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- 1 UNSATURATED TERTI ARY ALCOHOLS AS LI GANDS FOR ACTI VE DMC CATALYSTS

FI ELD OF THE | NVENTI ON The present invention relates in general to
catalysis, and nore specifically, to active double netal cyanide (DM
catalysts with wunsaturated tertiary al-cohols as conplexing ligands. 5
BACKGROUND OF THE | NVENTI ON Doubl e netal cyanide (DMC) conpl exes are wel |
known in the art for catal yzing epoxide polynerization. Double netal
cyanide (DMC) catal yst YNSATURATED TERnRoNALC GHid sene oxi des to

starter conpounds, WASChdRNBSFORVACTIS e described, for
exanple, in.U S 10 Par. NO"S. 04,103 Y?41,849 and

5,158, 922. These active catal ysi S yi el d, poi yet ,her ,pol yol s that have | ow

unsaturation conpared to si FklaDh @PMTHE NVENF|I®Nt h basic (KOH)
catal ysis. The DMC catal ysts can be us€d to nake nmany pol yner products,

i ncl udi ng pol yet hBe preggntdrvention reladepin genearal ioscatalypis| 9Ddsmor’éhed f
| yet h | . bt ai ned wi th 5 cata C e processed to form
ﬁ?gﬁ?gr:{jepg%%{g}oﬁ%é@h@ﬁ% R’Caeam%}‘!qle %ﬁé‘fﬂ?@%ﬁ?@ﬁé%&%ﬁﬂ‘ s and

adhesi ves) . uR3RuFREQterSRE, AEShAISER! domPESR rl@%n@& the reaction of an
aqueous solution of a netal salt wth an aqdeous sol ution of a netal

cyanide salt in the presence of an organic conplexing |igand such as,
for exanple, an 20 ether. 8 '@Qﬂ%ﬁ%&: ation, aqueous
solutio of zinc chlori S ' | hexacyanocobal t at e
are mxed, and dioOBlhA%E chanBe (BMEFlompRxd ddp the
formed suspension. After fPI t ra'g(i on@);n%{naaghglr%zgg{‘éﬂw%@gﬁysét wth
aqueous gl yioe catdlyring eposidegetymerizationl. youble metahoyanid@3DMC)
Zn3[ Co(CN) Gégtai%psC#o% tl){é_I ;2)83(5%%%% 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, agueous 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
solution, an active catalyst of formula:

25

Zn3[Co(CN)glz'xZnClz'yH2O zglyme

is obtained.



I's obtained. -2 There has been a great deal of research devoted to the
study of DMC catalysts since the original disclosure in U S. Pat. No.
3,404,109, assigned to Ceneral Tire, ZAIthough this patent nentions that
al cohols,” including tert-butyl alcohdol (TBA), ethers, esters, and other
conpounds are 5 ui red,as conpl exi ng ents to obtain active catal ysts,
subsequent i nveﬁgﬁ%E?%I*??eP@c&]é@géB?'i Qégﬁ?i'lrcbﬁj%@mg) thecsiudy 9§l yme” and
di gl yme for ppaetdaysvst dést?:: i : 5 di scovery
that DMC catal ysts Xragtef’%vm t eﬁﬁ'ﬁﬁ'i@%@ﬁg's 'E’%gg“a"gg)éoﬁggl _
H4- 145123) assighed éol GemesalcErk. cAlthdygh this pateint mentioh thatcaipbleslsa dr amati c

' , h ' | exi | i d.
The uni que. REING JETbBUBAIBROLT A S RaBFSET: MEDDEEROEBRIGLETR |y
i i . 4 . . . : : 783, 513) .
ot et of ore, "SRHSE; 35 pATRIeg 56 A Yo ob i SE R Ftelyefy SYESBARBNY o1t ary

al cohol s hairvestigatioriscfodaseddpfimbbilycern athert Suthak ghehbeind gigiymafdry to
gl yne-based systens. Until the present, tine, it appeared that the

enhancenent aFtive eatalyist prgpasgtians,{d- i 5a12&®e2)- i s uni que because ot her

sim lar al cohols ] ' t with a
significantly di %ﬁ%%@eﬁ%@a{tﬁﬁ??ﬁ#x?ﬂg&ﬁ?@% W\iggl'%lgé'g%@e with
other terti @lapankseliMukai HavbtGiad) exhibitetrerihadoed Galdivtiestapilignd 20 require

| arger amounts of these | ess active catalysts. The patent literature is
rel ativBly BlQrapiedadiagnatifeshif dowardgenalopmentsawhereal BAnwasthes conpl exi ng

| i gands. 4 . . - NQ. : TR0 signed to
Dow, nent Y\gﬁﬂﬁ%gé% ﬁ&'g@ ex(g@ﬁ%%#ﬂsjl Eﬁ%ngm%p%?@ﬁ%ﬁ%@\o%%@@ agent in a
hexani t r onetatalyatehasbdehiceatibdbughainapiiing ﬁlﬁSHMVI%s. 5107@848pl es are
provided in_either reference where h a igand is used and further, no

