t  UNSATURATED TERTI ARY ALCOHOLS AS LI GANDS FOR ACTI VE DMC CATALYSTS Fl ELD
OF THE | NVENTI ON The present invention relates in general to catal ysis, and
-nmore specifically, to active double netal cyanide (DMC) catalysts with
unsaturated tertiary al cohols as conpleting |igands. 5 BACKGROUND OF THE
| NVENTI ON Doubl e netal cyani de (DMC) conpl exes are well known in the art
for catal yzi ng epoxi de pol ynerization. Double netal cyanide (DMC) catalysts
for the polyaddition of alNgASTRAXEDSEERDIARUALEOEIO®UNds, which have
active hydrogen atons, &g¢|dANDS PFER AICTIVEENMD EATALVSTS 10 Pat. No's.
3,404,109, 3,829,505, 3,941,849 and 5, 158,922, These active catal ysts yield
pol yet her polyols that have | ow unsaturation conpared to simlar polyols
made with basic (KOH) catal ysii‘sIELm@F[NHEdNMEN/ECB\I can be used to make many

ol yner products, ncludln ol yest er ol yet herester
Bol zol s. IoThe poI ye %Preﬁspgﬁ‘e ﬂ*@&qwg)éﬁetﬁv@ £3 a@éﬁ'g 08N be

processed tod f oans,

coati ngs and hesgvg S)%rcgﬁ%de%béqbgﬁdg%g?@dggw?l[c @g{re ﬁby the reaction
of an aqueousinsatiratedtertidry alcutiodd asabmpletimg hgtamtBJeous solution of a netal
cyanide salt in the presence of an organic conplexing |igand such as, for
exanple, an 20 ether. In a typical catalyst preparation, aqueous sol utions
of zinc chloride (in exceﬁgc@éﬂggggsgpbm@%@gmngﬁgbal tate are m xed,
and di methoxyet hane (gly - he fornmed

suspensi on. After mémblemétahcwrdde\wmmgzonﬁplem add wel Khowntih teagous gl yne

solution, an active catalyst of forpula: 25 3[Co(CN) 512 xzZnC 2
yHZO zgl yne for catalyzing epoxide polymerization. Double metal cyanide (DMC

catalysts for the polyaddition of alkylene oxides to starter compounds,
which have active hydrogen atoms, are described, for example, in U.S.

10 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,
and polyetherester polyols. The polyether polyols obtained with DMC

15 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
the presence of an organic complexing ligand such as, for example, an

20 ether. In a typical catalyst preparation, aqueous solutions of zinc chloride
(in excess) and potassium hexacyanocobaitate are mixed, and
dimethoxyethane (glyme) is subsequently added to the formed
suspension. After filtration and washing of the catalyst with aqueous glyme
solution, an active catalyst of formula:

25

Zn3[Co(CN)g)2 xZnCly'yH,O'zglyme

is obtained.



I s obtained. -2- There has been a great deal of research devoted to the
study of DMC catal ysts since the original disclosure in U S Pat. No.
-*3,404, 109, assigned to CGeneral Tire. ALJthough this patent nentions that

al cohols, -‘including tert-butyl alcohol”{TBA), ethers, esters, and ot her
conpounds are 5 required as conpl exing agents to obtain active catal ysts,
subsequent i nvestl @ir@ﬁsbq%b%géﬁﬁt&eiahﬁgquﬁa&h devried ta il skilyPfyme” and

diglyme for | . Ip: ) ,922). I scovery
that ‘OnC ca 479G ERRERI NG, «RLEGRA ROTebhE U LN A0l RS T ds)
exhi bi ted enhapepdcatGenériat TRE aAItholigh tHi8 patemhentiengtaraldohotd)i ft toward
devel opnents where TBA was the prinmary conplexing |igand. The uni que

activity of TeAudagdartanay! aimimﬁﬁBé)}lﬁbetﬁe@ﬁthan@mdmgmﬁﬂoprmpqmiﬂafg (U. S.
Pat. Nos. 5,470, 813; 482 .908: 712..216:; 783.,.513) . [ fore, effort
Lo achievE " CBHEFAAR oMLY Anefls Boidm vk AiRle sBSEHEE oy S
yi el ded DMC Jhvédtigatiyas fodudetl fIRhamy BnsétAbisPsdch 49 gBnydTBnd afigigmeyfer ens.
Until the present " time, it appeared that the enhancenent in reactivity by

t-butyl al cotastivesatalystquepatians éUcd Hai 58i9%%2).ar al cohol s such as tertiary
anyl al cohol gave - catal |t Lani £ | v..di i i reactivity. In
addi tion, polyols T%é@cﬁér& tﬁ%%@@ §%@W§&%’ﬁ%@&%%ﬁqienltg\ygjl]%fc&p%ﬁnsat uration
>0. 15 meq/ g guHpafedeekbkaicHd-2u8ep3 parbited ehhah@sEcatahgicatabiig catal ysts.

The patent literature is relatively silent as to the use of other tertiary

al cohol s 18s duapinted agiremgdinsbift inwayd/develpmentawhared Buas the. 6, 376, 645,
corpl xi ng. agRHtmramER g e, 1 Boadedurrron R aseliVEE ' 55 rovever,
no exanpl es agRalsR\HaiesbdmcontimiRusiahfIreARg (WSTIRas Wy, 8 470,86®d is used
and further, no mention is nade of the suitability of the Iligand in other
types of DMC ZA4Bal908t 8,712,216, 5,783,513). Heretofore, efforts to achieve
comparable results with other tertiary alcohols have only yielded DMC
15 catalysts that perform similarly to glyme-based systems. Until the present_-
time, it appeared that the enhancement in reactivity by t-butyl alcohol is
unique because other similar alcohols such as tertiary amyl alcohol gave
catalysts with a significantly diminished reactivity. in addition, polyols
made with other tertiary alcohols have high unsaturation >0.15 meq/g and
20 require larger amounts of these less active catalysts.
The patent literature is relatively silent as to the use of other tertiary
alcohols as complexing ligands. WO 01/04182 A1 and U.S. Pat. No.
\ 6,376,645, both assigned to Dow, mention unsaturated alcohols as a
potential complexing agent in a hexanitrometallate modified DMC catalyst.
25 However, no examples are provided in either reference where such a
ligand is used and further, no mention is made of the suitability of the
ligand in other types of DMC catalysts
As those skilled in the art are aware, even the best double metal
cyanide (DMC) catalysts can be improved. Less expensive catalysts with

30 increased activity always remain a desired goal. Therefore, a need exists



As those skilled in the art are aware, even the best double nmetal cyanide
(DMC) catal ysts can be inproved. Less expensive catalysts with 30 increased
-activity always renmain a desired goal. Therefore, a need exists -3- in the
art for a DMC catalyst nmade with a Iig'a3n'd ot her than TBA that has the sane
or better activity. SUWARY OF THE | NVENTI ON 5 Accor di ngl t he present

i nvention prdRithartder a MEgatelyshmade withya figaed ptbm)theaﬂ%@%t% h@st h

unsaturated t ' . conplexing |ligands. Surprisingly, the
I nvent or has tﬁ%tghg{%ﬁg%&g%p Cgly\/ll g tertiary unsaturated al cohols, such as

2-met hyl - 3-but ene-2-0l (MBE), as conplexing agents results in catal ysts
that are at | east conparable (even 10 though no TBA is used) in activity and
unsaturation of the polyols e activity and polyols

produced with t hen,g#c‘i?)i@ngiy, %rﬁ}%ﬁre%reht H\\@nﬁgﬁ ?%(i}{\a{rilés \ellﬂﬂfes oGid RLAET

advant ages and be present 1 nve e apparent fromthe

Det ai | ed DesayapideofDMC) chalygiy vithi s dteratedtelbatyedovhol 8RBsHomtexiRg PTI ON OF
THE FI GURES The present i nve*lt ion will now be de@?}i bed for purposes of

i |1 ustration lgaadaoSurprisingly the inMerienhasdeurshthatemplaeingitgtiads, wherein: 20
Figure 1 sho ' r I t yani de ( DMC)
cat al yst rrad\(,a},fnv\sn%ﬂ#apéeq:%psﬁal%ag%?ﬁ§§%F#§M—§'@H§R§%§|r@ﬁé@gea§i cts an infrared
(I'R) spect r unscphplaxidgyentsrdsilits i6 yatlggas (hiare G lied st ebniprigbIwi (Blen

2-net hyl - 3-butene-2-0l (MBE) as the |1gand. 25 DETAI LED DESCRI PTI ON OF THE

| NVENTI OO0 THBoRgR sentBA is/esed)dn agtivity apdvupsatysaiion etiderralyglsr poses of
produced therewith to the activity and polyols produced with the state of

( the art DMC catalysts.
These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein
15  below.

