- 1< PROCESS FOR PRODUCTI ON OF POLYOLS W TH HYDROXI DE CONTARMOG DOUBLE
METAL CYANI DE (DMC) CATALYSTS FI ELD OF THE | NVENTI ON The present invention
‘relates in general, to catalysis and catalysts, and nore specifically, to a

new cl ass of crystalline, hydroxide containing DMC catalysts and pol yols
made therewi th. 5 BACKGROUND OF THE | NVENTI ON Doubl e netal cyanide (DM
conpl exes are well known in the art for catalyzing epoxide polynerization.
Doubl e netal cyanide (DMC) catalysts for the polyaddition of alkylene
oxides to starter conp&qRﬂK}ESSEmR&RMCHEONOEMbﬁaLSatOWS are
descri bed, for exanpl e, WITH/ BYDROXIDECCONTAESRNGOPOUBBEY, 505, 3,941, 849
and 5, 158, 922. These aCME’ﬁAL@YAMDES(DmﬁGM‘AEYBTS pol yol s that have | ow
unsaturation conpared to sim Iquﬁ%m rh basi c (KCOH) catal ysis.
The DMC catal ysts can be used ey — oty H products, including

pol yether, polyest efhe é@s@zﬁﬂ'lrﬂ@hﬂ@ﬁ P@él%%tlﬁ‘rgeﬁ@}éfoﬂoseatéiggls%d’éétﬁﬁfstém| yol's
obt ai ned vmth DMC catal ysts can be processed form hi gh-grade

pol yur et hanes ang. more specificalyetaa rfema@l§§s obenystaliinea iy deaxids cortajnin@VC

et al s w0k AN BETER BBt naBe ERMAT yani e et in 20 the |

presence of an organic conplexing |ligand such as, for exanple, an ether. In
a typical catalyst preparatton aoueous solutlons of 2|nc chloride (in
excess) and potaSS|un1hexac‘uLn 3 gN1adiE  di met hoxyet hane

b washi ng of & ne Doydle HtEReHh é%@’@ rgé?’"ﬂé*%?@%@’ kafhdh tag phie' ' "
catal yst of f%m‘ét@lyzmg epoxnde 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)e]2xZnCly’yH2,0'zglyme

is obtained.



Zn3f Co(CN) 612' xZnCl 2 yH2O zglyme is obtained. -2- Substantially anorphous
DMC cat al ysts having exceptional activity for polynerizing epoxides are
~described in U S Pat. No. 5,470,813. Conpared with earlier DMC catalysts,
the DMC catal ysts described therein pogsess excellent activity and produce
pol yether polyols with very 5 | ow unsaturation. The catal ysts of the '813

patent are active e : ' L 1 trations,

of ten | ow enough to§§ﬂ\>’/%?g%%%: &ghﬁ%@éﬁb@g@%a Vteytﬁ%elné%yg%@wragﬁ}nk e

pol éol 'd'Ui‘ S. deat ponerlikirﬂgépSﬂaes iage_deslcr_imalc?/iam.;eefdﬂumt 570813, tleaC_hes an0
acid nodifie cat t prepared initia wi f hout organic conplexing 1
agent, by the %%F%&V‘}d&% eﬁ%@ﬁ LﬁMI%/@@t@WIS% t'?%DMG&aE)@W%t@&?SEF'ﬁ%d
hexacyanocobal ' g | ' : ner al
formula: M af %@&E’%ﬁ%%%b%ﬁlf Bp—ﬁti §ﬁ\§§€éégl %ﬁé%ﬁpéﬁ@g&%ﬁ'pﬁ\éc ive

i nt er medi abe ilew sdatitioand heccdtalystszafth€y8 +8batent e aotiverehdugh tagl y e
organi ¢ conpl exj t hers or e prefehred organi c

ng. .agent. | ymes are_ t
activating ag lo.“?ﬁﬁqrsu?f’a? YﬁrykathQ%‘ge%té%t!ﬂ@s Oﬁﬁﬁq@é’@n%‘ﬂ 7R OYREFAREi n t he