mention is AEEL W8 HE12416:%i7 BB ﬁ?ﬁ%etofwregaﬁm$ t0 aehievet ypes of DMC
catal ysts  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 alcchol gave
catalysts with a significantly diminished reactivity. In addition, polyols
made with other tertiary alcohols have high unsaturation >0.15 meg/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 netal

cyanide (DMC) catal ysts can be inproved. Less expensive catalysts with
30 increased activity always remain a,desired goal. Therefore, a need
exists -3 in the art for a DMC catalygt' made with a ligand other than TBA
that has the sanme or better activity. SUWARY OF THE | NVENTI ON 5

Accor di ngl yIn theeanpfase MG catalyst onads with geliganst other tharoT BArtbathas cyani de
DMC) cat al |t -ated tertiary al cohols as conpl exi ng

I(i ga)nds. Suﬁérlgas%éﬂ?%%ﬁég{' entor has found that enploying tertiary
unsat urated al cohols, such as 2-nethyl -3-butene-2- ol (MBE), as

conpl exing agents results in catalysts that are at |east conparable (even
10 though no TBA is used) iSUMMARYQF JitE IMEBNTI@N on of the polyols

roduced.t herew t,h to.the ,activity.and polyols produced wth e state of
Ito he artd%l\/r: cat a?\;g?@_mg%,etgg péﬁﬁe’ﬁt'rﬁ‘é‘?nt &‘\é{m’g&gsa his! d@&% T’\eg‘;]of t he
resent inv b ' ; ] ' ] ' of the
Ionvent i on hgjrﬁééﬁi”ﬁe {gmtgte): %ﬁ?!y%%ﬁ%ﬁzl? %E%&Cﬁéféglle_fi tcilé\lm§>P %gléﬁgllsgjz%hﬁ%ﬂ% esent

i nvent i on wigandsovsbrpriserety, ithe invieotomhasiosied théat employiiy ertiarg and not

limtation in conjunction with the figures, wherein: 20 Figure 1 shows an
infrared (I F@S%%g%ﬁ&@ﬁﬁ(ﬁ'plsd SHSU@S@'Hﬁ%\YL@HFﬂWeZ'OQ (WBF)cag al yst nade
with tert.- - ' ! | | | R)
pect rum of 2 ReANgAaut eSOt A Ren At AP as b Ele foveh
2- met hy10 3- thaughenTBA i§ MBEY) msadtivity andgarsaturafidon BETHY pAPoRESCRI PTI ON OF
THE | NVENTI ON The p{]esenth I nvention will now be described for purposes 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 otherw se indicated, all nunbers expressing quantities,

percentages, 30 functionalities and sg.forth in the specification are. to
be understood as being nodified in all instances by the term’ about -4

catalysts made | TBRCARIERe RAPERERE PyEh Bpd 31 nBuPR Aateibianes ool

cyani de Comm,camlﬁstgrmmﬁoﬁﬂéﬁbhffﬂix%ﬁitﬁcﬁﬁét'aﬁéhé @rﬁgmmngéurtsle from 0
to 80 wt, % based on the anount of catalyst, of a functionalized 5

pol ymer havmedalLyanidsceompeundy@nesdramarent nsﬁugﬁed gerélanealcbhals arab.

the reacti ofiof Gt Bt ba gl BF 18t SmLB! Ateavieliar ™ f-lonalze sol ubi e

met al CB“')(?QIyﬁﬁa'r%av W@Frﬂfer%% eemfﬂﬁc%\arsﬁt% bh’P@%('al i HEM 20’?33 the

formula M Mis chosert from Zn
M(I1), Co(ll) Dousle(nnr-z)al cipalide)(DMEeésmppundd sl in mma(pr‘b$ent Al (1 I I ),

Mo
o ef er abl y, YETEOR Atz e Teablion pidtds of ENated ol melal selindg (1) 11
the fornul awa?érls%:mefneétabbyarﬁab eam Oﬂfheﬁﬁﬁéﬁﬁoﬁjb@?ﬂ&él'ﬁﬁ apraﬁé?é%' de,

sul fate, carbonate, cyanid oxal ate | ocyanate, 1SsocC ate
i sot hi ocyanha:ethe:&)rmiql\féx&,\ inavhdcm M lsaumseﬂiﬁmminfld{) tEe(kb)‘ Ni(lf)s from1 to

saits b1 oMoy Gotu) SHEEREhT Feul Mo BN Aldw). WheXMom e, 2i nc
Sulfate, .Z'rgﬁ( FAENRGE: COphaprd (IR RIRE PRafefatly, Wis Efben FEET: ha o,
thereof éozgﬁtnﬁeg"érﬁgﬁ”em “?fgr)]”'hrfamﬁf?{r? oot s “ﬁ“;fffff;‘%'ﬁ,’?""ia“.”ﬁzt met a
ﬁgsgi d?hes??rf%s%”sé?fntf@'ﬁﬁkgy‘ﬁ'ﬁé'd&oﬁﬂ Cnedr "é syaeid @oﬁﬁ%@f*ﬁjs Ip;ree}‘farably
v C%"c?f%aﬁaﬁegﬁl | 55&9 l?sdtl‘ﬁbﬁyéﬁbtg]ﬁﬂﬂ gy:ateﬁmﬂa%ﬁ% (ﬂﬁ% ( )

