4 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 making double nmetal cyanide (DMC) catal ysts, and nore particularly, to
- processes 5 for preparing substantiallg anor phous DMC catal ysts at | ow
nolar ratios of transition netal salt toe-cyanide netal salt by

simul taneously controlling the alkalinity of the netal salt used to nake
“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 netal cyani de ppm® é%#@mﬁ B! ON Doubl e net al
cyani de (DMC) conpl eX%gB@_EEI\%gTA@ IPE QEA@?@/ &n the art for
catal yzi ng epoxi de pol T OTT. ) catal ysts for

t he pol yaddition of al kylene oxides to starter 15 conpounds, which have

active hydrogen atons, are dewREFLDOF THE INFERNTIOR, In U S. Pat. No's.
3,404, 109, 3,829,505, 3,941,849 and b5, 158,922, These active catalysts yield

pol yet her pol yol s Thafresentdnvestionelates imgenerakisnpracessesfarimakiag pol yol s

ol yrer - pr oddeaale'Tital EAEIEME) AIENER. Spide BBl ot pBrER (or
pol yol s. Fhefqrqirgpamey savstantislly Ahbehnes DM catllystaBlowsindldroraties opr ocessed

to form hi gh-grade pol yurethanes (e. % , coatings, adhesives, sealants,
el ast oner s akansitionmetal salttaeyanige metal saliky simultaneepslycepnitolingtheeact i on

of an aqueou . t f { | utd on of a
nmetal cyani délkgﬁﬁﬁ?Lfﬁetrﬁgtaglsggéﬁgéqg(ﬁ% Wg‘%ﬁ?@%@?ﬁ%&@%%qﬂ (gand such as,
for exanpl e, walfer 1itBRil catitng: the Phalar ratit 6l ligahdié tiansRionaRetA @atiBHs sol utions
of zinc chloride (in excess) and POt assi um hexacyanocobal tate are m xed,
and -2- and/or the molar ratio of metal salt anion to metal cyanide anion.
10
BACKGROUND OF THE INVENTION

Double metal cyanide (DMC) complexes are well known to those

skilled in the art for catalyzing 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 (KOH) 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 saltin
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 formed suspension.
After filtration and washing of the catalyst with aqueous glyne solution,
an active catalyst of fornmula: 5 Zn3[ Co(CN)6] Z xZnCl 2yH20 zglynme 1is

obtai ned. DMC catal ysts prepared in thi% way have a relatively high degree
of crystallinity. Such catalysts are used for nmaking epoxide polynmers. The
10 activity dionethpryetiang (diyme) iz subsequently added te thissfarimedact i vity avai | abl e

“fromthe conmerci al e tine th t to be adequate.
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active DMC catalysts are typically substantially non- crystalline, as is
evi denced by powder X-ray diffraction patterns that |ack many sharp |ines.
The catalysts are active en Ggi)% use at very | ow
concentrations, often | ow e?nggﬁ (SN? ﬁi"‘%\q E( renove the
catalyst fromthe polyol. 20 H nney at al., in U S. Pat No. 5, 158, 922,

di scl ose that at I_east a 100% excess of transition netal salt is needed to
prepar e hi ghisjoblainede doubl e netal cyanide (DMC) catal ysts. For a double

t al id h bal t i.t.h th i cal
Formil & Zn3[ Co{ M S2taHEs FEePgieain A AT Share £ reintr ey SHOmaPareecal  on  per
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excess. As thHose sKilled in tthe art may be aware, si ant drawbacks can

be encout@ er adtivity fos epgxm:lecmlymeezaﬂwnwhm excaaﬂm tbenaqtlvny avaiablenent of
nmetal salt uch, . di sadvanta reatl cost of

cat al yst prog M?n %[HH‘%“HE 6“‘%@*? 8@&&%%xposure to 30
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previously described processes for preparation of highly active

subst ant i al | ympagaptfon theosnaessiul gemenersislizgtion of pelyolsFrammMEs of - 3-
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)g]z , 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 h higher activities conpared with

earlier DMC catal ysts. The DMC catal ysts made according to the nethods 5 of

Le-Khac' 813 can, have transition netal cation to netal _cyanide nplar ratios
of appr oxi rEansiiorymetahgalipnpesmglepfimetal eyanide agiafs: Eof examele, U additi on

to a |l ow a | : | )N P t o about
50wt b o8- Nor5 47613, 1606ET S SN UBREHAREbstaiBll AHiioRys L0 300!
Nos. I 5, 422,(90*8)_ braoq'sfallg@cm_ny)stsl tHat HaSe rﬁ’llaq:h highﬁ_r aﬁtliﬂﬂeéé_amﬂasﬁdleﬁtlht o Le- IKhac
et al., descrjbe ubst ant i crystallijne, hi .active, double neta
cyani de (Dl\ﬁSrl'e"c@MSfﬁﬁt S 3&‘?@%@3@&?5? made 92?99?%“‘9 to the methedsihout 0. 2

| tyal. & | ; nmbs at al.,
ol es OfsPatna %OKE?: Y%fi%iﬁmb@e ?Jan@f;ﬁn%@fé‘?ﬁﬁﬁoﬁ tb H%g%# %Fnola@o S at a
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t he use of basj.c conpounds that caontrol alkalinity of tthe reactiQn system
Desirabl o AMNOM[q A dow mlepulas weigh orBanE.SommRIsXINY ARt 5omabost o, based on
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per nol e of UtS.dtati Nosn5482:008ahd 5,54560%).f rom 0. 0033 to 0.0324. The
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pot assi um 2 xacy t at presence of “organi c conpl exi ng agents
such as t ecompleixydatalystsholhe datalystdcantaiPalessithart abéet 8.23nolessofed t o Le- Khac

of DG cat aPEISaperdnple A OMEr pPGUER I TERRaPDr mat i on of smml |- amoUnt s
of very high 30cemipacat 4!, ine).8hPaPNo.B,783BY5! désibe 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 metal cyanfde anion. Several workers 5 have
attenpted to find ways around this requirenment. One solution is described in
U.S. Pat. No. 5, 98@n@6ithe abovedreferenCedizst provides & meanstodedcethds oup 11 A
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metal cyani déovmt&allmmugressed:asnmﬂai oxide baded msnetaéspunﬁcwewt al ysts
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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 “Wiich highly active, substantially
anor phous doubl e netal cyanide éDIVC) catal ysts can be prepared with very
| ow nol e r adioygbleometal cyrnidel (DMG) aatialysts that yequiteea sauch loweriargunt

The motar 3 igRSReh et St 1y Hrieh it hiovila eoRyAt: MG SoBBn{ T A o
transition mferhighpadtivity. t he molar ratio of netal salt anion to netal

cyani de anion, and the presence of a polyneric conplexing |igand during the
catal yst precipitation step. The inventive processes yield DMC catal ysts

that aregsubstantially 15 S wn a characteristic peak
in the i%frared spectrum |$QM@ ISE“@;I =650 cnf'. The DMC
catal ysts produgkstobdingyethiepaehvinventioe prridessudreprotedsé irpr oduce

pol yet her polyols, which in turn can be processed to form hi hi\géade
pol yur et hand¥hiciTinighly astive; substastialy, ampseheusideidhie metal @yamﬁl@%la ent

I nvention n . Ny el l|
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i nventi on widyanideediemees by shedithneowsly BoAESIIiAG the’alkalihitg bf g on and not
limtation in copjunction with the figures, wherein: Fi gure 1 shows the

X-ray di®f r deansitiorpmetal saltothe; melas satin phwater tortetal aationss the melabratiopye

cat al yst nadg ' i : Y ' i e X-ray
diffracti on%gé@?é‘{r’-ggéﬂfa R\‘éﬁghlﬂ\\{%a@%gﬁzpe "E‘#'gﬁé '8%’ fbééﬁééﬁtﬁ\ﬁgorﬁ ilbve process
accor di ng t anétaheparsidé aniory] abd thepresericeleia polymeritecofmplexing ligaratt i on
pattern of the DMC catal yst ptggar ed by the inventive process according to
Exanpl e 8. -auringetheqatalysipsepipiationstap. THE | NVENTI ON

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 illustration 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 sp&cification are to be understood as
being nodified in all instances by the term"about." Equival ent weights and
mol ecul ar wei ght s gi vBelE il EANVIEMBHEN aver age equi val ent

= Lihs) DHTH
wei ghts and nunb r . 5 ' nl ess i ndi cat ed
ot her i se. 10 Thel s BEERREIn{BAAGE WAl nalfBeHbsereRiGf litkiass dinar  pr ocesses
for the pranasteitionraref nstdinkitgiontt Bxcepit am tikcopériating Examiles bor wissret han 100%
excess of netal salt are possible by: 1. using alkali netal salts which are

free of cyarfitherwise indigaigdopli numbers axpIASSING @iantdies, percentagesaiiie the nol e

ratio 1p of e T L. 1.0 olret i is |l ess than
bout 6 Sna NUiBRHs: firkkBfiafihedhd 8o WYL i SHeRicRon 81888’ {an” about
200; and 3. wlerstobdrast being maodifiedin airinstandesdsytie tehar‘abbbg” nol e ratio of
water to cations is greater than about 100 and the nole ratio of 20

cyani de- f r eE@ivaant weightsand yaglpavlas weights givanskereinin Balieps Pa)ienout

wi shing to : ' r | te that
properly mﬁﬁ‘p‘ﬁ?%ﬁ&%%%%%ﬁ%@&%‘bﬁ%%’5}%ﬁ g'&@ef)ragﬁfﬁedggm ?’gefc%'?on of

sol ubl e, conpéightrrespetivilyg, iless didaiedlohetwiggle transition nmetal cation
and anion such that they are readily incorporated into the catal yst matri x.

