Da diol (7.9 g), tert-butyl
alcohol (27.1 g), and water (14.9 g) was prepared and added to the flask
at the end of the 60 minute period. The flask contents were stirred for an
25 additional three minutes before the solid wet cake was collected by
filtration.
The filter cake was resuspended in a beaker with 70/30 (w/w) tert-
butyl alcohol/distilled water solution (100 g) using a homogenizer. The
suspended slurry was transferred back to the initial reaction vessel and the
30 beaker was rinsed with the 70/30 solution (56 g) to transfer all of the
material. The slurry was stirred for 60 minutes at 400 rpm and 50°C. A

1000 Da diol (2.0 g} was added to the flask and the slurry was stirred for



at the end of the 60 m nute period. The flask contents were stirred for an
25 additional three mnutes before the solid wet cake was coll ected by
filtration. The filter cake was resuspended in a beaker with 70/30 (w w)
tert- butyl alcohol/disfilied water sq@3iti on (100 g) using a honopgeni zer.
The suspended slurry was transferred back to the initial reaction vessel

and the 30 BRAkCiNAGs. ThEGHb hdd MerdlIDRRHEPEaKS R Lo L ransTer al

of the mate e slurry was stirre m nutes at 400 rpm and 500C.
A 1000 Da desuspgendedin absakatdeith the 70/80fdohdiona100td)essingiary was stirred
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grade zinc cimdOldss.2%.92 g). Sufficient zinc oxide was added to bring the

al kalinity of the systemto 3.63% ZnO. The m xture 20 was stirred at 400 rpm
and heated to 50C. A second solution was prepared wi th potassi um hexacyano-

cobal tate wEf(@mE!eé” distilled water (53 g). This potassi um hexacyano-

A DMC catalyst was made at a 2.2 Zn/Co mole ratio with TBA as
15 foliows: a one-liter baffled, round-bottom flask was equipped with a
mechanical paddie stirrer, heating mantle and a thermometer. Distilled
water (123 g) and tert-butyl alcohol (270 g) were added to the flask
followed by technical grade zinc chloride (2.92 g). Sufficient zinc oxide
was added to bring the alkalinity of the system to 3.63% ZnQO. The mixture
20 was stirred at 400 rpm and heated to 50°C.

A second solution was prepared with potassium hexacyano-
cobaltate (3.42 g) in distilled water (53 g). This potassium hexacyano-
cobaltate solution was added to the zinc chloride solution over a 50 minute
period. After the addition was completed, stirring was continued for an

25 additional 60 min. at 50°C. A 4000 Da polypropylene glycol (4.0 g) was
added to the flask at the end of the 60 minute period. The flask contents
were stirred for an additional ten minutes before the solid wet cake was
collected by filtration.

The filter cake was resuspended in the reaction vessel with 90/10

30  (w/w) tert-butyl alcohol/distilled water solution (300 g) using a paddie
stirrer. The slurry was stirred for 60 minutes at 400 rpm and 50°C. The

mixture was filtered and the filter cake was resuspended in the reaction



cobaltate solution was added to the zinc chloride solution over a 50 mnute
period. After the addition was conpleted, stirring was continued for an 25
additional 60 mn. at 50C. A 4000 Da pol ypropyl ene glycol (4.0 g0 was added
to the flask at the end of the 60 mi mié-period. The flask contents were
stirred for an additional ten mnutes before the solid wet cake was

col I ect ed byvdssbl withithe terf-batyl alcobol selktionk300g) usinmpa paddienstifer. r eact i on
vessel with 90/10 30 (w.w) ert-butli/l al cohol / di s ilcl,éd \{%tﬁr sol ution (300
g) using a phRRIPRITYWAS pilired 1eTBQMipYtes g4 400 rpmyand pRIC 60 hei sluFEvag 400 rpm

and 50C. Thegpdy fid ol |ﬁﬁh ded in
t he reactioﬁmt-% ?@gg'&%"gi%ﬁf@%ﬁgﬁﬁ‘?e 'Qf%g % 33%?%‘{1&'?@8'83? using a
paddl e stirr40°C he0¥.urry was stirred for 60 mnutes at 400 rpm and 50C.
The slurry was fj] red .and the solids wer COIIeCthg| tQ dry in a vacuum

| t '
oven ovedhi ght at Thefpatyieldovas -%Q%QMB‘PW ewih jhe following of dry powder

with the fol Na ; ' =] o2 { g6/.ZNn =

20. 50 o - BEo)aeRelGhAGE by AbReRI ahalis” FIEREE TR ERA% T e at a
2.07 Zn/ Co namadQlat4.9%ni th TBA as follows: a one-liter baffled,

round- bottom fl ask was equi pped with a nechanical paddle stirrer, heating
mantl e and a thernoneter. Distilled water (123 g) and tert-butyl al cohol
(270 g) werepagd Qa-}o the flask followed by technical grade zinc chloride
(6.3 g). The was stirred 15 at 500 rpm and heated to 50C. A second
sol uti onmQnas pr epArRMO/¢dtalysbivas smade ata 200RAN/Ca nivdé tatiewith. TBA@s and

sufficient potassium hydroxide jn distilled water (53 ), to bring the
al kal i nity ofollpwe: @@m%mqr@a%!eﬁwomf%og@méﬁws REVRPPLIWHbBal t at e

et oL! oo 2 aRAEcaPosdf i etpbifntl thd ndlfomeler ufibaL, per o0
60 m nutes awvatér@123 g) anddedutyliaicohdl (270 g) were added to the flask
followed by technical grade zinc chloride (6.3 g). The mixture was stirred
15 at 500 rpm and heated to 50°C.
A second solution was prepared with potassium hexacyano-
cobaltate (8.46 g) and sufficient potassium hydroxide in distilled water (53
g) to bring the alkalinity of the system to 4.3%. This potassium
hexacyanocobaltate solution was added to the zinc chloride solution over
20 a 2.8 hour period. After the addition was completed, stirring was
continued for an additional 60 minutes at 50°C. A third solution of
1000 Da diol (6.4 g), tert-butyl alcohol (10 g), and water (6 g) was
prepared and added to the flask at the end of the 60 minute period. The
flask contents were stirred for an additional ten minutes before the solid
25 wet cake was collected by filtration.
The filter cake was resuspended in the reaction vessel with 90/10
(w/w) tert-butyl alcohol/distilled water solution (200 g) using a paddle
stirrer. The slurry was stirred for 60 minutes at 500 rpm and 50°C. The
mixture was filtered and the filter cake was resuspended in the reaction
30 vessel with the tert-butyl alcohol solution (200 g) using a paddle stirrer.