BRIEF DESCRIPTION OF THE FIGURES

The present invention will now be described for purposes of

illustration and not limitation in conjunction with the figures, wherein:

20 Figure 1 shows an infrared (IR) spectrum of a double metal cyanide
(DMC) catalyst made with tert.-butanol as ligand; and

Figure 2 depicts an infrared (IR) spectrum of a double metal
{ cyanide (DMC) catalyst made with 2-methyl-3-butene-2-ol (MBE) as the

ligand.

25

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described for purposes of

illustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages,
30 functionalities and so forth in the specification are to be understood as

being modified in all instances by the term “about.”



illustration and not limtation. Except in the operating exanples, or where
ot herwi se indicated, all nunbers expressing quantities, percentages, 30
~functionalities and so forth in the spgcification are to be understood as

being nodified in all instances by the term "about." -4- The catal ysts of

th t d t al d ts de f
non- hexa ni tro. etk GAPESERa AraRs M uATHoNAe AObYB AR SaRsRuNd, one or
rore unsatur g | EIERTBLE S ItholARm Aol %@c&ﬁta%.ngag)gmeon t he

anount of cafa unctionali ze aV| ng a er average

nmol ecul ar welngﬁal gyaride cotripaundfone oDcminéemlsatLaiatedytemaig aldo¥io)s andpounds
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, an _ rerer IS Cchosen rom e
Co(11), and Nn\(antlpn arﬁtﬁ% %wradzﬁslfg%weieé@m}emﬁ@ﬁ%h NéRosen from
hal i d hyd |
e ey anat o NelteEsolable Abfal cTANPRNAIC THY ARldHSIRHE LG sall BB &

from1l to 3 ad tlseh‘mmﬁwlasxlimﬁ:m/wh@hdv |sthbsemfroM ZE(XE)mF)é(eE) Wi(l1), sui t abl e
nmetal salts include Lim c brom de,

zinc acef@t eM&(ﬂh)»cC%'ét %HQI aBE('BnB@@“ MQ(&V)@MQM} é\l(”i) N&V}n\f(ﬂ\é} e, iron(ll)

sulfate, iro \gin,,g t I ate,

ni ckel (11) fgr I'C Q/ Wh% r(ﬁn Mb%n eifé’d%ﬁw (g%;%eﬁﬁg%ﬂt her eof .
20 The water Mllylﬂefelm@b(h)aml NT(Id))rrEIhathéﬁnmmenxas prafgrabty ah avj@ni de  salts
used to nmake the double nmetal cyani de conpounds preferably have the formula

(Y)a M ( CN) b chagen fiomhatde, I\hydlr%X'@%o%éfﬁtQ (P eRate| gyanide, g4ajate, co(11) ,
Pil oo Uebpordit! Bherdl sl cfbbhi, Mol ) R

15  value of n is from 1 to 3 and satisfies the valency state of M. Examples of .
suitable metal salts include, but are not limited to, zinc chloride, zinc
bromide, zinc acetate, zinc acetonylacetonate, zinc benzoate, zinc nitrate,
iron(1l} sulfate, iron(ll) bromide, cobalt(ll) chloride, cobalt(ll) thiocyanate,
nickel(l!) formate, nickel(ll) nitrate, and the like, and mixtures thereof.

20 The water-soluble non-hexanitrometallate containing metal cyanide
salts used to make the double metal cyanide compounds preferably have
the formula (Y)a M'(CN), (A): in which M' is chosen from Fe(ll), Fe(lll),

! Co(ll), Co(lli), Cr(ll), Cr(IIl), Mn(1l), Mn(llt), Ir(1l1), Ni(ll), Rh(ill), Ru(ll),
V(IV), and V(V). More preferably, M" is chosen from Co(ll), Co(lil), Fe(ll),

25  Fe(lin), Cr(li), fr(1), and Ni(ll). The water-soluble metal cyanide salt can
contain one or more of these metals. In the formula, Y is an alkali metal
ion or alkaline earth metal ion. A is an ion chosen from halide, hydroxide,
sulfate, carbonate, cyanide, oxalate, thiocyanate, isocyanate,
isothiocyanate, and carboxylate. Both a and b are integers greater than or

30 equal to 1; the sum of the charges of a, b, and ¢ balances the charge of

M'. Suitable water-soluble metal cyanide salts include, but are not limited



25 Fe(lll), C (i), Ir(lll), and Ni(lIl). The water-soluble netal cyanide
salt can contain one or nore of these netals. In the forrmula, Y is an
—alkali netal ion or alkaline earth netgal ion. Ais an ion chosen from
hal i de, hydroxide sul fate, carbonate, cyani de, oxal ate, thiocyanate,

| socyanat e, |sot and car Bat h and r egers
o eat or 1 han By POBGSURTBRRacyBR0cSRARIEHN G StaeSum Bl aRofFarelihna ;
bal ances the prdiaég@mqiexa ane%rrfaeé?(hg VAERIM Rekad)motebaltateyiani IAkiuaR! t S
i ncl ude, but are not |im &g assi um hexacyanocobaltate (I 1),

pot assi um hemmmmtéta (i ),, an(ﬂ)mea um hexacyanof errate(l11), calcium
hexacyanocobal tatefl ]| I I t.hi Qcobal t I nd the |ike.
Exanpl es of doubl QPS&QﬁPﬁ@ '@8% %B' C{aPAPY sbt Lé@a%FHJS%j 'Phe

i nventi onsi nahdqgveritioh ifXaa®! Br exhRpld) SXRCH h@b@@él%té' () zingi nc
hexacyanoferrate(l11), nickel hexacyanof errate ,

hexacyanocodeQWE@m(DfB}ratea(HB nickel rneo@cym@fterr@ﬂe HXaQqﬁadis of sui t abl e doubl e

| de_conp] U s
Leachi nge. of NAACAAG0 @ et Ibr 3ERMNTIER FulGe: eteiRs ol Sutattedoble
hexacyanocob%bﬁau@ yhhibbloohfpl @4y 8l IRfled e, PIPReNo. EMEFOIBTheNp! oys one or

nor e unsat ur at ed tertlary al cohol's as the conplexing ligand. The term
unsat ur at ed iteaokiegs loémwhiich are lncelfp@rated henginkiyneefefengas atinc r at i on i nvol vi ng

b ttached .t b b f tert
2 Conol  Tohe AT ERGCaRtald iy BFBRA onal < userul i n the present’
invention may be dpgd prafeRdimentibs ehdiio|E éne oF mdrk URBatratddUertid®y/ OH

wherein 20 R represents a group contalning fromtwo to twenty Carbon atons
( alcohols as the comp exmg ligand. The term unsaturated is used herein to

refer to any kind of unsaturation involving a carbon atom attached to the
hydroxyl-bearing carbon of a tertiary alcohol. The tertiary unsaturated

15 alcohols useful in the present invention may be designated by the formula .-

(1)

N
/\

wherein
( 20 R' represents a group containing from two to twenty carbon atoms
having at least one site of unsaturation, where an unsaturated carbon
atom is attached to the hydroxyl-bearing carbon of (). Atoms other than
carbon and hydrogen may be present. R may be an aromatic group.
R? represents a group containing from two to twenty carbon atoms
25 having at least one site of unsaturation, where an unsaturated carbon is
attached to the hydroxyl-bearing carbon of (I) or one to twenty carbon

atoms free of any sites of unsaturation attached to the hydroxyl-bearing



having at | east one site of unsaturation, where an unsaturated carbon atom
Is attached to the hydroxyl -bearing carbon of (1). Atons other than carbon
;and hydrogen may be present. Rl may began aromatic group. R 2 represents a
group containing fromtw to twenty canon atons 25 having at |east one

site of unsaturation, where an unsaturated carbon is attached tg the
hydr oxyl - beafPRiPNdE) e othey than 6 Oﬂ"cﬁﬁ%}‘ﬁ@%@mﬁ}‘n e&f@ﬁ%"frpee of any

sites of unsgi o the hydroxyl-bearing -6- carbon (1). Atons
ot her than car o@né gﬁ%@%ﬁﬁe eﬁ Ftr’ray be present. R2. nay be an aronmatic group.

R3 represents a gROuppresents aignoud comtaining front vemtoy twentp eartdroatomshavi ng  at
| east one site of unsaturation, where an unsaturated carbon is 5 attached
to the hydroR@Vingetiear) e Hienolinsatyragpnowbere,an wasaturatedlsahben ns free of

any sitesgof ggbeaq on (1).