25 Al 3P the i nvERg Plesent invesiers haveswprisipgly:faund thaipracessesiorhi ghl y

feact ing. -t g trbBatetioB T oRURI R Ry TR Gerafi ¥ Ueia et ANl Ry P ¢y
of at | eastextest.of thetal &dit arepoésdiblesyni de salt such that the nolar ratio of

transition netal cation to nmetal cyanide anign is less than 2.9:1, nore 30
preferably |ess thamwsingalkahmetalsaltsovhichrarefree dfeyanidai 1.5:1. The
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15 of cyanide-free anion to hexacyanometallate anion is less than

240

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 netal salt and the netal cyanide salt to

produce a precipitated solid. In some enbodi ments of the present invention,
the reaction step takes place in the presence of an organic conpl exi ng

~ ligand. In one enbodi nent of the presedI i'nvention, a cyanide-free 5

conpound (i.e., an anion and an alkali netal) is added in the reaction step
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precipitated solid may or may not be treated with a function
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, wh de-f
motal cyani det G GRbare” TedR oS tarh tGe Hkeldtal 3pBandifg waslioRe, “Lo 1ot o
cations is | ﬁ'fe‘laF%f‘ I@I@r@ﬁﬂefe%lf thé FiSIE 3Rlid/ of \IvEFerrfBIcﬁtlbﬁé 'ié)le% tlg\?ﬁer to

total cations is less tha To pronote retention of the net salt in
t he cat al@st 755and‘the| reale fatigaf ¢yanidstfrésanioadotretabcyanide anigmuisd t o

transition me C n at.i o r er than referably,
the ol e r at ABOYS B then el MelRLail ShioR radly BEe sapetas or dRleieftitodng st
preferably bﬂIé’\ﬁﬁﬁs&Qn@l’?éIa?QQt aﬁi%ﬁ Ais6 e atlount bEcormplexi ﬂ%ﬁl@ herein
have found that higher ratios of water to cation require er ratios of
| i gand t o neligand abed imtheoreactioe stepeisi greaterdban abbutﬂ mglemfllgapdmr be
action I n yet
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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 salt 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 conpl exing ligand(s) in the rea€tion step. More preferably, the nole
ratio of water to total cations is greater than 150 and nost preferably

bet ween 150 piyimen® complexingagentsiareusediwith or witheul typisaklowi ghl y acti ve
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substantial |y anorphous, highly active, double netal Yanlde
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processes mapetat sakimiaEtion té?ﬁ@hnthmlblﬁ!watér tototad ¢ativayatiod-oThexanpl e, an
al kal i rretal salt may be used in nore dilute solutions where the nole ratio

of cyanife- mele ratioe polymesic.complexii ligand mlrmslil@ mealal gation meybe 6. .
T t t
ransition NELEInRl6 ofSbANRILRAN 1STARl walf olaPiineRe I pRigRRSSCD Of e

present i nvént i on pre 25
MX)™ (1) i rtotdlloatloMraﬁb istmaterfthanmao(l 1), Fe(ll), Ni(li), M(Il), Co(ll),
Sn(l1), Pb(ll), Fe(III Mo(VI) AI(III) V(V), V(I'V), Sr(ll),

WIV), WV ), cu(Alef tr@davel@\(q Propesses prosiucesubsiantially amorploUsosen from

Zn(11) . Fe(lighy éivh) dodBld mali Bliddide (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 (1),
25 M(X)n M

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

Fe(li1), Mo(1V), Mo(VI), Al(lll), V(V), V(IV), Sr(ll), W(IV), W(VI), Cu(ll), and

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



-9- In the above formula (1), X is preferably an ani on chosen from hali des,
hydr oxi des, sul fates, carbonates, cyani des, oxal ates, thiocyanates,

- i socyanates, isothiocyanates, carboxyl &tes, and nitrates. The value of n is
from1l to 3 and satisfies the valency "stTate of M 5 Exanples of suitable
transition nmetal salts include, but are not limted to, zinc chloride, zinc
brom de, zinc acdndhe abpvadomadadhyXds prefiecably anmanioe chosen fromnc nitrate,

it ocyanat o iR, hldKldes, RUPILE earbBRA] ChdninER A o 1 | ke’ and
-m xtures t hei@lyanatds) isticpanates OisbitioORirilesd, rarbogflateschrd nittated0 As

ment i oned herei nabove, the alkalinity of the transition netal salt wused in
the inventive protheyalue ofieisdrornietod andisatisfiepthecvaleney state@f M.n  t he

e LR P e e BBl AP sl R beCBUE RN L o
based on t heliraed b, 2ric Shibfteszihé brdmaide; xiitPadstatd, zinteaddtenglatetate,net al sal t
15 used is zinc chloride (conmonly used to make zinc hexacyanocobal tate),

. (co Ly ! :
t he al kal i ni Zipc enzgates gincHitiates irpptll)Ruifate dranll} bronpdeceabalilipf er abl y may

chi ori de- 1 n otefider Ay RyEhAR, BRUERUNRTG HERSIATRRle nethR° e
salt is 2.8 Kke, Bndhixtiresthéreofsiith chrmﬂ@id@bémg;thaméstmref@fécﬁd is the
range 20 from3.0 to 12 wt. %as transition netal oxide. The al kalinity of

the trafsition mAsanentigneskherainaboxaothe alkalinjtynef thediansitiommetal dsitnat i on of

transi 11 on néved MR GnRlve elBsbiEls Ge BRt SayinhiEs B 68 coRvblied® Uyt
Techni cal - gr adeinventivd prioeBssad, dlqueaut Solitions. of tRS tiadeitibnaabtedisale zi nc
chloride, are particularly preferred in | arge-scal e catal éj,t preparations

because of tRefew@bly hava analkalinity of greatenthasn 2.0 wkdhasdaetapxige transiti on

Sal s can nabasal e ATl of it EoFexarll, e BaNSGR MeldBanc; ) "o
oxi de). ®r agedry fincchivbrideeoinpioniyesedrto make BiRcirexadyanedobatake), cal grade

zinc chloride solutions normally have alkalinities
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 wit. % 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 chloride 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



within the range of 0 to 0.3 wt. % as zinc oxide. In such instances, the

I nventors herein have added a base to the aqueous solution to adjust the
-10- alkalinity to a value of nore than 2.0 wt. % as netal oxide. Suitable
bases are conmpounds that when added Ti‘)oﬁure water result in a solution
having a pH grea}ter than 7.0. The base may be an inorganic base, such as a
metal oxi dealkalinity e valietafimergdthani2 @ wtote asmeatal-oxidere Syitablerbasest e, or an

metal sl t B ATHOuTHs i Hetfadafiodine LR o oA P50 S ng
m xi ng of theHrgregientisan 7.0.Fhé asé ntdy bé ap. indijanic basd)isiehs 4 mdtallhe net al
cyanide salt reacted in the inventive processes preferably is water sol uble

and has t he ©¥dauan alikalimetalhydraxidenps apmgikali mefalicarbpnate, O ans chosen from

=T R i i b 1 AN
chosen from he(rkjal sait(solution drethkImetaFeydnide saftrsplution pridritblor.duing N (11).

The metal cyanide salt may contain one or nore of these netals. In the above
fornul a (11)Mixing of theireagents inthe reactiomste® ion, or alkaline earth netal
ion. Ais an anion chosen from halides, hydroxides, 20 sulfates,

car bonat es, cyani des, oxal ates, thiocyanates, isocyanates, isothiocyanates,

car boxyl at esMetgslctvanidenésls. Both a and b are integers greater than or equal
to 1; and the sumof the charges of a, b, and c Dbalances the charge of M.

Sui t abl elGret al cydRedaetahryanide salideactediin the invieptive preaasseso, pot assi um

nexacyanof or PIAGIEN s wateP 3bfiTe Wb PRSI AGHANRAAL F1 1Y) i R
hexacyanoiridate(ll1), and thgy)l MENRI(W} i net allllhexacyanocobal tates are

most preferred. Exanples of double netal cyani de conpounds that can be nade
by the process of the present invention include, but are not limted to,

zinc 30 hexagy3RRaNMAs!HoRbh'ldm Feii)c FARHTEELHST €b{IAY, B, br(f),ne hexacyano-
15 Mn(il), Mn(lll), Ir(111), Ni(i1), Rh(1l1), Ru(ll), V(IV), and V(V).v More
preferably, M' is chosen from Co(ll), Co(lll), Fe(ll), Fe(lll), Cr(ll), Ir(lll), 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 hexacyanoferrate(lll), calcium
hexacyanocobaltate(lll), lithium hexacyanoiridate(lil), 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(lll), zinc hexacyano-
ferrate(lll), nickel(ll) hexacyanoferrate(ll), cobalt(ll) exacyanocobaltate(lll),
and the like; with zinc hexacyanocobaltate(lll) being the most preferred.



ferrate(ll11), nickel (I11) hexacyanoferrate(ll), cobalt(Il)
exacyanocobaltate(lll), and the like; wth zinc hexacyanocobaltate(lll)
being the nost preferred. -11 Cyanide-free conmpound Sonme of the inventive
processes occur in the presence of a '331/ani de-free al kali netal containing
conpound. This alkali netal containing conpound is included to maintain the
nol ar ratio a¥a ilon to netal cyanide anion. O the al kali

e u

The cyani de {1 ec SRS iuRLTeetchs Sod i e bisBBbRER AT ol cee.
hydr oxi des, syHriidédree alkall Rtdlicohtaify cdrafoursdr PhsydIRAIPMetald nitrates.

Sodi um and potassium salts are nost preferred. 10 Organic compl exi ng agent

The i nvent i veopiainieg semperndds inpluded tomajitaindhe enelar eatiaeigastal saltonpl exi ng

omedt at 81y RORRGHTES EidloB AR, 1B e pRAA el PERIRRI Mot A2 L " "
the conpl exi age i, éwinarasblm,wc@ﬂdm HEhe epamide tigedcarapotnds
preferably relatively soluble in water. Suitable conplexing agents are

ha

t hose comonPiefefably,has anranien chosen fratyhalidese hydioxides, sulfatesy. s. pat. No.