presence of gl n@% in US. Pat. No. 5,783,513,
teach a proces%ﬁgfg?ggso Frﬂﬂlg\ﬁ% su z;sttagrélﬁ?gnl'rﬁbe%orllgcg.ryst al l'i ne doubl e net al
cyani de (DMC) cat al YS3.Pathbei A4g77pB%)ussiiealctoi want gerdddispet élgrteadues aifhe
process involves usin tal salt having.ap alkalinity withip the range
of about 0.2 teridBERAiNed BN catayslorpratad Ikl MikoukOMANG EOMRISHNG of net al
salt to pygpar ep¢ MLy §ition Brksdi f hepsihbat i nportant '
pol yol progert%eésrh’sugﬁH 25§lgcs)n§i Egg@ﬁ ﬁwgr? H%n@i?ﬁ%@??on |lbr§)rove when t he

al kalinity of héraayahatolsatate taifrm the intekmetiate Dyfradde ksl bf the gemgral | y
control |l ed. A%}/%Lpaxyl ligand is taught by Conbs et al.

M'o[M*(CN)s(A)cls PM' (OH)q'yH20

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 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 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,



U S. Pat. No. 5,627,122, issued to Le-Khac et al., teaches a crystalline
DMC conpl ex catal yst containing a DMC conpound, an organic 30 conpl exing
agent, and a netal salt. The catal yst contains |ess than about 0.2 noles of
the netal salt per nole of DMC conpound3-i.e., nole fraction Zn/Co<1.6.

Di scl osed organi c conpl exi ng agents include al cohols, -3- al dehydes,

ketones, et hergidelfde! RetorBsdethers!'ed®srs, Airliddd, Weas Witk sl SulfRRE, afd Xt ur es
thereof. Wth lowlevels of Zznd2, these catal'ysts are véry active and

produce pol yolnixiures thenepf.| Withiawdevelstaf @nClzHbese:calalysss arevenyeadkimac

et ve doubl o TRGRaRuEE RRveLs WihyBoy L pnPRuriqe T egtt St gEerchal” ¥

pol ymeri zat i oonpdig®ahRrMigey reacting zinc chloride or other netal salt with
pot assi um _hexacyanocobal tate or ot her netal éyani de salt in the presence of
!

a Goup |PA compodrrmbach WS. PatdNand.8RR16 1d disclosesighly ctivg siouble

patent s and apiTeraraas Softiier SRIsES upahd fordipcRlod B iBER g UTe Pt
Nos. 6, 303, 53%»re§ar@@%)l%ctiﬁg3_% &drid@ Bt othep-métabsait Réth. pof@sdiumNos.
2003/ 0013604, 2002/0032121, 2002/ 0006864 generally disclose double-netal

cyani de cat al exacyanqgabaitgieen ather sgtabeyanige salhin thesprpgengapba Growp

(H20) . eL, wher, ' | : | | e

i dentical or Alﬁf %pééyﬁd%ﬁ%@ agnc%;%%nérﬁﬁqgiﬂg%@Qnaglyy&ofa@%gfg% scible
ligand, ajob, isamrfﬂowdnﬂc@h%iﬁ@hﬂm ethes th&$hy@roxRlee the conpound
electrically neutral, and e denotes the coordi nati on nunber of the |igand,

e and f denote fraci§\wwial patentstansbarplifatians, inthamase ebGsesoheta., zero, h
denotes a frag |88in§;%;§‘n‘gﬁa§eﬁ09rf,gf)@rsstsf‘%;‘aéﬁ1f‘é*g%gglé,gséeéﬁd dr.r§.s ?Bg.gears the

metal salt used I'n he Cat'al'ysts Scl'osé 0sCh
wat er - sol ubl e RatdAppRiINoELAD3 08 B68Y | 2062/00821 DT A0OYBOD6884ngertbraly sts in