1000 Da diol (6.4 g), tert-butyl alcohol (10 g), and water (6 g) was
prepared and added to the flask at the end of the 60 m nute period. The
flask contents were stirred for an additional ten m nutes before the solid
25 wet cake was collected by filtrati@g.- The filter cake was resuspended in
the reaction vessel with 90/10 (ww tert-butyl alcohol/distilled water
solution (2 ' infectd Ee n?inr r 60

m nut es at gglggarluﬂrl’?%s?oc Thsoﬂhggiﬁ%p;@n?hﬁgragdmgﬁgﬁét ﬁfg fagr cake
was resuspefittered and the salidstwere c@llectesdtoldryiin & vasuumeovsrofanfounl cohol

solution (2 dle stirrer. -25 The slurry was stirred for 60
m nut es at g'@b‘%ﬂﬁ;é\%t%é@%dme slurry was filtered and the solids were

collected to dW'FHéﬁ'lél?WWaQVﬁnSE%f cfr? déPW'th tﬁbf&ﬁ&v’h 50C. The final
yield was 11.5 g of dry powder wit | owi ng 5 percentages determ ned

by el emebt alpemmtggesdemrmn@nbwebenwwl malws dno= 21.0%%5C0% 9@%pl e 8 A
DMC cat al yst de,at a 2.4 Zn/Co note ratio with 700 Da 10 nonol in TBA
as follows: aQ\éetlile:nB*%ér baf fl ed, round-bottom flask was equi pped with a
mechani cal paddle stirrer, heating mantle and a thernoneter. Distilled

wat er (123 gE, tert-butyl alcohol (254 g), and nonol (13.8 g) were added to
the flask f &y technical grade zinc chloride (2.65 g). The nonol was

prepared by react nol es ,of .p e 15 oxj.de .wi e nole of a
Cl2-C15 fatty al d%ﬁ@ﬂ& F?é %Wﬂ%d%asfaﬁ‘ﬁ d'f' oledgio %z&g%ﬂ"bat ed to
50C. A ggco I t st ?JB& cobaltate
(3.42 g?gan(ﬁﬁ@f'#mﬁ?g\ﬁkﬁjggiﬁ?ﬁw%géflf%g I n dist tﬂﬁiﬁl&% ri"ﬁp%r (53 g) to

bring the aldquipped witbfa meehanjealqaddie stinagheating mantissandien 20

h | hl
) hoar _pedhermometet, Lisdigtier b ol tenbind alionol 284 B A@ongl ot mued”
for an addi tth917d) RErd adEPR thb TRk folfowd By tcHtal Rrad ZRiechloride

(2.65 g). The monol was prepared by reacting about 8 moles of propylene

15 oxide with one mole of a C12-Cys fatty alcohol. The mixture was stirred at
500 rpm and heated to 50°C.
A second solution was prepared with potassium hexacyano-
cobaltate (3.42 g) and sufficient potassium hydroxide in distilled water (53
g) to bring the alkalinity of the system to 5.46%. This potassium
20 hexacyanocobaltate solution was added to the zinc chloride solution over
a 2.4 hour period. After the addition was completed, stirring was
continued for an additional 60 minutes at 50°C. A 4000 Da polypropylene
glycol (4 g) was added to the flask at the end of the 60 minute period. The
flask contents were stirred for an additional ten minutes before the solid
25  wet cake was collected by filtration.
The filter cake was resuspended in the reaction vessel with 90/10
(w/w) tert-butyl alcohol/distilled water solution (300 g). The slurry was
stirred for 60 minutes at 500 rpm and 50°C. The mixture was filtered and
the filter cake was resuspended in the reaction vessel with the tert-butyl
30 alcohol solution (300 g). The slurry was stirred for 60 minutes at 500 rpm
and 50°C. The slurry was filtered and the solids were collected to dry in a
vacuum oven for four hours at 40°C to 50°C.



glycol (4 g) was added to the flask at the end of the 60 m nute period. The
flask contents were stirred for an additional ten mnutes before the solid
25 wet cake was collected by filtration. The fiiter cake was resuspended in
the reaction vessel with 90/10 (w wr26ert-butyl alcohol/distilled water
solution (300 g). The slurry was stirred for 60 mnutes at 500 rpm and 50C.

The mixture was flhbtfﬁfanei’d\WastSBgféf'd ‘powle? wikbtheSolenmigded in the
reaction vessel with the tart-but 30 aI cohol solution (300 g). The slurry

was sti rredpﬁmel'ﬁﬁgeﬁ detesningd byelementabanaiysic Zﬂre2§lﬁ%r90wa§0fﬁ%l ered and
t he solids gﬁ e%l ted to dry in a vacuumoven for four hours at 40Cto
50C. -26 Th P é‘ld was 5.6 g of dry powder with the follow ng

per cent ages det erm ned by el enmental analysis: Zn = 23.6% Co = 10.6% and
C =4.0% 5 Exanple 9 A DMC catalyst was nade at a 2.0 Zn/Co nole ratio
with a 580 Example8d oxide rmonol in water as follows: a one-liter baffled,

d-b fl d h i | dl : h i
mantl e and a ¢ e O EeBNAEE meuh A 2B PCe o Ao s SN0l (30 6
g) were 10 «misisd okmetHnSnbi lﬁsa{fatbﬁhbffémﬂvé?)é éﬁ@hwr%mai 38@ndiboRoft! or i de

(2.61 g). The nono ar ed fromtripropyl ene gl ycol nmononet hyl et her,
but yl ene oilaabwa@teqnlm@? withdemeghanicsbpadgie stivenheptingmantie ande f ol | owi ng

t t f dded t th
2kl ity dpetrnell: Dlicis lles 3 of 8hi13 PR FES0308 B¥eMel; 400 rpm
and heajgd yudad%e tie ﬂﬁg@f&lo&%'d’éy %hhﬁ}%l Bfaﬂbaiiﬁé c}“ﬂdrﬁlep(@@ﬁ .UThgexacyano-
cobaltate (3.42 g) in distilled water (537g). This potassi um exacyano-

cobal tate sommalovas/wpamﬂaﬁonbtrlpmp)demgtmbbmo@enmihyltetber butylepe one hour
20 period. '%‘fxtluee, etthyefene oxi e, an ésob%?nghgto?(gde anc'ih Hrfﬁem%v\ﬁﬁé't' nued for an

structure:

CHg Et CHa

3 2 2.5

CHa,

15  Sufficient zinc oxide was added to bring the alkalinity of the system to
4.04% Zn0O. The mixture was stirred at 400 rpm and heated to 65°C.

