-~ 1 "HYDROXI DE CONTAI Nl NG DOUBLE METAL CYANI DE (DMC) CATALYSTS FI ELD OF THE
. I'NVENTI ON The present invention relates in general, to catalysis and

" catal ysts, and nore specifically, to a new cl ass of crystal line, hydroxide
containing DMC catal ysts and pol yols nade therewith. 5 BACKGROUND OF THE

| NVENTI ON Doubl e netal cyanide (DMC) conpl exes are well known in the art
for catal yzi ng epoxi de pol yneri zation. .Dgubl e netal cyani de (DMC)

‘catal ysts for the polyaddition of al kyl ene oxides to starter conpounds, 10
whi ch have active hydrogen at odYDROXIDESCONTAININGr exanple, in U S. Pat.
No's. 3,404,109, 3, 829, BOLBLE META4CYANIDE (CMCYTATAINSESact i ve

catal ysts yield polyether polyols that have | ow unsaturation conpared to
simlar polyols made with basi gIEKOHFEIHRINGERTIORE DVMC catal ysts can be
used to make many | ymer proddcts, 1 ncludl ng polyether, polyester, 15 and
pol yet her est er pol %espresmt tpmmweiatpsirygemrabttamtaﬂym ahdmatalystat al ysts

can be processedq to form rade p u toners,

foans, coati nag Y e éthc‘ggg)t% (pgqsé.lgfe Eeu&ép?‘wep%ﬁﬁpw by t he
reaction of aDWW?sts%Hd{Sél?éls%adbﬂﬁ‘é\Mtﬁa't wi th an aqueous sol ution
of a netal_cyani de sa 20 the presence of an organic conplexing |igand
such as, for exanple, an ether. In a typical catalyst preparation, aqueous
sol utions of zinc chloride 0%“? exacyanocobal tate
are m xed, and di met hoxyet A K HE) ﬁ added to the forned

suspensi on. After Ddubleiretal cyadids(EMOYcon tdxesmé&}elﬁtnowﬁmmmus gl yme

25 solution, an active cat alalst of forrrul a. Z 3[ Co(CN) 6] 2*xZnCi 2
yH2O zgl yne for catalyzing epoxide polymerization. Double metal cyanide (DMC)

catalysts for the polyaddition of alkylene oxides to starter compounds,

10  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. The DMC catalysts can
be used to make many polymer products, including polyether, polyester,

15  and polyetherester polyols. The polyether polyols obtained with DMC
catalysts can be processed to form high-grade polyurethanes (e.g.,
elastomers, foams, coatings and adhesives).

DMC catalysts are usually prepared by the reaction of an aqueous
solution of a metal salt with an aqueous solution of a metal cyanide salt in

20 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
dimethoxyethane (glyme) is subsequently added to the formed
suspension. After filtration and washing of the catalyst with aqueous glyme

25 solution, an active catalyst of formula:

Zn3[Co(CN)slxZnClyyH20°zglyme

is obtained.



'i§‘obiained. -2 Substantially anmorphous DMC catal ysts havi ng excepti onal
.activity for polynerizing epoxides are described in U 'S. Pat. No.
5,470,813. Conpared with earlier DMC catal ysts, the DMC catal ysts
described therein possess excellent ac&vity and produce pol yether polyols
with very 5 | ow unsaturation. The catal ysts of the 813 patent are active
enough to all ow t Huibstartialiytamenpholie MO roatalyststhiavirg exdeptionabactvityugh t o

overcone any.need to renove the catalyst fro h I 5o M, Pat. No.
o a7 580, 1 LRy bR o B fedibed ST RoBL N R #20R33: (e OV
catal yst prepgdfipartid with b¥riidr DO cRAIG! thetOMT ExXtasts 48s , by the
addi tion of sodi um hydroxi de to precipitated zi nc hexacyanocobal tate to

form t he i nt eth@r@inpessgas @xcellentsagtivity fandmrodecr: palyethespalyals with very

al M(CN) b(A) cld- P Y hi talytically inactive internediate
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conpl exi ng ageilibw thelralse dtrvedy JoweEoAcetrdtivhs PoftéeIoweEnengiitd vérebmeat i ng
agent. This patent further teaches the use of Zn and Co in the presence of

glyme, HCO, a@@ynesdito resaye tae catalystfrorytise pplyol. No. 5, 783,513, teach a
_ b L PPl | teacl
process for 20 mkigg PG ey B ANCEYSLBh U BIAURIR IRIMosR™ de

(DMC) catal ysts havihg 1'nproved acti Vi er nce. ess

i nvol ves usi nacid moelifadd BRC chlaW'smpr?Braﬁ kratialny WMhthdrbank:fwmﬁéﬁﬂPOf about
0.2 to about % as_netal oxide based on the anount of netal salt to.

2.0 wt..
prepare the caegnkdy theadditin ehsodiumhydroxide 4 preqipitated &y t ant pol yol

properties su lfoﬁ:]o. It : at | |

al kalinity of H{éﬁg@ﬁ% a B?ﬁ?%seouféggqﬂ%“ﬂn%ﬁﬁeé@%{eé %bgﬁeﬁ@smﬁg g%?‘%ﬁae!rl y
control | ed. Afdwywulaxyl ligand is taught by Conbs et al. U S. Pat. No.
5,627,122, issued to Le-Khac e

{ al.,  teaches,a .

M'a[M“(CN)s(A)c)a pM'(OH)syH20

15  This catalytically inactive intermediate is isolated and neutralized by HCI
with and without glyme organic complexing agent. Ethers or glymes are
the preferred organic activating agent. This patent further teaches the use
of Zn and Co in the presence of glyme, HCI, and ZnSQO..

Combs et al., in U.S. Pat. No. 5,783,513, teach a process for

20 making substantially non-crystalline double metal cyanide (DMC) catalysts
having improved activity and performance. The process involves using a
metal salt having an alkalinity within the range of about 0.2 to about 2.0 wt.
% as metal oxide based on the amount of metal salt to prepare the
catalyst. This patent further teaches that important polyo! properties such

25 as viscosity and unsaturation improve when the alkalinity of the metal salt
used to make the DMC catalyst is properly controlled. A hydroxyl ligand is
taught by Combs et al.

U.S. Pat. No. 5,627,122, issued to Le-Khac et al., teaches a

crystalline DMC complex catalyst containing a DMC compound, an organic

30 complexing agent, and a metal sait. The catalyst contains less than about
0.2 moles of the metal salt per mole of DMC compound; i.e., mole fraction
Zn/Co<1.6. Disclosed organic complexing agents include alcohols,



qr“yst‘al | ine DMC conpl ex catal yst containing a DMC conpound, an organic 30
. conpl exi ng agent, and a netal salt. The catal yst contains | ess than about
0.2 noles of the netal salt per nole of3Dl\/C conmpound; i.e., nole fraction
Znl Co<1. 6. Disclosed organic conpl exi ng¥agents include al cohols, -3

al dehydes, ket @Pe%s ethers, esters, amdes, ureas, nitrites,_ sulfides, and
m xtures t her 8ENYHesrkelgnes.slbers, ssterp@mideshuaase piteless sulfides, and y acti ve

d prod : ' | ' | s Le- Kh
cont ot ns.oni iares Mekof Wi’ G/ EVRIEH Z8EAC hesE oy M arsyely Lt (T10C
acti ve doubl eandgraducs polydis withneépxlowairmdatetations Gthel métal salt@f Lad<hac

pol yneri zati on e gl_(rﬂed by reacting zinc chloride or other netal salt with
pot assi um he?ﬁ@% BUf®ate or other metal cyanide salt in the presence

of a Gou 1A comgﬁgi- ' ORil r@/ﬁtﬁfg of
Conbs ‘2625 10 is anorp ddi%ﬁdpggmgﬁgg%glbb'sallgtg%gﬁgpﬁgan ydrogé%%.é Sever al
patents and apgtaketanidss complexdtatalysts wsef@fos epoxite giolymedizatiomdi ng U. S.
Pat. Nos. 6,303,533,.,6,362.126. 6,303, 833,..and U.S.  Pul. at . Appl. Nos.
700310013604, PARIFE Y3825 Ehs HRRISar BAE MR oIyt polESsstb e et o
cyani de cat al yeks ﬁndcbﬁaﬁ@tblrﬂt!cﬂhéﬁ ﬁeiﬂ%yéﬂﬂb%élﬁh%é%&éﬁncégﬁéé ?/lrzmjb

