‘0 2°NOV 2006 - 1 HYDROXI DE CONTAI NI NG DOUBLE METAL CYANI DE (DMC) CATALYSTS
CFIELD OF THE I NVENTI ON The present invention relates in general, tol2NOV 2006
catal ysis and catalysts, and nore specifically, to a new class of
crystalline, hydroxide containing DMC catalysts and polyols made therew th.
5 BACKGROUND COF THE | NVENTI ON Doubl e netal cyanide (DMC) conpl exes are well
known in the art for catalyzing epoxide pal ynerization. Double netal
cyanide (DMC) catalysts for the polyaddition of alkylene oxides to starter
conpounds, 10 which have acti veHYWROYHE QQMNTAINING descri bed, for exanple,
in US. Pat. No's. 3,400OUBPE MEFAR CPANIDE IBMBYOATALYSTISHS, 922. These

active catalysts yield polyether polyols that have [ow unsaturation

conpared to simlar polyols mﬁﬁiﬂﬂm?ﬁﬁilﬂ\@%r@at al ysis. The DMC
ke

catal ysts can be used to nmake TEMNYy poOrymer proaucts, including polyether,

pol yester, 15 and pihe ptasentiiventiporglates.inTeaepal| foetdtalysizoanydtatapistsi ned
with DMC catalysts can be processed to form hi qh-grade pol yur et hanes (e.g.,
el ast omers, f GHIEMORR aPEFIHSAIlNM 0 adIRYsFiags P coystaling, iydeexde centainiag) y
prepared by t ' #ion of a netal salt with an
aqueous sol ut m%@%‘%gﬁd?;?gﬁ?%@%gglt?é%%m the presence of an organic
conpl exi ng5l i gand such as, for exanple, an ether. In a typical catalyst
preparation, aqueous sol uti o_ Q |.nG.chlaride | ., excess) and potassium
hexacyanocobal tate are m xed e G aE oy E eIdDNyp) s subsequently
added to the forne ' ; [ ' '
catalyst with aque%%%?@ﬁn%éggpasrg%g%ﬂr@ dﬂ@%%%%@?mgwgw@%tﬁm a.

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)gl2 xZnClyyH,O'zglyme

is obtained.



Zn3]{ Co(CN) 6] 2 xZnCl Z yH2O zglyne is obtained. 0 2 NOV 2006 -2
Substantially anor phous DMC catal ysts having exceptional activity @§DNOV 2006
“ pol ynmeri zi ng epoxi des are described in U S. Pat. No. 5,470,813. Conpared
with earlier DMC catal ysts, the DMC cat@lysts described therein possess
excellent activity and produce pol yether polyols with very 5 | ow

unsaturation. The ogiidriialyAmbishoL8 BMBABARN <A RS eXEesiil Ackfiy al | oW

their use at very low concentrations, often ['Ow enough to overcone “any need
to renove the feapalymariingepoxidepars describes.inhf, Peb. Na, 8470588, i ssued to

van der Hulst et al.. . teaches aci.d di,fi [E)I\/C at.al yst .pr epar ed
initially wt r@%paFédjaWﬁﬁe '%@%Pn‘@ata'i’ggagb%@g" fa{aﬁlés%&%??ri"g‘?f?gf sodi um
hydr oxi de to T ' v i di ate
v oxi de sal Lo B e B B R AR ITR00 T
Thi s cat al §t i dawlunsiatizretione Theteatalpsisanfdhe SliSpatentareaactivesenough toed by HCl
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non-crystal | i ne doudiSe Ratt Mp. 4y Aiaf9, (Ivey te vanl dertHulshelaln deadhnsodrd

il iy wi 0 R Y S5 B gt R, R3S B GoraSBdnd ™ o ae

based on tDe aigumitbpfha@ddition of bodiondhriexigettbpredipaatesizindhi s pat ent

further teaches that inportant {Joly | properties such 25 as viscosity and
&l

0
unsat urati on ihgxesyenegrhaltetetaloal theiibteroedighe hirgroxide salt of thecgenasalake t he
DME cat al yst if&;ﬂﬁl%pe” y controlled. A hydroxyl ligand is

M'.IM¥CN)p(A)clspM' (OH)qyH20

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 ZnSO..

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 polyol properties such

25 as viscosity and unsaturation improve when the alkalinity of the metal salt
used to make the DMC catalyst is properly controlied. 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 salt. 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,



taught by Conbs et al. U S. Pat. No. 5,627,122, issued to Le-Khac et al.
teaches a crystalline DMC conpl ex catal yst cont aining a DMC corrpOLﬂﬂ:INU‘éﬂUOﬁ
organic 30 conplexing agent, and a netal salt. The catal yst contains |ess
than about 0.2 noles of the netal salt -Ber nole of DMC conpound; i.e., nole
fraction Zn/Co<l1l.6. Disclosed organic conplexing agents include alcohols, O
2 NOV 2006 - @I@&M@eydbetpn&eteihe&, eeteterami(m ereas, aitrithss sulfidessandhi trit es,
sul fides, and xtu es t vels of ZnCl2, these catal ysts
are very acti "@’qh‘ﬁﬁﬂ 'EFSBEE\QF‘B'AP ?ge a,.##@i;%mﬁ@ghﬁrm%xa %‘H% net al
sal't of Le-Khagd sreated 5§|yét§ With 9@ry @mﬁeﬁ@auréﬁ&nUﬁ]e ftal S¥f-of 2.eIRRac61,

di scl oses highly ‘active double netial cyanide conplex catalysts useful for
epoxi de pol ymeontains ehlorigeepar ed by reacting zinc chloride or other metal

bresence of a & oul OTPR BamSoba Wchoae2ed SRGIHER MY THAIE a3 caral yst
of Conbs ' 261 nidtal & dyél‘ﬁ@él@bﬁiﬂﬁeﬂé&aﬁ@[ﬁaséf&l ﬁ:@'eb@x@!ehﬁ)’l%rhéﬁfaﬁbfﬂmx'de

Several patents and applications, in the name of G osch et al i ncl udi ng
U.S. Pat. Nosprepa@ed ma®achngeincichioride guatre@smetahsalUvith petassiureat . Appl .