Lr(l1I )‘15 walge lof n is Riofh Nt 3 arkLigatisfies th¢ Milencarstate(OfM. Biaraplesaifer-abl y,

M is choseguiIarb?y m%%ll slglt’s incl%é,l tl)let) are n'(:)%iHit)e’d to, zinc chioride, zinc
bromide, zinc acetate, zinc acetonylacetonate, zinc benzoate, zinc nitrate,
iron(l1} sulfate, iron(il) bromide, cobalt(ll) chloride, cobalt{il} thiocyanate,
nickel(ll) 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): M'(CN), (A). in which M' is chosen from Fe(ll), Fe(lll),
Cof(li), Co(llt), Cr(ll), Cr{lll}, Mn(H), Mn(fil), Ir(111), Ni(l1), Rh(lIl), Ru(ll,
V(iV), and V(V). More preferably, M'is chosen from Co(ll), Co(lil), Fe(ll},

25 Fe(lll), Cr(lID, (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 fo 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(iit) , Ir(Cllil), and Ni(ll). The water-soluble netal
~cyanide salt can contain one or nore of these netals. In the formula, Y
is an alkali netal ion or alkaline earth netal ion. Ais an ion chosen

from hal i de, hydroxide, sulfate, carbonate, cyani de, oxal ate,
t hi ocyanate, isocyanate, isothi o%ﬁanate, and carboxylate. Both a and b

are int eger ¥, ofagsiymihexacyanocd qtﬁaﬂl”},@ogaisaum Wﬂﬁ!ﬁlmqfﬁﬂ’atﬂﬁﬁ}.lges of S,
b, d b . ' - [
oni i nol uReLeER BExECRRRedienl) oA ah B BB e ¢

(1'11), pot ahexadpanbexsbsyaaQfieanattbelike, potassium hexacyanoferrate(lll),
cal cium hexacyanocobaltate(ll1), Iithium hexacyanocobaltate(lll), and

the like. Exanpl E¥aoplemoideubiematacgyanidiecomppunds thatican keausédinused in

5 the invengion i u oL _exanpl.e, _.zi nc_hexacyanogo ate (I111), zinc
hex acya%f eﬁea'?'t‘:(%'lqﬁ'} E’%I"H{ec ey exaﬁ&!ﬁc?ﬁﬁ&%?%ﬁ#f’?’?ﬁa@%l n ¢INC
hexacyanocoRak b d4 £ | es of suitable

doubl e netal ééciafaaﬁibgéerl‘é(:tg(rlrgﬁgﬁbeﬁsemgﬁgé%i%gpg%ﬁétﬁg[)Jf %é@%gt. No. 5, 158, 922,

t he teachi hgxagyanantbaltaied!!), andrthelike o fFunthee eratmplesedfsuitable d@ubie 10
hexacyanocobal.t.at e [1) i referred.. r nt_ | I gn enpl oys one
or more unsJEFAYEE e?‘%ma%gsér%h%aénlggtﬁ@ﬁmrpﬁ’ﬁgﬁg%lﬁﬁand. The term
unsat ur at edtdszh i6f ' @aturation

i nvol vi ng aéé";’r g@ﬁ'%g@r‘r\%?{%gﬁg? trgfeﬁger%%gﬁ%(%cg@ﬂg carbon of a
tertiarl0 al bexagyanthebaltatei(lh ys preferred.at ed 15 al cohol s useful in the

present invention nmay be designated by the fornula.-' (I ). wherein 20
R represents a EP‘B e%ﬂt‘%‘f%ﬁ'ﬁ& ef"PBIR%\?BetQS mww&@a&%ﬂ%ﬁ'ﬁ% havi ng
at | east ongcshbR 4 thahpedhh Wyandhahe tutatiei ol irffo®m 1 S
attached to the hydroxyl -b%‘ari lfggi@carbon ot?ﬂ{'l . Atons otlﬁ%; qﬁ!’g'n
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)
R’ R3