5,158,922, t ' t ' | 11C t i

Cefrorence t nREERREE SHARHER BcfonibieRaril rals oSS BRUM S pBLefup

het er oat om cgaksfiare MbsPpesteiredconpounds that can conplex with the double
nmet al cyani de conpound. Suitabl e conplexing agents include, but are not
limted ¥, alcohols, al dehydes, ketones, ethers, esters, am des, ureas,
nitrites, suldjdes, .o]d Xt 3 thereof. Preferred conplexing agents are
wat er - sol ubl T oTTa areonors chosen from 25 ethanol, isopropyl alcohol,
n-butyl al cohol, MThelinventivel probesseswaywdcut in thleqsresénce of an organic

2-met hyl - 3- but ene- 2-ol, 2-nethyl -3-butenyl-2-0l, and tert-butyl _alcohol.
Tert-butyl aFeBwexing agest, i.gr.dhe cpaplexing agest mayhaadded pithef dedR@es of t he

present i nveBPéé)a[}aﬂ6ﬁ 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
élcohol. Tent-butyl alcohol is most preferred.

Catalysts made by the processes of the present invention are
substantially amorphous (non-crystalline). By "substantially amorphous,”

30 theinventors 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



substantial ly anorphous (non-crystalline). By "substantially anorphous,” 30
the inventors herein nean that the catalyst is |acking a well-defined
~crystal structure, or characterized by the substantial absence of sharp
lines in the powder X-ray diffractioniBattern of the conposition.
Conventional zinc -12- hexacyanocobal tate-glynme catal ysts (such as those
descri bed i nhexayaRatcobalkite-dgiyrheé &atslgsts {bach as plovskedeseribted idi i S. &ati on

tt t ai ni h [ i ' ' t] high d f
e ystalt it o5 fhe e stiatnb Bowisb - vidiraiioncetert aboblnetbaRy |
conpl exi ng agraxp lirfes)irdtiitative ¢ira/mgRddgiGe BREnyjstalimBst Zine Hexacgaged de

pol ymeri zation. Catal ysts made by~ the inventive process are Substantially
anor phous andobaligteprepareddn the-ahsencenal 4 cothpiexipgagenivis kighlyl yst s produced

by the prpocesse f the.present . .invention , 10 nmay. optd qQnal i ncl.ude a
Funct onef | z BYeTUINeBPa of maEEve, arapei Belyfiariatios B st/ malg b c.
pol yner" theth@h‘ﬁr@hﬁ\l?épftﬁ{e%b%r@%ﬂﬂsﬁnﬂ&ilwaﬁforéﬁ&ﬁs afR@RigHipactie or nore

functi onal groups containing oxygen, nitrogen, sulfur, ™ phosphorus, or
hal ogen, wherein the polynmer, or a water-soluble salt derived fromit, has

relatively ggﬂd iol gbi I!i';{I I n_polar solvents, i.e., at least 15 0.5 wt. % of
the pol yner ney — € ves at roomtenperature in water or mxtures
of water with a “@MC‘dEtél?%t@';ﬁo&ﬁ&@i‘b?ltI;@nPkﬁﬁé%sewmﬂ Bfeseht ink@h@bn M sci bl e

organi ¢ solvents include, but are not” ted to, tetrahydrofuran, acetone,
acet oni t 10| e mayoptianallylincibde adunctionalized polymer ot/its wateresalubleisalt. i s

i o AT N T A g
((:?Irr});)tm?-CRPt ?Eﬁfhd_iﬁﬂofeﬂblﬁ?rh&%ghhét%a?@m SortARin Bk s o den, iuffur,f or nul a
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 (lll),
——(CR'-TH)D———

A
(D)

25
in which R’ is hydrogen, —=COOH, or a C4-Cs alkyl group, and A is one or
more functional groups chosen from —OH, —NH,, —NHR, —NR, —SH,
—SR, —COR, —CN, —C, —Br, —CgHs-OH, —CgH4-C(CHj;).,OH, —CONH,,
—CONHR, —CO-NR;, —OR, —NO2, —-NHCOR, —NRCOR, —COOH,

30 —COOR, —CHO, —OCOR, —CO0-R-OH, —SO3H, —CONH-R-SO3H,



in which R is hydrogen, -COOH, or a Cl1-C5 al kyl group, and A is one or
nore functional groups chosen from-0OH, -NH2, -NHR -NR2, -SH -SR -COR
. -CN, -C, -Br, -C6H4-0CH, -C6H4-C(CH3)20H, -CONH2, -CONHR, -CO NR2, -OR,
'-NO2, -NHCOR, -NRCOR, -COOH, 30 -COORI3-CHO, -000R, -COO R-OH, -SQ3H,
- CONH R- SG3H, -13- pyridinyl, and pyrrolidonyl, in which Ris a Cl-C5 al kyl
or al kyl ene myrielimyl, aﬂdléyﬂol'dtmw i @bHieh W fshd GHG;%I[(rﬂftﬂ%H@ileﬁebeo@ 000. More

preferably, nis wthin the range of 10 to_500 e nol ecul ar wei ght of the
functi onal i z&f B&afrﬁeva@ﬁﬂv'%ﬁ‘}h%@gead 5tq 8i000y Mpea-prefably.misf erably, the

nunber avera‘gﬁhlﬂghgqg 8%8%}888@509% within the range of 200 to 500, 000; nore

preferably from nol ecul ar wei ght of the functionalized

pol ymer may be i nThé nastecular weighy ioh thebhtinationakzed pelyinenehnvarpbvehase
val ues, incl u3| ve of the recited values. 10 Optionally, the functionalized

pol ymer & sofaittwisieeiangee Lﬁrefﬂgblynthesnur@ber aueragednplechlar weight iSonal i zed
vinyl rT‘Dm-"”ew tﬁ‘gcthef?angé‘ o?b&b & 56;)yr K h?«?&e ﬁeﬁab&%%%tﬁ(}d’@f{) ene,

but yl enes, rene, provi hat the

pol ymer or aThaIntoldanlar/wéug‘htmhé fumetionalizgd pelymer avmyrbe ah ahidméwnti N wat er
or mxtures of water and a water-m scible organic , 15 solvent. Suitable

functi onal i ZE@NGNY bekween apy cembinatipnafdhesa V@'Pﬁﬁt ipglusiye o ﬁbﬁy’@@l&% ani de),

pol y(acryl ar‘rmﬁ %o acrylic acid), poly(acrylic acid), poly(2-5
acryl am do- 2- rre? yl -1 -propanesul fonic acid), poly(acrylic acid-co- naleic

acid), p@y(acryl @pinbnallya)the hnictionblizeéd polyiiertatssinchaes(r@clpring2Onits

met hacryl ate)s, poly(vinyl methyl ether), poly(vinyl ethyl ether),

pol y(vi nyl dedived @?m %BPS)(fW‘PHQnaéIZ@@NmW m%mﬂ\ﬁqﬁh@ﬁ a0 alefin Gbne) pol y( N-
e P e o 08, S Yo, AR ihds BBKLAGEN A dfjrnle (V1 ™V
chloride), pottHeskkeyprovided thatahe pulyemer) or Dshly terived from ftdias)relativbly( VI nyl 25
sul fate) sodiumsalt, and the |ike
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(acrylic 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 sulféte), 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

- polymerization of cyclic ethers, and epéxi 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 make the potneelikeerBrefJnnedpolypﬁ'oérsrafepalyelﬂwqxﬂyqls hawing average groups,

| udi ng, I he, ter, eth 4- th I ke.
Prof or r 64 poYONE Bingfiondifies dtara 1 Bl gig Eﬁmﬂﬁr@ée@%wie wgtveiapts
functionali tWﬁﬁlﬁt’iﬁ%ﬁgEQﬁ@O@r’tg1 rm@,\éeﬁ,@g%ggwt i 5000 51_%668 within the

range of 200 to 10,000, nore preférably fro e are usually
made by pol yibese iang uepalky chasleiby polgmericingrepoxidessinabeipresence of

cat el yor & (1 RENRTRToBee- Srtaig oia %é‘fa«mat?' il T ROPESALE e
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pol yt etranet h bne et h coI and N‘D B eferr, d are
pol y(oxyprop?% @fypﬁBPﬁSFg éﬂ'ﬂo B&yB U& n& 819 &1y nmonols and
di.ol s havi a0o0 t
4000. O her PoNerTahatyy é?“‘ﬁé% éméy“@l% YR g BreRigsoend®? (o,
pol yner s10 pobymiekpblyrhetmmeﬁ)ylenzd ether glycdlsaaddrthe dike Mobt/prefered@o@ol yner s,
hyd hyl || ul h f lized
pol yrrer ray BEY <¢»Evp°r§§x4ﬁﬁe S8l FyFeHE CoP ORmvala; Baitieplary monols °"*' ' #€
pol y(di pr opyly aed.g ﬁ"ﬁbﬁﬁbﬁ‘g Wém@utﬁﬁagﬁﬂs%trﬁﬁw?&ﬁ of Pol y(2-

et hyl - 2- oxazol i ne vi nyl CO-Vvin | coh Co-vin acetate),
and 20 the EDIdo@ﬁ)@ salts t hereof. Catalysts made by the processes of the

present invention naI J Co i n u on the total

anount of catal ystq) X?lﬁ%ﬁ?@ E??yp'BFV\#tSrPO%IS d'@ﬁer ably, the

cat al yst $5 Coigharélire BG‘yﬁnérQ, pdlyalkylenimines, maleic acid and maleic anhydride
copolymers, hydroxyethyl cellulose, starches, and polyacetals. Thus, the

functionalized polymer may be, for example, poly(ethylene glycol 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.