doubl o motal - SURRPEIEPAISEE oinel kel SRt SFER B esio0 B a 1w o

X.h (H20) . eL lIAnbshpodhd Ectd aRiafdiur@hldide. STﬁermn@IcatéwstadfCCMbsm M2 are
identical or different, Ais an anion, X is an anion, L is a water- m scible

ligand, alOb, i&am@rphoumand cap@insesalts eliies thagshydoxigRe t he conpound

electrically neutr r. r t he Ilgand
e and f denote fraﬁevggésﬁdpoaﬁerqt%r%g:?%ﬁ G%ééﬁg 'Httﬁghbﬁfééﬁ‘ggq Cp thd) zero,
denotes a fragadladingru. swmaﬂogr@a@:esaehame@mmmm eszearm us. P@@pears t he
metal salt used in making_t al di sclo 5/
Pat. Appl. Nos: 2003/001360 2002/0032121 200 0006864 generally
disclose double-metal cyanide catalysts of the formula M, [M? (CN)y (A)c
15 Ja. tM'g X 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. It
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.



.must ‘be water-soluble and that netal carboxylates are preferred. A need
.exists in the art for a hydroxide containing double metal cyani de {'DN@Y 2006
" catal yst and process for production of such a catalyst that 25 does not
require use of a water-soluble netal sa#t. Surprisingly, the crystalline,
doubl e nmetal cyani de hydroxides of the present invention catalyze the

pol ynmeri zation of al kyl ene ogUMMAREGRIHEINYERTIONIs of the art do not.
02 NOV 2006 -4 SUVMMARY OF THE | NVENTI ON The present invention provides a
crystal li ne, hydroxPB®resstanyaiien Risyises areataliiea hydoxidaegntaiing yst  of
the fornul ae r : CN) 6] YzM (OH) g L
(') wherein ?Igpnrqéét?!a%y{asmg%K{gm)%?&gﬁdth%rfé@%%gmgi%ﬁs’consi sting of
Zn+2, Fe+2, N +2, M+2, méxgng\(gn)%%or?btz, Fe+3, M+4, Np+6, Al +3, V+4, V+5,
Sr+2, W4 W6 Cu+2 and Cr+3, represents a nmetal selected fromthe group
consi sting of Fe+2, Fe+3MQIMICNaly2M'@HEe LCr +3, Mh+2, (INh+3, [r+3 Ni +z Rh+s
10 Ru+2, V+4 and V+S, L represents an organic ligand, and x, y, and g are
chosen to mai wherain d'erepresanis eaneta) sefegtechisompthe\graep consisting of 2etes f or
production of _the,ckyst a | ine, o hbydroxides ganiajni-eg g | ¥sb of the

pr esent inven't:?on nd §n fgij thé pﬁ@ﬁar QOrf\lof' pol Yol 8 in
particul ar polnyetne? OERpidsCr™ MP répresdhts aMribal sefedted Slomt tHegroupy dr oxi de
contai ning DMC catalyst. Thesg and, ot her agvangages and_benefifs of the

present i nvengorsisting of F&s, Bppaent, Go ontt AeCOSt MN e MmaskEri MiToRhSt t he

nvent i on Qi | Rno) e crt Bt Eps S i pisld Yighnd. Fhdx, 7 Bhd gt Present

) 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

15 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 pattems 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



dllustration and not Iimtation in conjunction with the follow ng figures,
‘wherein: Figure 1 depicts infrared spectrograns of sel ected DMC cat(H) NBY 8006
~ 25 and Figure 2 shows X-ray diffraction patterns of sel ected DMC catal ysts.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON e present invention will now be
described for purposes of 30 illustration and not limtation. Except in the

operati ng exaspfath incthevdpecificatibh erevtis be iupdesid@t as delngwisBiiiesl igxglr essi ng
guantities, percent agtg/s and 02 NOV 2006 -5 so forth in the specification
S

are to be undiBSANSEs Ystheder ‘@Rt ed in all instances by the term

" about. " Th : r o " el o
doubl e et al cyani a® FREy Ao Brofited st Saing, Ao R QiR ™ 21 ™ 1O
M X[ M2( CN) 6] Y@bLible rhétal cydmit&RDING edatalyBy sitthe fornfulae (fylbr éim t he above

formula (1), represents a net %I sel ected from zZn+2, Fe+ Ni +2, M+2, Co+2,
Sn+2, Pb+3 Fe+3, Mo+4, MAHEM @NR],OM4L V+5, Sr+2, 10(W4, W6, Cu+2 and
Cr+3. In the hydroxide containi ng DMC, cat al ﬁSt of the present invention,
Zn"2 is particularly preMxiMdCABelveM @)tk t he above @drnula (1),
represents a netal selected fromFe +2, Fe+3, Co+2, Co+3, C+2, C+3, M+2,
M+3, Ir+3, N +2, Rp+3, Ru+2, V+4 and V+5. In the hydroxide contajning DMC
catal yst of the prbseitthefRayeifermuledlizrerresants ametd selgated fPet €Rr'ed as M.

Preferred or gﬁg*’ﬁc NFCTRIREX ¢d9286 phd RtNQudr e e gg3cym gjai g2 DMC
catal yst of the present .i'nvention, i1 né¢ludé, but are not Ii'mted t'o,
al cohol s,10al deRYME®, GetamesCr'at irethe hydroxide coatdiniag, DMCeeatalyst of fhees,

sul fides and m xtures thereof,., Mire preferred as orqgani ¢ compl ex |igands
present invention, Zn*%is partlclalarly preferred as Nﬁ P d

{ M? in the above formula (1), represents a metal selected from Fe*?,
Fe*® Co™ Co™ Cr2 Cr*3, Mn*2, Mn*3, Ir*®, Ni*2, Rh*®, Ru*?, V** and V*°.
In the hydroxide containing DMC catalyst of the present invention, Co* is
15  particularly preferred as M2,
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, isopropanol, n-
butanol, isobutanol, sec-butanol and tert-butanol, with tert-butanol being
the most preferred.
( In the above formulae (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 collecting 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