N\
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 (I). 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 hydroxyi-bearing



carbon and hydrogen may be present. Rl may be an aromatic group. Rz

. represents a group containing fromtwo to twenty carbon atons 25 having
- at |east one site of unsaturation, whgre an unsaturated carbon is
attached to the hydroxyl -bearing carbon of (1) or onehtoht\élventyI cgr bon
atons free sites of unsaturation aftached to the hydroxyl -bearing
-6 carbon (?%rb%gwmﬁa?tmﬁil?\a%ﬁ? H%&W@Q@@&ﬁ)’rﬁ@?fﬁﬁiﬁﬁe ?t. 52
may be an apfyyadd &n @ i n§presents a group containing fromtwo to
t\/\énty car bon "at o?rg rﬁ?@?'ﬁ?@tj | east one site of unsaturation, where an

unsat ur at ed car bBA répresénts & gedgsicomtalrivey frefr vio theaty BsrbpAldtemsef (1)

or one to twent rbon atoms free of any sites of unsaturation attached
to the hydrBﬂ?ﬂéﬁigﬁqﬁz&nec%er@@}urah@@mhm unsaturated barbamid hydr ogen

et hy o 5. S ot R B et Ca TR Sl trerfpsatigh * °°°
2- met hy| - 3- dlormenfee@ obany MRES of Andhterdlda SRdcHesbIhe hyliSy1-BYgALg O al so
i nclude fromzero, to 80 w, % . based on anount of catalyst, of a

functi onal i % OBél)yr‘ﬁiPmﬁhﬁ@?H@ GarkeR engvyidsegemmicy b preseat.ght gr eat er

bol yam des, or - of nerroetye 3EphERkEn HgeEReR kR Blconel 2ol T U s
Pat. No. 5,b5uténdZBol (MBE), é9biven bdewents of which is herein incorporate
bf/1 reference tﬂere(tao. P)refgrred catal ysts include from10 to 70 wt. % of

the polyner; nore preferred catalysts include from15 to 60 w.% of the

pol ynmer. Al though at CHs
:—}—CHa
OH
2-methyl-3-butene-2-ol
(MBE)
10 -7

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



| east 5 wt.% of the polymer may be needed to significantly inprove the
20 catalyst activity conpared with a catalyst made in the absence of the
pol yet her, catalysts within the scop_eTQf the invention may be nade

wi thout any polyner. The polyrrer rray be present in the catalyst of the
present inyention jin an armur{b etween any conbi nati on of these
val ues, i n@o{@p@@d(ﬁs gya Y@é‘@l&!’ pasiesiratherddaf ai n nore
than 80 wt. E{%ﬁ 8;576 4. pol ymer generally are no nore active, and they are
| npracti cal % I'sol ate and use because they are typically sticky

pastes rat her thSurtalpleramt;om;hted@oly@mrB&fbi @sd initiel presentziadep@drymers for
use in the senth %entron I ncl ude pol yet hers produced by ring-opening

pol yreri zat F’& derp s Brasiuged Dy THKHORIRY PO ww@w@ ofsystiane

pol yrmer tg \V r od of

cat al ysrsjs rrayeg“g ﬂ“ﬁ%’%nﬁﬁﬁ)"ﬁg 3xet?h‘ Iphgﬁ'geﬂs ?EJ é{ (ﬁﬁh%rs can have
any desi r edpelythegs,cambthel like. any\methdebf @ftéry@lsemambér@@d to m@keehe est er,
ether, or the like. Preferred polyethers are polyether polyols having

aver age hydpPe§ih %nEhﬁcﬂ%ﬁﬂﬂﬁ*@sﬁa@ﬂ%ﬁﬁM ‘3@@1 and grenfseinclydingge

nmol ecul ar je, 0 pref erably
from 1000 r@r%%ﬁ‘% fﬂ’é"@%’EQr e*ﬂ{éggﬁ% etb%g. eiig?y%ﬁeﬁ) g epoxides in
the presencpolgéthass ampbryémwyar@naﬁnglaweragu hy@rb9¥|3uﬁaﬁbm|eg, aci di c,
or or ganorret allic catalysts (including DMC catal Usef ul pol yet her

pol yol s18 nciraret E%Bmﬁio'rtune@r BIREAGH HGlecwar weights y-qtb;ry epgerad) pol yol s,

B0 PO pol yo 200 T 10 0Py ke plifelsiR R POR I AL " heRE e Btaers wich
et hyl ene oxirgdde BNOdIpmeREipBye Jﬁmﬂwmctﬁe pP@seticet dfaitive HyaRsget-her gl ycol s,
and the like. Mst preferred are pol y(oxypropyl ene) polyols,

parti cul ar | §omAGIRg @r’f@t@rﬁrQﬂdsb@fﬂcmﬁlﬁgohﬂﬁﬂﬁépmﬂéfha@etmt@cuI ar wei ghts
within the a098in8'DKB % thRsts). Useful polyether polyols include

15 monofunctional polyethers, poly(oxypropylene) polyols, poly(oxyethylene) .~

polyols, EO-capped poly{oxypropylene) potyols, mixed EQ-PQ 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