C
(H20).eL, where M  is a netal ion M2 is a netal ion an are
i dentical or HAfGampowund sughsasealgiimchlotides Hre BMG eatalystof £ombei261

m sci bl e }J4 gand C d | as to make the
conmpound Lq ecﬁ?Tgfﬁ’@%&ﬂfﬁ?’%@%&%‘%@ﬁgf@'@?ﬁl}%ﬁeﬁg?ui nati on nunber of
the ligand, e and Gederslipatérits dnduppiieations, @8 e nameafGrosbR’t al,, equal to
20 zero, h denotes a fraction or int ege;@gr@eater than or equal to zero. It

appears the ntitciidisgil-SuPati Nos. G0 §38 81126y 61303833 |ansd. HyPul.osch
L 0% oot P PBRARENER R0 Sho PR, AR B 3000 gPERSS Hofra Pere
catal yst and piseiosesdéublepiatdlicaride ehtatysts oftheaforinuit M HZ (CN), (A
15 )4 fM'g Xo. h (H20).eL, where M' is a metal ion M? is a metal ion and M*
and M? are identical or different, A is an anion, X is an anion, L is a water-
miscible ligand, a, b, ¢, d, g and n are selected so as to make the
compound electrically neutral, and e denotes the coordination number of
the ligand, e and f denote fractions or integers greater than or equal to
20 zero, h denotes a fraction or integer greater than or equal to zero. 1t
appears the metal salt used in making the catalysts disclosed by Grosch
must be water-soluble and that metal carboxylates are preferred.
‘A need exists in the art for a hydroxide containing double metal
cyanide (DMC) catalyst and process for production of such a catalyst that
25 does not require use of a water-soluble metal salt. Surprisingly, the
crystalline, double metal cyanide hydroxides of the present invention
catalyze the polymerization of alkylene oxides whereas the compounds of
the art do not.



'2.5‘ does not require use of a water-soluble netal salt. Surprisingly, the

. crystalline, double netal cyanide hydroxides of the present invention
catal yze the polynerization of al kyl ene, oxi des whereas the conpounds of
the art do not. -4 SUMVARY OF THE IN\/ENﬁ’I ON The present invention provides
a crystalline, hydroxi de cont ai ni n double netal c ani de (DMC) cat al yst
of the fornulae (1) or (11), VENT

From the Oroup cont el Rg ki rien Hideg %@Sﬁﬁ%eﬁ%%ﬁ Flping, °7""

Fe+3, MO*4, Mic@ble rﬂétchyamdé(DMﬂ) cabaly8t of thedormidiGe (BrZllpnd C r+3, M2
represents a netal selected fromthe |_%ﬂoup consi sti ng of Fe +2 , Fe+3,
CO+2, CO+3, Cr+2, Cr+3, I\M (QM)ely@ PE+3, N |+2 : dB, 10 Ru +2, V+4

and V+5, represents an d.,.and x, vy, and are chosen to
mai nt ai n ect r oneut raI [ ['@1 ﬂﬁﬂpﬁ‘ﬂ W@Hhé& are proce@@es for production
of the crystalline dI’OXI e_can cata st _af ..t he present

i nventi on and ?'E)edrg% Pre ?ﬁé'nﬁﬁaz ‘%&%C&ﬁ ﬁcﬂ'? §°n§'ﬁt"b%1pf29ubar

pol yet her pol pet2sNi*#i Ma*? tm;*iSsnﬁvpbﬂ Vo't met'aMo* hienhydt arePdgrt@ont ai ni ng

Dl VI C cat al yst 4M§e d ot heg1 aglvant ages and benefits of the present
i nvention  @&md ¢ oM F@@é@'&ﬁsl%me@ﬁe%ﬂ fFempthe: gfeupnvent i on

rersin bel o rﬁs?ﬁ@@ﬁf%?&ﬁs@?e?% e o B N R on T
conj unct i1@n V\RUT? Mitaha M3V represgntsesn orgmﬁr kdgand, and x, y, and q are
chosen to maintain electroneutrality.
Further provided, are processes for production of the crystalline,
hydroxide containing DMC catalyst of the present invention and processes
for the preparation of polyols, in particular polyether polyols, with the
16  inventive crystalline, hydroxide containing DMC catalyst.
These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein

below.

20 BRIEF DESCRIPTION OF THE FIGURES
The present invention will now be described for purposes of

illustration and not limitation in conjunction with the following figures,
wherein:
Figure 1 depicts infrared spectrograms of selected DMC catalysts;
25 and
Figure 2 shows X-ray diffraction pattemns of selected DMC catalysts.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will now be described for purposes of

30 illustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages, and



‘Figure 1 depicts infrared spectrogranms of selected DI VIC catal ysts; ~5 and
. Figure 2 shows X-ray diffraction patterns of selected DI VIC catal ysts.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention will now be
descri bed for purposes of 30 illustration and not linitation. Except in the

operating exanples, or where otherw se indicated, all nunbers expressing
quantities, pirap infbe spsgiication acg tq be yndersteatas petng medifiedinalle to be
under st ood asingﬂﬂs’@qh&itéﬁnhﬁb&hl” i nstances by the termabout."” The
present invention provides a crystalline, hydroxide containing double

met al cyani de ( DMCJhe predert invantiherovides kaseystalliney hydrbkide ddritdiliigCN) 6] y OH

L () Mx[m 6] y-z 9). g I ,. i.n the abhove formula (1),
represents aéﬂ?ﬂ\&? %@PE&%@(éwﬁr@%swiﬁ%ﬂm@?e%ﬁpéﬂ%ﬂ, Sn+2, Pb+2
Fe+3, I\/b+g, Mb+6 Al +3 1/ +@;¥+S§P|®' +¢)|_il.0 W4, Ws, Cu+2 d &+3. In the
hydr oxi de “cont ai ni ng DMC 'gl St 5]5 h!§ present invention, Zn+2 is
particularly preferred agsMhg2 i -t ve formul a ), represents a
netal selected from Fe+2,?VI ngthl)gbgg@ﬁge Cr+2, Cr+é,il}|Vh+2, Mh+3, |r+3,
Ni +2, Rh+3, RU+2, \r4 and V+6. 1|In the hydroxi de contai ning DMC catal yst of

the present inventpdnin the2bHove forkRulBN! Fprbserty athelaf seRetcrPfrdfh Zi?ef erred
organi ¢ conpl ex+2l | g’gnds,F2 L I*E ths hg+rOX|3de cont ainin I%:/C gat q+ yst of the
present i nvert@onNiT MNiu& o husn’ar BbiioFelT, Ma'edMeo, Al'al YohM's, Siaf,dehydes,