20 are water-sol uble aliphatic al cohols such as ethanol, isopropanol, n-

but anol , isobutanol, sec-butanol and tert-butanol, with tert- butancﬂ'ZNBVﬂ\QﬁB
the nost preferred. In the above fornulae (I) and (Il1), x, y, and q are
selected so as to mmintain the electréneutrality of the hydroxide

cont ai ni ng DMC conpl ex. 25 The hydroxi de contai ning DMC catal ysts of the
present i nvenhéxacysmypmetaliaeer hgxéd:}@r@hﬁhslllobcrmadhéme@ed‘db ofoani ai ni ng oxi de
or hydroxide wth a M containi n hexcélﬁéanomet al | e or hexacyanonetallic

acid in the ®gagikganst Lagn r”b?éﬁ ngj Gt'ng_theaﬁ'ﬁi -er, and col l ecting the

catal yst. The hydr t
oo e e by e McRBNELS SR Bt sl oplhd Besphergphug et 0
aci ds (such amayue made, bysthbfsrbeps:ohleantlmg alM' eantd)ning bkide dvthycootideni ng 0 2
Nov 2006 6 hexa nonet al | at nere allic acid in the presence of
an or gan|5c I?@%ﬁﬁ%a@m&mﬁngﬁ?ﬁwé‘aﬁ@fs aé'&'f‘gh't?"?h\éa'&{i‘%ﬁa;)ﬂe c’r'l'hg hf/dr oxi de
containing DMealahyfictaint ahmnwﬁéﬁﬁégenbe%%h'&ga "igahg, (Baify Wardme St eps

of reacting a ML ntal ni ng oxi de or dr oxi a ML containihg salt
with a M2 conamd nol’rej:timgxaemtmmt dlhed¥l comtahnmgsghpoefetably icontaimgiann t he

presence of an or wat er nd col | ing the catalyst.
The ML cont alﬂl'ﬁa q?e% rgf"bﬁﬁlﬁﬁf I?ﬁtﬁﬁ*n%argﬂna ﬁl BY‘?rEg cqx%&at??om hal i des,
sul fates, carfpphdiaps tesCYs%i%PlQﬁ&eso?@%{rﬁé@y%natéi‘ 'cQPd/é}@Pét% andSfEy@RRat es,

i sot hi ocyanates, “car box es and nitrates Altérnatively, the hydr oxi de

cont ai ni i DMC cat éltsrmatlvew theeh)mrezydatcontamegtDMB M9ly5t§ ofettie pogsante st eps

f I b d
et ol hyr oxi BRGNS ] i Pt G A e adu” SORAIa S35 T 2 ae

cont ai ni ng he%@@lﬁ@?%@l@édfﬁé&ﬁ (suBR a3 GIRAIPretR Hy/ U?O)@@ésj anfalin@eanresence of
an organic |igan , and water; 15 and cgl | ecting the cat al yst. The M

cont ai ni ng samtqirrmdgmgey Qf@muaeﬁ)gwém.a M contalnmg hexacyanometallate or
hexacyanometallic acid in the presence of an organic 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 foliowing examples.



anion selected from halides, sulfates, carbonates, cyani des, oxal ates

.t'hi ocyanat es, isocyanates, isothiocyanates, carboxyl ates and nitraﬂéﬁﬁwﬂﬁ%
nmet al cont ai ni ng oxi de or hydroxi de used in naking the hydroxide containing
DMC catal yst of the present invention mdy have a 20 water solubility
ranging fromlow to al nbost water-insoluble. A preferred netal containing
oxide is zinc oxide or zinc hydroxide. The present invention is further

illustrated, but is not to be Iim'tedmm foll owi ng exanples. 0 2 NOV
2006 -7 EXAMPLES Exanples 1-7 A sol taining 0.54 noles of |igand

(as noted in BRsplksd-pel ow) and 275 g of distilled water was prepared in a
four-neck, oné-Titer ask equipped with a stirrer, thernocouple, and
heati ng mantle. To A Bbkitios@ontdininguihs4 mtdes ofl igandy(asonated imdkbke)! of zi nc

hi ide foll d .0..03 | f i . h ide. Th |
P ed o Bochiowrdod 225 g & ke Wi s erdE b ik ane S 51 oty
141 g of 2. 55%akR ng%ir@rptrﬁ%ec&tﬁ@@?ém@aﬁ% ﬁﬂa@ﬁlemfcﬁﬁ“ﬁsto t he

m xture. After the acid addition was conpleted, the nixture was heated and
stirred for arsolutii wasaddedd 80 gy0dS32 moleshok ziocwohlgridesfollaedddys3.g0of 1 k

diol and stirri s ,cantinued for. nore m nutes., The sqki d,was

col l ected usi @@O@%m%ﬁe@g@%ﬂgrgﬂg{%sg1eS§Iggy A ﬁ?%tlefjgﬂ q@n{:t“'f”thfhe wet
cake was resuspeseed stifin® A%Yrifg®bubipowas uaed t& alddréwigt1410§ of 215590
mnutes. To this slurry was added 5 g of 1 k diol and Stirring was

cont i nued10or hexacyamacobiattic asd (FBEo(GN)s, 0.04&S moldsetd teb tmyxtymee Aftere
filtration and dried overnight in a vacuum oven at 55C-60C. The catal ysts

prepared in t e @il addlienpasscamrieted; fimmbtute washested andistired faran ef er s
togtert - but angjyl ffd) 148 ARAUSOPFORIE Yum//Wal BdBEGDY] BPGk Hef Sy ARshdPC 425

is a 425 W
was continued for two more minutes. The solid was collected using a low-

pressure stainless steel filtration unit. The wet cake was resuspended in

15 250 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; IPA 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 methyl ether PG 629
5 methyl ether PG 627
6 PPG 425 None
7 1-propanol None




pol ypropyl ene gl ycol avail able from Bayer Polymers LLC. Table | Exa .
Li gand OH Peak FT-IR Conp. | water None 2 TBA 641 3 |PA 608 4 méth VZOOB
ether PG 629 5 nethyl ether PG 627 6 BRPG 425 None 7 1 -propanol None 0 7
NOV 2006 -8 As can be appreciated by rgference to Table I, catal ysts 2-5
have a peak between 600 and 650 cmi reference to the |nfra
spectrograms shown AHCEM §e qppr@éi?@@/@(r eranggdod@bin hicatply s 3- @hapata No.