4000. The present invention also provides a nethod for preparing DMC
catal ysts useful for epoxide polynerization. The nethod invol ves
preparing a DMC catal yst in the presegce of a polymer having a nunber 25
aver age nol ecul ar wei ght greater than 200, wherein the DMC catal yst

contains fromO,.to,80 wt. % of the _&otj ymer. Briefly, the nethod invol ves
reacting, i MVERtQRHayeenbaneed aativity forepaxidepalymesization compatedhet al

cyani de sal tyih; | cohol and

oot onal Ty Snkiler GHEREREreared B UL W ie R¥pBner 15 used to
give a DMC cat al ysbné hasthod of tHenimvention, iquicou8 GontioHs i o imetd@aner .
Catal ysts de using the nethod of the -8 invention have enhanced

activity fo sUShHAS FBC §hIofide) AR eRN-bexpRiremetaliate containiag raetehl yst s
Pubous ol a8 3R tfas bBBBint FBkac)dhotBafiEk] Blk flss oSl YF™ ' O

non- hexani t thenpteskehed ef amsbairaterbteridrglalcorey asindeeficibht f®UGH tS pot assi um
hexacyanocobal tate) are first reacted in the presence of unsaturated

tertiary al BEKBICCEFRgIYst slugiventheninetal galtds used dnexcesscathe gatalysturry.

Th I |t ' - ins th
react on pr oI COPR (e BT odd TS by aell Ahd RO, " ¢ ne
doubl e met akal¢wetick és thengsubie mehiseyanids etnpatfd 1 Alexpesentaial salt,
wat er, and unsaturated tertiary al cohol; each is incorporated to sone

extent 10 t B¥cassmela sali; wateruand unsriurated tetiancalcobek eaeh isal cohol nay be

I ncl uded w | r . solutions or it nmay be
added to th@gggé&e{'_?%jtt%sﬁ&&ﬁé gneﬁm%%a%%@gf%ﬁ%w%g precipitation of the
DMC conpound. |t The upkatieateddedtfary algdhet May Bdmciittat wittheRHed 6 botar y

al cohol with either aqueous solution, or. "both, before conbining the

react ants. ThibeRfiuesys satitsalutionstordhanaydie addedhia therratalystslerngont ai ni ng
immediately following precipitation of the DMC compound. |t is preferred

15 to pre-mix the unsaturated tertiary alcohol with either aqueous solution, or .~
both, before combining the reactants. _

The aqueous 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 filtration,

30 centrifugation, or the like.



metal cyanide salt solutions (or their DMC reaction product) preferably
.my be mxed efficiently with the unsaturated tertiary al cohol to produce
20 the nost active formof the catal ygt.. A honogeni zer or high-shear
stirrer may conveniently be utilized to achieve efficient mxing. The

talyst sl d in the first st tionally b nbi ned
catalyst S1urry, eSS Rhe Lot tRlen o oo Lonal Y B Cobi ne
200. This SQﬁ%@e‘éh_@B_olLﬁioﬁrtﬁéﬁécgﬁbh‘aspcﬁfdfitﬁfdﬁgafdﬁﬂeéﬂ r;}b@t%{;félcﬂiﬁ%?r m xi ng.

If very efficient mxing is used in this step, e tends to

t hi cken andVWashing may, preferablydienptéaraplishedsn) misluorying thdeatabisaintie | n
addition, the catalyst often |lacks the desired anced activity. Third,
the pol yner 284574 ﬁ%lIHBO'&Q% Hp%prq‘igd}tg@pa{ %'8059'@?9%\'@%%)( alogdalysts| urry.
This is mccRyMt b Psnﬁﬂ? g?é@ fu Lan, 30
centrifugation, °3‘P§tg eyrlhi?él})eoéglﬁmé T eFEingo at E@%E&rﬁe@nér&%%é%)(sﬁg cat al yst

may then bePvaferahly thetamaeuntaduessaturateduertiany alvahot osedimthindditoumal
saturated tertiary alcohol. Washi y preferably be acconplished by
reslurryi ngS?IHQOEXﬁ ‘gltﬁ@qﬂﬁﬁaﬁﬁ%opﬁﬁg@%@%&\M‘t-{/OoHtlﬁaiﬁﬁsp&@f@f@ﬂéé tertiary
al cohol, fo|d-Rles g ' | ' ' step
renoves i rrpllTlrcl ti es&???%ﬁﬁ% léztl%%?ls"téabggr)@pgrﬁygIlag,‘e’gﬂqéetegﬁta)ﬁlr#m

unsat ur at edakcehoi. aFye atmouinbbf pslgher in the waskyselution is preferably wsthidi t hi n t he
range o{q 40w . % to 70 % i s al sgﬂgreferred,to i ncl ude sone

pol yner'Y n ‘W@QG&S&WE@@ @$ gﬂ’tltro)hf ' BRAYNER i theryashystephol . The

anount of p iy | Vag Is preferably within 10 the range
of 2 vvt.%tgé%%ycl’%ﬂh?ﬁg? udi %gggbg%\{@nher in the wash step generally

enhances cat al ysAlthouglvatsjingléwashirghstepsiufiiies toafve agataipst with fi ces to