therof | br &braforReh- 20087 oIt EFNsIB ey Rinnd PP AE AT B ofbE )
al i phatic al gslegbpt wehtiers, 21'AaparticuRep pperefed agMm' but anol , i sobut anol,
sec-butanol and tert-butanol, with tert-butanol bein .2
M-, in the above formula (), represents a metal selected from Fe™,
Fe*?, Co*Z Co™, Cr*? Cr*3, Mn*?, Mn*3, Ir*, Ni*2, Rh*?, Ru'?, v** and V*°.
In the hydroxide containing DMC catalyst of the present invention, Co*® is
16 particutarly preferred as M?.
Preferred organic complex ligands, L in the hydroxide containing
DMC catalyst of the present invention, include, but are not limited to,
alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides and mixtures thereof. More preferred as organic complex ligands
20 are water-soluble aliphatic alcohols such as ethanol, isopropanc!, n-
butanol, isobutanol, sec-butanol and tert-butanol, with tert-butanol being
the most preferred.
In the above formutae (1) and (ll), x, y, and q are selected so as to
maintain the electroneutrality of the hydroxide containing DMC complex.
25 The hydroxide containing DMC catalysts of the present invention
may be made by the steps of reacting a M' containing oxide or hydroxide
with a M? containing hexacyanometallate or hexacyanometallic acid in the
presence of an organic ligand, L, and water, and coliecting the catalyst.
The hydroxide containing DMC catalysts of the present invention
30 may be made by the steps of reacting M' containing salts of some strong
acids (such as sulfuric, sulfonic or nitrous acid) with a M? containing



the nost preferred. In the above fornulae (1) and (11), x, y, and g are

. Selected so as to maintain the electroneutrality of the hydroxide

cont ai ni ng DMC conpl ex. 25 The hydroxjde contai ning DMC catal ysts of the
present invention may be made by the steps of reacting a M contai ning
oxi de or hydroxide w cont ai ni n% hexacyanognet al | ate or

th a M
hexacyanonet atma&yae?'aerq{'%er hexacyape@eialliqacidigihe presegsa®i an and wat er,
and col |l ecti lys i15la; |k DMC cat al ysts of the
RFoSHR G8L <4 WAt e L,

present invention e st ting ML containing
salts of some strofe hpdicsle( ntaineg BMCO catalystsofl therpresenmt invénmtiors aci d)

i th \%% i i -6.h I h | i i d i h
bresence of AHEY BEGARRE oF (3G RIEPRLOT AREAIIAR O CONVANEM P46 FRYEIRAGR al yst .
The hydroxi deariepainvt &mginﬂ%ﬁwwgﬁﬁtaiﬁﬁg Hé_ﬁ%@ﬁndﬂﬁé{ M@t My be

made by the steps of reacting @ contai ning” oxidé€ or hydroxide 5 and a
ML cont ai ni ndhexacyanpmetalliovacidimthe priesgnoe ghian anganic ligand,d_,and water;

hexacyanonetal | j c.,aci.d i.n th resen of .an.or ic.igand, L, and water;
and col | ecti %"4 %%@Pg!t%?%é Eﬁeﬁ\@n?%{?tﬁinﬁbg g%??’%‘?@%& SHMEINSAN ai ns an
ani on sel ect eshibr egldetdd Fem halides aé Bfate s VAASBIRIES, cyanddsdoRalates at es,

t hi ocyanates, isocyanates, isothiocyanates, carboxylates and nitrates. 10

Al t er nat i vel yhiacanalpsr seryRNatestisethiosyanmesc sarpoyylatessand pidratessent

i nventi ogamay be X LI

st rongl ngasi C co%gﬁﬁgy\f%{)énatggag?ﬁ%? &@@%5% %%%g @h%ﬂéﬁ?ngart h

metal hydr oxiidesntior mayibeashdeibylthe stébscsimhixing am eomainigsat,al | ate or

hexacyanonetal lic acid in the presence of an t%iﬁam c.ligand, L, and water;
p

15 and col | ecitiangly Rasiszompesnd (sueh aF abkalimetal RydrexidespalikalinaBBithc ont ai ns
o oommon: oo BT SEARAEG) Siines od AR oS AR S BHEaRIo B2 ° 20,
met al cont ai rhexacypanoraetallidycld i thiepresedce of amlorganit ligand, L, and water; '
15 and collecting the catalyst. The M' containing salt preferably contains an
anion selected from halides, sulfates, carbonates, cyanides, oxalates,
thiocyanates, isocyanates, isothiocyanates, carboxylates and nitrates.
The metal containing oxide or hydroxide used in making the
hydroxide containing DMC catalyst of the present invention may have a
20 water solubility ranging from low to almost water-insoluble. A preferred
metal containing oxide is zinc oxide or zinc hydroxide.

The present invention is further illustrated, but is not to be limited,
by the following examples.



hydr oxi de containing DMC catal yst of the present invention may have a 20
. water solubility ranging fromlow to alnost water-insoluble. A preferred
nmetal containing oxide is zinc oxide or-zinc hydroxide. The present
invention is further illustrated, but is not to be limted, by the
foll owi ng exanples. -7 EXAMPLES Exanples 1-7 A solution containing 0.54
nol es of ligand (as noted in Table I 5 below) and 275 g of distilled water

was prepared in a four-neck, one-litegxapFgs equipped with-a stirrer,
t her nrocoupl e, and heati ng mant | e. Toﬁution was added 18.0 g (0.132

mol es) of zi nExamples de7 f ol | owed by 3.30 g (0.033 noles) of zinc _
purp was used to 23&%“’@&»3%%@%55&5’@@% Stigate e e e 0
(H3Co(CN) 65 O.pRidk) amd 235 gtéf diﬂﬂle@ whtef Was"‘érbﬁéred iR ﬁﬂr%e&ﬂdbﬁé-ﬂ&rws

conpl eted, the mxture was heated and stirred for an ditional 45
m nutes. To t sk suippedwith acdiesershgrrecaume dand haamg;mantlengom

E?QLLE?E%IQI ﬁb ighay s Bk g 905 132 eV &8t Bl Biove By fificq i v
15 250 g of DOBRMDIEL) o Izt [dfdrofidel ThebSluiy WHstSeatdd td BOSCSHitH 'y was

added 5 g of 1 “diol an stirring was continued for two nore m nutes. The
solid was col Vigarads sirrinde 53 SYdNge puma: wash used teladd slawlgdilghef 2.85% vacuum

Surmar i zel; ?ﬂ%s%f ORI A0 E08 0. 0 01PE RlBR R e Radiie” ter
ooy e s SSRGS MRS RS pealeFaM bl 0 A o0
FT-1 R Com . lwaddioNahdd minutes. To this slurry was added 5 g of 1k diol and stlrnng
was continued for two more minutes. The solid was coltected using a low-
pressure stainless steel filtration unit. The wet cake was resuspended in
16 250 g of ligand and stirred at 50°C for 60 minutes. To this slurry was
added 5 g of 1k diol and stirring was continued for two more minutes. The
solid was collected by pressure filtration and dried overnight in a vacuum
oven at 55°C-60°C. The catalysts prepared in the above examples are
summarized in Table | where TBA refers to tert-butanol; 1PA is
20 isopropanol; PG is propylene glycol and PPG-425 is a 425 MW
- polypropylene glycol available from Bayer Polymers LLC.

Table |
Example No. Ligand OH Peak FT-IR
Comp. 1 water None
2 TBA 641
3 IPA 608
4 methyi ether PG 629
5 methyl ether PG 627
6 PPG 425 None
7 1-propanol None




2TBA641 31 PA608 4net hyl ether PG529 5Snmeth | ether PG627 6PPG 425None 71
. -propanol None -8 As can be appreciated by reference to Table I, catal ysts
2-5 have a peak between 600 and 650 cnlg.. By reference to the infrared
spectrograns shown in Fig. 1, Catalyst (made according to U.S. Pat. No.

oxhibited this oharieeh PerfRRreaafeely [dldelas Taplel el ol Ve 30!
peaks for OH rpeekibedweehicOand 650 enntl By réfefericediodhe iffriregen 500 and 700

cm' (I. Gennick and K. M Harnmon, Inorganic Chem st%, 14&3%, 2214,
1975). Cat al y$pectrograns ghown indiig hdeatayshl) (madeapeording teils$. Bat.al ., U. S.