At ons otflser gﬁ?%d;rcﬁﬁwquyr@%@ ro lnli?océrBSn Wg ggéh?%%ée&gtca%@ﬁre of one
such unsaturatdmb freetcfany aﬂescﬂfcnjnsamra‘emﬂnattaaaemtutendwyﬁfoi(yl(ti@ﬁhg i's given
bel ow. CH3 ~CH3 | - 3-but ene-2-0l (MBE) 10 The DMC catal ysts

of the i nvenF?@?naKII)deiol‘m Gtﬂ’é*rﬁ'?%?rﬁ@o@ Q"Bj Rydrpeengmanhe eesitanount of
catal yst, of a fu%gfgrgja L#féetﬁ o‘?%lé’ d ?erﬁ%{iorg:eeﬁ 208, 0D ecul ar

wei ght greater than nct1 ona p yner s -i'nc polyethers,

pol yacryl at eputepel-3ai{MBE), |grg;mmbelow3 functionalized pol yners such as
described in U S. Pat. No. 5,714,428, the entire contents of which is

herein incorporated by reference thereto.
CHs

( ——————'~CH3

OH
2-methyl-3-butene-2-ol
(MBE)
10 -

The DMC catalysts of the invention also include from zero to

80 wt.%,. based on amount of catalyst, of a functionalized polymer having
a number average molecular weight greater than 200. Functionalized
polymers include polyethers, polyacrylates, polyamides, or other

15 functionalized polymers such as described in U.S. Pat. No. 5,714,428, the
entire contents of which is herein incorporated by reference thereto.
Preferred catalysts include from 10 to 70 wt.% of the polymer; more
preferred catalysts include from 15 to 60 wt.% of the polymer. Although at
least 5 wt.% of the polymer may be needed to significantly improve the

20 catalyst activity compared with a catalyst made in the absence of the
polyether, catalysts within the scope of the invention may be made without
any polymer. The polymer may be present in the catalyst of the present
invention in an amount ranging between any combination of these values,
inclusive of the recited values. Catalysts that contain more than 80 wt.%

25 of the polymer generally are no more active, and they are impractical to



Preferred catal ysts include from10 to 70 wt. % of the polyner; nore
preferred catalysts include from15 to 60 w.% of the polyner. Although at
least 5 wt.%of the polynmer nay be neeged to significantly inprove the 20
catal yst activity conpared with a catalyst nade in the absence of the

| yether, catglysts within th f. the i L de wit hout
By pol yrer - ST et DRfgl ety cReALPIFHIY MoKy FE S BeT PRE presont

i nvention i n R0 MPYHiidd.angi ng bet ween any conbination of these val ues,
inclusive of 'the recited values. Catalysts that contain nore than 80 wt. % 25
of the pol yner gerfaitable/fumctonalizedrpolwners/for usedn the pregent ingendioni cal to -7

[ | at d 3 th i.cal l ti t th th
ool e 2 uos, BERlh Lok Bl YD Cal e ot ShY Rases pPLISE Lhan
I nventiong | '&ﬁ&@?aﬁ@bﬁ@kiﬁ%&&é@ﬁ?%{%&@tﬂé BoIPSPRaBir ARy BFUFERY | zation of

cyclic 5 ethers, and epox nmers, oxetahe polyners, tetrahydrofuran
pol ynmers, angoiymeisi kod thelikere Anydnethodanf alajedysis megy be usseddo eakeathe t he

pol yet hers. Th ol yethers can have any desifed end groups,.including, for
exanpl o, hydPOMATIES T PREReTs £enBEve Gy drSireRiEnd GoUPS; NEW AT y ot her s
are pol yet her ' | O ht-8S 10 from1l to
8 and nunber f%'@@@aﬁ%%@%@&%?@é?’%ﬁ@%?ﬁhrEﬁrgmﬁéangiéf%ﬁré&looo to 10, 000,
nmor e pr ef er alpojydthens areqlyash&0palyoisHesingaveragediyidyoxyirfutectiopalpigsy mer i zi ng
epoxi des,in the presence of active hydrogen- cantaining.initiatofs and

bast o, adPdi dorBr B AR ROMURY S AP BT PR GG SRE 5Py ot <)
Useful pol yet{ugp tBoloy@d e, rhofe Hl%?er%ﬁl fmtb%tﬁjo.,mﬂ\é/s%&%résually

pol y(oxypropyl ene) polyols, poly(oxyethylene) polyols, EO capped

pol y(oxypr opyhade py polyyoerzingrieperideSirtheptesense of botive bydrogende pol yners,
D e X ARG ER g ) o e B an bl BraRnS oL
pol y(oxypr opy|RRRInP IO catalPRsS.| O8bRA b¥iyattrpoiftls iHdRle
15 monofunctional polyethers, poly(oxypropylene) polyols, poly(oxyethylene) .~
polyols, EO-capped poly(oxypropylene) polyols, mixed EO-PO polyols,
| butylene oxide polymers, butylene oxide copolymers with ethylene oxide
and/or propylene oxide, polytetramethylene ether glycols, and the like.
Most preferred are poly(oxypropylene) polyols, particularly diols and triols
20 having number average molecular weights within the range of 2000 to
4000.
The present invention also provides a method for preparing DMC
( catalysts useful for epoxide polymerization. The method involves
preparing a DMC catalyst in the presence of a polymer having a number
25  average molecular weight greater than 200, wherein the DMC catalyst
contains from 0 to 80 wt.% of the polymer.
Briefly, the method involves reacting, in an aqueous solution, a
metal salt (excess) and a metal cyanide salt in the presence of
unsaturated tertiary alcohol and optionally polymer. Where included,
30  enough of the polymer is used to give a DMC catalyst that contains from 0

to 80 wt.% of the polymer. Catalysts made using the method of the



20 havi ng nunber average nol ecul ar weights within the range of 2000 to

4000. The present invention also provides a nethod for preparing DMC

catal ysts useful for epoxide polyneri z_est_i on. The nethod involves preparing
a DMC catalyst in the presence of a polymer having a nunber 25 average

nol ecul ar wei.ght greater than 200,. wherein the catalyst contains fromO
Fo 80wt 9 ofifYaRItRITeee naattearacyv Y F SRR SIS GEUOR SREHETES | n an
aqueous ol utyiisinfiar BBt st8 Bépdr8Y (7% aBEhcs Shlpdhifgt.de salt in the
presence of u'nsalturaate Ser?!’aey al coho? ancf%opt bor?al y polynmer. Were

i ncl uded, 30 enoudh avle mbthgdodfithe inventiosedqueous selubiomd/of g anetbysalt t hat

tai f 0, to 80 . % af t | ., Cat al yst d ' th t hod
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one net hod of e I nvehtion, ‘aqueous solu a nmetal salt (such as
zi nc chl ori ddhe apnelsencecof- hesatorated dettiary alceholaurging effitjentenixingtocyani de sal t

(such as potassi,um hexacyanqcobalt at e re first reacted i t he esence of
noat urat od. REPHHEE § CRAUSAIIRG, Ahodreiebsahis wead tesssprnkanyth ol ver
slurry. The I End ¥ %? I ntains the
reactiyon proz}ﬁl%:r?y Séﬁﬁaﬁ'uneé ﬁrr]gﬁ%?gtslglp an %%hgﬁg%tﬁ?gﬁbsgﬁ# C\%P@% Is the

doubl e net al sajtamihich ischpdonble Metal qyarslertorapeurid) Alsogwesertarle salt, water,

and unsaturated tertia | cohol; each is., jnpcorporated to sonme extent in
the catallfst RCESEIMFtE LathalRG angr s Ried [ERigY AICR) S3Rh Sho | ncl uded

wth elther dhobipbiaiolfio el heldaudpbiid piireor 1t may be added Lo the

catal yst slurry "1 medi ate Wi ng precipitation of the DMC conpound. It
ils preferred 15 tol'lpr ensaturatee teniaat alcaheldnag bei included edtiodithvértdr beith her
aqueous sol Ut L.qp, aleons Satt sofutions of i méy beaddsd 63AS Ayt sturry
immediately following precipitation of the DMC compound. it is preferred
15  to pre-mix the unsaturated tertiary alcohol with either agueous solution, or .~
both, before combining the reactants.
The agueous metal salt and non-hexanitrometallate containing
metal cyanide salt solutions (or their DMC reaction product) preferably
may be mixed efficiently with the unsaturated tertiary alcohol to produce
20 the most active form of the catalyst. A homogenizer or high-shear stirrer
may conveniently be utilized to achieve efficient mixing.
The catalyst slurry produced in the first step may optionally be
combined with a polymer having a number average molecular weight
greater than 200. This second step is preferably performed using low-
25 shear mixing. If very efficient mixing is used in this step, the mixture tends
to thicken and coagulate, which complicates isolation of the catalyst. In
addition, the catalyst often lacks the desired enhanced activity.
Third, the polymer-containing catalyst is isolated from the catalyst
slurry. This is accomplished by any convenient means, such as fiitration,

30 centrifugation, or the like.