the art for a hydroxide containing double netal 4 5

disclose double-metal cyanide catalysts of the formula M'; [M“ (CN), (A)c

15 L. fM'y 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.



cyani'de (DMC) catal yst and process for production of such a catal yst that
.25 does not require use of a water-soluble netal salt. Surprisingly, the
“crystalline, double netal cyani de hydroxi des of the present invention

catal yze the polynerization of al kyl ene4oxi des whereas the conpounds of the
art do not. -4- SUMMARY OF THE | NVENTI ON The present invention provides a

crystal line, hydroxide cont aISUMMAHVL@#qHEQﬁV Nde (DMC) catal yst of
the formulae (1) or (I11), r)I 5|V[LX [M(CN)e]y' ZM(OH) q L
(11) wherein ML rep he%ﬂ%@tanmtmn @@Nef/ﬂswcm nehdygraige contsiningng of

Sri2. s, vible MGEE pysie OMG FoatgRsCor FEBlBE WA ca' from the

group conS|st|ng of Fe+2pg 1'TW§3N%‘?JO'4’| «@o+3, Cr+2, Cr+3(yMi+2, M+3, [r+3,
Ni +2, Rh+3 10 Ru+2, V+4 and V+ represents an organi c'ligand, and X, vy,

and g are 5chosen to nmai MgiM*@ LeleOH)all ty. Furtheqprovided, are
processes for product I on o?[t h(e r??})xst aFIgl ?fg hydr oxi de( c)ont ai ni ng DMC

cat al yst of tMepere%nrteprmﬂs|memidemm®ﬁsesthefgrbuprwnprsep eAZndh of
pol yols, in partj ol yehbher ,pol yol s, 8615 .4 nyent rystalline,
hydr oxi de cont§im MVC cd? §§t %Pn sFS 2 ot’Mantg ages: §ﬁg benefits

o L1 eseniyrypatage o bb”‘“@ﬁ@%%@&% S B or asent

i nvention wil tommtrrhgaoﬂlée*ér Fe&Y dadf, q:mreras*ésCo*r3 M'?, P atr o NiZnRhitht
limtation in_coen cti th the follow n ur es wherein: Figure 1
depicts i tHraR¥d" %&Q Fjga %egrfesggIse%@ 859%19%?:' %ﬂ%l%’é Yy, 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

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



25 and Figure 2 shows X-ray diffraction patterns of sel ected DMC catal ysts.
‘DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention will now be
~described for purposes of 30 illustration and not limtation. Except in the
operating exanpl es, or where otherw sedindicated, all numbers expressing
guantities, percentages, and -5- so forth in the specification are to be
under st ood assbéontlyimthei $pexifidatioaldre to betumdeestoby akhitg modifidwitall The

present invention prqovides a ¢rystalline, hydroxide containing double netal
cyani de (DMVO)' g?’é‘%?g?yg\etﬁﬁ@ ABRHL ae (1) or (11), 5 MXM(CN)6]yoH L (1)
M X[ M2(CN) 6] y' ZM ( bséitlin ion nts a
nmetal sel ected fro%ﬁlz%ﬁz,s rl‘léeyr%'ol{lil éf??&%ﬁ%&*ﬁ%%afﬁg{é%mfz&x@;bgéﬁgmg Mo+4,
Mb+6, Al +3, Wedblembtal Syaide DM@ Ycataly8t ofthe Foamula€r(Wr (Il t he hydr oxi de
cont ai ni nqsaDl\/C catal yst of ,th resent invention, Zn+2 is particularly

preferredas M. M2, in thx[B/EbQ@)Gﬂ@HmI'—a (1), represenfly a netal selected
fromFe +2, Fe +3, Co+2, +3 +2 +3, Mi+2, M+3, |Jr+3, N +2, Rh+3,
Ru+2, V' 4 and V+5. In t%%d&&héw&“%ﬁi ng DMC cat@‘)yst of the present
i nvention, Co+3 is 15 particularly preferred as M2. Preferred organic
conpl ex ligands, L,jn.the droxi de, contai nin DMC cat al yst _.of the, present
i nvention, incl ude,l\)I blﬂphz?ré%ﬁ’&féfmmac re{:;e{,ese&,scq)mté,segqcégqig&@%?nket ones,
ethers, estergerami?eMn'8read?, SAt2 Pp2Fe® b IRSC Nt W&tyrsegrher eof .