5 482,908) andh oK BN BALGB0RAH Ul 80 rbRrdhcS oAb infibecd 5, 783, 513)
il e

exhi bi ted thi aracteristic peak 1 n reglon aroun . Typical
peaks for OH rspelctmgrams shownan & ig. o‘ur@bt'atyst Ae(mae@imordhag\xxemSSBQt.and 700

Gatalysi G i o546 S0 aeddiaabist Rgmidie aucorios LS\ Pet Na. . U.s. pat.
Boxhoor n. " Jour W o Crar *3%9??'8%@%?‘6&%%& {380 RSy oyt €
contai ning 0.81 nolBgpicdl deia}aridr O&Brdﬂ:kh'@dnonoﬁ'sablteefoUhd lrlﬂué)ﬁégwr) 0. 23 nol es
i sti 11 ed wat SNWEEn SOGAREAOD i HoGenhiskierebhabi Hegrons Iiedterui pped i t h
E e RN, %@nézmamm b CTeFigS Pkl actBRiRg # e o 65C
van der Hulst et al u. S Pat No 4,477,589), had OH peaks at 3673 and
10 590-600 cm' (J. Kuyper and G. Boxhoorn, Journal of Catalysis, 105, 163,

1987).

Examples 8-15

A solution containing 0.81 moles of ligand (as noted in Table 11
15 below), 0.23 moles of zinc salt (anion as noted in Table |l 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 mantie. 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 mi/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 Il summarizes the catalysts made in the above-detailed

examples.



used to add 266.3 g of 6.12% pot assi um hexacyanocobal tate (KSCo(CN)G 20

- 0.049 noles) to the mixture at 2.8 m/min. After the addition was OZoMpl 8k,
the m xture was heated and stirred for gn additional 45 minutes. To this
slurry was added 5 g of 1 k diol and th& slurry was stirred for two nore
m nutes. The solid was collected using_a_ | ow pressure stainless steel
filtration unit. The vvet cake was resusﬁ?&'ﬁl@d in 400 g of 90/10 wt/wt 25

| i gand/ wat er sol ution tirred—at—65C 'dH‘P@%kcH‘"h's slurry was
added 5 g of 1 k diol a,@gl t h&nigrur ylgm@ StAche%d OfintoQieffPY § M nutes. A
second filtration was rpeggf 'é'lfff.é O uj:BAcb 540, 55N s dried
overnight in a vacuum OgEt héulfét’e' SG\IPASG Oc : 3 3 )zeg the catal ysts
made in the above-det g-tgt “T)J. PS5 2 Ney—264 23] c 1 Ex. Anion

Li gand ZnO O Peak cnil— % Cf" g8 1 TBR ol ¢y No®g pEa(0 No 640 0.85 9
sulfate | PA No 607 0. 3411ipslfanzle yo TBANNG Has ¢ uﬁ"'ﬂc’ﬁ@m_tonate TBA No
641 (0.53) 12 sulfoneu—éngmulg.A’m ¥8Sc 1l oRATELIBA Yes 641 1.10 14
chloride TBA Yes 640 1.-83 | $4forngiey; d8Ay LinpYegas 161641 (b )Adrltion of zinc
oxi de where sul fonat ed JAs| £qfiden F)TBIQ'I’H s Y& 4nd648(1.88)r edses t he
intensity of the OH paal8 | rehiatder esglymant céasal vst 613(L28r tlhat of Exanpl e
11, a sulfonate where no zi nc oxide was added. Referenci ng Fig. 2, five

characteristic pealﬁdc?‘trloen fo %R(cj: o'x?de wﬁere sulfonates was used in Examples 12

(.') DT

and 13 increases the intensity of the OH peaks in the resultant 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 26. The respective diffraction patterns 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.



crystalline x-ray diffraction pattern of zinc hexacyanocobaltate hydrgxi de
between 12 and 26 20. The respective diffraction patterns for the dat W
produced in Exanple 14, Exanple 2, Catal ést CfromFig. 1 and zinc 10
hexacyanocobal tate, are shown. Both of tlRe inventive catal ysts and Catal yst
C showed all five of the peaks. Exanple 16 2.0 g of 99.9% zi nc oxi de was

di spersed in a solution of 686 g of t- 15 butyl al cohol (TBA) and 54 g of

dei oni zed wat ti ope.—l iter flask equipped with a stirrer and heating
mantl e. The slia—éﬁéiég—ﬁ%t ed to 55C before adding 39.5 g of an aqueous

hexacyanocobal ti c agévbrapbithe WatalySts hfd8E ABANA were ENafiated fdpge punp over a
30 mnute period. After all the acid had been added, the slurry was m xed

for 2 hours atPrepexylatien activilyxatR2epRmdyt preperied abidtrichfrosva iotyoesisaspended i n

coll ot the s rgaERsPock palvt nedlng'ah OH) s §0238 stb oty 8E° 1
| R spectrum ofabduit 8. GRrehotet eqE@PPEaMa tWardix-MricHpiteradiblade turbiied) al n Fig. 1,

and contained the characteristic peak at about 642 cnf. 25 Catal yst
activity was d3usdendunpinerakinedpattosn of theoimpgllienshaft and badiles wesdised t0126 ppm

act vl ty Severippate PR ARu0eTSEbE She Bbed Ry IRNICING abRs LT bt

propoxyl ation pﬁtégswrlewrcﬁﬁ tﬁ&mrﬁyomeaaﬁmag ificOmpldté@! Torreduee af ycerine 5
based PO, bI ock ég havi ng OH nunmber of 238 and a functionality of
e

about 3. AOr e:ﬁimﬂa ﬁﬁéf@ﬂﬁquﬂ'm'tﬁéloé‘ﬁ)beﬁ\ﬁw fe idied apdEpor ehsess, a
Pr epar 6 Eﬁébbﬁﬁ%‘aﬁ% 235 GBI R S| ke T REl cRQU SRR, Uood (o
pfessures froméaxienumrimtetfacial dexiaddi tion is conpleted. To reduce or
Calculated apparent rate constants (kapp) are used to calculate the
relative rates shown in Table Ill below. These values were determined by
15  plotting the natural logarithm of PO partial pressure versus time and
determining the slope of the resuitant straight line.
Table lll 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. As is
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
Catalyst . Relative ) Viscosity
No. Ligand rate* OH # | Unsat’'n (cPs)
Control TBA 1 29 0.005 1217
2 TBA 0.54 28.6 0.002 2694
27 TBA 0.43 287 | 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.