The aqueous netal salt and non-hexanitronetallate containing netal cyanide
salt solutions (or their DMC reaction product) preferably nmay be m xed
efficiently with the unsaturated tertigy alcohol to produce 20 the nost
active formof the catalyst. A honogenizer or high-shear sti rrer may

conveniently be ut I|ze hi eve efficient cat t slurry
produced in the f| ﬁ%ﬁgm@%ﬂf?%ﬁ@ﬂ'}ﬂ B%alyg})mﬂ \?ﬁetwaﬁ r having
a nunber averggg n@é@s@)nafow:ﬂf&fontésﬁ@aaaﬁ.ohaaéhtapﬁedTémﬁrf%eﬁ@ step is
preferably perforrred using low 25 shear mxing. If very efficient mxing is

used in this \é/tagbgngtmeymr&femtéybemmcmpblshad@Pyerasbmrdlngntﬁ@naiabrst nttheh

| t | at fLhe t t oft
"acks the- destispusrniian O el ity Aol Blonkr Tt el cat al yst
is isolated fl&@l’é‘tlbh%téf@t ?hiéﬁkasfﬁﬁgléfe)b refhdves! ifnAERIBERdnS Biesl chtayaRy

conveni ent neans, such as filtration, 30 centrifugation, or the like. 9_
The i sol ated Iﬁqumiy-, dloeaaiauinh of uasamﬁied teryianhalcobel weechiacthis aquenusaqueous

[ uti t hat t dqdi t td | cohol
oref er abl y. beSEEIms WERBAG jandE PR etk T ROt istEI5 B eeidicons
sol ution of URERI'REpbRidran habgassls séptibRerdndiufaealishisry 5 1ol ation

step. This washing step rénoves inpurities fromthe catal yst referably,
t he anount ofalgekalt ulrhe ashount of mlymaruroﬂnel waske dolutionlis preiq[mbwgnthml ution is

W|th|nt neof4 Yo | so ferred to include

sone pol y@e a’ﬁ ?ngé)gge%é’ fg’fﬁwg%n' UC{W&Q HP@EIH"( Wash St cohol . The
amount of pov\g rall@ehﬁﬁnd&%bté@lsﬂéétm is preferably V\Athl n 10 the range of
2 Wm.%to 8 % Including a polymer in the wash step generally enhances

chtal yst activity. AMlergjugtsmlgmmhmgAﬁehusw@‘mtsdp givg ajcatalystovith ve a
catalyol Wb SIS Lttt B UL S i SpgEL >t T
Preferably, t&gsequentwash canbe a repeat of the first wash. Preferably, the
15  subsequent wash is non-aqueous, i.e., it includes only the unsaturated .-
tertiary alcohol or a mixture of the unsaturated tertiary alcohol and
polymer.
After the catalyst has been washed, it is preferred to dry it under
vacuum (26 in. Hg to 30 in. Hg) until the catalyst reaches a constant
20 weight. The catalyst can be dried at temperatures within the range of
40°C to 90°C.

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

Comparative Example C1
Preparation of DMC Compound with tert-butyl alcohol (TBA)
The comparative catalyst is made in accordance with the
30  procedures described in Example 13 of U.S. Patent 5,712,216.




15 subsequent wash is non-aqueous, i.e., it includes only the unsaturated
tertiary al cohol or a mxture of the unsaturated tertiary al cohol and

pol ynmer. After the catal yst has been Wﬁhed, it is preferred to dry it under
vacuum (26 in. Hg to 30 in. Hg) until e catal yst reaches a constant 20
wei ght. The catalyst can be dried at tenperatures within the range of 40C
to 90C. EXA present invention is further illustrated, but is not
to belimte : : e eanpl e Cl
Preparation re C i}
catal yst is nade |An1|a<betfradhmadvbdﬂmnn ﬂesk %smqmmhdwﬁh@asuechbmdai n Exanpl e
13 of U. S Patent 5,712, 216. -10- Exanple Preparation of DI\/E: ound with
2- et hyl - 3- biPREAIE: Strear, healing mentle. aa%lﬁuearmem%erb&%twﬁﬂfwa; 259 qui pped

VII)|VI ts? [ ?I (rand3 Ggpveé%a%%d%?f%dﬂh%gﬁats'krf&?%e&(;ﬁ? ?%ema{iaqg?ﬁo d&’?d éngf‘?eé echm cal

grade zinc cl8ufficidet £idd ogide Veas bddee nd bzmgd:h@alkdmnmpefﬂt@d@&tém tbring the
al kalinity of ch systemto, 1.63% ZnO The m xture was sti rrgg at 400 rpm

and heat ed t d-8¥& 4P IThednixtye wagstiwed at 4PQ spmand heated to 50°C until
2-nmet hyl -3-b t I dth
teggergture \L/%tlfalgd?ﬁ%gﬁtegq ﬁégggte%g@é"%%mgﬂﬁ-gﬁggglﬁ?igﬁaﬁsggﬁ a?gd W '?h

pot assi um hexearyaddexbieathieadadutioh dn@the temfiratrameasmadtitainedl &t cb0rGt er . The
pot assi um hexacyanocobal t ate sol uti on was added to the zinc chloride
sol ution1Bver a dh&espnd s¢latiorwasmreparesiwith PefpsRiMconpl ete, stirri ng was

cont i nued forhex%@yﬁ%otb'aﬂaf@ (7 M YHE §rths BF Gistifted Wdtdr. SPAEbbRRsRIm 1 k diol

(7.9 9),
(

hexacyanocobaltate solution was added to the zinc chloride solution over
a one-hour period. After addition was complete, stirring was continued for
an additional 60 minutes at 50°C. A third solution of 1k diol (7.9 g), MBE
15 (27.1 g), and water (14.9 g) was prepared and added to the flask atthe .-
end of the 60 minutes. The flask contents were stirred for an additional 3
minutes before the solid wet cake was collected by filtration. The filter
cake was resuspended in a beaker with 78/22 (w/w) MBE/distilled water
solution (100 g) using a homogenizer. The suspended slurry was
20 transferred back to the initial reaction vessel and the beaker was rinsed
with the 78/22 solution (72 g) to transfer all of the material. The slurry was
stirred for 60 minutes at 400 rpm and 50°C. A 1k diol (2.0 g) was added to
|, the flask and the slurry was stirred for 3 minutes. The mixture was filtered
and the filter cake was resuspended in a beaker with MBE (123 g) using a
25 homogenizer. The suspended slurry was transferred back to the initial
reaction vessel and the beaker was rinsed with MBE (44 g) to transfer all
of the material. The slurry was stirred for 60 minutes at 400 rpm and
50°C. Then a 1k diol (1.0 g) was added and the mixture was stirred for 3
more minutes. The slurry was filtered and the solids were collected to dry
30 in a vacuum oven overnight at 40°C to 50°C. Final yield was 10.4 grams
of dry powder. (Zn =22.9%, Co = 10.1%, Cl = 4.0%)



15 (27.1 g), and water (14.9 g) was prepared and added to the flask at the
end of the 60 mnutes. The flask contents were stirred for an additional 3
m nutes before the solid wet cake mas_ggllected by filtration. The filter
cake was resuspended in a beaker with /22 (ww) ME/distilled water
solution (100 g) using a honogeni zer. The suspended slurry was 20
transferred back to the initial reaction vessel and the beaker was rinsed

with the 78/%% (72 g) to transfer all of the material. The slurry
was stirred i nutes at 400 rpmand 50C. A1 k diol (2.0 g) was added

to the fl asiPrepdrdtioa o:fll]MO/Cmosnd iwitho?-Meth 8l-3rabatyreR-ol MBI xt ure was
filtered and the filter ke s . res ended in a er w (123 g)
using a 25 hom)gerﬁiL rgﬁ&?&’éﬂlﬂ@g‘&}”@? %&PQ‘?CE F@r"r“@&hﬁﬁ'@ﬁ to the
initial Eeacf] e g)

transfer aI I (btadgfé %@?énibgraﬁg? H}ﬁﬂtﬁ'g ahurrt%mﬁgémgﬁfregwbd\@gbéﬁénutggs at 400
rpm and 50Cwddadded fo thediask f()lloxﬂe@by\hamrachdegiadadlrtdmmlcke @%ghas stirred

for 3 nore mnutes. The s]urr s filtered dt he O|IdS Were col l ected
to dry 30 |nSéJ euh&mevéh;eowg%/ ﬁﬁgﬁ@ t%Pr'ag@eak@b@tyﬁ &Ndowas 10. 4

grams of dry R % % ' le 3
Prepar ati on of% oun %”t%h‘%"igﬁfe?%é% %gﬁ?@nagd ﬁ?gt 9) ACFﬁﬁggffled
round bott omdill cafskke\sahd dipsopyeeld Wharh 2ameﬂ0jh«3ntbu:t§h Sop@EdYe, ¢5idrglewas heat i ng
mantle, and a thermpmeter. Distjlled water 275r%a|n was addﬁg to the flask

foll owed"Qy t%’&@ﬁlt@éhe@PM@”ﬂ%th@H?mﬂeﬂ%tu(%‘?’aﬁ) tined @t eHtCzi nc oxi de was
added to bring th I[séqem 0 ZnO. The m xture was
stirred at 400 r %%ﬂ IbYomNa%%e% t ;&Ptéﬁsﬁ%ﬁe sol i d dissol ved.