Pat. No. 4,47 ' 0 ' (J. K
aﬁd G Box hooﬁé%ﬁ%’%gﬁ) %ﬁgﬁéﬁﬁ?ﬁ%ﬁﬁéﬂg ﬁg%% Ba@xrnaor‘rpl( es 8EJ {Ee,&
sol uti on cbnt &, 783 §10) 8ihibitbe thiechkrameristicaeakdh ¢ide regida breurld 644 el ow) ,

0.23 nol es of zinc _salt (anion as noted in Table 11 below), zinc oxide,
and 200 g of distil IY&FQWP@FSMSSb’rTQEE'F‘Gd“WP@ agfeunddktheyi@gion ter 1 ask

equi pped Wt N probéh 500-add POTBAPUR! Gendtl BT | MIHARAD Snolitinic SO! Ut T o7
was heated to W th vigorous stirring. syringe punp wa uSed to add
266.3 g of 6. CHémistrs $4(Q) 22K NSTB).c Qatalyst @, inHEG.0 GChiabe a2Bodifted nol es)

to th 1 Xt t, 2. /[mn. f t h It | et th 1 Xt
wes. heat ed angaBider St efala b Skt e 2 sbhhatkOH pRakeAtSBTO AT s
added 5 9101 bo.eokrANd. KiFps} 4Ad G WRSBbIN, A or CYtary BRI Fos fg es- The

solid was col |l ected using W- pressure stainless
1987).

Examples 8-15
A solution containing 0.81 moles of ligand (as noted in Table [}

15  Dbelow), 0.23 moles of zinc salt (anion as noted in Table il below), zinc
oxide, and 200 g of distilled water was prepared in a four-neck, one-liter
flask equipped with a stirrer, thermocouple, and heating mantle. The
solution was heated to 65°C with vigorous stirring. A syringe pump was
used to add 266.3 g of 6.12% potassium hexacyanocobaltate (K3Co(CN)g,

20 0.049 moles) to the mixture at 2.8 ml/min. After the addition was
complete, the mixture was heated and stirred for an additional 45 minutes.
To this slurry was added 5 g of 1k diol and the slurry was stirred for two
more minutes. The solid was collected using a low-pressure stainless
steel filtration unit. The wet cake was resuspended in 400 g of S0/10 wt/wt

25 ligand/water solution and stirred at 65°C for 60 minutes. To this slurry was
added 5 g of 1k diol and the slurry was stirred for two more minutes. A
second filtration was performed to collect the solid, which was dried
overnight in a vacuum oven at 55°C-60°C.

30 Table It summarizes the catalysts made in the above-detailed
examples.



steel filtration unit. The wet cake was resuspended in 400 g of 90110 wt/w
.25 ligand/ water solution and stirred at 65C for 60 mnutes. To this slurry
was added 5 g of 1 k diol and the slurgy was stirred for two nore mnutes.
A second filtration was perfornmed to collect the solid, which was dried
overnight in a vacuum oven at 55C-60C. Té%}%ﬂb' e Il summarizes the catal ysts
made in the above-detail ed exanples. le I'l Ex. AnionLi gandZnO OH

Peak cm No. Added( | nt ¢réx.tly) .8sul f it e TBANDG6ZFAQ O0.] OH Peaklchet ¢! PANo607 0. 31
10chl ori deTBAN0643 0. @and.1uf Pttht ¢ 61 IAdield | 12gntehsitg)t e [BAYes641 1. 33
13sul fonat eTBAYes641 1. B [[dghfaes 1 [ETBAYES64N61 & Sed®@es) 1 degl ymeYes612
1.27 Addition of zinc|0oX de giateE FUliPANAf ESNYAS [USEFT (g fxanpl es 12 and
13 increases the intenlShgy| Thidide PTTBRAAKE | Rol NG T 833N J B8 ¢atal yst 5 over
that of Exanple 11, a[SyyTPoRidnal@"¢ TEAC inﬂooxi dceX¥p £8j0cU. Referencing
Fig. 2, five charactefT§3TCIifGRER TEER00 Td Vel the 847 y,P3 Hine x-ray
diffraction pattern of —43"C siifohatey :uu:ngua Lagé-s- u)uusﬂ :JF,‘10)UCLV\Ben 12 and 26

20. The respective di f{f FOI TR Aaa cu-mi\ Vdie Lm&d fe8)"" oduced in
Exanpl e 14, Exanple 2, st et te 1
hexacyanocobal tate, are—sh mcfm‘.ro—hggt— .m?h .Y?‘?c..t. vgig&ﬁ)ysts and

Addition of zinc oxide where sulfonates was used in Examples 12
and 13 increases the intensity of the OH peaks in the resuitant catalyst
5 over that of Example 11, a sulfonate where no zinc oxide was added.
Referencing Fig. 2, five characteristic peaks are found in the
crystalline x-ray diffraction pattem of zinc hexacyanocobaltate hydroxide
between 12 and 26 268. The respective diffraction pattems for the catalyst
produced in Example 14, Example 2, Catalyst C from Fig. 1 and zinc
10 hexacyanocobaltate, are shown. Both of the inventive catalysts and

Catalyst C showed all five of the peaks.

Example 16
2.0 g of 99.9% zinc oxide was dispersed in a solution of 686 g of t-

15  butyl alcohol (TBA) and 54 g of deionized water in a one-liter flask
equipped with a stirrer and heating mantle. The slurry was heated to 55°C
before adding 39.5 g of an aqueous hexacyanocobaltic acid solution
(0.17% cobalt) with a syringe pump over a 30 minute period. After all the
acid had been added, the slurry was mixed for 2 hours at 55°C. The

20 mixture was filtered and the solid resuspended in 400 g of TBA and heated
at 55°C for 70 minutes. The slurry was filtered to collect the solids that
were dried in a vacuum oven overnight at 45°C.

The IR spectrum of this catalyst resembles that of Catalyst A,
shown in Fig. 1, and contained the characteristic peak at about 642 ¢cm™.

25 Catalyst activity was assessed by making a 6k triol with a four hour feed at
126 ppm catalyst concentration as described below.



Catal yst C showed all five of the peaks. Exanple 16 2.0 g of 99. 9% zinc

., oxi de was dispersed in a solution of 686 g of t- 15 butyl alcohol (TBA) and
54 g of deionized water in a one-liter f]lask equipped with a stirrer and
heating mantle. The slurry was heated td%5C before addi ng 39.5 g of an
aqueous hexacyanocobaltic acid solution (0.17%cobalt) with a syringe punp
over a 30 mnute period. After all the acid had been added, the slurry was

m xed for 2 hﬁ!%é&é%ghe 20 mixture was filtered and the solid
resuspended i A and heated at 55C for 70 minutes. The slurry
was filtered to col$ewdral bEtheadatalystshade Werdin Weré @viliated fisftuum oven
overnight at 45C. The IR s cPectrum of this catalyst resenbles that of