10 elimnate mass transfer limtations between the |liquid and vapor phases,
‘the batch size is set such that the last blade is half covered to QﬂbMﬂkR@b
maxi mrum i nterfacial m xing. Cal cul ated apparent rate constants (kpp) are
used to calculate the relative rates shdwn in Table 111 below These val ues
were determned by 15 plotting the natural |ogarithmof PO partial pressure
versus time and detldrenfonegang dessiiptjpensadf thé presentlimzertiostarei affered fore. Tabl e

1l summari zes, t he eval i gns. of several. of t tal ysts of the present
vention  ThineBHmaRe Salyditanendue fridtion. dLwirhE ebbated tatinka b B 13
of U S. Pat. Nilledid ife dk&hat (RlGhYSdinTdhts dESEMBET héret? nidyo&iilmey nunber
herein where the tested catal yst was prepared. As Iis apparent by reference
to Table |11, ormevisedémvaneusways wthoubdepartiog framh ylug spirivant scoppaf abl e
amount s of unﬁﬁturatkon qigthose(ﬁq duced.usLng%éhe catalifﬁﬁ of U S. Pat.
No. 5,712,316 NSUBEtPN TRe $HAPEOTIhe ANENEENAS 1S BE AeasWRALY hevi scosi ty
No. rate* (CPgppepRbi@aih8A 1 29 0.005 1217 2 TBA 0.54 28.6 0.002 2694 2
TBA 0.43 28.7 8.003 1858 3 IPA 0.18 28.7 0.008 16082 25 *Rates nornulized
to 3 ppmcobalt in polyol. { Catalyst 2 at double the concentration. 02 NOV
2006 -11 The foregoi ng descriptions of the present invention are offered
for the purpose of illustration and not Iimtation. 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 nmeasured by togqtmv 2006
appended clains. 02 NOV 2006 -12 What is clained is: 1. A hydroxi

cont ai ni ng double netal cyanide (DMC) catalyst of the fornulae (1) or (I1),
M,[M(CN6],,0HL (0O M,[M(CN)6]rzM (OH QL (10 wherein M represents a
nmetal selected fromthe group consisting of Zn+z Fez' Ni +z Mi+z Co+z Sn+z
pb+z Fe+3 Mo+4 Mb+6 Al +3 V+4 V+5, Sr+2 W4' W11' Ce2 and (ter+3 e Mz
represents a netal selected fromthe group consisting of Fe+z Fe+3 Co+z
Co+s Cr+z Or+3 Mi+z WMn+3 Ir+3 N +z,-1RBh+3, RUH+2, V+4 and V+-', L represents
an organic ligand, x, y, and q are chosen to nmaintain electroneutrality, and
wherein the catalyst is crystalline. 2. The hydroxi de contai ning double
nmetal cyanide (DMC) catalyst according to claiml1l, wherein the organic
ligand, L, 1is selected fromthe group consisting of alcohols, polyols,

pol yet her poIWﬂas;s alhﬁ@éwﬁ;es ket ones, ethers, esters, am des, ureas,

nitriles, su | xi de cont ai ni ng doubl e
met al cyani @ﬁal( qcc%% }ﬁtf%g ?%ettalgca—ﬁ Merel n the organic

i gand, L, rom oup consi sting of ethanol,
‘,[Mz(CN)s] OH.L O
M [M*(CN)],zM*(OH),.L (D
wherein

M represents a metal selected from the group consisting
of Zn*?, Fe*?, Ni*2, Mn*?, Co*?, Sn*2, Pb*2, Fe*?,
M0+4 M0+6 Al+3 V+4 V+5 Sr+2 W+4 W+6 Cu+2 and
Cr*

M? represents a metal selected from the group cons:stmg
of Fe*?, Fe*?, Co*?, Co™®, Cr*?, Cr*3, Mn*?, Mn*3, Ir*
N1+2 h+3 Ru+2 V+4 and V+5

L represents an organic ligand,

X, ¥, and q are chosen to maintain electroneutrality, and

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



| sopropanol, n-butanol, isobutanol, sec-butanol and tert- butanol. 07

2006 13 4. The hydroxi de containing double netal cyani de (DVO) ca&'bNQVsﬁ(](]B
according to claim1l1, wherein the organic ligand, L, 1is tert-butanol. 5.
The hydroxi de contai ni ng double netal cyanide (DMC) catalyst according to
claim1l1, wherein Mrepresents Zn+z and M+Z represents Co". 6. A process of
maki ng a hydroxi de contai ni ng double netal cyanide (DMC) catal yst of the
formulae (1) or (Il1), MAMZ(CN)6lyOH L (I) M,LM(CNalyzM(OH QL (R

sai d process conprising the steps of:-lBeacting a M containing oxide with a
Mz containing hexacyanonetallate or hexacyanonetallic acid in the presence

of an organi c |iganfl The hydfskid@édsttain cubld @eiadl Bgadide(BMOt al | i ne catal yst,
wherein M repreS@J@{l%,staaM%&p&lgﬁﬁq WBE%E&%@%& 91&9@@911.5“ ng of Zn+z