Then, 2-net hWexéctbarhom}b%Atate (7. M@Yi’n dI%EIJéU g/)atamdsO(Il@ adtheddtassibm sol uti on and
the tenperature was maintained at A second, sol ution was prepared with

pot assi um he¥XEFyaRR@Daltate %O‘EVOWV‘@F addegi torthe jzing Ghipdde §Qb@°§)°Ve‘The

potassi Um 4 one hour period. After addition was completed, stirring was continued
15  for an additional 60 minutes at 50°C. A third solution of 1k diol (7.9 g), .-
MBY (30.8 g), and water (14.9 g) was prepared and added to the flask at

the end of the 60 minute period. The flask contents were stirred for an

additional 3 minutes before the solid wet cake was collected by filtration.
The filter cake was resuspended in a beaker with 78/22 (w/w)

20 MBY/distilled water solution (100 g) using a homogenizer. The suspended
slurry was transferred back to the initial reaction vessel and the beaker
was rinsed with 78/22 solution (72 g) to transfer all material. The slurry

( was stirred for 60 minutes at 400 rpm and 50°C. A 1k diol (2.0 g) was
added to the flask and the slurry was stirred for 3 minutes. The mixture

25 was filtered and the filter cake was resuspended in a beaker with the MBY
(123 g) using a homogenizer. The suspended slurry was transferred back
to the initial reaction vessel and the beaker was rinsed with MBY (44 g) to
transfer all of the material. The slurry was stirred for 60 minutes at 400
rom and 50°C. Then,. 1k diol (1.0 g) was added and the mixture was

30 stirred for 3 more minutes. The slurry was filtered and the solids were



hexacyanocobal tate sol uti on was added to the zinc chloride solution over a
one hour period. After addition was conpleted, stirring was continued 15 for
-an additional 60 m nutes at 50C. A thi{ solution of 1k diol (7.9 g), MY
(30.8 g), and water (14.9 g) was prepat®d and added to the flask at the end
of the 60 mnute period. The flask contents were stirred for an  additional
3 minutes befcolecteddo slhy ina waeuumIQveReyeraight at 40° CMO PPIGy dfinahyieldrhe filter
cake was res e o/ o /d | ed wat er

sol ution (103{%&) W%dgr{bn"sawqﬁgg’g)n(”d\z%r ﬁéezzétfs%e%%egzdg/gl@/ A§W§S transferred
back to the initial reaction vessel and the beaker was ri nsed wi th 78/ 22
sol ution (72& to transfer all material. The slurry was stirred for 60

m nutes at 4 mﬂ&ﬁaﬂﬁﬂ En@mpla G4 « d| ol (2 0 g) was added to the flask and

the slurr i ; , aq\filtered and the
filter cake W™ Spefiaet VB 39) using a
hormogeni zer. The wspezm&sﬂ ﬁiumarbotmﬁ ﬂésnmfseéqmplpétawhh d melchanicai ti al
reaction vessel and t he beaker was rinsed with Y (44 g) to transfer all

of the mat er iR@ddiersigrey, heatingaanile; apd@ thérmem%rmml%tdleétwaf@o( fdm and 50C.

minites. The SPTPTYARal o dERRaR ISR ol BPade 2B HERE "t o ary 1
a vacuum oveqse@grmmuemtm&@«a@ vﬁég-‘addfémﬁi biihg ke am@ﬁmﬂyloﬁth@rsgﬁerﬁf dry
powder . §|Zn =22 9.9% d = 4.29% Conparative Exa

Prepar at ilBn 40 15%1‘27 o@nPolhe thlﬁet\'éa& stifrgd abf R em E{ﬂmh@afﬂdjtolﬁoo'&f fled round

and & ther mort LA SHEFRRICLY S P38, €3t amirafbolt A 4 PRIk
flol I oned by tRfed toahe gbREBNZINACthetbMpedsturd a&s%aln&ﬁéd@t g0tCzi nc oxi de was
added to bring the alkali m|§glé00f the system 10 to 1.26% ZnO The m xture was

stirred at 400 rprh &fePnbseldtion wasquepargd withpotagsiyme sol i d di ssol ved.
Then, tert- arWe!xa@{/&?&%ba tatéa’(ol 4 g‘?% é‘lsﬁﬂed’\@%ter (100 g). The potassium

15  hexacyanocobaltate solution was added to the zinc chioride solution over .~
a one hour period. After addition was completed, stirring was continued
for an additional 60 minutes at 50°C. A third solution of 1k diol (7.9 g),
TAA (31.5 g), and water (14.9 g) was prepared and added to the flask at
the end of the 60 minute period. The flask contents were stirred for an

20 additional 3 minutes before the solid wet cake was collected by filtration.
The filter cake was resuspended in a beaker with 70/30 (w/w) TAA/distilled
water solution (100 g) using a homogenizer. The suspended slurry was

‘ transferred back to the initial reaction vessel and the beaker was rinsed

with 70/30 solution (72 g) to transfer all of the material. The slurry was

25  stirred for 60 minutes at 400 rpm and 50°C. A 1k diol (2.0 g) was added to
the flask and the slurry was stirred for 3 minutes. The mixture was filtered
and the filter cake was resuspended in a beaker with TAA (123 g) using a
homogenizer. The suspended slurry was transferred back to the initial
reaction vessel and the beaker was rinsed with TAA (44 g) to transfer all of

30 the material. The slurry was stirred for 60 minutes at 400 rpm and 50°C.

Then, 1k diol (1.0 g) was added and the mixture was stirred for 3 more



added to the solution and the tenperature was nai ntained at 50C. A second
sol ution was prepared with potassi um hexacyanocobaltate (7.4 g) in
distilled water (100 g). The potassium 15 hexacyanocobal t ate sol uti on was
added to the zinc chloride solution over a one hour period. After addition
was conpleted, stirring was conti nued Y¥or an additional 60 minutes at 50C.
A third solution of 1 k diol (7.9 g), TAA (31.5 g), and water (14.9 g) was
prepar ed andminkdtes. tlde: slerry waskfiltered ahd tbagolitis wese eolledtadt@dpeinad. The

flask ' [t | .3 . bef h lid
wet cake v SR TBAVER BETenTRLAthe o S iy dlola 1B Bt Gendca i n a
beaker w th E%BQWGW.\QZHEQA/.SH%,SCU* ory Vet e14. 3phution (100 g) using a

honogeni zer. e suspended slurry was transferred back to the initial
reaction vessel antietdataedible hbgstratadhel supetor pafamancefiMC(72 g) to
transfer all of the material. The_slurr s 25 stipred for .60 m nutes at
400 rpm and gg%lysgs @qg[ed\{vgﬁupza@ra%d\,%{ggl’é(ﬂgé%laﬁﬁettq ﬁ?'rﬁaﬁ@te&%d the slurry
was stirred E@ﬁn@rﬁgrﬂqggsam%ﬂgfcéﬁ@qt(qu)y\/as filtered and the filter cake was
resuspended in a beaker with TAA (123 g) using a honogeni zer. The suspended
slurry was transferred back to the imgyial reaction vessel and the beaker
was rinsed with TAA (44 g) to transfer all of 30 the material. The slurry
was stirred for 60 mnutes at @bbCHpW%ﬂQﬁ 50C. Then, 1 k diol (1.0 g) was
added and the m xture was stirred for%ﬁ nore -13- mnutes. The slurry was
filtered and the solids were co%l ecte ?Qn ry in a vacuum oven overni ght at
40C to 50C. Final yield was 11. €@ qry powder. (zn =21.9% Co =
9.7% d = 4.2% The data in Table (TAA) ustrate the superi or performance of
PMC 5 catal ysts made with unsaturated al cohols relative to their saturated

counterpart, tert _B%%lca?allfsqg %ac:(eTmungé?urat%‘éc é_l%c_)r];éi ligéinds (Ex. 2 and Ex.
3) have a higher relative rate of oxide polymerization than the catalyst
10 based on TAA (Ex. C4) and produce polyols with less unsaturation than
those produced with the catalyst based on TAA.