More preferred 3s, or ganizc corrp+I3ex | i gands '20 are water-sol'ubl e aliphatic
al cohol s BuchV¥s, ¥W('RaGul? and6pr opatis hydroxidetcomtainingsoM@ aatalyst obtheout anol

T O o e N8R! AR 8l PEL el Rl oferred: I the above
M?, in the above formula (), represents a metal selected from Fe*?
Fe*3 Co* Co* Cr*2 Cr*3 Mn*2, Mn™ Ir*®, Ni*?2, Rh*3, 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 (I1), x, y, and q are selected so as to
maintain the electroneutrality of the hydroxide containing DMC compiex.
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



mai-ntain the electroneutrality of the hydroxide containing DMC conplex. 25
The hydroxi de containing DMC catal ysts of the present invention may be nade
by the steps of reacting a ML containing oxide or hydroxide wth a M

cont ai ni ng hexacyanonetal |ate or hexad&ranonetallic acid in the presence of
an organic ligand, L, and water, and collecting the catal yst. The hydroxide

contai ni ng %%ﬂhbﬁéalﬁte?dﬂﬁeﬂélé%?ﬁ?étﬁme'Hci@i‘h thébrE8¥ndeof@sle by the

steps of reacting'M containing salts of some strong acids (such as
sul furic, sul ew@anic kgand, i and vealed )angi edllegtingetheoeatalyst.ng - 6-

h tall at h tall] idint f. i
L ant L Cand wat 3he YRS PETRIe e Eaftuydls bf b BRBRF BwBBESEonc ar ni o
DMC cat al yst sply Bgadleasiethle stay$ot ﬁé@&tingﬁwbéomﬂﬁn@bxfdéeorsﬁﬁﬁéx@% ; eﬁ/gt ing

a M containing oxide or hydroxide 5.and a M contarning salt wit
cont ai ni nd hefad gdMorentainiag sal withex M \contaaingl hexacyanemetallateopr esence of

an organic |igan . er. col lectin he catal yst. ,The M

cont ai ni ng Saﬁ&%ﬁy&bgpﬁﬁ@%&%@ﬁIQitﬂggg%Senétﬁingnsg'pégltcel@%(@p% ﬂﬁ? iwd'aggr,,

sul fates, car hriebRSctingypei GesystoXHeaMe sontdiflhg S¥RHréRSably TOR¥ANSBAS . _

i sot hi ocyanates, carboxylates and nitrates. 10 Alternatively, the hydroxide

cont ai ni ng DvENieatsglgaied from balkides; sylates, carbenatesncyenides oxalieteBy t he steps

et al hydr oxi TSRS s Bhbtes e RS R AR R R, 1 2 v
cont ai ni ng hexacyanfgriztivblyattee ydrokieis aoyeinmgtMGC catalists ofnthelpepsmsence of
an organic ligand, L, and water; 15 and collecting,the catalyst. The M

cont ai ni ng salnvepkien @awmbs masietky the daps ahmiing @ Mc ceatainipesalll ades,

sul fates, car ' e -1 hi . ' S,
i sot hi ocyanat g@%‘i%@é@%‘g@adn@@hﬁs a I'éasl! h%k%%@ﬁ%%n%lg@ﬁéﬁ%%@i de or
hydr oxi de useghetat Hyakbxiges, s arhindspwitde M8 Bbataining helEcyariathstallatef ort he

present invention nay have a 20 water solubility ranging fromlow to al nost
wat er - i nsol ubhexagyappatedaifiedcid 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 following examples.