Jat al yst PRI SH)y. fcrelERLiR lEh e Foteliet BEYE epeREeoTne ho
S sooh PSSR P RO S PRIABEME. | I
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.




tertiary alcohol or a mxture of the unsaturated tertiary al cohol and
polynmer. After the catal yst has been washed, it is preferred to dry it
“under vacuum (26 in. Hg to 30 in. Hgl) until the catal yst reaches a
constant 20 weight. The catal yst can Qoe dried at tenperatures within the
range of %C tcl) 20 C. EXAMPLES The present invention is further
I 1l ustrated; not to be limted, 25 bythefollovmng exanpl es.
Corrparat|ve ) 2 gkt - but yl
al cohol (T e wth the
30 procedures de:s\c‘rLL baﬁledrroEn@hspttenﬂﬁ&askfwéb §qulﬁ®bﬁﬂﬁltlﬁa?ﬁ€cr%¥ﬁcal- 10
Exanple 2 Preg&ratlon of npound with 2-ne - but ene- 2- 0ol (MBE)
A1l L baffl B8 &ﬁtkﬂr%om?aimgrma@uev@@ @@Lﬁrﬂpﬁaewrtlﬁlsall%mé@r @46 9) paddl e

stlrrer, he I (

" hae "t Fes HUdERb fie SRRK WAt SPBFIERnicAl afadel Al YRk BbelEr EL (57
g) Suf fi ci Sofficiemirxoxide wass adtiritct iy thedalkainigl dfahée Bivstenpto t he system
to 1.63% ZnQ_ The mixture was stirred at 400 rpm and heated to 50C unt|I
all of the 38137 Z8Q sbhe &ixture pgs szwmwﬁﬂ%mﬁeﬁ&e@im tq 5@kEuntihe. 5

was added t t S 50C. 10 A
second sol u?llI gﬂ&mezgélfgr%ggglgﬁgwkpﬁn'p%?'g%b?l %\bﬁﬁ%%agﬁﬁ%%% ‘{éa% (7 4 Q)
in 100 granwaefaddiesiitolthedokaibarandithe tepipesstiurwabenainianes absbt@t e
solution was added to the zinc chloride solution over a one-hour period.

After aflition V\éss%@ﬁﬁls@ﬂléfons\t’ﬁ Nﬂf@?fﬁﬁg\’"&bﬁﬁtaﬁ‘éldm for an additional 60

s oat  B3%apyAnbBhndnglints A dooykol & aibich flner “Fhrefitubéduh 9

hexacyanocobaltate solut|on 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 at the .-
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 ali 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
20°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%)



end of the 60 mnutes. The flask contents were stirred for an additi onal
.3 mnutes before the solid wet cake was collected by filtration. The

" filter cake was resuspended .in a be_a.he_r with 78/22 (ww) MBE/distilled
wat er solution (100 g) using a honogeni zer. The suspended slurry was 20
transferred back to the initial reaction vessel and the beaker was rinsed
wth the 78/22 solution (72 g) to transfer all of the material. The
slurry was Exbhipled for 60 minutes at 400 rpmand 50C. A 1 k diol (2.0 g)
was added to fﬁ Tlask and the slurry was stirred for 3 mnutes. The

m xture was rati Gompoundewith kbletiad-F-betynBol@dBYn a beaker

Cransiorred backA B Bﬁf@eﬂﬁpwiggﬂg&% NS ESUPEANUTT AEneRhAB vas
rinsed wthp y&ﬁe(ﬁﬁrewhééim?orgﬂﬁﬁ@raﬁ 5 tlg%@érﬁ%te’?atﬁ:ithi%h cYVJtP? ?%{;By nas

stirred for 60 m nutes at ) was
added and t wasraddedrte theflask fcrlloa@dftwte&hnml gradmzlhe%hloﬁde Eryry was

filtered anghh % lids were c ected to dry 30 .in a vacuum oven

over ni ght abUisent gngoexidewas, BCHE'Q 9 Biing the. aikajmwf the SM$‘?ﬂbtmder (Zn
=22. 9% VI C
Corrpou%d W th I\k/lﬂét9 hﬁ:m néétgg(%@ur?s oIedII%%UHA'%P‘?’E'ﬁgq.| %%{OS UEQ tom

flask was eqlh obtmdsoudtmsmlmco:hahen,az-nﬁtpwemlbetwt P40l EMB Y5, 41?? maEt e,
as