Table |
Ex. C1 Ex. 2 Ex.3 Ex.C4
Ligand TBA MBE MBY TAA
Relative Rate 1.0 0.67 0.61 0.40
OH# (mg KOH/qg) 28.8 28.0 29.0 29.8
Unsaturation (meg/g) | 0.0047 0.0070 0.0116 0.0163
Viscosity (cks) 1150 1211 1152 1186

Catalysts derived from unsaturated tertiary alcohols are unique

15  because they appear to incorporate alkalinity in the catalyst matrix under
conditions where conventional saturated tertiary alcohols do not. DMC
catalysts prepared from tert-amyl alcohol (TAA) exhibit propoxylation
activity comparable to glyme along with high unsaturation. The
characteristic peaks in the infrared spectrum associated with alkalinity

'20  incorporation for these catalysts are: MBE at 633 cm™, MBY at 639 cm”,
and TAA at 643 cm™'. MBE and MBY values for the alkalinity peak are
outside therange disclosed in U.S Pat. No. 5,783,513 which teaches

active DMC catalysts prepared by controlling zinc chloride alkalinity have



CH3 tert-anyl alcohol (TAA) Both catalysts made wth unsaturated al cohol

| igands (Ex. 2 and Ex. 3) have a higher relative rate of oxide

pol ynmeri zation than the catalyst 10 bggsed on TAA (Ex. C4) and produce
polyols with | ess unsaturati on than t hose produced with the catal yst based
on TAA Table I Ex. O Ex. 2_£x.3 .C4 Ligand TBA MBE MBY TAA Rel ative
Rate 1.0 0.6peekaiaboubbedem tkemu rfyared spegBun. Jdofrarehsgectnger ur at i on

Catal yat s dePhedn e %%%3%%?@?% A (RSB AR because

they appear tar. Ltﬂ.ﬂéh@lcésaﬁgarﬂi Hied Fiyutrd 2 for B udid ﬁie)téltcym'idé (DMU})er
condi ti ons where conventional saturated tertiar Eéal cohols do not. DMC

catal ysts pr eptalysd madermitbrd-metyl-3abdiener2-oirdMBESxhi bi t propoxyl ati on
char actarbet e, pedbe BrEUaliE efomRitsbihe ikt TRBAR A MRE ithei iy 20

i ncor porat i Ofpuh&fset drepgstration arfd Ro@mitatidPE 1ailbB8 apphreriY tidsebSMlledt ,  and
TAA at 643 cmi'. MBE and MBY values for the alkalinity peak are outside the

range di scl odethe art that theaembesdimentmedesrbedtharhin mag hesmodifiedvar DVC

bout” 642 criaapsd [hiio s WARGRLARaNbS ol 4R Bkl Bhe Yo B tboun i

Figure 1 for jsveitighl q’H@ééﬂpe&)‘f&ﬁéd@dﬂﬂMﬁ)ls@@bé'rﬁéésd?@d‘by%éfb pedtied - but anol
as ligand and Figure 2 for a double netal cyanide (DMC) ~ cat aI yst made with

2- et hyl 18- b@laims- 2- ol ( VBE) .



5 The foregoi ng exanpl es of the present invention are offered for the
purpose of illustration and not limtation. It will be apparent to those
skilled in the art that the enbodi menjs_described herein nay be nodified or
revised in various ways w thout departing fromthe spirit and scope of the

i nvention. Tm&utﬁ%@venti on is to be nmeasured by the appended 10
clainms. -15- 'S: 1. A double netal cyanide (DMC) catal yst
conprising: & non-Aigyametrhentpaniat eDMTN @italy8OcstapRsiAghet al cyani de
conpound; 5 one or nore unsaturated tertiary al cohols; "and about 0 to about
80 wt.% based on & hen-assanitrogietaliatalopstainiog doubjeimetalaryanideed pol ymer

havi ng a nunber average _nol ecul.ar weight greater than about 200. 10 2. The
catal yst according to aoﬁ'i”?ﬂLT, 'wherein the double netal cyanide conpound is

a zinc hegacyanoc e érdhere Bnsdtlratédtétiff aigeRekdang to Caim 1, wherein the
one or nore unsaturated tertiary al cohol’s are of the formula (1), R R3 15

R OH wherein Rl abopit 8dermboub8gmatp, basrddnitie amaumt ofeatalystwef y car bon
atoms with at | east onz Site af amsgtur tion, where an 20 unsaturated carbon
atomis attached to th “ﬂ?ﬂﬂ’&??-l@@ mef1aving gawngierdYeraas Merdeh at ons
other than carbon and \ighogRAteRMaR@bBUESEN!. R2 represents a group
containing fromtw to twenty carbon atons with at | east one site of
unsaturation where an

10 2. The catalyst according to Claim 1, wherein the double metal

cyanide compound is a zinc hexacyanocobaltate.

3. The catalyst according to Claim 1, wherein the one or more

unsaturated tertiary alcohols are of the formula (1),
1 R3 T
\ / (1)
C
.\
R OH

15

wherein
R’ represents a group containing from two to twenty carbon
atoms with at least one site of unsaturation, where an
{ 20 unsaturated carbon atom is attached to the hydroxyl-bearing
carbon of (1) and wherein atoms other than carbon and
hydrogen may be present,
R? represents a group containing from two to twenty carbon
atoms with at least one site of unsaturation where an
25 unsaturated carbon is attached to the hydroxyl-bearing
carbon of (1) or one to twenty carbon atoms free of any sites

of unsaturation attached to the hydroxyl-bearing carbon (l)



25 unsaturated carbon is attached to the hydroxyl-bearing carbon of (1) or
one to twenty carbon atons free of any sites of unsaturation attached to
‘the hydroxyl -bearing carbon (1) -16- apgl_wherein atons other than carbon and
hydrogen may be present, R3 represents a group containing fromtwo to
twenty carbon atonms wth aﬁ% eas one ﬂ@satu t| on where ,an 5

unsaturated carbon is zﬁn[da r(ﬁuqao[rﬂ%oml(ﬁltiﬁa Y%%Prgﬁar{“8¥ b(3I) or one

to twenty carbon atons fregsntof any sites of unsaturation attached to the
hydr oxyl - beari ng car rbon (1) and wherein atons other than carbon and

hydr ogen may be ;Reserfepre]s@nfs agmmaeraﬂawmgéroamm ttwentgicarban, wherein
t he unsat urated tertlaé‘% alc |s 2-1me ne- 2: ol éI\/BE) 5. The

catal yst according to ﬁﬂ’i' %‘8?% AN ﬁte &]EQ?%%?%@&‘ Wg?ﬁ 'Py 15 al cohol
i s 2-met hgl - 3- but yn- 2- QJnséaMﬁé‘bed &arbdhs féﬁhéthé/cﬂo ﬁ@cwdibiqa -Bearfagai m 1,

wherein the functionalized is a polyether havi ng a nunber
average nol ecul ar wei gtrarbo ofaﬁ%otone)mtwwtam@mOrletom@freemfanyﬁﬁe%at al yst

according to Caim1l, erei tiopa
pol y(oxypr opyl ene) di ol° ﬁﬁ Q Hrﬁé'? é;&) h? %1%8 'rng %Sﬁrﬂt(l of about
2000 to about 4000. 25 ghq Whéréwbﬁirwbﬂ%‘ﬂtﬁéﬁ“c@ﬂodrpa@ ﬂxmobe‘hcmh?"b@' ng about

5 to about 80 w.% of the functionalized pol yner. e catal yst according
to Claim1 containing abesentl0 to about 70 wt. % of the functionalized

pol ymer. 10
4. The catalyst according to Claim 1, wherein the unsaturated tertiary
( alcohol is 2-methyl-3-butene-2-ol (MBE).

5. The catalyst according to Claim 1, wherein the unsaturated tertiary
15  alcohol is 2-methyl-3-butyn-2-ol (MBY).

6. The catalyst according to Claim 1, wherein the functionalized
polymer is a polyether polyol having a number average molecular weight
of about 1000 to about 10,000.