metal 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 el ow) and 275 g of distilled water
was prepared in a four-neck, one-liter flask equipped with a stirrer,

t hernocoupl e, and heating nmantle. To this solution was added 18.0 g (0.132
nol es) of zinc chloride followed by 3.30 g §0.033 nol es) of zinc hydroxide.
The slurry was heated to 50C with i irring. A syringe punp was
used to add sl 1419 of 2.55% 10 hexacyanocobaltic acid (H3Co(CN)6,

0. 0165 nol es) rxture. After the acid addition was conpleted, the

m xture was heat ed Agdigiohrdorthihitig B84 nasles of igand {as notedtieTabl@i this slurry
was added 5 g of 1 k diaol and stirrin was continued for two nore mnutes.
The solid was ReiPyveand& /59 ahdigtiledwalarevas peepared i adeursiegk, onetiterat i on
unit. The wet | i Lored at 50C
for 60 m nut es@%%@éi%ﬁ%&&ﬁ% {Haéélﬂqu)ggé&geg 8?‘ E{J eﬁgﬁgﬁgﬁ%ﬂ? M'gi ng was

continued for goMtiorowas Eddetiess.0 §he. 130motbs)at zird dresridfolywedass3130
filtration and dried overni I n a vacuum oven at 55C- 60C._ The catal ysts

prepared in t H:(GB3IaQR gtﬁc By droxidembing Sk was hepted oECWtBA 1 ef er s
o & a5 v popSiSEESTAL BRERRRE whuspatbrl AR5 A£G I BETE S0
| Exanpl e 1§0. He@rNeEnsdbiRik abid-(HBCoONT;, 010168 @bld¥)neE tie MBduksd 1After | PA 608
the acid addition was completed, the mixture was heated and stirred for an
additional 45 minutes. To this slurry was added 5 g of 1k diol and stirring
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




4 methyl ether PG 629 5 nmethyl ether PG 627 6 PPG 425 None 7 1-pro anol
None As can be appreciated by reference to Table |, catalysts 2-5 have a
peak between 600 and 650 cm 1. By reference to the infrared spectrograns
shown in Fig. 1, Catalyst A (made accord-ng to U S. Pat. No. 5,482,908) and
Catal yst B (made according to U.S. Pat. No. 5 5,783,513) exhibited this
characteristic peakAs$ nanibe apmyeoiated bymefeﬁetﬁ:edmiTablé’ ¥, oatallysteeak halvera OH

Ki f th 0 700 1 (1.
Gonni ck 2‘3&' R Pagk Deeeh 60 ahd BaD &t o Bxretersnca i Bp INBaER. 1675 | catal yst
C inFig sgﬁréﬁo@ﬁ&ﬁgghaantuﬁ Fl%aﬂ Cgt| OJL\Z(Oé?ieééooanﬁto'fPS PP

4,477, 589) had OH peaks at 3673 and 10 59 uyper and G
Boxhoor n, JourM@IBéBZ@BQIale@atam&iB (b&Rle ad@BdNg tE)(hSpPes Np.15 A sol ution

t ai ni f t Tabl 0.23 I
of zinc sabt (arPRmia SxpuBa s brateisin el ™ Geredioaraind BH B85 g of
distilled vater wastgigaqciksiter oH F&:‘krriber%tloﬁé‘ﬁré idifit intheRgigui pped i th

a stirrer, thernocouple, and heatl ng mantl e. solution was heated to 65C
with vigorous tmtweenrﬁ@o Andyo0ogE’ Pulennick aruislédNt blamohdn2B8®rganjcof 6. 12%

2B m /. ARG A4l PN v o BrLC: i Eio (iR e R tad and

stirred for ama'alﬂelémgmbt 4p U‘S“F‘aﬂSNo thrfwa)srhwmw@ék@émwaﬁdof 1k
diol and the slurry vas, stirred for two nmnore mnutes. The solid

col | ect ed 10si nBP&6DB WP 6k Huypes madi(b eBexhasreelournat ofLatatysisni105, Tﬁ@, wet
cake was resus ed in 400 g of 90/10 wt/w 25 ligand/ water solution and
stirred at 65 60 mnutes. To this slurry was added 5 g of 1 k diol and
the slurry was stirred for two nore mnutes. A