and a t Distilled ter (275 was added to the
fol | owe by g&%ﬂﬂﬁ‘ﬁs H’%éa'ié\ﬁbe ReretiEemas grintaigedrataGkt zi nc oxi de

was added to bri 1. 63% ZnO. The
m xture was sti r}ﬂegcﬁﬁd%gﬁﬂrdpn%%%gfép ?‘géﬁtt%?cggé%euntl | all of the solid
di ssol ved. Néxacyabooebaitdte $7.dug)yin-distitied WaBHY{1,0049). 4TI pessilin added to

the solutio andthet erai ure was intained at 50"C. A second
sol ution V\B.E @BQPE‘EP ﬁSBWQEMW%%%@%%EEW'Q?@%@% Merin

gid?iteidl Itgdt he 2| nc c%egkpdy}%é%ﬁpﬁﬁ Jggé cB%‘T’éM&“&ﬁﬂP&W&t@orﬁmu‘éﬁ' on e

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 siurry 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
rem 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



a one hour period. After addition was conpleted, stirring was conti nued
15 for an additional 60 mnutes at 50"C. A third solution of | k diol
(7.9 g), MY (30.8 g), and water (14][%9 g) was prepared and added to the
flask at the end of the 60 minute peiod. The flask contents were

stirred for an additional 3 mnutes before the solid wet cake was
col | ected b§® EFQ? i fgrin a vaeuum oven O(YQHHQM 46 tophfed Final yigldaker

WOE’YQQZ?I{ ggr wy?ﬁe“ %ggé@%/ (FHN é%"h’rs‘?& as 2352;1?5? g?LBg%E Lfd{ﬂe initial

reaction vessel and the beaker was rinsed W|th 78/ 22 sol ution (72 g) to
transfer all material. The slurry. was stirred for 60 m nutes at 400 rpm
and 50' C. ACompaiative Examplg Cdas™ added to the flask and the slurry was

stlrredgorﬁg%dg ct)rfgf.. Zin ARAA he filter cake

was resuspe g+ a honogeni zer.

The suspended sl Ar'rtybmédtréambeﬁéﬁmmq}éas éau'fpbéd'vﬂtﬁéfﬂﬂxecﬂ%?ﬁédlon vessel
and the beaker was rinsed with Y (44 g) to ftransfer all he

mat er i aI Tn@d@eua’cwr\mtmgumaette fand s thermaneter.dDistilbsd w.apsm(aﬂa 500C.

h ?! ; adde 30 d f 3
;D(rag m nut eg'La ("%@? aae’?&@%@ ﬁﬁ‘ﬁ%’?’ﬂ%‘”ﬁ%% ﬁéﬁ@é‘? vva ﬁ@r’@séméég‘éol Iotract ed
to dry in aseag}lmmw%ht QM@rd%ncﬂé"'Wagtadﬂ@d@otb‘PméQEe a'ﬁtsnrﬁtt Yf thedsystem 11. 6
grans of dr =22. 2% /3/ rrparatlve

Exanpl €14 é gB@ﬁfaZﬁDi oThe:)mIXIMB wasmpcredcamOOrrpm and haa;ed tol 20b| , 8A]

Suirrer nedti) fhing Bolie BisroReheesha b PRpbalians) ETARL: 2049 e é°3?2'rr§)
was added th(ﬂé‘tPtdih%S%lul‘iBrl meé)terﬁﬁ@rlafme%ag affledCatagegride (38 g).

Sufficient zinc oxide was added to bring the alkalinity of the system 10
to 1.26% ZnO  TAsetbrd solutisasvas prerpanemwt&nqmta@smand heated to 50'C

i1 all of the solid | | hol .
0 ves” adabpayanRetafaETon Gia Bt et MY, s RaRseiumed at 0 C.

15  hexacyanocobaltate solution was added to the zinc chloride 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 dio! (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 vesse! 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



A second solution was prepared with potassium hexacyanocobaltate (7.4
g) in distilled water (100 g). The potassium 15 hexacyanocobal t ate
“solution was added to the zinc chloride solution over a one hour period.
After addition was conpl eted, stlrrlqg was continued for an additional
60 m nutes at 50" C Athird solution'of"1 k diol (7.9 g), TAA (31.5

g), and \/vaterués g) was prg_pared and added to the flask at the end of
the 60 mi nuPEOYES, Eae stiey ves nktemarém‘.trse sRiids weier caliectast toedryo a

addi ti onal | coIIe ed by

FiTtratt on, vedfhitbien Bbg JACE b0, BRI weSATE Wams %) 0

(Ww  TAA diiysgowderd(ZmePen% ot 9y K& gow)si ng a honogeni zer. The
suspended sl Urry_was transferred back to the initial reaction vessel and

t he beaker was rfhgdata mTable(leBlstratﬂthtasupdrMpgﬁormamwotDMCal| of the
t T f 0 t t 400 d 500C. A
Pk ai of %ﬁaﬁﬂagér@éggg«g%@wga&b{a@ 78 alchols elRa B todl srlirale s o1 oq 1 or