Cat al yst A, sFHGRHXY'ﬁt'@ g \1tv AriD ERMRY Prepaiing adtairial frem awglycessgk at

about 642 gm riol with
a four hour fee(?%lat Iartﬁffsr?é %?@ﬁ?@ggfgﬁﬁgﬁéﬁ@%yﬁ -10
Cat al yslt Act i \auqutSevmreacton‘ ethpedl\n&!WOSam&m h&rrmcrbllaa? wmwéwlat ed for
propoxyl ati on tivity at 25 ppm by preparing a 6k trio roma glycerine 5
based PO, bl oﬁuwppw roipg ahieRptiom ﬁﬁﬂ’@ehmRﬁIerbaféﬁﬂdéJafﬂLﬁﬁzwaﬁhléﬁﬂtt? of

g{jgﬁt oﬁ. tﬁr Lfﬁgégtéreeﬂw Fgél?t o\,n|$éot s'aﬁ@cﬁic’ﬁ[ﬁt% haﬁ%ﬁ?@gsﬁ (E?e\g@%used to
prepare the pgressureRftarm the mamémi@adeddb&lonwbtbmplewd dToredute BO parti al
pressures hﬁom t he

elinnate’ sf"m'ﬁﬁg@PSF |trrﬁnt°’gﬁr I'HH%“BQ%%@:Q;E?C%O&% |f¢§{§€an§3@$glé gsg‘%a;gs,
e mum 1 1t er P e oL B UiFlastbRge s Raff Solofeli dredlfade o, 29°
used to cal culma@gmum Intlee‘laalal mixingt es shown in Table |11 bel ow. These
values were deter meglgu@fed apparent rate constants (kapp) are used to caiculate the
relative rates shown in Table Il below. These values were determined by
15 plotting the natural logarithm of PO partial pressure versus time and
determining the slope of the resultant straight line.
Table Il summarizes the evaluations of several of the catalysts of
the present invention. The control polyol was made with a catalyst
according to Ex. 13 of U.S. Pat. No. 5,712,216. "Catalyst No.” refers to
20 the example number herein where the tested catalyst was prepared. Asis
apparent by reference to Table I, the inventive catalysts produced polyols
with comparable amounts of unsaturation as those produced using the

catalysts of U.S. Pat. No. 5,712,216.

Table Il
Ca:ﬂ?St Ligand R‘:;:gf e OH# | Unsat'n Vi;s:g :)'ty
Control TBA 1 29 0.005 1217
2 TBA 0.54 28.6 0.002 2694
2% TBA 0.43 28.7 0.003 1858
3 IPA 0.18 28.7 0.008 16082

25 “Rates normalized to 3 ppm cobalt in polyol.
¥ Catalyst 2 at double the concentration.



15 plotting the natural |ogarithmof PO partial pressure versus tinme and
~determining the slope of the resultant straight Iine. Table Il summarizes
t he eval uations of several of the catal )ﬁts of the present invention. The
control polyol was nmade with a catal yst™' 'according to Ex. 13 of U S. Pat.
No. 5,712,216. "Catalyst No." refers to 20 the exanpl e nunber_ herein where
the tested catal ystTheaioregeipadegcriptionssof the paesent imventionarecitered farap| e

[11, the invenrt Bﬁtﬁreaé dé}fda ; L I unt s of
unsat uration gﬁsé pﬁ se prfﬁ%scireag{oﬁm ngﬁ?ﬁg’l"ﬂgg{?’al legb%%%g@&;g%ﬁé%o
5,712, 216. Talskifletlih tiiabetthiat thegamibbdihminty deSttibadnisereinmvisydss odified

No. rate*cPs Control TBA1290Q. 0051217 2TBAQ. 5428. 60. 0022694

2TBAO. 4328. 70 9 HSHIEER Irsy@neus ways withgubdeparting froncthespifbandiscoraof o 3 ppm
cobal t i n §ol yod invehtibA! dNedcopedr tHYiRlehtibRSs fPBE Fld ity the ! The
foregoi ng descriptions of the present invention are oftered’for the
purpose of il lappendedctaimsd not limtation. It will be apparent to those
skilled in the art that the enbodi nents described herein may be nodified
or revised in various ways w thout departing fromthe spirit and scope of
5 the invention. The scope of the invention is to be neasured by the
appended clainms. -12 WHAT | S CLAIMED | S:



1.” A" hydr oxi de contai ni ng doubl e netal cyani de (DMC) catal yst of the
 formulae (1) or (I1), 5 MXM(CN)6]yOH - L(I) M X M(CN) 6]yzM (OCH) g L(I1)
wherein M represents a netal selected,fromthe group consisting of Zn+2,
Fe+2, N +2, M+2, Co+2, Sn+2, Pb+2, Fe+37” Mo+4, M+6, Al +3 V+4 V+5 Sr+2

W4 W6 Cu+2 ﬁag EE+3 10 P r§_presents a netal selected fromthe group
consi sting of S +3 &r+2 G +3 Mn+2 Mh+3 I r+3 Ni +z Rh+3

Ru+2, V4 and Yy+5, rﬁm ' ; ; r osen to
mai ntain el ec?/'r onehtW??é?%ﬁWTg er&e{r‘r?lt%ﬁééggh aQ%???gla&%gfgﬁ]i ne. 2.
The hydr oxi deformulae (1) og(fbpubl e netal cyanide (DMC) catalyst according to
Claiml1l, wherein the organic | ig}sl Is selected fromthe group

d, ,L
consi sting of al cohols, polyols, W%]yob‘bt Lol s, al dehydes, 20 k@} ones,
ethers, esters, amdes, ureas, Nhtri . sul,fides and m xtures thereof. 3.
The hydrox} de cont ai ni ng doubl ﬁrﬁﬁﬂg{fﬁlﬁh&ébm cat al yst accorH) ng to
Claiml, V\her&' Eéine organic ligand, L, is selected fromthe 25 group
consisting of e hanol, i sopropanol, n-butanol, isobutanol, sec- butanol and

tert-butanol. 4 Thm'hydrepresentseninetaliselected from et group Yensidtng FC)

catalyst according to Cam verei,n the aorganig,ligand, L. i
tert-butanol. 30 5. Thezﬁf/édFSthﬂ\AQgMﬂ g.i@@%gsﬂgﬁﬂbez. ggIM@faMCﬁE ( D\VO)

catal yst according to ﬂai\pa4lv+w§meW4Wep68&egﬁécpn+2 and M2 represents
Cb+3 H ) H ) ) T T

10 M®  represents a metal selected from the group consisting of
Fe'? Fe*®, Co'2 Co*3, Cr'?, Cr'3, Mn'2 Mn*3, Ir'3, Ni*2, Rh*3,
Ru*?, v**and V',
L represents an organic ligand,
X, ¥, and g are chosen {o maintain electroneutrality, and
15 wherein the catalyst is crystalline.

2. The hydroxide containing double metal cyanide (DMC) catalyst
according to Claim 1, wherein the organic ligand, L, is selected from the
group consisting of alcohols, polyols, polyether polyols, aldehydes,

20 ketones, ethers, esters, amides, ureas, nitriles, sulfides and mixtures

thereof.

3. The hydroxide containing double metal cyanide (DMC) catalyst
according to Claim 1, wherein the organic ligand, L, is selected from the

25 group consisting of ethanol, isopropanol, n-butanol, isobutanol, sec-
butancl and tert-butanol.

4 The hydroxide containing double metal cyanide (DMC) catalyst
according to Claim 1, wherein the organic ligand, L, is tert-butanol.

30
5. The hydroxide containing double metal cyanide (DMC) catalyst
according to Claim 1, wherein M represents Zn*2 and M? represents Co*>.