Examples 8-15

A solution containing 0.81 moles of ligand (as noted in Table li

15 below), 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 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 90/10 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.



second filtration was perfornmed to collect the solid, which was dried
-overnight in a vacuum oven at 55C-60C. 30 Table Il. summari zes the catal ysts
made in the above-detailed exanples. -9- Table Il Ex. Anion Ligand ZnO OH
Peak cm No. Added Intensit 8 sulfate A No 640(0.85) 9 sulfate |PA No
607(0.31) 10 chloride TBA No -643(0.06) 11 sulfonate TBA No 641 0.53 12
sul fonate TBA Yes 641 1.33 13 sul fonatkabiBMl Yes 641 1.10 14 chloride TBA

Yes 640 1.68 15 chl orjide—t—re—Yes 612127 Addltlén_ai__y_.n‘ggomde wher e

sul fonat es was used in anplagsor 2 L&g&hdl i4NQ eds E”fﬁf?é‘_‘i'ﬁt nsity of the OH
peaks in the resultant  hddad Bxafiptensity) 4 sul fonate
where no zi nc oxi de s Sdgedufates oy érrﬁﬁ EN9 2 PAQ4O8Rhr Act eri stic peaks
are found in the crysitallingulfateay dPAfrhct Non pat B67£081) zilnc
hexacyanocobal t at e hydrd@i gechl eBY andNp6 20, 6#B40.P8kpect i ve

diffracti on patterns flol1t heulfenase ystTBAr odudled ijn B44rfR68) 14, Exanple 2,
Catalyst C from Fig. 1 dad| sulfenat® [hebBfcyano¥ebalt a4l (B8) shown. Bot h of

t he inventive catal ystls 18nd sulftrtade ystTBA showeées al|l ©49¢1.00) t he peaks.
Exanple 16 2.0 g of 99. 9% zichtorilel de TE*s di Spey sgd i64041.68) utfi on of 686 g of
t- 15 butyl al cohol (TBAb anshidritieg |Oglyahel oni ves ten2i(m2a) one-liter flask

equi pped with a stirrer and heating mantle. The slurry was heated to 55C

Addition of zinc oxide where sulfonates was used in Examples 12
and 13 increases the intensity of the OH peaks in the resultant catalyst
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.



before adding 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 hours at 55C. The 20 m xture was
filtered and the solid resuspended in 46®-g of TBA and heated at 55C for 70
m nutes. The slurry was filtered to collect the solids that were dried in a
vacuum oven overni ght at 45C. The IR spectrumof this catal yst resenbl es
that of Catalyst A, . shown in Fig. 1, and contained the characteristic peak
at about 642 Mm yst activity was assessed by making a 6k tri ol

with a four hour feggv '0116‘%@%?Mgﬁfa’%“ét*‘e‘:émw‘e{é’a?@eé%fdesCri bed bel ow.

-10- Catalyst Activity Severa catal ysts nma erern were eval uated
for propoxyl gropaxgationiactiviit atZs ppm oy prapapiagi angk &id krom agjlydearime- a

| i b d k | | . havi f 238 .and.
Punct | onal Pty s bRuPIaEk peertving it Berter O 2eaerd: 3 Mgy o e
bl ade tur bi nesapdyt RUARESROF eaeiga%d%trf% quiﬁagpﬁéhéqﬁaah@ns@iﬁés,%haft and

baffl es was used to prepare the polyo Rat es e cal culated by nonitoring
drops i n PO paRushtbn tprieses at 8w bottom o theroneelter shaftarddohffles wassusedrtpl et ed.