w. %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 w159 of the polyner are generally no
nore active, and are often difficult to isolate. The functionalized pol yner
may be present i nAliéraatively) tretfundtienalized polymenmaydepariady ciny 30
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incorporated herein by reference thereto. t al ysts produced bg t he

pr ocessel) of catalysh pesioles hmamamclamleasumnwﬁ)mlcmspmsed Wt result
fromthe use salts reI veI al ka nit The catal ysts
have a uni quggq?}é?f@hﬁﬁngﬁrépp rcﬂolycg p[e(SSI °§ﬂ?91°3‘3 aﬁ'féﬁsu n copendi ng
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this peak increases as 0 alkalinity of the netal salt solution used in
maki ng the cRakiNei5, 638;7@55319 enﬂemmsaﬁwfmrba&mmmomt&d berinbyhe
catal ysts nmad rocesses of the present invention are wuseful in any
react or conf regﬁf%ﬁeqﬁe eﬂgt 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 rangé 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 5 to 8
hp/ 1000 gal | ons proving particularly ask¥ul . Those skilled in the art will
appreciate that the optinmumenergy input will likely vary with the product
30 nol ecul ar pretiygts with highenvigeesities. @tharprooésseendjtions, whichanagbef or - 16-
products with higher, viscosities. Oher es ondi tions ich may be
Csetul . i ncl g Rgs TREInGLEg rapblf pulerEa WS 2 PP Kiio MFESEMPE ogen or
anot her i ner taridthérdnén flaftPoPgas aftéocapletion dPthé bridefeed. f eed. The DMC
catal ysts produced by the processes of the present 5 invention wll also
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Uy i nSpogeeioh W se [ery BediariguidRp o iR BRRihEoud eadtBP i 5, 5

particul arly tegsrbdads ﬁo%l@thé?ﬁ FoPegdmphe e ﬁhtaﬂa{st%n?dé%héfge@ﬁbitﬁé to
create a suspension with a |ow tendency to settle while it 1s in the 10
cat al yst charrgectoss agla slovry in polyetharssueh as a #0,Pardiolndnisuch instancasal yst s,

nactive® whdh e BTG drbfabB 8 ne PSR el B BB Bty 1 a e
triol. The rabecretedssusdrisivh withidlewcrhdesy te séttibavhilef it ieir®e by appl ying
vacuum 15 to the reactor with or without a nitrogen purge and by increasing

the condént reatalyat ehargrivesseldded to the reactor after the stripping

Penporature. for ol BenBSheRyh heg o B B et Aot PGB e t o e
al koxyl ati on thake prodte’y by tHEdRVEhWeEprotedses, FR4Y apFQaHb Bé linadtiver oduct i on
processes demgned to operate at | ow DMC catalyst levels, the quality of

propyl ene oxiwbennitialyrgharged ¢x agdardemsush as apydi0 Rapropoadateddriay a stabl e

Pow tever s of T FAlR i ebfvaion, Bftbe eyt cart b Tl BHioBERY RS Sina BRI 47T *
i nhi bit as deahevahétor WMthC@ivdtheiit a nitregéR purge and by increasing the

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 (e.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 resulting 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 dependihg on the molecular weight of
the polyol with these parameters being more important with low 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 catalyst |evel. For systens designed to operate at DMC

catalyst levels in the range of 20 to-3@ ppm an alkalinity of Iess than 3

ppm as potassium hydroxide is preferred. The limting values for 30
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sem batcgs pbocess wi th the continuous addition of, a | ow nol ecul ar wei ght
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DMC cat al yst was nmade accordi
formate, methyl propylether, methyl isopropylether, 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 paddle 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.



follows: a one-liter baffled, round-bottomflask was equi pped with a

mechani cal paddle stirrer, heating mantle and a thernoneter. 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 systemto 0.48% ZnO The m xture was stirred at 400 rpm and heated to
50C until t hdfterithe additiondvals ssmplated, stirring wasydominueddbr ad@dditignalas added

L1 Ut on s G0 Ar a“‘%@%.%bfapmazwﬁm&m% oidr SE% tedbuity T
distilled wat At on was
added to the a?‘?%@@%? q)démgo ut| n'oywmgﬁour .ar?qg-ah%ﬁtg}ﬁ?hgggddl tion
was conpl et edat tbe iendiofighe&d mionte peraod.f Thedlaskddntends salere &dirmeidfor am at 50C.
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m nute peri oGjpdiigh.f! ask contents were stirred for an 5 additional three
m nutes before the solid wet cake was collected by filtration. The filter
cake was resuspendEehe flluerecakeakas reguspendedin abeaket with-70/80(w/w) tert-

| cohol / d | |.ed h ded
2 urry was ¢ e aipRaecislitinter sokp( 190 of Befodh PodeBeniZat e 10 beaker
was rinsed vwgd%ﬁé%ée simalwn%r?éq B%k'fd {8 ihital ﬂQacrtIBnt\/e%@,éf &hd tre | Of

the materi al e slurry 'was stirred m nutes at O rpmand 50C A
1000 Da di0ol t(eialarg\)amemwmmm&(l WMITMMMSMIM (BE‘rg) teatransferrred for
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honogeni zer . gdve SASRBASE dfdI¢2.10Vg) Was haaeaft@m@ﬂlaém@sﬂfd tite EWRQI wagl al

reacti on vessel and the beaker was rinsed with tert-butanol
transfer all st&taﬂicxalthre‘éhmmlt&sr'i]hmMe wasfiltered aodrthamltescakem rpm and

20, Then, . A80RabR e s bhafere e R BV Ao bR B B uBbo el o
to dry i Rsa VREHEGLRIZEN PHESOsPEMdE sitify was fQksferred 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.



The final yield was 10.5 g of dry powder with the followi ng percentages
determ ned by elenental analysis: Zn = 23.5% Co = 10.1% and d = 4.3% 25
- Conparative Exanple 2 A DMC cat al yst WZ made without the addition of NaC
to mintain the nolar ratio of nmetal “sal't anion to netal cyanide anion as
follows: a one-liter baff |led, round-bottom flask was equi pped with a
mechani cal  paddl A second splutiopawas grepaied avithpotassiber hexacykano-Di sti |l | ed

ohi ot e (o bopRetE T 3T clgnedReintivod . oS Rets i ERathe cor ut f on
was heat ed t golsdliate sblufioftwdy addedito tHeOzihe Ehlorilie-soluticttovist 6rfd Hbupn was

prepared with potassium hexacyano cobaltate (7.4 g) in distilled water (100
g). This pot Aer the additiery was-copplgtadastirring wessﬁn&ﬁlse%zreaﬂ additipralzj nc

e cont iueloriRus P, Rifird sahligh ot 180814 KBTI 5 BFRBCT: on o' "
1000 Da - di oblobRoP(ag)1 g ricaer|(14.8l Yokt ptsbhrddaind autibd e flgkk. © o) was
prepared and added to the flask at the end of the 60 m nute period. The

fl ?jslé cont en@%thﬁ&@ af iherféhnﬁwtemrilogdd‘me thask canieets werausiced éarare t he
F osuapentied padiBafidd ol betdrehb Rolif ey tkeifas bolldtigd B "4

al cohol / di st filitagi@nwat er sol ution (156 g). The suspended slurry was stirred
for 60 mnutes at_400 rpm and 50C. A 1000 Da diol (2.0 g) was_added to the
flask antPthe sl th? fillgs cake wasdepuspendeaskindha geagtion vesselwith f@/30as

filtered and LIt er . | 1 i essel with
tert butyl alYARdPrELTY fcroufiRublRrRgRtoh 88 o TreggRheflede S 400
rpm and 50C. sllingnwas stifed fdr60 imuted. =t 40D pasand $eaC. Ad0DbDadiol ure was
stirred for three nore mnutes. The slurry was filtered and the solids were

col l ected t o(3Pyg)iwasaddrd tmtheflaskand theghlurngwasostirred fordbree 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%.
1
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 baffled 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



E-1

20 The final yield was 8.8 g of dry powder with the follow ng percentages
determ ned by elenental analysis: Zn = 24.6% Co = 13.9% and d = 0.8%
Exanple 3 25 A DMC catal yst was nade at a 2:2 Zn/Co nole ratio with NaC
added to maintain the nolar ratio of n@al salt anion to netal cyanide
anion as follows: a one-liter baffled round bottom flask was equi pped with

a nmechani calgragd @it Shibride 6. OV%?"éﬁ!ﬂst@OH éhloddé! (60.0I! 'BUTREiEAt zinel oni zed
wat er (275 % was added to the Tlask foll owed by t echni cal 20- _?rade zi nc

chloride (6. qnd@waaraﬂdﬁdiomﬂngﬂr@ralhehr(lwoofdhg)sysm 10 6i48% ZnihcThemi de was

2l conol _( 4o, BRALACSRIAL L vk Mg b AR Wa RoallEth 50%G o1 771 Y ng
at 400 rpm \it\sHRHGHL 400 irhOn was prepared w th potassi um hexacyano-

cobaltate (7.4 g) in deionized water (100 g'). The pot assi um hexacyano-
cobal tat & sol ut.oﬁsmgnd@ebdlonmamrqnaf@d&ﬂ hopotaesiym bexagyasPer a one hour
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tert-butyl atcbainate 68iGtibnWas addedd e zidd cRlofidevsdiutivreddresiondthoagded to
the flask at the end of the 60 mnute period. The flask contents were

stirred for ReriegidAftenadditionwas eamplete, Pisring wassontipueddotar solid wet cake

Cort - 15 bur taeiaed FibuERes oG EMRERINK S 13 BR B61 0 Bromogeni ror.

The susjgendes-sutyr éMoM@IS(2Vr1a?Efa?fdﬁdté@E(ﬂ 9id) wa@grépatrealanaeﬁded% vessel

and the beaker was rinsed 70/ 30 sol ution to transfer all of the
mat eri al . wnef!ﬂakrat hegndxfithe 60 mmutwenpdufl'é@ flas tepswere 50C. A 1000
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a beaker vm@,hf.[tmohert butyl al cohol solution (100 g) using a honobgeni zer.
The

" The filter cake was resuspended in a beaker with 70/30 (w/w) tert-

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%.