-13 6. A process of mmking a hydroxi de containing double netal cyanide
_(EMKD catalyst of the formulae (1) or (Il1), Mx[M(CN)6]yOH - L (1) M
X[M2(CN)6]y-zM (OH) g L (I1) said procegg. conprising the steps of: reacting
a M containing oxide with a M2 containing hexacyanonetallate or
hexacyanonetal lic acid in the presence of an organic ligand, L, and water;
and 10 collecting the crystalline catalyst, wherein M represents a netal

sel ected fromgthe W@#&eﬁ@&ﬁhﬁﬁ@a%&drcﬁm@mrﬁgl dolibla et ¢danige 2,
Sn+2, Pb+2 , Fe+3, +5, Sr+2, +4, Cu+2 and

Cr+3, 15 M r éBMEdesatalyst ofthelforaulee(®@rlbm t he group consisting of Fe+2,
Fe+3, Co+2, Co+3, Cr+2, Cr+3, Mt 3 Ni +2, Rh +3, Ru+2, V+4 and
V+5, L represents an organi C ||B‘§ﬁmﬁhh§qy and g are chosen to (i ntai n

organi o Ti%and. L. ts sel oot aa RS EHERGUIBHIR A ot g of al condls.
B ene, hi Eri ] S B o v cof . 25 5. The progese
accordi ng to d ai mréactitigea M rcotritmnmggmniev%nth@lm&pontaimieg sel ected fromthe
group consi sting of ethanol, isopropanol, n-butanol I SO nol ,
sec- butanol and tert- bu?‘& geyano etaﬁgle or' hexacyanometallic aci |n 31
presence of an organic ligand, L, and water; and
10 collecting the crystalline catalyst,
wherein
M represents a metal selected from the group consisting of
Zn*?, Fe'? Ni*2, Mn'?, Co*?, Sn™, Pb™ Fe™ Mo™, Mo'®,
AP Vv S g2 W W cut?2and Cr*?,
15 M?  represents a metal selected from the group consisting of
Fe'?, Fe'?, Co™, Co*® Cr'?, Cr*3 Mn*2, Mn*3, Ir*3, Ni*2, Rh*?,
Ru*?, V**and V*°,
L represents an organic ligand, and
X, y and q are chosen to maintain electroneutrality.
20
7. The process according to Claim 6, wherein the organic ligand, L, is
selected from the group consisting of alcohols, polyols, polyether polyols,
aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sutfides and
mixtures thereof.
25
8. The process according to Claim 6, wherein the organic ligand, L, is
selected from the group consisting of ethanol, isopropanol, n-butanal,

isobutanol, sec-butanol and tert-butanol.

30 9 The process according to Claim 6, wherein the organic ligand, L, is
tert-butanol.



30 9. The process according to Caim®6, wherein the organic ligand, L, is
_tert-butanol. -14 5 10. The process according to Caim6, wherein M
represents Zn 42 and M represents Co+34_11. A hydroxide containing double
nmetal cyanide (DMC) catalyst of the formulae (1) or (I1), (1)

Contai ni ng oxe wH1E BOGESE BREAEHE 5 Ui, thg B thprp S gif” Bnd

hexacyanonet alM? epreééhts Td*he presence of an organic conpl exing Iigand, L,
and water; and collecting the crystalline catalyst, wherein ML represents
a netal selected fromthe group consisting of 15 Zn+2, Fe+2, N +2, M+2,

Core, Sn+2, Ph+2, FReg 4 + % +h. \ +2 and
Cr+3 M2 repr ets]é-ht S I-ghﬁ%rto eS%qrg%{l g@ ?%é{%eééb%&%@ém#ytcﬁ%y%&%fﬁgéﬂ Fe+3
Co+2 Co+3 &r +Por@didehor (Wp+3 Ir+3 Ni+2 Rh+3 Ru+2, V+4 and V+$, 20 L
represents an organic |i gan1d, 2and X, y and g are chosen to maintain
el ectroneutrality. 12. A Mad{EN)yEkilng a hydroxi de €dnt ai ni ng doubl e
nmetal cyani de 25 30 (DM qatglé/st of the fornulae (1) or (1),
M\ [M“(CN)elyzM (OH)q* L (1
made by:
reacting a M' containing oxide with a M? containing
10 hexacyanometallate or hexacyanometallic acid in the
presence of an organic complexing ligand, L, and water; and
collecting the crystalline catalyst,
wherein
VK represents a metal selected from the group consisting of
15 Zn*? Fe'?, Ni*?, Mn*?, Co*?, Sn*?, Pb*?, Fe*?, Mo™, Mo®®,
A2 S g2 Wt Wt cut? and Cr*?,
M?  represents a metal selected from the group consisting of
Fe'?, Fe'®, Co*? Co™ Cr*? Cr'3, Mn'2, Mn™, Ir*®, Ni*, Rh*?,
Ru*2 V*and v*°,
20 L represents an organic ligand, and
X, y and g are chosen to maintain electroneutrality.

12. A process of making a hydroxide containing double metal cyanide
(DMC) catalyst of the formulae (1) or {II),
25 M'IM?(CN)e}yOH - L ()
M*{M*(CN)e};zM'(OH)q- L (I
said process comprising the steps of:.
reacting a M' containing salt of a strong acid with a M? containing
hexacyanometallate or hexacyanometallic acid in the
30 presence of an organic ligand, L, and water; and
collecting the crystalline catalyst



(1) MX[M(CN)6]yOH L MxXx[M(CN)6]y zM (OH)g L(I1) said process conprising
. the steps of, reacting a ML containing salt of a strong acid with a M
contai ning hexacyanonetal |l ate or hexacyanonetallic acid in the presence
of an organic ligand, L, and water; and collecting the crystalline catalyst
-15 wherein M, represents a netal selected fromthe group consisting of
Zn+2 , Fe +2 WIG®H "\n+2, Co+2, Sn+2, Pb+2 , Fe+3, MNb+a, Mo+6 , Al +3,

VH4, V45, Sr+z, W4y! Wheep @séatsaa%&%rgeueétemrdnewgmﬁdpscwmga gfS€l ect ed
fromthe group consisting 3, M+2,

M+3, |r+3 , Ni+2 , Rh+Z&n" 3 R:ile 2 MnEneoth Sn f, Rtpr e nMo 4 iMotPyani c

| igand, and x, y and q ) mée,xen L@Ct eutrality. 10 13. The
process according to d %I g)@ %a/n'e$ 'wh and, L, is selected
fromthe ggoup congndti g ﬁéfseaiscahfététsé!eéﬂéalfﬁ:mmwubeé wgl

al dehydes, ketones, et hers ers,, amdes Ul’e:eré?ltl’l es, fldgs and

m xtures thereof. 15 14. efﬁé:?)rdé@sscﬁcc(ﬁrdzl.ﬁg’ M vbﬂnler.é?h] the
?;gani c li lgandi bLt [ sI c%ada[ﬂ%{?m the group consi sti ng_ of et hanol,
propanol, n-butanol, s'obut sec- butanol and tert-butanot.
L represents an organic ligand, and
x, y and g are chosen to maintain electroneutrality.
10
13. The process according to Claim 12, wherein the organic figand, L, is
selected from the group consisting of alcohols, polyols, polyether polyots,
aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sulfides and
mixtures thereof.
15
14.  The process according to Claim 12, wherein the organic ligand, L, is
selected from the group consisting of ethanol, isopropanol, n-butanol,
isobutanol, sec-butanol and tert-butanol.

20 15. The process according to Claim 12, wherein the organic ligand, L, is
tert-butanol.

16.  The process according to Claim 12, wherein M represents Zn'?
and M? represents Co™3,

25
17.  The process according to Claim 12, wherein the strong acid is
selected from sulfuric, sulfonic and nitrous acid.