To reduce or 10 elinjnate ss transfer limitations between the |iquid and
vapor phases, PERBOHIERONP, ReESp CalrUAtERBY maRterng diapzda HQ pRHE

covered 1o encaiusagis faiAYMAIbAl &AGS Budliohi8%onfobied! AicPaaazrent rate

constants (kapp) are used to cal cul ate the elative rates shown 1 n Table
I Il bel ow10Theslmninate swsadransfien lenitdtioens betwees tipe bquidrand Yaparahaseas,

| ogarithm of PQ part.ial_ pressur ersus, ti nd det er m ni t he sl ope of
the resultant tggﬁ%ﬁtgmslqel 'ﬁe’i.e??‘d%l‘ a1tl?rl‘e Lq%ﬁ%qaezlgg ﬁ@véfﬁaC? E’g?ri'?ﬂ‘rga%? sever al
of the cat al yshaxiphumtiR@ridcs eftkingnvention. The control pol yol was nade wth

a catalyst according to Ex. 13 of U S. Pat. Na 5,712,216. "Catal yst No."
refers to Calculated apparent rate constants (kapp) are used to calculate 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 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 Ill, 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'tl““)'f""t Ligand Rf;;'}’e OH# | Unsat'n V';fg;"‘y
Control | TBA 1 29 0.005 1217
2 TBA 0.54 286 | 0.002 2694
27 TBA 0.43 28.7 | 0.003 1858
3 IPA 0.18 287 | 0.008 16082

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



20 the exanpl e nunber herein where the tested catal yst was prepared. As is
apparent by reference to Table Ill, the inventive catal ysts produced polyols
wi th conparabl e anbunts of unsaturation as those produced using the
catalysts of U S. Pat. No. 5,712, 216. e 11T catal yst Ligand Rel ative OH
# Unsat'n Viscosity No. rate* cps Control TBA 1 29 0.005 1217 2 TBA 0.54
28.6 0.002 2694 2 Timafgegeingsiescaptioss 08%e presemingentorrareyoffereddor 6082 25

concent rat 1 on e ptrBesk BPHLSEAM =0l cB [bfietiont BT RE 4B OGRS, on are
of fered for thekilpd ipape ff that ks embbdimemB Ggietibed Mek&ihirggy bbtmadified be

apparent to those skilled in the art that the enbodi nents descri bed herein
may be nodi fi €f reyiseddniveegus wayswitheut weparting frem: thespiittansysgansneft he

y be modi f | & reyiserdDivsEaUs WS WSS O AP ANSIRGH he
veasured by ¢ nLC pRiaTeT KEdRe Ohte HFeRAS (Blod ARas by f L% )1 0coce

for the producéepundyh<ampqiyol by polyad- dition of an al kyl ene oxide to a
starter conpound containing active hydrogen atons, the inprovenent
conprising con- ducting the polyaddition in the presence of a crystalline,
hydr oxi de cont ai ni ng double netal cyanide (DMC), catalyst of the fornul ae
(1) or (Il), M<[M(CN)B]YOH L (I)



M XEM2(CN) 61y, .zM (OH)g.L (I1) wherein ML represents a netal selected from
the group consisting of Zn+z Fe+z N +z Mr2' Co+z Sn+z pb+z Fe+3 Mb+4 Mo+e
Al +3 V+4 V+5 Sr+2 W4 W6' Cu+2 and C+3 M2 represents a netal selected
fromthe group consisting of Fe+2 Fe*3 Co+2 Co+3 Cr+z Cr+3 Mh 2 Mu+3 Ir+3
Ni +2, Rh*3, Ru+z, V+4 and V+5, L represents an organic |igand, and x, y and
g are chosen to nmaintain electroneutrality. 2. The process according to
claim1l1, wherein the organic ligand, L, is selected fromthe group
consi sting of alcohols, aldehydes, kg%ones, et hers, esters, am des, ureas,
nitziles, sulfides and m xtures thereof. 3. The process according to claim
1, wherein the organic |ligand, L, is selected fromthe group consisting of
et hanol, isopropanol, n-butanol, isobutanol, sec-butanol and tert- butanol.
4. The process accWlgitigcladméd §:m 1, wherein ML repre- sents Zn+z and M2
represents Co+3 5 T a_prutessfor the .production of a polyol by pol yad-
dition of an al kyl 5hié1‘ %}?Foaféss[ %’réif:spéc?‘{]"ﬁlg’&(?%ﬁtﬂﬂm&c@hP%!Nﬂ'ng active
hydrogen at oms, ©H®Y Pt OXigR 0 Astarigr eompownd containinge pol yaddition in
the presence of &ctdYs Bydiogematoms,the dxiptievernent siomprisingputi-e net al cyani de
(DVC) catal yst dficting: theopolykdditiph) inothe(prejencé3of Mcrydvilfigd) 61] OH. L (1)
hydroxide containing double metal cyanide (DMC) eatalyst