20
7. The catalyst according to Claim 1, wherein the functionalized
polymer is a poly(oxypropylene) diol having a number average molecular
weight of about 2000 to about 4000.

25 8. The catalyst according to Claim 1 containing about 5 to about

80 wt.% of the functionalized polymer.

9. The catalyst according to Claim 1 containing about 10 to about
70 wt.% of the functionalized polymer.
30



30 -17- 10. The catalyst according to Claim1 containing about 15 to about
60 wt. % of the functionalized polyner. 11. A nethod of preparing a double
metal cyanide (DMC) catalyst 5 conprlﬁl ng reacting an aqueous solution of a
nmetal salt, and an aqueous sol ution of non hexanl tronetal | ate contai ning

al canol . and0a T OREURMF 28090 §9éﬁawa g Rt 453P Aookol ecul ar

wei ght great gp Wtk%rbfqﬁgtﬁﬁn&@ﬂe“%@bgqﬁqérhe DMC cat al yst contains from about
O to about 80 wt.%of the polyner 5 12. The nethod according to Caim 11,

wherein the DMC cat aI yst is a zinc hexacyanocobaltate. 13. The net hod

according to ai ein the o 20 . u tertiary
al cohol s are1g:‘ H}%(P{pr(ep?nngzla ‘?S’éib??z"@aﬁw%? {‘E@Lﬂ Eﬂqﬁtent S a group
cont ai ni ng fbgmptr\g@]gt,@atcﬂﬁ@t y carbon 25 atons with at |east one site of
unsaturation where an unsaturated carbon atomis attached to the
hydr oxyl - beari ng a@a&mm@usfsoqut)ormfca medaledalt, andns ot her than carbon and
hydr ogen nmay be present
R agueous solutlon of a non-hexanitrometallate containing metal
cyanide salt,
in the presence of
10 one or more unsaturated tertiary alcohols, and
a functionalized polymer having a number average molecular
{ weight greater than about 200,
wherein the DMC catalyst contains from about 0 to about 80 wt.% of the
polymer.
15
12.  The method according to Claim 11, wherein the DMC catalyst is a

zinc hexacyanocobaltate.

13.  The method according to Claim 11, wherein the one or more
20 unsaturated tertiary alcohols are of the formula (1),
1 R3
\ / (1)
. C
N\,

wherein
R’ represents a group containing from two to twenty carbon
25 atoms with at least one site of unsaturation where an
unsaturated carbon atom is attached to the hydroxyl-bearing
carbon of (1) and wherein atoms other than carbon and

hydrogen may be present,



R2 represents a group containing fromtwo to twenty carbon atons with at

| east one site of unsaturation where an wunsaturated carbon is attached to
the hydroxyl -bearing carbon of (I) qrygone to twenty carbon atons free of
any sites 5 of unsaturation attached to the hydroxyl -bearing carbon (I) and

wherein atons ot heke than carbon and h droa e Q{Nesgxnt R3 represents
a group cont ai ni n&froFﬁHﬁB@tﬁa{W iWRNDE CIO20t one site

of unsaturation where afhm iSRS IR §@@R§héa$ur%hbﬁ%ﬁ#etéhthe
hydr oxyl - bearing carbon of (1) or one to twenty carbon atons free of any

sites of unsaturationuasatacdted cacbarhis dtjabheg\ytp tbedallydrcgwtbebolng( I ) and
wherein atons ot her than, car

d
met hod according to O §PHRCMO Obfo p%%ﬁ%@%ﬁh@%%&ﬁﬁ%&fg‘ﬁ Pfa??y Sﬁ?%ohol i's
2- met hyl -g3- but ene- 2- ol of Nﬁ@tura%%n é'ffé?:h@ﬁtta‘?ﬁeﬁ98 Bgaltlﬁ)%@bfddéﬁ’\}% wher ei n

the unsaturated tertiary 20 alcohol 1s 2-nethyl- ut yn- 16. The
met hod according to C anmvﬂtﬂereMDmsmthbetHanmarbonandztwrogemymm,fbes a

pol yet her pol yol havin asr?&l[flnber average nol ecul ar wei ght of about 200 to
about 10,000. 25 17. THE ‘hod according to Claim1ll, wherein the

e R P e A o g
to Claim1l, wherein thtordd@ithatdegsttonecsite af urssadbationwhereaiout 80 wt . % of
the funcgjonalized pol yrer, -3 carbon is attached to the hydroxyl-bearing

carbon of (I) or one to twenty carbon atoms free of any sites
{ of unsaturation attached to the hydroxyl-bearing carbon (1)

and wherein atoms other than carbon and hydrogen may be

present.

15
14.  The method according to Claim 11, wherein the unsaturated tertiary

alcohol is 2-methyl-3-butene-2-ol (MBE).

15.  The method according to Claim 11, wherein the unsaturated tertiary
20  alcohol is 2-methyl-3-butyn-2-ol (MBY).

16.  The method according to Claim 11, wherein the functionalized
( polymer is a polyether polyol having a number average molecular weight
of about 200 to about 10,000.
25
17.  The method according to Claim 11, wherein the functionalized
polymer is a poly(oxypropylene) diol having a number average molecular
weight of about 2000 to about 4000.

30 18. The method according to Claim 11, wherein the DMC catalyst

contains about 5 to about 80 wt.% of the functionalized polymer.



19. The nethod according to Caim1l, wherein the DMC catal yst contains
about 10 to about 70 wt. % of the functionalized polynmer. 5 20. The net hod
-according to Caim1l1ll, wherein the DMC catal yst contains about 15 to about
60 W . % of the functionalized pol yrrer'.1921. A met hod of preparing a double
nmetal cyanide (DMC) catalyst, said nethod conprising: 10 reacting aqueous
solutions of a netal salt and a non- hexanitronetal |l ate contai ni ng netal

metal cyani 48 car e matereRiebidEh i CinE B Re TR RS e TortTary
al cohol s Wi t Bogfdinscaledlit 10 W &bt T OPWOUUSEEhS faRétRInedized bolywhéi. ry; combi ni ng
the catalyst slurry with a functionalized pol ynmer having a nunber average

nol ecul ar wei ght greater than about 200; isolating a polymner-containing
solid cataly fr the,slurry: . shin e | [- aiping solid
catal yst 't%ban iﬁ‘ﬁéggtg\ogoacsc}%mp%g?{lﬂﬁlﬁﬂb\p{ﬁﬁﬁe’,@ﬁﬁ@mmﬂaly nsat ur at ed
tertiary al ceBpiains AUt FE-RVASAB0AVOTLS the TRAGIOrRYIZEd BOIYERC) cat al yst

contai ning about O to about 80 wt.% based on the anount” of the DMC
catal yst, of the polyner. 25 22. The nethod according to Claim 21, wherein

e ol e TaeL ACHEMTRE LB d g S A IR Al 48
tertiary al cofsthed @bmpifsiddie formula (1), -20- R R3 R2/ \COH
10 reacting aqueous solutions of a metal salt and a non-
hexanitrometallate containing metal cyanide salt, said metal
{ salt being in excess compared with the amount of metal
cyanide salt, in the presence of one or more unsaturated
tertiary alcohols with efficient mixing to produce a catalyst
15 slurry; .o
combining the catalyst slurry with a functionalized polymer having a
number average molecular weight greater than about 200;
isolating a polymer-containing solid catalyst from the slurry; |
washing the polymer-containing solid catalyst with an aqueous
20 solution that contains additional unsaturated tertiary alcohol;
and
recovering a double metal cyanide (DMC) catalyst containing about
0 to about 80 wt.%, based on the amount of the DMC
catalyst, of the polymer. | |
25
22. The method according to Claim 21, wherein the double metal

cyanide catalyst is a zinc hexacyanocobaltate.