Fe+z N +z Mh +z (Q4z Ntz 7 F.e+s I\/b+a t'l/+ +¥SSr+z W4 \WHG'
CH2 and Cr+3 e grea n cte fro oup consi sting
of Fe+z Fe+s Co+z i@‘ & x@ ;}ﬁﬂ cmn_; ¢ 3, Ru+z, V+" and
V+s, L represent SC%HY% - {esardin dndvh crem represents Zn

and M*? rcprcsents

6. A process of makmg a hydroxide containing double
metal cyanide (DMC) catalyst of the formulae (I) or (II),

M",[M*(CN)],OH.L ®
Mlx[Mz(CN)G]y'ZMI (OI-I)q'L (n)

said process comprising the steps of:

reacting a M? containing oxide with a M? containing
hexacyanometallate or hexacyanometallic acid in the
presence of an organic ligand, L, and water; and

collecting the crystalline catalyst,

wherein

M! represents a metal selected from the group consisting
of Zn*?, Fe*?, Ni*?, Mn *?, Co*?, Sn*?, Pb*2, Fe*>,
M0+4, M0+6, A1+3, V+4, V+5, Sr+2’ W+4, W+6, Cu+2 and
Cr+3

M? represents a metal selected from the group consisting
of Fe*?,Fe*3, Co*?, Co*3, Cr*?, Cr*3, Mn*2, Mn*3, Ir*3,
Ni*2, Rh*3, Ru*?, V** and V**,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.

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, sulfides and mixtures thereof.



X, y and q are chosen to maintain electroneutrality. 7. The proces
according to claim®6, wherein the organic Iligand, |., is selected fzr@%m%e
group consisting of alcohols, polyols, polyether polyols, aldehydes,

ket ones, ethers, esters, amdes, ureas, nitriles, sulfides and m xtures
thereof. 0 2 NOV 2006 -14 8. The process according to claim®6, wherein the

organic ligand, L, is selected fromthe group consisting of ethanol,
i sopropanol, n-butanol, isobutanol, sec-butanol and tert- butanol. 9. The
process according to claim®6, whereinl#¢he organic ligand, L, is

tert-butanol. 10. The process according to claim6, wherein M repre- sents
Zn+2 and M2 represents Co+3. 11. A hydroxi de containing double netal cyanide

(DMO)  catal yst &iTHehsrotesnitording fo ¢lainf 6] Whedin th6i@hiz1 YOH. L (1)

M AM2(CN) el yZMigddd), 4., lis 6216dted TR} thY groupa&dnsiting dYl etkatidlai ning oxide with a

M2 contai ning j gﬂﬁ”%ﬁ%b&?tﬁowtaﬁﬁx g?%% aitdh rfulCI din the presence
co e

of an organic wat er l'ecting crystalline catalyst,

wherein M repr ts a netal sel ecteld fromthe %Jr con3|st|ng of Zn+2
Fe+2 W2, M +2 RO BS %ﬁé& clgi.§, PHeteinesO0rgamO/ 5 Sr 42 WA, WHG
ai+2 and Cr +13gand , 1S tert-butano
10. The process according to claim 6, wherein M* repre-
sents Zn*?> and M? represents Co*>.
11. A hydroxide containing double metal cyanide (DMC)
catalyst of the formulae (I) or (II),

M!,IM?(CN)],OH.L )
ML[M3(CN)g],.zM*(OH),,.L (D)
made by:

reacting a M* containing oxide with a M? containing
hexacyanometallate or hexacyanometallic acid in the
presence of an organic ligand, L, and water; and
collecting the crystalline catalyst,
wherein
M! represents a metal selected from the group consisting
of Z£l+2, F66+2’ N3i+2,+4M11 45-2, Cg+2’ S4D+2, Iﬁ,b+2’ ]2:-"64'3,
+ + -+ S + 4 4+ +
gga’,Mo , A2, V¥V Srt?, W, W) Cu* and
M? represents a metal selected from the group consisting
of Fe*2,Fe*?, Co*?, Co*3, Cr*2, Cr*3, Mn*2, Mn*3, Ir*>,
Ni*2, Rh*3, Ru*?, V** and V*?,

L represents an organic ligand, and
X,y and q are chosen to maintain electroneutrality.



M2 represents a netal selected fromthe group consisting of Fe+z Fe+3 Co-2
Co+3 Cr+z Cr+3 Mh+2 M+3 Ir+3 N +2, Rh+3, Re7, V+4 and V+5' L represg?gﬁvg@
organic ligand, and X, y and q are chosen to naintain el ectroneutral . 6
NOV 2006 - 15 12. A process of making a hydroxi de containing double netal
cyanide (DMC) catalyst of the fornmulae (1) or (1l1), M,1IM(CN)6J]JCH L (I)
M AM2(CN)61,.zM (OH)g.L (I1) said process conprising the steps of. reacting
a M containing salt of a strong acid with a M2 containing

hexacyanonetal | ate or hexacyanonetal | i -d5-acid in the presence of an organic
ligand, L, and water; and collecting the crystalline catalyst wherein M
represents a netal seI ected fromthe group consisting of Zn+2 Fe+2 N +z M
+2 Co+z Sn+z pb+z Mo+4 +6, Al +3 v+4, V+5, Sr+2, 1 W6' Cu-"2 and
C+3 s M representlg %‘%@é@&?hyw P‘ &ting of Fe+2
Fe+3 Co+2 Co+s Crmet y@ldm@M@h@ﬂwstaommionmlas(m@I) V' and W45, L
represents an organic |ligand, and X, y and gq are chosen to naintain

el ectroneutrality. 13M1;['M§(C§}sb@iéés according to claim 12, (Bvherein the

M"JM*(CN)e},.zM*(OH),.L (D

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 presence of an organic ligand, L, and water;
and

collecting the crystalline catalyst
wherein

M represents a metal selected from the group consisting
of Zn*?, Fe*2, Ni*2, Mn *?, Co*?, Sn*?, Pb*?, Fe*?,
M0+4, MO+6, Al+3, V+4, V+5, SI'+2, W+4, W+6, Cu+2 and
CI'+3,

M? represents a metal selected from the group consisting
of Fe*?, Fe*?, Co*?, Co*?, Cr*?, Cr*>, Mn*?, Mn*?, Ir*3,
Ni*2, Rh*3, Ru*2, V** and V*3,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.

13. The process according to claim 12, wherein the
organic ligand, L, is selected from the group consisting of
alcohols, polyols, polyether polyols, aldehydes, ketones,
ethers, esters, amides, ureas, nitriles, sulfides and mixtures
thereof.