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 rpmat 50C. A 1000 Da diol 25
(1.0 g) was added and the mixture was-8fli-rred for three nmore mnutes. The
slurry was filtered and the solids were collected to dry in a vacuum oven
over ni ght at Ex8@pleo450C. The final yield was 8.8 g of dry powder with the

fol | ow d I ned by, el t 3l lysis: Zn = 2% Co =
0/9% " 80 and o & Pooatasl i mats af S VG AR R R NRCL: 4 2.0
Zn/ Co mol e 1 aH4ed Y6 hihiftaid thedoRY raflo BRhEtAN dali diflof % MethPEyahi@é netal salt

anion to netal cyanide anion as follows: a one-liter baffled, round-bottom
fl ask was eqaniopeas fallows5a anediterbaffied, yoaudl-bottar flask wascequippedwwith e and a
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3.73% ZnO. Tert-butyl™ alcohol (40.0 g) was addéd and thé sol uti on was
heat ed t o 50¢hleride (5(073:g) and sodium dldoride {60.Q gle Suflicient rincoxidawasr epar ed
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sol uti on ovepciR| L0 o) whls!diided il SoiafloNHmsARIEEA 1S B0CIWR | N WA
continued for an additional 15 60 mnutes at 50C. A third solution of 1000

Da di ol 10r. 9stiwringatr40brprgl  al cohol (27.1 g), and water (14.9 g) was
he, 60, m nute period. The

prepared and 0o L e wad raber S PoldAEult HEAARBS Lo o
fgls Lgp\éﬁgegaibﬁba ggggr %ﬁ]?ﬂs@%/(j S%éﬂ(e}vwr“\r/’v?o 9 ?:} rt ﬁ %b%-(%télséigmgﬁ)é%g \tN?IS | ed wat er
sol uti on (106obaltatei sodutiorhwae gdded do thekime chloride 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



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 mnutes at 400 rpm and 50C. A 25
1000 Da diol (2.0 g) was added to t he “f3%sk and the slurry was stirred for
three mnutes. The mxture was filtered and the filter cake was resuspended
in a beaker W0Ohpmand®03C.sbhen,ih00Q & dipl (019) was addedjandibe. The
suspended sl urry was transferred back to the initial reaction,vessel
beaker was. r WS Wes SRR o e dRore ringias . Thecsfing WERCISIRA ¥ e
mat eri al . Theofils Were \Weflestbl té Bfy ica vABuliindlersovEmight at 406Cremoagd 50 C.
Then, a 1000 Da diol (1.0 g) was added and the mxture was stirred for
three nore ninut esThel‘f(ﬂEak)ﬂQ% washg gramseofcdry powvdenavithsthie io§owing: col | ect ed

arams of By FROUEIBRONS eGPy shimgnE BBavel: 20t 2hPEr GRS crenta
anal ysis: Zn ghd2@ 9%8%0 = 9.0% and Cl = 4.8% Exanple 5 A DMC cat al yst

was nade at a 1.5 Zn/Co nole ratio with NaC 10 added to maintain the nolar
ratio of netal salt anion to netal cyanide anion as follows: a one-liter

baffl ed, round. flask was equi pped with a mechanical paddle stirrer,
heati ng mnt%ﬁ%hermmter. Distilled water (275 g) was added to the

flask followed by AEMOIclySthiaE nvEdecat &Pz (dnglé?atﬂiwﬁﬁmwﬁi um

a
chloride (60.0 g). Sufficient zinc oxide was 15 added to bring the
al kal i ni 1§ ofa oymaintain dhet mdas @tio of raetal Bakt pniordlogpetal cyaoide g) was

added and the, sol uti.on was heat.ed,t e, 50C w th tigpring. at 400 rpm. A second
SOl uti on was AEhAERONER GAEHEE et ratibd hothl s a8 acitapdd Wi

di stilled watgmechaRical paddie shfredtdatiNgyuntly and-a Hensohséteal Bistiedt | on was
added to the zinc chloride solution over one hour. After the addition was

conpl eted, stwater (375vgswasaddedda the flagk fellawed by technéeal grade gincat 50C. A
third sol uti O&I&Iidé‘?ggz '88 aﬂh%'odﬁ?m E%:hﬂ;rldet (aﬁrot.() B)’t élufficient 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

and the

stirring at 400 rpm.

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



al cohol (27.1 g), and water (14.9 g) was prepared and added to the flask at
the end of the 60 mnute period. The flask contents were stirred for an 25
~additional three mnutes before the solid wet cake was col | ected by
filtration. The filter cake was resuspe®ded in a beaker with 70/ 30 (W w)
tert- butyl alcohol/distilled water solution (100 g) using a honogeni zer.
The suspenddhred minutesaThemixtirerwaslfilbereld drad thedilienicakalwassact i on vessel

and the 30 beaker was rinsed with the 0 solutj.Q 56 . to transfer all
of the mat erfPaPSP%@é'P&P%WM%hHﬁi&@ﬁiwf}r{w@@&%’%%o rpm and 50C.
A 1000 Da di agp&;h tHBEX stirred
for -23- thre@%éﬁrﬁé?' Wl%sm xt uréépﬁggﬁ fﬁéfgégﬁﬂgﬁgrﬁcg tP itf'fxé’\r‘m%'ake was

resuspended ineaatitre wesselandithe heakér a@sgoised with {erbbutpnoliédsg) o

honogeni zer. - The ,suspended s|usrry s transferred back to the injitial
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collected to dry in a vacuum.oven overnight at .40C to 50C. _The final yield
s 577G of WP SRIRHET TR I I IRVAGITD VR CHEMIBRL A ARG B8RS mi nod by

el enental anal ysi sq = 0 ~ 0 = op-Exanple 6 A DMC
catal yst was nade g?ggnﬁ.@glﬁ%%ggo é)?rdg{?gw\?mgfn&_ég\eggl%@gaol | ows: a

one- | i t erl Obafperedntages dbtérminedhblyl eleinentad amalysigieth »i22M%; Goee B8flocal paddl e
stirrer, heatin manizbg and a thernoneter. Distilled water (123 g) and
tert-butyl al G = ({f’-g) were added to the flask followed by technical
grade zinc chloride (2.92 g). Sufficient zinc oxide was added to bring the

al kalinity of the systemto 3.63% 2ZnO The m xture 20 was stirred at 400 rpm
and heat ed t cExdrgple®6second sol ution was prepared wi th potassi um hexacyano-

A DMC catalyst was made at a 2.2 Zn/Co mole ratio with TBA as
15 follows: a one-liter baffled, round-bottom flask was equipped with a
mechanical paddle 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% ZnO. 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 (3.42 g) in distilled water (53 g). This potassi um hexacyano-
cobaltate solution was added to the zinc chloride solution over a 50 mnute
~period. After the addition was conpl etgél stirring was continued for an 25
additional 60 min. at 50C. A 4000 Da p propyl ene glycol (4.0 g) was added
to the flask at the end of the 60 mnute period. The flask contents were

stirred for Mesaabwithdheter-butyhaleoheksoution £300a) using a pRsidie slisemas
|l ected b
Cotaer ol o A R8s e 10} Ay eS at 0BTl SRTRBRS, TR OB Lo" 500

g) using a pafdtdalred aadlthesblldé'werebullesqtedmsdgt inra edcﬂium di@:rmvemmtat 400 rpm

and 50C. The tures@/as filtered and the filter cake was resuspended in
t he reaction (k W|th the tert butyl al cohol solution (300g) using a
paddl e stigrrer. rpm and 50C.
The sl urr;‘? was hﬁ'éelrhg e so ?ﬁ?ﬁ?@g‘éo Fggﬁ%datoc‘)’ﬁﬁgy I n a vacuum

oven over ni gkpereénta@@deteﬁﬁiﬁedby’ﬁiembnt&llanﬁlysisi Las= 20.5% ©6 =9.4%0owder

W th the foI | ow 9 éﬁegcent ages determ ned by el enmental analysis: Zn =

20. 5% /&- b = 4.1 % Exanple 7 10 A DMC catal yst was nade at a
2.07 Zn/Co rmle ratio wwth TBA as follows: a one-liter baffled,

round- bottom fl ask was equi pped with a nechanical paddle stirrer, heating
mant | e and a ExempletBter. Distilled vvater (123 g) and tert- butyI al cohol

(270 9) vvere added_to the flask foll ni cal grade. zi chl ori de
(6.3 g). TPhe mixt URPMbscalalyet was "1@1%@ B@Gﬁlkﬁf&hﬂ‘q{% with asp second
sol ution was red | 1 g) and

suf ficient poftggg‘pse’?u% %E'%)Ef&%e in ’@ﬁ@?’?ﬁ%ﬁmﬁk@&g;%ﬁﬁ’gﬁ‘gn@% ng the

dl kal i ni ty ofmebhansigal paddie sﬂnrra%he“amhg mantis ahd a theememeatencDistilledt e

sol ution was added.to the zinc c solution over 20 a 2.8 hour period.
After the addwateama;aé@aﬁiﬁearw hcﬁl( ﬁ&yere Added 1o 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 reactibn
30 vessel with the tert-butyl alcohol solution (200 g) using a paddle stirrer.



continued for an additional 60 mnutes at 50C. Athird 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 _m nute period. The flask contents
were stirred for an additional ten ni m#®s before the solid 25 wet cake was
collected by filtration. The filter cake was resuspended in the reaction
vessel with dlhdsluriywas stired fcmﬁQ/miraJtesIabSDGirpm and:80%at dihesslurryiveas ( 200 g)

' ddl T ti d f 60 m t 500
and 200, The iterad ane T sofids were adised foahy Fia vakuld Qed toEludbended | n
the reaction gsuréeftPCUbigpeChe tert-butyl al cohol solution (200 g) using a

paddl e stirrer. -25- The slurry was stirred for 60 mnutes at 500 rpm and
50C. The slurry wakhe finatyeldivas\d15@ofdry mwclewntb@ne tallowingo dry in a

vacuum ov for 0C.,to 5 e.fi g of dry
pouer tlﬁ%wfeeﬁmﬂf%emasﬂi At analiisian 5y LR 5 94 U e
= 21.0% Co /ad€¢Y¥=52a95 C 5.4% Exanple 8 A DMC catal yst was nmade at a
2.4 Zn/Co nole ratio with 700Da 10 nmonol in TBA as follows: a one-liter
baffl ed, round-bottom flask was equi pped with a nechanical paddle stirrer,

heati ng mant | g_and 29 thernonmeter. Distilled water (123 g), tert-butyl
al cohol (254 am nonol (13.8 g) were added to the flask foll owed by

technical grade ZIAqmtrJ @étb?@twég n@é:deghtaWZﬁm@lmdl@?ammrmb% reacting
about 8 nol es of | ene I5 oxide with one nole of a Cl2-Cl15 fatty

al cohol . Thhe monp rne assfollewsa ane-likatbaffied aeuntddatiom flask®@s A second
SO UL on v BETRBEAIA e BB RS e Bk a2, 9) o0
al kalinity of tHehﬁmoﬁyaéenDtsﬁuéd w‘a‘i/er (ﬁbBSg)PférﬁBﬁiwalc%ﬂoh@ﬁcy)a%mahblat e
sol ution was added to the zinc chloride solution over -4 hour peri od.
After the add(13.8)wereaddeddo dhe flask fqilpwgzdvlastechnlcal grade zmc chloride
(2.65 g). The monol was prepared by reacting about 8 moles of propylene
15 oxide with one mole of a C12-Cy5 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 bylfiltration.
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.