23. The method according to Claim 21, wherein the one or more

30 unsaturated tertiary alcohols are of the formula (1),



wherein R represents a group containing fromtwo to twenty carbon 5 atons
with at | east one site of unsaturation where an unsaturated carbon atomis -
attached to the hydroxyl-bearing car_%jq_ of (1) and wherein atons other than
carbon and hydrogen nmay be present, represents a group containing from

two to twenty carbon 10 atpons with at | east one site of unsaturation where
an unsaturated carbon is Ri{tached Rb the hydroxyl -bearing carbon of (1) or

one to twenty carbon atons ?‘\e\e any sites of unsaturatidh attached to
t he hydroxyl -bearing carbon ( and wherein atons other than carbon and

hydrogen may be 15 pr eseg/?g represents a group containing fromtw to
twenty carbon atons co ¥'ni ng | east one site of unsaturation where an

unsaturated carbon is attached to @He hydr oxyl - bearing carbon of (I) or one
to twenty carbon atons free of any sites 20 of unsaturation attached to the
hydr oxyl - bearing carbon (1) and wherein atons other than carbon and
hydrogen may be mpheseint. 24. The nethod according to Caim 21, wherein the
unsat ur at ed terti%r;y 25 al cohol is 2-nethyl - 3-but ene-2- ol g %) 25. The
met hod accordi ng O SBRRESENTS i SFAMCHRINE HOT B tp anty 12'/5) Mal cohol is

her et e T unct onal AEHE wPdrIeB® HESHELAGABRIR MRk 01 T 2lve
aver age nol ecul ar wei glihsaturatedocdrb@0@tdm ishtiathddi®tHe hydroxyl-bearing
carbon of (1) and wherein atoms other than carbon and
hydrogen may be present,
( R? represents a group containing from two to twenty carbon
10 atoms with at least one site of unsaturation where an
unsaturated carbon is attached to the hydroxyl-bearing
carbon of (1) or one to twenty carbon atoms free of any sites .-
of unsaturation attached to the hydroxyl-bearing carbon (1)
and wherein atoms other than carbon and hydrogen may be
15 present,

R® represents a group containing from two to twenty carbon
atoms containing at least one site of unsaturation where an
unsaturated carbon is attached to the hydroxyl-bearing
carbon of (1) or one to twenty carbon atoms free of any sites

( 20 of unsaturation attached to the hydroxyl-bearing carbon (1)
and wherein atoms other than carbon and hydrogen may be
present.

24.  The method according to Claim 21, wherein the unsaturated tertiary
25 alcohol is 2-methyl-3-butene-2-ol (MBE).

25.  The method according to Claim 21, wherein the unsaturated tertiary
alcohol is 2-methyl-3-butyn-2-ol (MBY).



27. The nmethod according to Caim 21 wherein the polyether is a

pol y(oxypropyl ene) diol having a nunber average nol ecul ar wei ght of about
2000 to about 4000. 10 28. The nethod gfcording to Caim2l, wherein the
catalyst slurry is conbined with the polyether by | owshear m xi ng. 29. The
met hod according to G aim 21, wherein the agueous solution of wunsaturated
tertiary al cohol in the step of washing al so includes additional 15

pol ymer. 30. ofhe meRo@gbtR6E AtEbiithd B Clath 2 Whetbry theFundidriflizéde step of
washing, the catalyst is re-washed with additional unsaturated tertiary

al cohol . 20 Polymerdiseepdiyethet polyei having aonwinhesayeragerradleculas waightt ur at ed
tertiary al cohol er. inc a polynmer. 32. In a process for the
producti on 01093888{?@)(? ?009b%@| @ﬁ@@tl on of 25 al kyl ene oxides onto starter
conpoundsscont ai ni ng active hydrogen atons, the inprovenent conprising
conducting the polyaddition in the presence of the double netal cyanide

(DMO) cat al ysA7. confhel miethpdaacrandingde &Haim givherein equolyethar isg doubl e net al
cyani de conpoun one of re unsaturated tertiar | cohol s and about O to
Shout 50wt HONaxBpHens  BiEnalialiA hanben it poR MaRe iR ke MiHal s e

pol ymer havi ghoat RO0OD®S absued@mer nol ecul ar wei ght greater than about 200.
-22- 33. The process according to Caim32, wherein the DMC catalyst is a

zi nc hexacyanocobal tate. 5 34. The process according to Caim 32, wherein
the one g5 ™ UIRAIRSP SIS CEE I Ohheiif ol RS R (D R RS

combined with the polyether by low-shear mixing.

29. The method according to Claim 21, wherein the aqueous solution of
unsaturated tertiary alcohol in the step of washing also includes additional

15  polymer.

30. The method according to Claim 29, wherein, after the step of
washing, the catalyst is re-washed with additional unsaturated tertiary
alcohol.

20
31.  The method according to Claim 30, wherein the unsaturated tertiary

alcohol further includes a polymer.

32. Ina process for the production of a polyol by polyaddition of
25 alkylene oxides onto starter compounds containing active hydrogen atoms,
the improvement comprising conducting the polyaddition in the presence
of the double metal cyanide (DMC) catalyst comprising a non-
hexanitrometallate containing double metal cyanide compound, one or
more unsaturated tertiary alcohols and about 0 to about 80 wt.%, based on
30 the amount of catalyst, of a functionalized polymer having a number

average molecular weight greater than about 200.



wherein 10 Rl represents a group containing fromtwo to twenty carbon atons
with at | east one site of unsaturation where an unsaturated carbon atomis
attached to the hydroxyl - beari ng. - cqgg?p of (1) and wherein atons other
than carbon and hydrogen may be present, 15 R2 represents a group
containing fromtwo to twenty carbon atons with at |east one site of
unsaturation where an unsaturated carbon is attached to the

hydr oxy! -beassng TRA'NGEL addokdifl 18Tain? AL VGALNiA MO OMG Ry Hige Of any
sites of unsaturation attached td the hydroxyl-bearing carbon (I) 20 and
wher ei n at onginothexacyanrecabaltaten and hydrogen may be present, R3 represents
a group containing fromtwo to twenty carbon atons with at |east one site
of unsaturation where an wunsaturated carbon is attached to the

hydr oxyl -heaniung FheGbBeds Sbcdrdihgdb CIEfn B2, WHBRN tk@bherbraheiss free of any
sites of unsaturation attached t0 the hydroxyl-bearing carbon (1) and
wher ei n at onsnsatueated Hamiacnalsoholsraretofdne femutayl)be present. -23- 35. The
process according to Claim32, wherein the unsaturated tertiary alcohol is
2- met hyl - 3- but ene- 2- ol ( . 5 36.RThe process according to O ai m 32,
wherein the unsaturated terth\ary al cohol is 2-nethyl-3-butyh-2-ol (MY).
37. The process according to I'm 32, wherein the functionalized polyner
is a pol yether polyol haxgﬂg/a unber average nol ecul ar wei ght 10 of about
200 to about 10,000. 38.gHie process according to Caim32, wherein the
functionalized OH

( ' wherein

10 R represents a group containing from two to twenty carbon
atoms with at least one site of unsaturation where an
unsaturated carbon atom is attached to the hydroxyl-bearing .-
carbon of (1} and wherein atoms other than carbon and
hydrogen may be present,

15 R? represents a group containing from two to twenty carbon
atoms with at least one site of unsaturation where an
unsaturated carbon is attached to the hydroxyl-bearing
carbon of (1) or one to twenty carbon atoms free of any sites
of unsaturation attached to the hydroxyl-bearing carbon (1)

{ 20 and wherein atoms other than carbon and hydrogen may be
present,

R® represents a group containing from two to twenty carbon
atoms with at least one site of unsaturation where an
unsaturated carbon is attached to the hydroxyl-bearing

25 carbon of () or one to twenty carbon atoms free of any sites
of unsaturation attached to the hydroxyl-bearing carbon (1)
and wherein atoms other than carbon and hydrogen may be

present.



polymer is a poly(oxypropyl ene) diol having a nunber average nol ecul ar

wei ght of about 2000 to about 4000. 15 39. The process according to Claim
32, wherein the DMC catal yst containspgbout 5 to about 80 wt.% of the
functionalized polynmer. 40. The process according to Claim 32, wherein the
DMC catal yst 20 contains about 10 to about 70 wt. % of the functionalized
polymer. 41. The process according to Caim32, wherein the DMC catal yst

contai ns abogs 15 TtHe sreedss BEcHinG ©f Clahf FUNHreRahe /@ aRfthie®tertiary
alcohol is 2-methyl-3-butene-2-ol (MBE).

5 36. The process according to Claim 32, wherein the unsaturated tertiary
alcohol is 2-methyl-3-butyn-2-ot (MBY).

37.  The process according to Claim 32, wherein the functionalized
polymer is a polyether polyol having a number average molecular weight
10  of about 200 to about 10,000.

( 38. The process according to Claim 32, wherein the functionalized
polymer is a poly(oxypropylene) diol having a number average molecular
weight of about 2000 o about 4000.
15
39.  The process according to Claim 32, wherein the DMC catalyst

contains about 5 to about 80 wt.% of the functionalized polymer.

40. The process according to Claim 32, wherein the DMC catalyst
20 contains about 10 to about 70 wt.% of the functionalized polymer.

41.  The process according to Claim 32, wherein the DMC catalyst

contains about 15 to about 60 wt.% of the functionalized polymer.