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.



organic ligand, L, is selected fromthe group consisting of al COh(ﬁ,ﬁl 6
pol yol s, polyether polyols, aldehydes, ketones, ethers, esters, aw g!,ZUG
ureas, nitriles, sulfides and m xtures thereof. 14. The process according
to claim12, wherein the organic ligand, L, is selected fromthe group
consi sting of ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and
tert-butanol. o Z Nov 2006 -16 1S. The process according to claim 12,
wherein the organic ligand, L, is tert-butanol. 16. The process accordi ng
to claim12, wherein M represents Zh&z and M2 represents Co'. 17. The
process according to claim12, wherein the strong acid is selected from
sul furic, sulfonic and nitrous acid. 19. A hydroxi de containing double
netal cyanide (DMC) catalyst of the formulae (1) or (Il1), M,[M(CN)6]]OH. L
(1) Mz[M(CN6]yZM (Ol1l)o.L (tn made by: reacting a M containing salt of
a strong acid with ¥5. VPhe §Roéeas NceBrdifiy a6y RAAEIR Wkfei® thbexacyanometal | ic
acid in the presewfﬁ@ﬁioLﬁ/nme&_$d{ d, L, and water; and collecting the
crystalline catalyst wherein ML represents a netal selected fromthe group
consisting of Zn+z16Fefte, phickds abbording @ dlainSt%, whtreih Me+3, M+4, M+6,
Al +3, Va4, V+5, Srrégresditd Zn'¥ Gnd WP fepiéilnts Co*2,
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 formulae (I) or (II),

M*,[M*(CN),] OH.L M
M*,IM?(CN),],zZM*(OH),.L (In
made by:

reacting a M?* containing salt of a strong acid with a M?
containing hexacyanometallate or hexacyanometallic
acid in the presence of an organic ligand, L, and water;
and

collecting the crystalline catalyst wherein

M represents a metal selected from the group consisting
of Zn*?, Fe*?, Ni*2, Mn *2, Co*?, Sn*?, Pb*?, Fe*3,
M0+4, M0+6, A1+3’ V+4’ V+5, SI'+2, W+4, W+6, C.u+2 and
CI'+3,

M? represents a metal selected from the group consisting
of Fe*?, Fe*?, Co*2, Co*3, Cr*?, Cr*3, Mn*%, Mn*3, I3,
Ni+2, Rh+3, Ru+2, V+4 and V+S,

L represents an organic ligand, and X, y and q are chosen
to maintain electroneutrality.



Cr+3 Mz represents a netal selected fromthe group consisting of (ﬁeﬂﬁv lzz(]ﬁﬁrs
Co+z Co+s W2, Cr+3 Mi+z Mi+3 Ir+3 N +z Rh+3 RU+2, V+4 and V+-5, L
represents an organic ligand, and X, y and q are chosen to maintain
el ectroneutrality. 0 2 NOV 2006 -17 19. A process of nmaking a hydroxide
cont ai ni ng double netal cyanide (DMC) catal yst of the fornulae (I) or (11),
MXM(C)6]]OH L (r) M,[M(CWM]rzM (011)g.L (19 said process conprising
the steps of: reacting a M containing oxide with a M2 contai ni ng
hexacyanonet al | ate or hexacyanonetalti%t-acid in the presence of an organic
ligand, L, and water; and collecting the crystalline catalyst, wherein Ml
represents a netal selected fromthe group consisting of Zn+z Fe+z N +z M
+z' Co+z Sn+z Pb+z Fe+a Mod+a M+e Al, +3 "j+a V+5 Sr+z Wa W6' CU+2 and
Cr+3 M represents a metHl. & ptRebesf iaRifg Dayaf iR SONS] Stiﬁ of Fe+z Fea3
Co+z Co+3 Craz Cr+3 MgétaVevan: ' ?-'é 47 (ﬂ%ﬁé‘t\}‘is, L

yanibe gﬁ%%éﬂﬁl & fhe isfas (D), 0r (41

represents an organic |ligand, an a Mt ai n

el ectroneutrality. 20. The pprge ording to claim 19, wherein the

organic ligand, L, is sel ect’é{d @rﬁ%}ﬁatﬁ%e group consisting of D
M*.IM*(CN),],.zM*(OH), L )

said process comprising the steps of:
reacting a M* containing oxide with a M? containing
hexacyanometallate or hexacyanometallic acid in the
presence of an organic ligand, L, and water; and

collecting the crystalline catalyst,
wherein

M!? represents a metal selected from the group consisting
of Zn*?, Fe*?, Ni*?, Mn *?, Co*?, Sn*?, Pb*?, Fe*?,
M0+4, Mo+6, A.l+3, V+4, V+5’ SI'+2, W+4, W+6, Cu+2 and
CI'+3,

M? represents a metal selected from the group consisting
of Fe*2, Fe*3, Co*2, Co*3, Cr*?, Cr*?, Mn*?, Mn*3, Ir*3,
Ni*?, Rh*3, Ru*?, V** and V*°,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.

20. The process according to claim 19, wherein the
organic ligand, L, is selected from the group consisting of
alcohols, polyols, polyethers, aldehydes, ketones, ethers,
esters, amides, ureas, nitriles, sulfides and mixtures thereof.

21. The process according to claim 19, wherein the
organic ligand, L, is selected from the group consisting of
ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and
tert-butanol. ’ '

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



al cohol s, polyols, polyethers, aldehydes, ketones, ethers, esters, am des,
ureas, nitriles, sulfides and mxtures thereof. 21. The process acdd@ NVn§l& o
claim19, wherein the organic ligand, L, is selected fromthe group
consisting of ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and
tert-butanol. 22. The process according to claim 19, wherein the organic
ligand, L, is tert-butanol. p 2 NOV 2006 18 23. The process according to
claim19, wherein M represents Zn+2 and M2 represents Co+3 24. The process
according to claim19, wherein the Mt18containing salt contains an anion
selected from halides, sulfates, carbonates, cyani des, oxal ates,

t hi ocyanates, isocyanates, isothiocyanates, carboxylates and nitrates. 25.