A second solution was prepared with potassium hexacyano-
cobaltate (3.42 g) in distilled water (53 g). This potassium hexacyano-
cobaltate solution was added to the zinc chloride solution over a one hour

20 period. After the addition was completed, stirring was continued for an
additional 60 minutes at 65°C. The flask contents were collected by
filtration. The filter cake was resuspended in 90/10 (w/w)
tetrahydrofuran/distilled water solution (150 g) using a paddie stirrer and
mixed for 35 minutes at 50°C. The slurry was filtered and the solids were

25 collected to dry in a vacuum oven overnight at ambient temperature.

The final yield was 7.2 g of solid with the following percentages
determined by elemental analysis: Zn = 13.9%; Co = 6.3%; and
Cl = 3.3%.



additional 60 mnutes at 65C. The flask contents were collected by
filtration. The filter cake was resuspended in 90/10 (ww) tetrahydrofu
ran/distilled water solution (150 g) using a paddle stirrer and m xed for
35 mnutes at 50C. The slurry was fik@2@red and the solids were 25 collected
to dry in a vacuumoven overnight at anbient tenperature. The final yield
was 7.2 g of sol igheMachor dimtroflingutalgsPEstvRy i ameahebfamaniy el enental
analysis: Zn = 13.9% Co =6.3% and”d = 3.3% -27 One factor “controlling
cat al yst ac®ctually imeorppratethinia the tomipeantdnThe alkalinityl ofyaqueotisiingt ed i nto

t he compoung,,. T L, kal i ni . u inc. _chloride,solutions reported in
Tabl e | bel g&}qﬂg@ s%é‘gt gar E%Qg&ﬂfgﬁéﬁ% %?Wiﬁaﬁ N%PF%BW th standardi zed
0.1 N aqueopdtdhtidnistrt GtratioA With stafdardizddOVIN @qissushydrbeliiofiedcid. 1 N was
standardi zed by potentionetrically titrating accurately wei ghed sanpl es

(about 0515 ag)follews:d aqueeis HO) (atrout 1 N) was standardizedyy (TRAM in distilled
t 80 ni T dpoj.nt.. determ hi,cal,ly. \i f th

Ho1 Ssol ut i oReteniioieiEaRe teyad S Lo whithar sHIBe elout B RR o o ™

chloride samgpy &ﬁs(nﬁdn@xﬁﬁ@thﬂpﬂnmrﬁéthhﬁé\/%‘gHén@wﬁmiﬁiln_éaS.vatéirggc?clr}g)%d in

distilled water to give an “approxi mately 8. . % zinc chl sol ution.
The sanpl e vidie endpaintadasdetersinachigraphically0. 1 N aqueous HCl  sol ution. The
volune of titrant needed to reach the equival,ence paqi s determ ned

graphi cal ly. Al kalérmality oF tHy RSERutich < ted as
follows: W.% ZnO = (V X N x 4.0685 x 10002114 woletriendd KC) (imindy e Vv

represents the volunme of  HCl (in m) needed to reach the equival ence point,
N repredBnts t he 408 phloride ssmpleswer? apalyzed s, followspAcsample Was wei ght of

the 2ine chlQLRFRHLAI Wi 3iBive A Sodloxlalfb3 WEWL SR Lokl Yo' Ont

percentage oOf  ZI nc
solution. The sample was titrated with standardized 0.1N aqueous HCI
solution. The volume of titrant needed to reach the equivalence point was
determined graphically. Alkalinity (expressed as wt. % ZnO) was
15 calculated as follows:

(V x N x 4.0685 x 100)
W% ZnO =
°en (W x % ZnCl,)

where V represents the volume of HCI (in ml) needed to reach the

equivalence point, N represents the normality of the HCI solution,

W represents the weight of the zinc chloride sample (in grams), and %
20 ZnClI; represents the weight percentage of zinc chloride in the original

sample.

Table | summarizes the alkalinity, zinc to cobalt mole ratio, ligand to
zinc mole ratio, water to cation mole ratio and the catalyst morphology as
determined by X-ray diffraction pattemn for the catalysts made in the

25 examples. As will be apparent by reference to Table 1, the inventive DMC
catalysts, although having a Zn/Co ratio much below those of previously
disciosed catalysts, had a substantially amorphous X-ray diffraction
pattem. The catalyst produced in Comparative Example 1 {(according to
U.S. Pat. No. 5,783,513) exemplifies this substantially amorphous pattern.

30



sanple. Table | summarizes the alkalinity, zinc to cobalt nole ratio, |igand
to zinc nole ratio, water to cation nole ratio and the catal yst norphol ogy
as determned by X-ray diffraction pattern for the catalysts nmade in the 25
exanples. As will be apparent by refer@dhce to Table 1, the inventive DMC
catal ysts, although having a Zn/Co ratio nuch bel ow those of previously