continued for an additional 60 mnutes at 50C. A 4000 Da pol ypropyl ene
glycol (4 g) was added to the flask at the end of the 60 m nute period. The
flask contents were stirred for an additjonal ten m nutes before the solid
25 wet cake was collected by fil trati 6rf® The filter cake was resuspended in
the reaction vessel with 90/10 (ww tert-butyl alcohol/distilled water

sol ution (300 g). Thedinal yield was<5.6 g of-diypavderguitnthefolewing 500 rpm and 50C.

feacti on vesbaicaiedds feteflihed A7 sleraoftel ERRERUI A ERREES 570 S4E o1 uriry

was stirred gad Q& gigwties at 500 rpm and 50C. The slurry was flltered and
the solids were collected to dry in a vacuumoven for four hours at 40C to
50C. -26- The final yield was 5.6 g of dry powder with the foll ow ng

per cent ages %ﬁ%—ged by el enental analysis: Zn = 23.6% Co = 10.6% and
A =4.0% 5 9 A DMC catal yst was made at a 2.0 Zn/Co nole ratio

with a 560 Da m seDME ceRlyEWis inadeadtel 2A5ZHATd PIots raRicdnith ki 360 Daaf f | ed,
round-bottom flask was equl pped with a nechanical paddle stirrer, heating

mant | e and amixedoxisieemenol iniwater asdolipwsira paeite)batfied.zospd-tmitomno) (30. 6

O 83" oy Ornde s ot e <hiRHRRA phBGR R Gl %ﬁ‘srﬂtﬂﬁé' et her,

butyl ene oxnlﬁl@rm@hbwremmpeudﬁatearews anaxd swwméﬁo g Yweie follow ng
structure: -CH0 CHz- | CHJ cK2- OTS H2 OH

CH3 3 2 18 S@nded te the ﬂasﬂsfcdl,@m bmemm QFQﬂQ)ZmﬁQSHQT ea(61 igh fTheof t he
A second soi (19us warrsPafad ItihfiriRopabhl e hshbtyayl Sivdr iAo' © °°C
oxide, ethylene oxide, and isobutylene oxide and had the following

structure:

CH, Et CHa,

CH3——0—<CH2—CH— o)-(CHz——CH———- CHz—CHz——o>—CHz OH
3 2 2.5

CHa

15 Sufficient zinc oxide was added to bring the alkalinity of the system to
4.04% Zn0. 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 paddle 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%.



cobaltate (3.42 g) in distilled water (53 g). This potassi um hexacyano-
cobaltate solution was added to the zinc chloride solution over a one hour

- 20 period. After the addition was conpleted, stirring was continued for an
addi tional 60 minutes at 65C. The flaslécontents were coll ected by
filtration. The filter cake was resuspended in 90/10 (ww)

t et r ahydr of ur an/ diGne facior ewrtrollingpcatalysha¢thbty ig)hela'mthm op atidilinitgt i rrer and

m xed for 35 es_at 50C. . .The slurr d and the solids were 25
Col | ected ¢ o gt ReStparalEhOdnS soamuiie the afiaRantof anitediane” "The
final yield %brﬁezs&u%n§%ﬂdi|téﬂ' lhh'atﬂl@lB@loWWaBQné‘@étﬁéattﬁ}Qes determ ned by
el enental anal ysi s: 3% and 3% -27- One factor

controlling mmtmeuwttltmtw wuth sﬂaedardjmd OaN aquewsmhys}m@hlom agid
i ncor por aged t he co und., , The inity of a s zinc chloride
sol ut | ons%r e @BWFn aﬁé’ﬁ I@A?BW%EWQ dBquﬁng\ént i onetric
titration wt téﬁﬁﬁ?ﬁéfrﬁ:hﬂ?ﬂtrﬁtlri? hbm&sww §ampldsC(aboutl 021 57g) P! | ows:

aqueous HCl (about 0.1 andar di zed potentionetricalTy titrating
accurately V\fdl’g mwhydrqumthﬂbaunn@nemag\)e (EI'HAM) in distilgchwater(@oenby| )

am nonet hane I nt di st‘# V\@ 46%' The endpoi nt was determ ned
graphical ly. ﬁﬁ ??' Yaspiepne QWR # granms of THAM 0.12114 X

volume of HO (in m) 10 Zinc chloride sanpl ggquphsoftAlafsed as follows. A
sanpl e was di ssol vNGrmallwmﬁMH@&SWﬂtI@nﬂﬁ—gﬁ{—mﬁaf—ﬁggﬁ%&ﬂ—g 8.5 w. %
zinc chloride solution. The sanple was t3- ¥ Valy P ed 0.1 N
aqueous H | sol ut o equi val ence
poi nt vvas8 deter mih'ge)'g Cé‘r@gdm caﬁﬁ@s%r& #r{aﬂgedq%egogl(ra&ss HWP 0 ZnO) was
15 cal cul at eddigsolved irndistillediviter®s A dppecridiiely &M%ﬂhe)chWee \Y
represents the volume of HCl (in _m) needed to reach th

solution. The sample was titrated with standardized 0.1 N aqueous HCI

solution. The volume of titrant needed to reach the equivalence point was

determined graphically. Alkalinity (expressed as wt. % Zn0O) was

15 calculated as follows:

(V xNx 4.0685 x 100)

Wt.% ZnO =
° (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 ZnCl, 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 pattern for the catalysts made in the

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

30



DT

equi val ence point, N represents the normality of the HCl solution, W
represents the weight of the zinc chloride sample (in grams), and % 20

- ZnCl12 represents the weight percentage of zinc chloride in the original

sanpl e. Table | sunmarizes the al kalinid8; zinc to cobalt nole ratio, |igand
to zinc nole ratio, water to cation nole ratio and the catalyst norphol ogy
- as determ ned by X-ray diffraction p@ABuElfor the catalysts made in the 25

exanpl es. A'\ \I\l ha annarant  ha rn'Fer\nC +C Tr\hl e | - h :nvulrt e J')IVC

catal ysts, pEkh L&!FEHEW i‘é{% 5,@&;2;;. ano/(hﬁh@ﬁv {W&% K-rayevi ousliy

di scl osed cajpg), ydM:%had lediativ EMRIEPatis MR di sdmasi i on
pattern. Th an?lat AnQ) proiclﬁt&j t\n Co?%ar ative Exanpl &atiq acé:ot:?di ng to| U.S.
Pat. No. 5,783 exenp is substantially 4§ rpthuhmi&htmlly 30
_28- TABLE t(3-"/3\1' kﬁ%‘ﬁuty zn?éﬂ }("g%?Ex. ~3%6 Mol e Li%@ndZn Mol e
X-ray No. ¥YnOy jratio MDIg ratig MOIe ratjo Ratio pattern |l !);ajlly
C-1 0.48 25|C-P.|9¥323 50 p2dr phquO.9C-2 0| $872.0 10.|94 187 @gﬂ %7 |1y
crystallinel3* 49 2.2 10 .9 18150 Substahtially agorphol gb%t |i .0
12.1 18 50 $gbstlganpal |y phg 5* 4.B8a1.5 16. 1 49 apta )(ally
anor phous 6 .6386;1% 160 g%r ﬂg)s' antia ?‘3 anorprc?t?g amorphous
4 |373 12.1 18 50 | Substantially
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 5.46 237 |0.81 177 5 amorphous
(polyol)
9 |4.04 20 |27 475 4 Substantially
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 pattern, 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.



7°4.3 2.07 79 90 4 Substantially anmorphous 140 (TBA) Substantially 8 5.46
2.37 0.81 177 5 anorphous of of 19 4.04 2.0 2.7 475 4 Substantially
~anorphous - NaCO wused in catalyst preparation. 5 Figure 1 graphically
denonstrates the difference between a-2%ystalline catal yst such as that
produced in Conparative Exanple 2 and the substantially anorphous catal ysts
made by Conp@atalygeAbhvityol e 1 and in one enbodi ment of the inventive

processes as represented b Ex | e 5. can be appreciated by reference
Do R o. 1, the. or Savaral ofdhe saialvals Jasde hermarasvAbRd i e 2 has numer ous
sharp lines i o b f ' _q%ts@tiall

anor phous cat@?eﬂﬁ%ﬁéw% H&@r%?rhg? P\%Zé %P&tﬁmﬁﬁgﬁﬁda pﬁfégﬁgrrp eHS do %ot.
Fi gures 2 andP@, blockipdtyol haeing-are@Hintimbac bf 288 anidt & functibnalityfod about

substanti al | r phous cat al ysts prodycedq by the inventi ocesses
Genor Thodbi n e aeiea Bolvetregalerias salipoeHytih e siineapirged Bl v iy
Several of t I ' Vet : i on
Sotivity by pOAReE & RLSHIRABHIRE &) The Bofiomidt tHelmpol f chdll aRphMiRis, O)

pol yol havi ndA dip {berdsliverechthexpdde febditd thecteiactoaljustbeldwdbe lRushtéh Brief |y,
ed. with two, six- d \erines, a

.a pol yol reactqr. was, equi. , [ i tched bl t
ruont ool r o bing - The UnibiraHde ahrroRmateivAl-3nHorSenamer g00.galong o e’ | Sne

delivered th ' . ' S bi ne. The
unit provi deg)fgg?)(r .é‘r‘gtg'eweﬁgﬁ%gﬁ%&%ﬁ%ﬂé‘:’?'ﬁ%‘@%ﬁ?ﬁ@? ) V%@@%vi#%g power
when t he 10i | | cadculated by mopitorng draps BHOPOr partiaRaessuresrthe Iomaeht okideed by
nonitoring d(r)a(l)cfc@ in PO part, al essures the noment oxide, a was

_ =nto)
compl et ed.  TRYARR Was,COmPIRieh & PLAIIBAG Fassdranster Intiations

between the liquid and vapor phases, the batch size was set such that the
last blade was half covered to encourage maximum interfacial mixing.
Calculated apparent rate constants (kapp) are shown in Table Il
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 Hi
Ex. | Viscosity OH Number | Unsaturation | Catalyst | Activity
No. |(cSt @ 25°C) | (mgKOH/g) | (meq/g) (ppm) | (Kapp)
C-1 | 1512 27.9 0.005 24 217
4* 1800 28.1 0.006 24 1.24
5* 1610 28.0 0.007 124 2.19
7 1421 27.9 0.006 25 1.00
8 1319 27.4 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.