18. A hydroxide containing double metal cyanide (DMC) catalyst of the
30 formulae (i) or (i1},

M'M2(CN)e}yOH « L ()
M'{M%(CN)e},’zM'(OH)qg* L (n



20" 15. The process according to Caim12, wherein the organic ligand, L, is
. tert-butanol. 16. The process according to Claim12, wherein M represents
Zn+2 and M2 represents Co+3. 25 17. Thegesprocess according to Caim 12,
wherein the strong acid is selected fromsulfuric, sulfonic and nitrous
acid. 18. A h drch%d_e cont ai ni ng double nmetal cyanide (DMC) catal yst of the
30 formul ae ( a Y11), Mx[M(CN)6]yOH L (1) Mx[M(CN)6]y' zM (OH)q L

(11) -16 nade by: I’;-@Q&ﬁ’i[qa]?fﬂ; (Mhtéiﬂmg" o §ﬁ‘bﬁ? ?Eld"’wﬁﬁ é%%&%lﬁ&t h a M

cont ai ni ng hexacyanone te or acyanonetal 'l c aci esence
of an organic |igand, Lhexadyamtneetallatedorsheoaickanometallidacidinytiel |ine
catalyst wherein M represents .a netal .sel e%t d fromthe group consisting
of Zni2, Fes2, N +2, MPISSSGeof aniganichaand, Foand Walen anklore. Al 43 VA,

V+5 Sr+2 Vg4 Ws Cdbflectitg thethystalliNg dataiygisents a netal selected fromthe
group consisting of Fet+tZ Fe+3 Co+2 Co+3" Cr+2 Cr+3 Mi+2 Mh+3 Ir+3 N +2 Rh+3

Ru+2, V+4 aan‘ES?mL represents an organic ligand, and 15 x, y and q are
cont ai ni ng doubi ¢ bt al "EARERE Y b ety BeRE R e upsT B8 el o (11).
Zn', Fe'® Ni*?, Mn*?, Co™, Sn*? Pb*, Fe*3 Mo**, Mo'®,
AP Vv s w W8 Cu? and Cr®
10 M?  represents a metal selected from the group consisting of
Fe'2, Fe™ Co'? Co' Cr*? Cr*3, Mn*2, Mn*, Ir*3, Ni*2 Rh*,
Ru*2, V** and V*5,
L represents an organic ligand, and
x, ¥y and q are chosen to maintain electroneutrality.
15
19. A process of making a hydroxide containing double metal cyanide
(DMC) catalyst of the formulae (1) or (I},
M'IM*(CN)s],OH - L (h
M'\[M*(CN)elyzM'(OH)qe L (1
20 said process comprising the steps of:
reacting a M' containing oxide and a M’ containing salt with a M2
containing hexacyanometallate or hexacyanometalfic acid in
the presence of an organic ligand, L, and water; and
collecting the crystalline catalyst,
25 wherein
M'  represents a metal selected from the group consisting of
Zn'?, Fe*? Ni*?, Mn*?, Co*? Sn*?, Pb*?, Fe*® Mo, Mo™®,
Al v v g2 wH Wt cu*?and Cr*?,
M?  represents a metal selected from the group consisting of
30 Fe'? Fe* Co" Co™, Cr*?, Cr*?, Mn*?, Mn*3, Ir*3, Ni*2, Rh*3,
Ru*?, V**and V*5,
L represents an organic ligand, and



(1) MXM(CN)6]yOH L M X[ M(CN)6]ly zM (OH) g L(11) 20 said process

, conprising the steps of: reacting a M containing oxide and a ML contai ni ng
salt with a M2 containing hexacyanonet 7117 | at e or hexacyanonetal lic acid
in the presence of an organic Ilgand L and wat er ; and collecting the
crystalline catalyst, 3 wherein s a ne sel ected fromthe
group consi sting ofs Y #R¥A apg.¢hos thzn Roneu ﬁ Pb+2, Fe+3, Mo+4,
Mo+s, Al +3, V+4, V+S, Sr+2, W4, W6, Cu+2 and Cr +3, I\/Q represents a netal
selected fromthe %_oup consisting of 30 Fe+2, Fe+3, Co+2, Co+3, Cr+2,

Cr+3, Mi+2, MO3, [TheRrosksacedrddg torCilaim 19+wharaln‘ﬂ}6prgamebgmm,ss an

ol ot roneut arPegEL o e dfpfiolsRifa PrakgRols” Pkl Bobetmrreci n 1 ne

organi ¢ | igjangdidehydes, két@héé‘?tétﬂefsf @mérsearardysﬁuﬁéyss hitfile8 dsuifidéd 5AQ0! S,
pol yol's, polyethers, 5 al dehydes, ket ones ers, esters, am des, ureas,

nitrites, sul mixuEesieredh xt ures thereof. 21. The process according to
Claim 19, wherein the organic ligand, L, is selected fromthe group

consi sting of ethanol, isopropanol, n-butanol, 10 isobutanol, sec-butanol
and tert-but am)J The process acmrdu@d@cmldlmget @h6tein mmdargam@rgarﬁd tthes
organic |igand |s tert-butanol, 15 23. The process according to Claim

19, wherein M€ ﬁ@%ﬁ%&@ntaezgmgp capaistipg of pthaneh isoprerancl, n-butanol,
10 isobutanol, sec-butanol and tert-butanol.

22.  The process according to Claim 19, wherein the organic ligand, L, is
tert-butanol.

15 23. The process according to Claim 19, wherein M' represents Zn*2
and M? represents Co™,

24.  The process according to Claim 19, wherein the M' containing salt
contains an anion selected from halides, sulfates, carbonates, cyanides,

20 oxalates, thiocyanates, isocyanates, isothiocyanates, carboxylates and
nitrates.

25. A hydroxide containing doubte metal cyanide (DMC) catalyst of the
formulae (1) or (Il),
25 M',[M3(CN)gl,OH « L (1)
M'JM*(CN)s],zZM'(OH)q~ L ()
made by:
reacting a M' containing oxide and a M* containing salt with a M2
containing hexacyanometallate or hexacyanometallic acid in
30 the presence of an organic ligand, L, and water; and
collecting the catalyst,
wherein



24. The process according to Claim 19, wherein the M containing salt

. contains an anion selected from halides, sulfates, carbonates, cyanides, 20
oxal at es, thiocyanates, isocyanates, | Sthl ocyanates, carboxyl ates and
nitrates. 25 30 25. A hydrOX| de containing double netal cyani de (DM

VXM N 6] y- v ) o Teprasenfache! seBGEa e biald cosittng i de and a
M containing salt wth @Weﬁont*almnﬁgdmé&wam‘ét Fetlanm OrMo*®,

hexacyanonetal lic acid in g bkesepce ganic |i gand, L, and water;
and collecting the cata‘hysf‘/h \Merﬁfg gW’ﬁg] é@@rﬁ"s a netal selected

o 8 e i B L
metal sel eBted fromthe Fp*dupe CoBe!S Coty @*2 E:rF%Mh‘FeNﬁ\’bquE N4 REP+2 O +3
M+2 M+3 1r+3 N +2 Rh+j? ,I;u“z,, V+4 and V+5, L represents an or gani ¢

ligand, and x, y and q dMé ¢ oM Vo mai ntain el ectroneutrality. 10 26. In

a process for the W_rOdU%:E?Ee‘BESQnB gf%'@é‘ PYwpddition of an al kyl ene

oxide to a starter conpou containihg ac ydrogen atons, the
i nprovenent conpri 4 yEMEbydoe chosen tmmpuitqiac&ied:ti'mumalitWe presence

10 26. Inaprocess for the production of a polyol by polyaddition of an
alkylene oxide to a starter compound containing active hydrogen atoms,
the improvement comprising conducting the polyaddition in the presence
of a crystalline, hydroxide containing double metal cyanide (DMC) catalyst
of the formulae (1) or (Il),

15 M'{M%CN)g},OH » L {1

M'IM*CN)s],;ZM'(OH)qe L ()
wherein
M’ represents a metal selected from the group consisting of
Zn'?, Fe'? Ni*?, Mn*?, Co*?, Sn*?, Pb™?, Fe*, Mo™, Mo"®,
20 Al v v g2 w W Cut?and Cr*?,
M?  represents a metal selected from the group consisting of
Fe*?, Fe', Co*, Co*, Cr*?, Cr*®, Mn*? Mn*3, Ir*?, Ni*?, Rh*,
Ru?, V**and V*°,
L represents an organic ligand, and
25 X, ¥ and q are chosen to maintain electroneutrality.