di scl osed catal ysts, had a substantigaBLEyoOr phous X-ray diffraction

pattern. The catalyst produced in Conparative Exanple | (according.t u. S
Pat. No. 5| gZg3,|AlkalinitynpIn/Coe ' W4 a9id 'i/< GI’QQDH%F attern| 30 -28
TABLE | Ex|Alkdl(wti%yzn/|Mbleya ﬂ i Czﬁ? F)n . Moje N¢ 70 No.Z ff Mole
rati ovble ¢t qiEn@pat t erratico Q& TRUP ?e atio Ratio patiern
C-10. 4825. [[0. 943350Substjant 1 al Ty anor phqus C-20. 32V "U10. YRiEmmERpnii al | y
crystal | i npCstd.0u48. 210. @5&508&9&7’ant i al |38 anor phoi80 amotphousﬁ
Substantially
C-2 10.32 2.0 10.9 187 4 crystalfine
. Substantially
3 6.49 2.2 10.9 18 50 amorphous
. Substantially
4 3.73 2.0 121 18 50 amorphous
. Substantially
5 4.88 1.5 16.1 18 49 amorphous
Substantially
6 3.63 2.2 160 181 4 amorphous
Substantially
7 4.3 207 |79 90 4 amorphous
140 (TBA) Substantially
8 5.46 2.37 1081 177 5 amorphous
(polyol)
- Substantially
9 4.04 2.0 2.7 475 4 amorphous
* - NaCl used in catalyst preparation.
5 Figure 1 graphically demonstrates the difference between a

crystalline catalyst such as that produced in Comparative Example 2 and
the substantially amorphous catalysts made by Comparative Example 1
and in one embodiment of the inventive processes as represented by
Example 5. As can be appreciated by reference to Fig. 1, the crystalline

10 catalyst of Comparative Example 2 has numerous sharp lines in the X-ray
diffraction pattemn, whereas the substantially amorphous catalysts made in
Comparative Example 1 and in Example 5 do not. Figures 2 and 3 provide
the X-ray diffraction patterns for the substantially amorphous DMC
catalysts produced by the inventive processes described in Examples 7

15 and 8, respectively.



4*3.732.012. 11850Subst anti al | y anor phous 5*4.881. 516. 11849Substantial |y
anor phous 63. 632. 21601814Subst anti al | y anor phous 74. 32. 0779904Substantially
anor phous 140 (TBA) Substantially 85.462.370.811775anor phous (pol yol)

94.042. 02. 74754Substanti al | y anor phoug- NaCl used in catal yst preparation.
5 Figure 1 graphically denonstrates the difference between a crystalline

cat al yst S“@htéﬁ;sfﬂ%‘vi@{ oduced in Conparative Exanple 2 and the

substanti al | catal ysts nade by Conparative Exanple 1 and in one
enbodi ment of théavevaimfithe cptalysis seadebereipwess svaltiated fdfxanpl e 5. As can

b ted b f to Fi 1, talli 0 | ygt of
Compar at | ve RRRAHRS REX YdhraRgiad s 49t Radiofirema svPaf bRt act i on
pattern, mqs@aﬁlobhaowﬁéﬁng i OH ma&hmaﬁalaytﬁhétm&lﬁy bPab&@par ative
Exanple 1 and 1 n Exanpl e do not. Figures 2 and 3 provide “the X-ray

di ffract Bon aaaBneﬂyasa p@yohmacmmqulweqwmmwtmmdes produced
“by the |nve Lve esses d scribgd in. Exapples 7 .15 and 8,, respectively.
29 Catal yst %Qq%atoﬁuggt\?g Hieng a{)ﬁlg l&éh m%%llq{&h@ﬁrﬁ%?%ﬁggal uat ed
for propoxy at;i ﬁlﬁeaﬁlwwéd/thbywﬂ&fhﬁid o%the r@Q@Br fa%t beld tﬁé F\'iﬁ‘sﬁton
gl ycerin-based PO_blo pol yol having an OH nuiber of 238
functi onal i ttyrbime. aEbetur!B m’DwHeﬂ@‘np}'Qlequm-SO hatsemowmﬁ OQ@gmMB with two
six-inch pit (fr}reﬁgun% power when the filled reactor operated at 600 rpm. Rates were
10 calculated by monitoring drops in PO partial pressures the moment oxide
addition was completed. To reduce or eliminate mass transfer initiations
between the liquid and vapor phases, the baich size was set such that the
last blade was half covered to encourage maximum interfacial mixing.
Calculated apparent rate constants (kgpp) are shown in Table I
15 below. These values were determined by plotting the natural logarithm of

PO partial pressure versus time and determining the slope of the resultant

straight line.
TABLE I
Ex. | Viscosity OH Number | Unsaturation | Catalyst | Activity
No. | (cSt @ 25°C) | (mgKOH/g) | (meqg/g) (ppm) (Kapp)
C1 [1512 27.9 0.005 24 2.17
4* 1800 28.1 0.006 24 1.24
5* 1610 28.0 0.007 24 2.19
7 1421 27.9 0.006 25 1.00
8 1319 274 0.0051 50 2.06
9 1180 29.7 0.0287 218 0.45

20 *- NaCl used in catalyst preparation

The foregoing examples of the present invention are offered for the
purpose of illustration and not limitation. It will be apparent to those skilled
in the art that the embodiments described herein may be modified or

25 revised in various ways without departing from the spirit and scope of the
invention. The scope of the invention is to be measured by the appended

claims.



t-urbi nes, a Rushton turbine at the bottomof the inpeller shaft and baffles.
A dip tube delivered the oxide feed to the reactor just bel ow the Rushton
turbine. The unit provided approxi mately 40-50 horsepower/ 1000 gal |l ons of
m xi ng power when the filled reactor -o?i{rated at 600 rpm Rates were 10

cal culated by nonitoring drops in PO partial pressures the nonent oxide
addi ti on waswWHAPISCIAIMED I$duce or elimnate mass transfer initiations

between the [iquid and vafpor phases, the batch size s _set such that the
| ast bl ade whs haf\PTRERAS eapfqpaémﬁa!g@ermﬂaﬂrﬁmmﬁ?ésml catalysi ng.

Cal cul at ed I : %@@oﬁ e el ow. These
val ues were de éﬁ%hﬂégégilrﬁp)lpo | ngs%&ut%ﬁ%ﬁ%ﬁgrgpgﬁmﬁéy to#ét%art I al
pressur e vergationsi ofdessithameabouliiBOng t he sl ope of the resultant straight

line. TABLE Il Ex. Viscosit Nunber Unsat uration Catalyst Act iovi ty
No. (cSt & 25Cm KCRU@Rstiog) \@fgﬂ} having:aimaikalinityeiat doast about 2 Wi, %

4*180028. 10. 006241. 24 Sk 2 .