- These val ues were deternmined by plottin

between the |iquid and vapor phases, the batch size was set such that the

| ast bl ade was half covered to encourage maxi numinterfacial m xing.

_Cal cul ated apparent rate constants (kap }) are shown in Table Il 15 bel ow.
§ t'he natural |ogarithmof PO

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

'strai ght |ineWHARIS CLAIMEDSscosity OH Nunber Unsaturation Cataly

L 155 Al O G O 7
.25 1.00 8 1gamprising readfing irb@qiediis sdlutid®at aIndlaPratitSat waterQo 46tal 20 * -

NaCl used in catal yst preparation The foregoing exanples of the present
i nvention ar ecations gblessthamabow 18%se of illustration and not |initation.

B e o T o

descri bed herein ma n various ways

departing fromthe spirias tearsitiorometalfoxide; based @ theramdiet @cha?nsutiﬁn t he
invention is to be neasured by the appended clains. -30- WHAT | S CLAI MED

IS: 1. A process for prd&eial sgitvithoubl e et al cyani de (DI\/C) cat al yst,

conprising reacti ng hgbag%yg% sggl o {a?ﬁ'olﬁt aﬁlon@flt n ﬁ}e‘?%]l %gh!%eo t ot al

cations of less than a ranS| I'on ne

alkalinity of at |east ahftuhetal of les&thas aboat®.otd, on met al oxide, based on
the amount_of ;transition npetal salt; with a met al cyanjde salt, at _a nolar
ratio of 19 anin theopresepge of gn@;ga,nlgé:omplexmg 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(ll)
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 s zinc chloride.

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

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



salt nmetal of less than about 2.9:1, 10 in the presence of an organic
conplexing ligand at a nolar ratio of organic conplexing |igand to
~transition nmetal of greater than about é and in the presence of a

cyani de-free conpound conprising an ani ?1'and an alkali nmetal at a nolar
rati o of cyanide-free anion to netal cyanide salt anion of greater than
about 3, 15 wher ei hhe REOGRSSIACSOFdinato &laim dewherin theymataleyanide saltisanti al | y
anor phous. 2. : | Claim 1, wherein the transition netal
salt is choS%Jnig%@ﬁffz@?lazc@ﬁﬁgégéd@egﬁ)ﬁc brom de, zinc acetate, zinc 20
acetonyl acetate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll)
brom de, cobalt(Il1) chloride, cohalt(ll). thiocyanate, nickel (I1) formte,

) ).

ni ckel (11) ni®rat eTBARIOFSSEACEOIdIRG tR Sains 1, whirelp the oEganie SPRIAIRXIPG Ol ai m
1, whereig th 11 ISaZi | olLde. The process
accor di ng%to @éﬁﬂ@%h%\'ﬁ%@ﬁ%%h@%%taé c});(%rs\l 5%5?%%&?%%'0%%%@1 from
pot assi um hexamydes) cedad, nitritdd, isulfidepdrsmibduresithempfanof errate(l 1),
pot assi um hexacyanoferrate(lll), cal cium 30 hexacyanocobaltate(lll) and
| ithium hexacyanoiridate(lll). -31 5. The process according to Cdaiml,
wherein the tal ' : IS | 41, 6. The
process accopg'l ng ?ﬁa@’%ﬁ&%@%ﬁﬁ@ﬁ@g?‘é@'ﬁf@%@%&f@%?@%’é nd is
chosen from aligarithisschoserddium @smeltat-Gbatenetiol, 2-methyd3sbutenyl-gas andr eas,
nitrites, sulfides and m xtures thereof. 7. The process according to Caim
1, mhereih@th@%?'@%(ﬁ?'@%@ ¥k ng ligand is chosen from
2- et hyl - 3-but ene-2-o0l, 2-nethyl-3-butenyl-2-ol and 10 tert-butyl al cohol
(TBA). 8. The process according to Claim1, wherein the cyanide-free
conpound i s s8di unThelprocels adéorfingtbeClaimde shereindheicypgnide-fiéai m 1, furt her
i ncl udi ng addi ng a . A .

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.



functionalized polynmer followng the step of reacting. 10. The process
according to Caim9, wherein the functionalized polynmer is a polyether
~polyol. 20 11. The process according to é:lai m 1, further including the steps
of: isolating the substantially anor phg S doubl e nmetal cyani de (DM

catal yst; washing the isolated, substantially anorphous double netal 25
cyani de ( DVC) 13at afhe procass anoprdiggtte &laisyl awbereisdbe raelar rtioofwaieshous

doubl e net al | . . The process according to Caim1l,
wherein the nﬁ%ﬁ'%‘?épﬁﬁﬁﬁég%’ﬁ on netal cation to cyanide salt netal
anion is less than about 1.5:1. -32- 13. The process according to Caiml1,

wherein the nolar ratio of water to total cations is |ess than about 75.
14. The proced4. actbedreepssnacgosdingto Glais d; whereindbe snolasratip efwakefer 5 to

total catigons,i : 0 . The process according to
Claim1, vﬁer!adl %@ﬁ%\f@ﬁgé\éﬁg&g{%eb %Wh@bgﬁé Séﬁ%i onplexing ligand to .
transition netal is greater than about 5. 10 16. The process according to

Claim1l, wherein the nolar ratio of the prgani c c_orTBI exing ligand to
transition mel@l i Shpdroeess agrauding tafelainfowhesein the malaé ralioet¥e accor di ng

cyani de ani onoreenys s oshilg bdfsndy netANs bt A sBR 8. | 0° G m 1.

wherein the transition nmetal salt has an alkalinity of between about 2.8
and about 15 wt. %as transition netal oxide based on the anount of

transiti ol med@i sdhe proeessoaccprdingrtedelaim 4 whedeinghednelasiratia of theer ei n t he
Lransi t1 on Tebadiébbmpiiiing figdhd & trihdiioR mdiGl WHWRRR Hbott NG POMt 12 Wt

% as transitio
about 50.

17.  The process according to Claim 1, wherein molar ratio of the

15 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.

20
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.

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

21. In aprocess for producing a polyether polyol by polyaddition of an
alkylene oxide onto a starter compound containing active hydrogen atoms,

30 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.



met al oxi de based on the anobunt of transition netal salt. 25 20. The
substanti ally anor phous double netal cyanide (DMC) catal yst prepared by the
_process according to Cdaiml1. 21. In a giocess for producing a polyether

pol yol by polyaddition of an al kylene 8xi'de onto a starter conpound
containing active hydrogen atons, 30 the inprovenent conprising conducting
the polyaddition in the presence of the substantially anorphous doubl e netal

25 n procesePhor ipseR B Edalia AR ARRRS Mo el gt ©

conprising: reewmptisipgt N aqueous solution at a nolar ratio of water to total
cations of less than about 150: a transition nmetal salt having an

al kal i ni ty of reactingdr @aqugeus solulion aja melarratie pf waterieitatal eatigas obased on

t he amount of L1 tal salt; with a netal cyanide salt, at a nolar
rati o of tranlselts%iqﬁ%htr?gpg“ 0 cyanide salt netal of |ess than about 2.9:1,
in the presence of adransitiormetalesalt an aliclipity of apleast aboah2andy%an

al kali metal at a nolar ratio _of cyanide-free anion to nmetal cyanide salt
ani on of greater than aB§itansition metal exide, basedipsnthgameunt eflsansiier  doubl e
metal cyani de (DMC) cat %éﬁf alf“mtr?‘ddi ng an organi c conplexing ligand at a :
nolar ratio of organic corrp?eXi ng ligand to transition netal of greater

than about 1. 23. a/nptadcpanideéaltpatamiolagraticofitrdrsitiorninetakbtosyanides doubl e
metal cyanide (DMC) catalyst, conprising reacting in aqueous solution at a
nol ar ratio of water t&attsnetal eblesshanabeulsd9%han about 250: a transition

motal oxi de bib0d MAsBhES sl B cbinble-fhe cEftHoyA dmprictho aff diflon a1
cyani de salt alkali melahat adholar fitic sfegyginidesfresainion trabrietal dyanidesaltie
anion of greater than about 3 to produce the substantially amorphous
double metal cyanide (DMC) catalyst, and
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 aqueous solution at a 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 cyanide
salt metal anion of less than about 2.9:1,

in the presence of an organic complexing ligand at a molar ratio of organic
complexing ligand to transition metal of greater than about 5, and in the presence
of a cyanide-free compound comprising an anion and an alkali metal at a ratio of
cyanide-free anion to metal cyanide anion of between 3 and about 6,

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



salt netal anion of |ess than about 2.9:1, in the presence of an organic
conplexing ligand at a nolar ratio of organic conplexing |igand to
transition nmetal of greater than about and in the presence of a

cyani de-free conpound conprising an aridh™and an alkali nmetal at a ratio of
cyani de-free anion to netal cyani de anion of between 3 and about 6, wherein
t he doubl e n4al clhampsespiacroringto Clains23 whereiit thel transition m&ialssalt 34- 24.

chosen T om 35 kRoge fehfafio 2B, athenlop St aBBRS, G -~ =71 '

acet onyl acet E&@toﬂglﬂ@etb@&ﬁﬁil@enz‘ﬁdw Zihé hiéate, irarfN) SLlfateVird | iron(ll)
brom de, cobalt(Il1l) chloride, coba t hi ocyanat e. nickel I ) formate, 5

ni ckel (11) niRregtide sabal Wrchieride, mbéﬁﬂ?) tbGCYEF'h@epf‘@k@KB trmAt®i ng to Caim
23, wher esn t'ﬂ?“é'{nﬂgﬁﬁé %mﬁlﬁpﬁa}a‘h&{ fs zinc chloride, 10 26. The process

accordingto wherel cyani de salt is chosen from

pot assi um hexacyanocobal tate(ll1), potassium hexacyanoferrate(ll),

pot assi um hexacyanof errate(ll1), calcium hexacyanocobaltate(lll) and
lithium hexac%nouTueiaf%sme)ccon_dmto Claim 83.0vhereinthestransitjon snetphsalt 23,
wherein the r@%c a;rqgmgge salt is potassium hexacyanocobaltate(lll). 28.