of the formulae (I) or (1I),
M, IM*(CN)e],OH.L it
M!,[M*(CN)g),.zM'(OH), L D
wherein

M! represents a metal selected from the group consisting
of Zn*? Fe*?, Ni*?, Mn*?, 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
OfFe+2, Fe+3, C0+2, C0+3, CI’+2, CI'+3, Ml+2, M[l+3, II'+3,
Ni+2, Rh+3, Ru+2, V-M» and V+5,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality.

2. The process according to claim 1, wherein the organic
ligand, L, is selected from the group consisting of alcohols,
aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides and mixtures thereof.

3. The process 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.

4. The process according to claim 1, wherein M' repre-
sents Zn** and M? represents Co™*>.

5. In a process for the production of a polyol by polyad-
dition of an alkylene oxide to a starter compound containing
active hydrogen atoms, the improvement comprising con-
ducting the polyaddition in the presence of a crystalline,
hydroxide containing double metal cyanide (DMC) catalyst
of the formulae (1) or (II),



Ms[M3(CN)6]yzM (OH)QL (I1) wherein M represents a netal selected from
the group consisting of Zn+z Fe+z Ni +z Mh+z Co+z Sn+z pb+z Fe+ta Mb+4,
Mo+e, EI'| +3, V+4, V+s Sr+z, W4' We, Cu+z and C+3 , M represents a netal
selected fromthe group consisting of Fe+z Fe+3 Co+z Co+3 Cr+z Cr+a Mh+z Mh
1Ir+3 N +z, Rh+3, Ru+z, V+4 and V+s, L represents an organic |igand, and x,
y and q are chosen to maintain electroneutrality, the catalyst produced by,
reacting a M containing oxide with a MZ containing hexacyanonetallate or
hexacyanonetal lic acid in the presence of an organic ligand, L, and water;
and collecting the crystalline catalysy. 6. The process according to claim
5, wherein the organic ligand, L, is selected fromthe group consisting of
al cohol s, al dehydes, ketones, ethers, esters, am des, ureas, nitriles,

sul fides and m xtures thereof. 7. The process according to claim5, wherein

the organic ligand, L, is selected fromthe group consisting of ethanol,
i sopropanol , n-butanol, |sobutanol sec-butanol and tert- butanol. 8. The
process according to MaMH@VesiErein M repre- sents Zn+z®@nd M represents
Co".
M, [M?(CN)g},.2M*(OH), L I
wherein

M! represents a metal selected from the group consisting
of Zn*? Fe*?, Ni*?, Mn*?, Co*? Sn*?, Pb*? Fe*®
Mo':‘, Mo™*S, AI*3, V4, v+3, Sr*2, W**, W*S, Cu*? and
Cr*

M? represents a metal selected from the group consisting
OfFe+2, Fe+3, CO+2, CO+3, Cr+2’ CI'+3, Mn+2’ MD+3, Ir+3
Ni+2, R.h+3, Rll+2, V+4 and V+5,

L represents an organic ligand, and

X, y and q are chosen to maintain electroneutrality,
the catalyst produced 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.

6. The process according to claim 5, wherein the organic
ligand, L, is selected from the group consisting of alcohols,
aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides and mixtures thereof.

7. The process according to claim 5, wherein the organic
ligand, L, is selected from the group consisting of ethanol,
isopropanol, n-butanol, isobutanol, sec-butanol and tert-
butanol.

8. The process according to claim 5, wherein M' repre-
sents Zn** and M? represents Co*?