8131927 40. 0051502 06 31 1A0S500 NeBbeae: bakeddr e atibupt B anthlon | yst
preparation The foregomeialsaltypiths of the present invention are offered for
the purpose of illustratiqQn and not I'm'tatipg{}.aglt wi |l be apparent to

those skilled inafpiabgyanide sait,at & Al sitioD faetahia eyanidey be
nodi fied or 25 revi Sedsél?rﬁ@élid?"fésé’\ﬁ%ﬁ aﬁ&lﬁ%ﬁﬂfﬂeparti ng fromthe spirit and

scope of the |
10 in the presence of an organic complexing ligand at a molar ratio of organic

complexing ligand to transition metal of greater than about 1, and in the
presence of a cyanide-free compound comprising an anion and an alkali
metal at a molar ratio of cyanide-free anion to metal cyanide salt anion of
greater than about 3, '

15  wherein the double metal cyanide (DMC) catalyst is substantially
amorphous.

2. The process according to Claim 1, wherein the transition metal salt
is chosen from zinc chloride, zinc bromide, zinc acetate, zinc

20 acetonylacetate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(lf)
bromide, cobalt(ll) chloride, cobalt(ll) thiocyanate, nickel(ll) formate,
nickel(ll} nitrate and mixtures thereof.

3. The process according to Claim 1, wherein the transition metal salt
25 is zinc chioride.

4, The process according to Claim 1, wherein the metal cyanide salt is
chosen from potassium hexacyanocobaltate(lll), potassium
hexacyanoferrate(ll), potassium hexacyanoferrate(lli), calcium

30 hexacyanocobaltate(lll) and lithium hexacyanoiridate(lHl).



I nvention. The scope of the invention is to be neasured by the appended
clainms. -30 WHAT IS CLAIMED 1S: 1. A process for preparing a double netal
cyanide (DMC) catalyst, conprising reacting in aqueous solution at a nol ar
ratio of water to total cations of I-€¥k-~than about 150: 5 a transition
netal salt having an alkalinity of at |east about 2 wt. % as transition

met al oxi de,5.basekheppracess acoomlingfo Claimsi ,twhereimbeahets icyanidetsaltisnet al
cyanide salt, at .a | ar rati f transition nmetal to cyanide salt netal of
| ess than aRQURSSIURR ?xafﬁapﬂcqwaﬁ@gence of an organi c conpl exing |igand at
a nolar ratio of organic conplexing ligand to transition netal of greater
than about 1, and in the presence of a cyanide-free conpound conprising an
ani on and ar6.al kaThe prozess ascomlimptaClaimt 1,ovivdreiny el ahgahicceomplexing o net al
cyani de sal t, ani qn of eate han ut, 3, 15 wherein the doubl e netal
cyani de gDIV@PaBQt'ﬁFBQ?er?boghB@Péﬂgi ﬁﬁjeg'ydﬁﬁdﬁ%%.eﬂfrsmﬁt%?vocess accor di ng

to daiml, a‘(i‘ﬁﬁfe%i Uréﬁenpﬁﬁgsgﬁlkiﬂg%gﬁﬂ%ixﬁﬁ{% th%rg ﬁhosen from zinc chloride,

zinc bromide, zint acefa zinc acetonyl ace e, zinc benzoate, zinc
nitrate, iron(ll) sulfate, iron(ll) brom de, cobalt(ll) chloride,

Chereof . 3. Tihe phusBEicessasratdieg 1 CINE fn WhTETLIG HOPAE SYEREAIDN mot &
ereof. 3. ‘The p , n neta
salt 25 is 7z : ' R ( BCc006 Qi Q. rein the
retal oyan NG iF ehBseA front o oy RatAaRe AA0S a8 L ehiiol 4

pot assi A hexeamytghalceholdTBA)) ), pot assi um hexacyanoferrate(l1i), cal cium 30
hexacyanocobal tate(lll) and lithium hexacyanoiridate(lll). -31

8. The process according to Claim 1, wherein the cyanide-free
compound is sodium chloride.

15 9. The process according to Claim 1, further including adding a
functionalized polymer following the step of reacting.

10.  The process according to Claim 9, wherein the functionalized
polymer is a polyether polyol.

20
11.  The process according to Claim 1, further including the steps of:
isolating the substantially amorphous double metal cyanide (DMC)
catalyst;
washing the isolated, substantially amorphous double metal
25 cyanide (DMC) catalyst; and
drying the isolated, substantially amorphous double metal cyanide
(DMC) catalyst.

12. The process according to Claim 1, wherein the molar ratio of
30 transition metal cation to cyanide salt metal anion is less than about 1.5:1.



5. The proce
pot assi um he
wherein the
ket ones, eth
t hereof. -7.
conpl exi ng

2- et hyl - 3- bl8.enyThe podcemscaccoeding to Olaitvy I, whergin the wdar regio oftwater ocess

according to
15 9. The pr
functionaliz
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ss according to Caim1l, wherein the netal cyanide salt is
xacyanocobal tate(ll1). 6. The process according to Caim1,

organic conplexing 5 ligand is chosen from al cohol s, al dehydes,

ers, esters, amdes, ureas, nitrites, sulfides and m xtures

The process accordi ng to‘@ai m 1, wherein the organic
| i gand i s chosen from 2-net hyl - 3- but ene- 2- ol ,

i,m wherein the | de-free conpound is sodium chloride.
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ed polyner followng the step of reacting. 20 25 10. The process

Claim9, wherein the functionalized polymer is a polyether

pol yol . 11. The phlbesecessoancerdiggite Glaim i, whereinthe molacralipi ofgvatee st eps
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wherein the
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about 75.

5to

S i s between about 10 and about 75. 15. The process according to

16i n The process acadrdingftotGlaim 1, wherein the molar ratio of the
organic complexing ligand to transition metal is between about 1 and
about 50.

17.  The process according to Claim 1, wherein molar ratio of the
cyanide-free anion to the metal cyanide anion is greater than about 6.

18. The process according to Claim 1, wherein the transition metal salt
has an alkalinity of between about 2.8 and about 15 wt. % as transition
metal oxide based on the amount of transition metal salt.