A hydr oxi de cont ai ni %g (%gﬁ)lg C?’E%"X‘%t f the formul ae
r'=m g.L (I'l) nade by:
%9 é’gfg i1

g blofod?B alec
(1) o 1) W Dl R s
reacting a ML contal |nq.HOX| de w't é % n hext cyaponetal | ate or
hexacyanonetal | i ¢ acid.i etpﬁﬁcesﬁﬁsg%f g (o clapm %%?eéelpﬁaéﬁ, L, and water;
and col | ecting the OMARRE| $ 'ecea&awsygla_,am%éﬂ@ﬂ% VATOP: Emts a netal
sel ected fromthe @Nééﬁfﬁs@wﬂgbgwﬁg cyandgs,2 oxglates, Mieoyangtess2 Co+2, Sn+2,
Pb+2, Fe+3, Mb+a Nboeyapmates, isethiocysnBes;xatboxylardscand oitfatesad

25. Ahydroxide containing double metal cyanide (DMC)

catalyst of the formulae (I) or (II),

M*,[M*(CN),],OH.L D
M, [M*(CN)c),.zM*(OH),.L (D
made by:

reacting 2 M* containing oxide with a M? containing
hexacyanometallate or hexacyanometallic acid in the
presence of an organic ligand, L, and water; and

collecting the crystalline catalyst,

wherein

M represents a metal selected from the group consisting
of Zn*?, Fe*2, Ni*2, Mn *2, Co*?, Sn*?, Pb*?, Fe*?,
M0+4, M0+6, A1+3, V+4, V+5, Sr+2, W+4, W+6, Cu+2 and
Cr+3,

M? represents a metal selected from the group consisting
of Fe*2, Fe*3, Co*2, Co*3, Cr*2, Cr*3, Mn*2, Mn*3, Ir*?,
Ni+2, Rb+3, Ru+2, V+4 and V+5,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.



C.r+3 P M2 represents a netal selected fromthe group consisting of Fe+2
Fe+s Co+z Co.a Cr+z Cr+s Mi+2 Mh+s Ir+s N +2, Rh+3, Ru+2, V+a and Vh"l *UV
represents an organic ligand, and x, y and g are chosen to naintain 2006
el ectroneutrality. 02 NOV 2006 -19 26. A process of making a hydroxide
cont ai ni ng double netal cyanide (DMC) catal yst of the fornulae (I) or (I1),
M.JIM(CNelyOH L (I) M.zM(CWIrzM (OH)QL (I1) said process conprising
the steps of: mxing a M containing salt, a strongly basic conpound wth a
M2 cont ai ni ng hexacyanonetal | ate or hexltya- nonetallic acid in the presence
of an organic ligand, L, and water; and collecting the catalyst wherein M
represents a netal selected fromthe group consisting of Th+z Fe+z N +z
M+z Co+z Sn+z Pb+z Fe+3 Mv+a M+s Al +3, V+a, V+s, Sr+z, W4' W6 Cl1+2
and Cr+3, M represéft A pravessaof meking 2 dytraxide bentgindegprdednsi sting of Fe+z
Fe+3 Co+z Co+3 COr +mefal €gaile {DMGEBcdtaly3t of\thezformindae, (IRur-dA]), V+a and V+S, L
represents an organic ligand, and x, y and q are chosen to nmaintain

el ectroneutrality. 27. Migsr*@Npge8d. according to claim 26, wherein the

M* [M*(CN)},.zM*(OH),..L (In

said process comprising the steps of:

mixing a M? containing salt, a strongly basic compound
with a M? containing hexacyanometallate or hexacya-
nometallic acid in the presence of an organic ligand, L,
and water; and

collecting the catalyst
wherein
M? represents a metal selected from the group consisting of
ZD+2, FC+2, Ni+2 Mn+2, CO+2’ SD+2’ Pb+2, Fe+3’ M 0+4, M 0+6,
A1+3, V+4’ V+S, Sr+2’ W+4’ W+6’ Cu+2 and Cr+3,

M? represents a metal selected from the group consisting
of Fe*2, Fe*3, Co*?, Co*?, Cr*2, Cr*?, Mn*?, Mn*?, I3,
Ni+2, Rh+3, Ru+2, V+4 and V+5,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.

27. The process according to claim 26, wherein the
strongly basic compound is selected from the group con-
sisting of alkali metal hydroxides, alkaline earth metal
hydroxides and amines.



strongly basic conpound is selected fromthe group con- sisting of alkali
metal hydroxides, alkaline earth netal hydroxides and am nes. 0 2 OWROfGE
-20 28. The process according to claim 26, wherein the organic |ligand, L,
is selected fromthe group consisting of alcohols, polyols, polyethers,
al dehydes, ketones, ethers, esters, am des, ureas, nitriles, sulfides and
m xtures thereof. 29. The process according to claim26, wherein the
organic ligand, L, is selected fromthe group consisting of ethanol,
i sopropanol, n-butanol, isobutanol, seédbutanol and tert-butanol. 30. The
process according to claim 26, wherein the organic ligand, L, is
tert-butanol. 31. The process according to claim26, wherein M represents
Zn2 and M2 represents Co+s 32. The process according to claim 26, wherein
the ML containing salt contains an anion selected from halides, sulfates,
car bonat es, cyani des, oxal ates, thiocyanates, isocyanates, isothiocyanates,
carboxyl ates and nitra@8s.The process according to claim 26, wherein the
organic ligand, L, is selected from the group consisting of
alcohols, polyols, polyethers, aldehydes, ketones, ethers,
esters, amides, ureas, nitriles, sulfides and mixtures thereof.
29. The process according to claim 26, wherein the
organic ligand, L, is selected from the group consisting of
ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and
tert-butanol.
30. The process according to claim 26, wherein the
organic ligand, L, is tert-butanol.
31. The process according to claim 26, wherein M?
represents Zn*? and M? represents Co*>.
32. The process according to claim 26, wherein the M?
containing salt contains an anion selected from halides,
sulfates, carbonates, cyanides, oxalates, thiocyanates,
isocyanates, isothiocyanates, carboxylates and nitrates.