27. The process according to Claim 26, wherein the organic ligand, L, is
selected from the group consisting of alcohols, aldehydes, ketones, ethers,
esters, amides, ureas, nitriles, sulfides and mixtures thereof.
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"of a crystalline, hydroxide containing double netal cyanide (DMC) catal yst
_of the formulae (1) or (I1), 15 MX[M(CN)6]yOH L (1)
Mx[M(CN)fi]yzM (OH) g L (I'l) wherein 4L represents a netal selected from
the group consisting of Zn+z Fe+2 N +2 Vh+2 Co+2 Sn+2 Pb+2 Fe+3 Mb+a Mo+s

20 Al +3, V+4,,Q/+5, + PRAV 2 +3 re resents et al
sel ected frofidhe B?%Hﬁc%yécgﬁq@g &Odf%a%dﬁﬁ cglg@dcﬁ+'§ Mh+2
M+3 | r+3 N +skigtted from thé grodp ¢orfs|§tmg of émaﬁw%ophbp"ar@ndw-uﬁfano\t represents
an organic |igand, and a are chosen to nmaintain

el ect roneut rdﬁ@@lﬁanQW Se¢+wt@3®@él§§e dudaa®lng to Cl aim 26, wherein the
organic ligand, L, is selected fromthe group consisting of alcohols,

al dehydes, ketones, ethers, esters, am des, ureas, nitriles, sul fides and
m xt ures Sher2df . Eﬁbpﬂ&e%@ achfdumgj me@mazs;mrem Wr@@sﬁh&@nﬁher ein the
organi c |igand, &Q selectgd fromthe group consisting of ethanol,

i sopr opanol , 3, ziﬁBWeseni% But anol , sec-butanol and tert-butanol. 5 29.
The process according to C ai m 26, wherein M represents Zn+2 and M2
represents Co+3 30. The polyol nade according to the process of C aim 26.
10 31. In a @bceskhd polybhmagecteotding totheaprekys lof Cldim 26&pr ovenent
conprising conducting the polyaddition in the presence of a crystalline,
hydr oxi de cont ai ni ng double nmetal cyanide (DMC) catal yst of the fornul ae

(1) or (hb), 31.  Ina process for the production of a polyol, the improvement
comprising conducting the polyaddition in the presence of a crystalline,
hydroxide containing double metal cyanide (DMC) catalyst of the formutae
(Iyor (W),

M'M%CN)gl,OH « L (1
15 M IM%CN)sly zM'(OH)qe L (I
wherein
M represents a metal selected from the group consisting of
Zn*?, Fe'?, Ni*?, Mn*?, Co™, Sn*?, Pb*?, Fe*®, Mo**, Mo*¢,
AP Vv s g2 W Wt cut? and Cr*?,
20 M?  represents a metal selected from the group consisting of
Fe*2 Fe', Co'? Co*3, Cr*2 Cr*®, Mn*2, Mn*?, Ir*?, Ni*?, Rh*®,
Ru*?, V' and V*°,
L represents an organic ligand, and
x, ¥ and q are chosen to maintain electroneutrality.
25 ' ,
32. A process of making a hydroxide containing double metal cyanide
(DMC) catalyst of the formulae (I} or (II),
M',{M%(CN)eJ,OH « L, 0]
M'X[M*(CN)elyzM'(OH)q* L ()

30 said process comprising the steps of.



MXM(CNfi]JyOH L (1) 15 MX[M(CN)6]y zM (OH)g- L (Il1) wherein M
_represents a netal selected fromthe group consisting of Zn+2 Fe +2 N +2
M+2 Co+2 Sn+2 Pb+2 Fe+s Mb+4 Mb+6 Al +g V+a V+5 Sr+2 W4 WH i CU+2 and
Cr+3 20 M2 represents a netal selected Pom t he group consisting of Fe +2
Fe+3 Co+2 Co+3 Or+2 Or+3 Mh+2 Mi+3 Ir+3 Ni+2 Rh+3 Ru+2, V+4 and V#5, L

represents an or gadNXiNg @ M (Coripiping salt, axtrangly basis sompaumdwit et

el ectroneutrality. 25 3 : ' | Aalni doubl e
netal cyani de (DMC) cafcﬁnﬁ?slﬁ{@; %Eg%r&%ﬁé‘d&%tﬁ&%&?ﬁ?mﬁ@%b@% s]yQOH
Lf (I )2 . M X[ MZ(CI\I)M6] yzM (tBelpneser(del of arﬁﬂgaaid;gargpe_sancwmeﬁ;agdg_ t Ee stNEps

of - m xi ng a containjng salt, a strongly basic conmpound with a

cont ai ni ng hexacyarﬁ?E'@F'éng g'teecﬂﬁayﬁtexacyanonet allic acid in the presence of
an organi cgl i gaiteid-» and water; and collecting the catalyst 5 wherein M
represents a netal selected fromthe group consisting of Zn+2 Fe +2 N +2
Mh+2 Co+2 Sn+2 Pb+MFe+3eptesentdametal sdlested frorb tisr gloupteondistinguef2 and Cr +3

M2 represents a netal se]eagted,framthe areup Gonsi.sting +4Q.,.Fat2, Fe+3,
Co+2, Co+3, Cr+2, Cr+3, %442'?3 MWQB,' "?‘P +Bg°Ni’ %5' @13 Fe Rug?, -343 and V+5,
AR VS 2 wH W Cu*?and Cr*®,
M?  represents a metal selected from the group consisting of
10 Fe', Fe*3, Co'?, Co™, Cr*? Cr*3, Mn'2 Mn*3, Ir*3, Ni*?, Rh*?,
Ru*?, V**and V*°,
L represents an organic ligand, and
X, ¥ and q are chosen to maintain electroneutrality.

15 33. The process according to Claim 32, wherein the strongly basic
compound is selected from the group consisting of alkali metal hydroxides,
alkaline earth metal hydroxides and amines.

34.  The process according to Claim 32, wherein the organic ligand, L., is

20 selected from the group consisting of alcohols, polyols, polyethers,
aldehydes, ketones, ethers, esters, amides, ureas, nitrites, sulfides and
mixtures thereof.

35. The process according to Claim 32, wherein the organic ligand, L, is
25 selected from the group consisting of ethanol, isopropanol, n-butanol,
isobutanol, sec-butanol and tert-butanol.

36. The process according to Claim 32, wherein the organic ligand, L, is
tert-butanol.

30
37. The process according to Claim 32, wherein M' represents Zn*?
and M? represents Co**.



| represents an organic ligand, and x, y and q are chosen to naintain
. electroneutrality. 15 33. The process according to C aim 32, wherein the
strongly basic compound is sel ected frgﬂlthe group consi sting of alkal
nmet al hydroxi des, al kaline earth netal "hydroxi des and am nes. 34. The
process according to Caim32, wherein the organic ligand, L, is 20
sel ected fromthe group consi sting of al cohols, polyols, polyethers,
al dehydes, ket es I isdfgs and
m xtures thereof ?Edc%grsga?ecgl;&g cor |'§1193%|0 gg,ﬂﬁ%’u \%ﬂ’étrai’:‘*ﬁbt %ﬁ
organic i ganoborlialnssan anion sletected fronohalides, gulfatps ccarbosalesgeydnidesianol |
i sopr opanol t ano i sobut anol ec- but tert-bu noI 6. The
br obess accor CPRAAED. IOMERIES. syanatash ol Gar B, garhooiaes and”
tert-butang . ﬁgagg; The process according to Caim 32, mhereln M
represents Zn and M2 represents Co+s 21 38. The process according to Caim
32, wherein the M containing salt contains an anion selected from
hal i des, sul fates, carbonates, cyanides, oxalates, thiocyanates,
i socyanat es, isothiocyanates, carboxylates and 5 nitrates.