19. The process according to Claim 1, wherein the transition metal salt
has an alkalinity of between about 3 and about 12 wt. % as transition
metal oxide based on the amount of transition metal salt.

20. The substantially amorphous double metal cyanide (DMC) catalyst
prepared by the process according to Claim 1.

21. In a process for producing a polyether polyol by polyaddition of an
alkylene oxide onto a starter compound containing active hydrogen atoms,
the improvement comprising conducting the polyaddition in the presence
of the substantially amorphous double metal cyanide (DMC) catalyst
prepared by the process according to Claim 1.



organic conplexing ligand to transition nmetal is greater than about 5. 10
16. The process according to Caiml1, wherein the nolar ratio of the

organi c conplexing ligand to transition netal is between about 1 and about
50. 17. The process according to d ai n33,- wherein nolar ratio of the 15
cyanide-free anion to the netal cyanide anion is greater than about 6. 18.
The process according to Caiml1l, wherein the transition netal salt has an
al kalinity of between about 2.8 and abo 15 . %as transition netal

oxi de based 68 t h& RIREESS I Prepamng @iwgiﬁeﬂwviﬂﬁ D!dez@'\ﬂgs cakRlY$l ocess
according to Qr@r@ny wherein the transition nmetal salt has an alkalinity
of between aBou nd about 12 wt. % as transition netal oxide based on
t he anount otedotimgdntaqueousisalutionldt.a Mblal Patid bbwatdrdodotal gatipnswobr phous
doubl e net al  cyapi de (DI\/C% catal yst prepared by the process according to
Caim1l. 21.lassthapabostdS®or producing a pol yet her pol yol by pol yaddition

of an al kyl ene o>éiﬂj§n rp"%téltéwﬂw@%%!ﬁﬁﬂg?ﬁé{ %?Fggggﬂygwp%drogen

atons, 30 the inprovenent conprising ron in the

presence of the subst asttrarsitiorametal loxide, hasbd ontheamoyatofdeariditidr) cat al yst
prepared by the process according to Claim1l. -33 22. A process for ‘
preparing a doubl e net é‘['et@l/%ﬁﬂ-d@ DMC) catal yst, conprising: reacting in

aqueous sol ution at : ' t cﬁ'f'ltn' ess than
about 150: a tran?’lrplaf)drill&ké@'gﬁidg??p%g‘/@ %Sraatlfr?ooaflt%ﬁmm yq?%!}ft oa ape%ae'st about 2
w. % as0transition nealtimetal delesbéisaraboutthe:1ignount of transition netal

salt; with a _netal cyanide salt, at a nolar ratio of transition netal to
cyani de 10 ¥nthe pesance of pcyanide-tree sempound comprisingananierad afif

cyani de-free ,GoRAURH of ATREILF AR S cy2Midtr88 Anfh to metal cyanide salt
anion of greater than about 3 to produce the substantially amorphous
double metal cyanide (DMC) catalyst, and
15 adding an organic complexing ligand at a molar ratio of organic
complexing ligand to transition metal of greater than about 1.

23. A process for preparing a substantially amorphous double metal
cyanide (DMC) catalyst, comprising reacting in agueous solution at a
20 molar ratio of water to total cations of less than about 250:

a transition metal salt having an alkalinity of at least about 2 wt. %
as transition metal oxide based on the amount of transition
metal salt; with

a metal cyanide salt at a molar ratio of transition metal cation to

25 cyanide salt metal anion of less than about 2.8:1 and ata
ratio of cyanide-free anion to metal cyanide anion of between
about 3 and about 6,
in the presence of an organic complexing ligand at a molar ratio of organic
complexing ligand to transition metal of greater than about 5.
30 wherein the double metal cyanide (DMC) catalyst is substantially
amorphous.



al kali metal at a nolar ratio of cyanide-free anion to netal cyani de salt
ani on of greater than about 3 to produce the substantially anorphous double
nmetal cyanide (DMC) catal yst, and 15 addi ng an organi c conplexing |igand at
a nolar ratio of organic conpl exing I1j3 and to transition netal of greater

t han about 1. 23. A process for preparfig a substantially anorphous double
nmetal cyanide (DMC) catal yst, conprising reacting in aqueous solution at a
20 ol ar rat?$ of ThaPescass acserding de (i 88, wherein Histrangition sagjal galt

transition t I | 1Al Lot aa of: t,.ahout 2 wt. % as
transition Et%losgaiff%n%ﬁgﬁ@ﬁp?’h@%ﬁ%ﬁeb?m@%ﬁ?ﬁ %'ﬁe metal salt; with a
met al cyani dacetehylagétate,ah@benzdate, sihcniteats] irom(i) salfate, /oh(ldn to 25

cyani de salt netal ani of |l ess than about 2.9:1 and a ratio of

cyani de-freebm@ﬁ: 9&%&!‘5@'&9% ‘Efg’aé%'i 'Q?b’aﬂﬂie\n@&*el(ggfﬂﬂ"ajeand about 6,

I n the prese Wel | ligand at a nolar ratio of organic
conpl exi r?g |ﬁ§§ﬁ@ﬁ¥@ﬂ?ﬁﬁ'§‘?ﬁ’6@?‘%@é§€ greater than about 5. 30 wherein

t he double netal cyanide (DMC) catalyst is substantially anorphous. -34 24.

The process according to Claim23, wherein the transition netal sal S
chosen from £Pnc %H?%‘P‘E@,s 366ocdipgdaildaim gan\i’ﬁﬁ@é’i‘ the trapsition meta saft

acet onyl acet hidGiqpenzoate, zinc nitrate, iron(ll) sulfate, iron(ll)
brom de, cobia%t??ﬂz"b'agﬁpbri de, cobalt(ll) thiocyanate, nickel (1l) formate, 5

nickel (I'1) nitrate and m xtures thereof. 25. The process according to Claim

23, wherein the transition netal salt_  is zin¢c chloride, 10 26. The process
accor di ntP t 026 ai FhEProGHss ageording RLrlaim egawhatein e metal eyanids saltom

pot assi um heig;\a;{ qp&ﬁl aER lﬁﬁ'a rate(ll),

pot assi um hexacygér%gf er ré% e%%‘ﬁ'#‘,ﬁegg?&éﬁém& exg{@gﬁ‘g%%ggiﬁt e(lll) and

|'i t hi um hexahgragyanoferrate(ll)| potassium hexacyanoferrate(lil), calcium
hexacyanocobaitate(lll) and lithium hexacyanoiridate(lll).