The process accordi 0 G aim23, wherein the organic conplexing ligand is
chosen from al cohol s, al dehydes, ketones, ethers, esters, 20 am des, ureas,
nitrites, sulfides and mixtures thereof. 29. The process according to Caim

23, wher d0n tzfe or ja@ PEOGESSACSRIFHRg to @@;ﬁu%ewbemmﬁmmﬁy@mdezsalt

2- et hyl 0. Th
accrzrgr d?/ng to %l al meé%%n? gafehstesﬁfrﬁh%%ﬁéyw@éo@%ﬂ%e(ﬁj J%E%I?Bﬁm [ zeg B(r)f);(ransaf
after the st amﬁcyanatetrtate(ll)3§ota§hanphemg&natarmtd(m)g cafciginai m 30, wherein

the functionalized 30 polyner is pol yet g
hexacyanocobaltate(lll) and ||th|um hexacyanom ate(lll).

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

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.



R S

-35- 32. The process according to Caim23, further including the steps of:
I sol ating the substantially anorphous doubl e netal cyanide (DMC) catalyst;
washi ng the isolated, substantially anpégr_lous double nmetal 5 cyanide (DM
catal yst; and drying the isolated, substantially amorphous double netal

cyani de (DIVC catal yst. 33. The process according to Claim23, wherein the
mol ar ratio o#2-10 1h@REQqessaceerding daClajm 23 furhar insluding the stepsafi on i s

| ess t han about 2. ?Em in the
nol ar ratio of wat %P'%tm %ﬁ%ts aﬁﬁggﬁfg@ﬁéﬁogss [%&&Sbl% ﬁagsgé@iég( )‘13'
process accordi ng to C catalydB, \/\herel n the nolar ratio of water to total
cations is between about .75 200.. 36. The ) acc rding to

d ai m 23, wherei n VARG the '%%‘%P ﬁtﬁﬁt'a‘lyr%jﬁm@‘%gr%@ gand to
transition metal is gre g20 37. The process according to
Cl ai m 23, IB\/\/nerel n the a% ég?lm ?r?ﬂé'xé‘o organic conplexing ligand to
transition netal idrying ﬂmeeolat&ﬂ;tsub@talmally ahrrph@0$ dodble3detalloyanidecess
according to Cl aim 23, mbgl n the transition nmetal salt has an alkalinity
of between about 2.8 an Gatalystyt . 9% as transition netal oxide based on
t he amount of transition metal salt. 39. The process according to C aim 23,
wherein the transition netal salt 30 has an alkalinity of between about 3
and about 12 88. %he proe&ssi&doomdingﬁbﬂlahxlzaewbe‘mtlmemrﬂarEaﬁuwft of

transiti o, netal 40. The iall annr hous doub ta
Cyant de (VG ras gy sietafatio i FYRyide sab il nion RReB GaR sbeibe 555 41
In a process for producing a pol yether polyol by pol yaddi ti on of an

al kyl ene oxi de onto a starter conpound contai ning active hydrogen atons,
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.



the inprovenment conprising conducting the polyaddition in the presence of
the substantially anorphous double netal cyanide (DMC) catal yst prepared by
the process according to Caim23. 42. process for preparing a

substantial |y anor phous doubl e metal cyanide (DMC) catal yst, conprising

reactin n agueo solutiop at a ratio of cations is
gr eat lar gt Ihan "'g[gou'?.F E%éug%raf‘géﬂﬁg?mpgﬂ‘%%RU@%me‘ﬁﬁgﬁﬁ@d%kﬁ%{ffﬁaﬁ%tﬂ'yﬁy' of a!t
| east about 2, réd By the priteisk iaeBo )ased on the anount of

a
transition rrethsalt wth a netal @anl esat at a nolar ratio of
transition netal catlon to cyanide salt netal anion of |ess than about

2.9:1, in the,presence of functjonalize a ,nol rati o of
functi onal i ze‘?]‘P ol nr%proc[egstfpﬁnrsqc{upmg %BPS’PB‘QyR@@%MBﬂ"y%‘B@h? P&)aﬁnd a
cyani de-fr ee ﬂRWBﬁH'Biad‘é)Bﬁfd éb@te?%oﬁ-ﬁjdﬁhd%taiﬂuﬁ 4&thvie Wrageﬁtat&nsr atio of
cyani de-free anion to netal cyanide I on of between about and about 6,

optionally anth@rlgmno‘ternenbtl:tlmpngng|0@addct|mmmaep0lyad¢tldnumﬂm prasgnceyani de

i m 42, whel'de SRBTAN ArmajmPte BOCEE metal cvande AMCERRA "Chl of e

zi nc brom de, p,@ﬂage@g?ttﬁé grogésgchccap(ﬁﬁgwmgﬁ{g{ge zinc benzoate, zinc
nitrate, iron(ll') sulfate, iron(ll) bromde, cobalt(li) chloride,

cobalt(Ill) thiocyanate, nickel (1l) formate, nickel(lIl) nitrate and m xtures
thereof. -37- 44. The lprocess according to Claim42, wherein the transition
met al sal ¥2. | sAzprncesﬁh op preparings satstantially @sorpbeds domigjetrmtej eyamde2, wherei n

L et o (OHE AR oo oSSR A AR OB PR R L L
hexacyanodokathlt ctieqs lid greatet than Bbout t@0xacyanoi ri date(l11).

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 cyanide
salt metal anion of less than about 2.9:1,

in the presence of

a functionalized polymer at a molar ratio of functionalized polymer
to transition metal is less than about 10 and,

a cyanide-free compound comprising an anion and an alkali metal at a
ratio of cyanide-free anion to metal cyanide anion of between about
3 and about 6,

optionally an organic complexing ligand,

wherein the double metal cyanide (DMC) catalyst is substantially 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(ll)
bromide, cobalt(il) chloride, cobalt(ll) thiocyanate, nickel(ll) formate,
nickel(l1) nitrate and mixtures thereof.



46. The process according to Caim42, wherein the netal cyanide salt 10 is
pot assi um hexacyanocobaltate(ll1). 47. The process according to Claim42,

-~ wherein the organi.c conplexing ligand is chosen from al cohols, al dehydes,
ketones, ethers, esters, anides, ureas3’/fitrites, sulfides and m xtures
thereof. 15 48. The process accord| ng to Caim42, wherein the o taganl C

conpl exi ng 144andThe pzomr@qcoadlbgtt@ﬁaalm 42, wlaemmetranﬂtloeme salt and
tert-butyl F%%B)kh'ég 20 49. The process according to Caim42, wherein
the functiona Is a pol yether polyol. 50. The process accordi ng
to Caim42, further |nclud|ngthe steps of: isolating the substantially

anor phous doubl e netal cyanide (DMC) 25 catal washi ng the isol at ed,
subst anti al | y42nmor phe lsoerssAceondingto GgiamAgew {\@my theymatakeyanigrisaltyi ng t he

isim '?'thgdp ogggtscq{gcscora&ﬂg’%ﬂé’%@ﬁ%ﬁq‘%y&%%&" (@nh%ggﬁ' ratl)ocg]E alyst. 30

transition rreh@akacy@hbférréte(lgypmaéenmhéxa%iaiofmmum}]Scdlaem t han about
2.5:1. -38- 52. The process accord erein the nolar ratio

of water to lﬂ@f%qyamppbal@teﬂllbae@ﬂlﬁuumﬁsﬁxa&hs@mlrldg@(ll&3 The process
according to Claim42, wherein the nolar ratio of water 5 to total cations
I s between about 150 and about 500. 54. The process according to C aim42,
wherein the npgar Theiproedss dccordingabi Claih i42¢ dheedisi ke matal cyaridé isah et al

i s great er than about 5. 10 55. The process according to Caim42, wherein
the ol arl® at sPAassivm hexacyangsebaliata(ibl yner to transition netal is

bet ween about 0.25 and about 5.

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-buty!
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
dl;ying 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.



56. The process according to Caim42, wherein the transition netal salt 15
has an al kalinity of between about 2.8 and about 15 wt. % as transition

. nmetal oxide based on the anount of trangtion nmetal salt. 57. The process
according to Caim42, wherein the trah Btion netal salt has an al kal i nity
of between about 3 and about 12 wt. % as transition 20 netal oxide based on
t he anount of 58r andheipsacesst agcosding.toXJainTH, wiiereindne anolar ratio phwaterdoubl e

nmet al cyani de l. rgd he process according to C aim42.
25 59. In a pF‘g@@s"*@}‘géﬁiﬁf‘éﬁ@%ﬁ %’%‘Bﬁ?ﬁm pol yol by pol yaddition of an
al kyl ene oxi de onto a starter conpound containing active hydrogen atons,

t he i nprovenment conprising conducting the polyaddition in the presence of

the substanti &%y dRerpiReess araasdingietGlrin Baa wiereipnhy reelaarsgtia of yatlared by
the procesg s ?thf SMlich i&QWe#about 150 and about 500.

54. The process according to Claim 42, wherein the molar ratio of the

functionalized polymer to transition metal is greater than about 5.

10 55. The process according to Claim 42, wherein the molar ratio of the
functionalized polymer to transition 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 sait.

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.