15 27. The process according to Claim 23, wherein the metal cyanide salt
is potassium hexacyanocobaltate(lll).

28. The process according to Claim 23, wherein the organic complexing
ligand is chosen from alcohols, aldehydes, ketones, ethers, esters,
20 amides, ureas, nitrites, sulfides and mixtures thereof.

29. The process according to Claim 23, wherein the organic complexing
ligand is 2-methyl-3-butene-2-ol, 2-methyl-3-butenyl-2-ol and tert-butyl
alcohol (TBA).

25
30. The process according to Claim 23, further including adding a
functionalized polymer after the step of reacting.

31. The process according to Claim 30, wherein the functionalized
30 polymer is a polyether polyol.



15 27. The process according to Caim 23, wherein the nmetal cyanide salt is
pot assi um hexacyanocobaltate(l11). 28. The process according to C aim 23,
wherein the organic conplexing ligand is chosen from al cohols, al dehydes,
ketones, ethers, esters, 20 anides, ur®ds, nitrites, sulfides and mixtures
thereof. 29. The process according to Caim 23, wherein the organic

conpl exi ng 32.gantiheé pratesstacgbrding to Elaire23)|furtheniechuding thaustepslof2- ol  and

tert-butyl alcohgl, (TBA) . 25 30.. The prqcess,according to. | 3, further
el uding addi ng BolataANe SfBr ARt SrpmRloLdtie piedfershive TMGY | 51!
The process accordi ng ¢fakkpl m 30, wherein the functionalized 30 polyner is

a polyether polyol. -35 5 32. The process according to Claim23, further
i ncl udi ng t he st ewsshing the isslatedngubstantiallyamemheusdaupde pretaks doubl e net al

cyani de ) catal ysy; shy t he .isol ated, substantially anorphous

doubl e W@F cyani de %)Bg\é?e @%)ygﬁa’ly angryi ng the isolated, substantially
anmor phous doubl e gRirfy theYisolatkd, subMantialy amoTphodPdodible meRs e§ani@ecor ding to
Claim 23, wherein the nolar ratio of 10 transition netal cation to cyanide
salt netal anion is | e3MChaatalysdut 2.5:1. 34. The process according to

Claim 23, wherein the nolar ratio of water to total cations |less than about
200. 15 35. The process according to Caim23, wherein the nolar ratio of

water to toggl C'ﬁhéMs%é&b\’diﬁ@t@Mh\ 23, ihéreio tHe méak rafibof The process

according to C aim 23, erein the nolar ratio of the organic conplexing

| i gand t10 t r bansition metat cationdopyanider salhmetal pion isdese than about 2.5:1.

34. The process according to Claim 23, wherein the molar ratio of water
to total cations less than about 200.

15 35. The process according to Claim 23, wherein the molar ratio of water
to total cations is between about 75 and about 200.

36. The process according to Claim 23, wherein the molar ratio of the

organic complexing ligand to transition metal is greater than about 10.
20

37. The process according to Claim 23, wherein the molar ratio of the

organic complexing ligand to transition metal is between about 10 and

about 200.

25 38. The process according to Claim 23, wherein the transition metal salt
has an alkalinity of between about 2.8 and about 15 wt. % as transition
metal oxide based on the amount of transition metal salt.

39. The process according to Claim 23, wherein the transition metal salt
30 has an alkalinity of between about 3 and about 12 wt. % as transition
metal oxide based on the amount of transition metal salt.



37. The process according to Caim 23, wherein the nolar ratio of the
organic conplexing ligand to transition netal is between about 10 and about
200. 25 38. The process according to Caim23, wherein the transition netal
salt has an alkalinity of between abo38-2.8 and about 15 wt. % as
transition netal oxide based on the anobunt of transition netal salt. 39.
The process 4xcorThegubstattialiynaRdrphausrdouble hetalreyaside (M) tcatalgstl t 30 has

an al kalinit b en about 3 an % as transition netal
oNi e basad BEPar b e pracess ASROINEI GBI o ¢ 36 40, The
subst anti al |y anor phous doubl e netal cyanide (DMC) catalyst prepared by the

process according to Claim23. 41. In a process for producing a pol yether
pol yol by poﬂ/addlnta prooe[ssziw p@dabkrglaepelyetheul@olml by polyaddition obmpound
containing active h en atons, the rov nment c i si ng copducting the
pol yaddi & orAlkens &sde-dap L stagler cpmpoyslico qemse@%ﬂaﬂae&e SMS rora
cyamde(qum VeihenPostAahaAg RbnbliatRy B o Ak 23. 10
42. A processefo prepgrl ng a su sth??'fq phou Jnglb @'e%ta cyani de

(DVC) cat al yeftmecsmbﬁtamlaﬂyganwphoms;doublaqueiausyamdat(DMC)atataIystmI ar ratio of
water to total catégyg?e eater t han, a 0: atransition netal salt

havi ng an al REPAFE B eéﬁﬁocﬁ Wo + as transition netal oxide

based on the anobunt of transition 15 net aI salt, with a nmetal cyanide salt
at a nolar ratio of transition nmetal cation to cyanide salt netal anion of
| ess tha® abé2t 2A%racessionipreparing a substantially ammofpherisadouble roetakbt al cyani de

ani on of between nd about. 6, 20 i.n the presence. of a
functional i zZE¥f %mﬁatéy%ﬁmmﬁweém“?gﬂbﬂ‘fﬁ%ﬁ ﬁﬂ“%ﬁ&ﬁer to _
Hggf‘hf I ON Mi{oidr rafio of Watd ool RlfionLisTtdatet Mhar? 8BbLY 16 ©r 9ani ¢ conpl exi ng
a transition metal salt having an alkalinity of at least about 2 wt. %
as transition metal oxide based on the amount of transition
15 metal salt, with
a metal cyanide salt at a molar ratio of transition metal cation to
cyanide salt metal anion of less than about 2.9:1 and ata
ratio of cyanide-free anion to metal cyanide anion of between
about 3 and about 6,
20 in the presence of
a functionalized polymer at a molar ratio of functionalized polymer
to transition metal is less than about 10 and,
optionally an organic complexing ligand,
wherein the double metal cyanide (DMC) catalyst is substantially
25 amorphous.

43. The process according to Claim 42, wherein the transition metal salt
is chosen from zinc chloride, zinc bromide, zinc acetate, zinc
acetonylacetate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(lf)

30 bromide, cobalt(ll) chloride, cobalt(ll) thiocyanate, nickel(il) formate,
nickel(ll) nitrate and mixtures thereof.



wherein the double nmetal cyanide (DMC) catalyst is substantially 25

anor phous. 43. The process according to Caim42, wherein the transition
netal salt 1is chosen fromzinc chloride, zinc brom de, zinc acetate, zinc
acetonyl acetate, zinc benzoate, zinc n87rate, iron(ll) sulfate, iron(ll) 30
brom de, cobalt(Il) chloride, cobalt(ll) thiocyanate, nickel(l1) formate,

ni ckel (11) n44r atehéproddsstddcdrdihg e Okim 43 whéreir! tHe RARGASS nidtapsalt ng to
Claim 42, wherein the transition netal salt is zinc chloride, 45. The

process accdﬁcﬁlmfgchléﬂdﬁal m 42, wherein the netal cyanide salt 5 is chosen
from pot assi um hexacyanocobal tat e(ll1l), potassium hexacyanoferrate(ll),
pot assi um hexacyanoferrate(lI1), calcium hexacyanocobaltate(lll) and

l'i thium heXWaHOThe(ﬂ%&e(sblddcordiﬁgt Glaibt A2 owhe it Hedindtalloyanidd salé2,
wherein the nmetal cyani de salt i s potassi um hexacyanocobal tate(ill). 15

47. The P ociéshosepdram pgtassium fiexagyancgebaliate(Hiharalagsiim conpl exi ng

uroas, it v peseyehBriEtl e BT B anoBrRRGEM. SR 2 C Lot or dimg © o
Claim42, whikgridyanbeobalgas(in) mnirmhmxabymddatégﬂ) net hyl - 3- but ene- 2- ol ,
2-met hyl - 3-but enyl -2-ol and tert-butyl alcohol (TBA). 20 49. The process

according to Claim42, wherein the functionalized polynmer is a polyether

POyl 25 B0, TR o RGARREORAE i) ey PSR B L,

cat al yst10 waighpotassinm heelcyhadeolsalizaé@mi i al [y anor phous doubl e net al

47. The process according to Claim 42, wherein the organic complexing
ligand is chosen from alcohols, aldehydes, ketones, ethers, esters,
amides, ureas, nitrites, sulfides and mixtures thereof.

15
48. The process according to Claim 42, wherein the organic complexing
ligand is 2-methyl-3-butene-2-ol, 2-methyl-3-butenyl-2-ol and tert-butyl
alcohol (TBA).

20 49. The process according to Claim 42, wherein the functionalized
polymer is a polyether polyol.

50. The process according to Claim 42, further including the steps of:
isolating the substantially amorphous double metal cyanide (DMC)
25 catalyst;
washing the isolated, substantially amorphous double metal
cyanide (DMC) catalyst; and
dfying the isolated, substantially amorphous double metal cyanide
(DMC) catalyst.
30
51. The process according to Claim 42, wherein the molar ratio of
transition metal cation to cyanide salt metal anion is less than about 2.5:1.



cyanide (DMC) catalyst; and drying the isolated, substantially anorphous
doubl e netal cyanide (DMC) catalyst. 51. The process according to C aim42,
wherein the nolar ratio of transition netal cation to cyanide salt netal
anion is less than about 2.5:1. -38 5238The process according to C aim 42,
wherein the nolar ratio of water to total cations is greater than about

150. 53. Thegproc | : ' ' . 0f water
510 toal cBl ona M PpaTeareriRalo Tg 42, WREHdh By RRugPiale Sl o
accor di ng t otctotalncatidns is gremter thiae abmubrl50ati o of the functionalized

polymer to transition netal is greater than about 5. 10 55. The process
according to Claim42, wherein the nolar ratio of the functionalized

pol yrmer to t ggnsi *ﬁh%’bé?g%% aéchﬁraﬁg%@aﬁ‘ﬁ’%t mﬂe@nWm&lQPTﬁtg?ftﬁﬁterThe

process according to rein the transition neta 15 has an
al kal i ni t§y oto daleationslisbetveeh aboutadSiand about 500.as transition nmetal oxide
based on the anount of transition netal salt. 57. The process according to
Claim 42, wherein the transition netal salt has an alkalinity of between

about 3 and ahout Ti3 Whcedk ASdriEtb!Calin 43, WhoRbin 816 HIBRRAR Bmehe_anount

of transition net e substantially anorp met al
cyani de ( DMCfunctionklizad polymeate trabgitiohenetabisegreatardbadiabgut 5. G ai m 42. 25
59. In a process for producing a polyether polyol by polyaddition of an
al kyl ene oxi de onto a starter conpound containing active hydrogen atons,

the inproye { CORY ol ' bt | ence of
t he subs?gny?:gl'l y amﬁ%hg%sﬁﬁ'gﬁgw@e?lgwc?%%g&k‘m&%lggg ;ﬁ/)stafﬁ%repar ed by
t he process dumctiothalized polghrrio 4ansition metal is between about 0.25 and

about 5.

56. The process according to Claim 42, wherein the transition metal salt
15 has an alkalinity of between about 2.8 and about 15 wt. % as transition

metal oxide based on the amount of transition metal salt.

57.  The process according to Claim 42, wherein the transition metal salt
has an alkalinity of between about 3 and about 12 wt. % as transition

20 metal oxide based on the amount of transition metal salt.

58. The substantially amorphous double metal cyanide (DMC) catalyst
prepared by the process according to Claim 42.

25 59. Ina process for producing a polyether polyol by polyaddition of an
alkylene oxide onto a starter compound containing active hydrogen atoms,
the improvement comprising conducting the polyaddition in the presence
of the substantially amorphous double metal cyanide (DMC) catalyst
prepared by the process according to Claim 42.