3 mnutes. ddiptefpart \Qﬁglbldohéf pnd the filter cake was resuspended
in a beaker W|th TAA g) using a honogeni zer. The suspended slurry
was transferred back to the initial cHyeaction vessel and the beaker was
rinsed with TAA (44 g) to transferjall of 30 the material. The slurry
was stirred for 60 ninutes atCH§blarpm@id 50'C. Then, 1 k dio | (1.0 g9
was added and the m xture was stirr fj,for 3 nore -13 mnutes. The slurry
was filtered and the solids ed to dry in a vacuum oven :
overni ght at 40C to 50C. Fina @'P o116 grans of dry powder. (Zn
=21.9% Co = 9.7% d = 4.2% The )a |n Table I illustrate the superior
performance of DMC 5 catal ysts made with unsaturated al cohols relative

Lo thelr saturatgghn SRMLR'RAEE withirisaibted e3R8 lidahds (Ex. Z'nd 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/g) 28.8 28.0 29.0 29.8
Unsaturation (meqg/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-amy! 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 the range disclosed in U.S Pat. No. 5,783,513 which teaches
active DMC catalysts prepared by controlling zinc chloride alkalinity have



tert-anyl alcohol (TAA) Both catal ysts nmade with unsaturated al cohol
ligands (Ex. 2 and Ex. 3) have a higher relative rate of oxide
" pol ynerization than the catal yst 10_q%%pd on TAA (Ex. C4) and produce
polyols with | ess unsaturation than ose produced with the catalyst
based on TAA. Table | Ex. CL,Ex. 2 Ex.3 Ex.C4 Li gandTBAMBEMBY TAA Rel ative
Rat el. 00. 67pe8gk at 40out@42 ¢my iKOhigitiRred 8poctaun2 InBarednsyaiotracdrieon e
10.00470.00700.011@0.01?3 V%@ﬁ@fi (%é1150121111521186 Cat al ysts derived
f rom unsat uPBP¥RA R EIQUre l\foRp &M qyankles(DMG) gatalysd enadeeyithppear to
i ncor porate kall ni i ; i .t wher e
conventi ona}&gé@lgéﬁz}i[% [ ePthirbg]rof/ﬁgﬁt%ﬁg?ggyéhﬁlgﬁﬂg%%@@f%%% pr epar ed
fromtert - acgtalyst ods witfl BAhethyhBEbutepe-Qpob(MBE).on  activity conparabl e
to glyngialong L.t h _high unsaturation. The characteristic peaks in the
i nfrared spect r uhmadQE8PHGRKaAMPIRS A the prasept yentien ape piereshfor dhe t hese

cat al ysts apgy 4 639 cm ' .
VEE and. NevRCbee! s taRef By i nftat0a it GG apflienfingdb ki

di scl osed i im theSrPtiat tiembodhettsAeasbrickd heasihasay b imodifiédor cat al yst s
prepared by controlling zinc chloride alkalinity have -14 peak at about
642 cm 1 i nfAWRES N v@NoEe WYMoy HeppRindirer thpapintantd scopgeithe n
Figure 1 fo b j : i

ert. -but anbeaio; ffedebRs o HArgBohm I o't RiskShetPEr vl Blpendechne

cat al yst0 nadaimé.t h 2- met hyl - 3- but ene-2-0l (MBE). 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 nents described herein may be nodified
“or revised in various ways wthout degarting fromthe spirit and scope of
the invention. The scope of the invention is to be neasured by the

appended 1 Iril.i - AT | S CLAIMED IS: 1. A double netal cyanide
(DMO) cat a%ﬁm:' a non-hexanitronetall ate containing double
metal cyanide cgy ; r Lertiary al cohols; and
about 0 to about 8 M.%égg%ﬂenmg)%ﬁ# %ﬁéﬁ'@'yst, of a
functionalized palomkexdrivometaliateiotetiringdegbleThbes alanidevwei ght greater

than about 200. 10 2. The catalyst according to Claiml, wherein the
doubl e metal cyani de®BBWEYOAd is a zi nc hexacyanocobal tate . 3. The

cat al ystgaccor di Bel nd! sétur%@%r&%ﬁc%ﬁ%ﬁr e 15 20 25

unsaturated tertiary al coho are o or mu , RILRB\ C/ RO

(1) wherein R abpukdenaboat 8 atifo,deisedion the drhount afcdtaiysiventy car bon
atoms with at | east ope site of unsaturation, where an unsaturated
carbon atomis attachéhctionalized polymesgvingeapumger average molecular

weight greater than about 200.

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\C/ © 0)
Rz/ \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 (I) 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 (I} or one to twenty carbon atoms free of any sites
of unsaturation attached to the hydroxyl-bearing carbon (1)



carbon of (1) and wherein atons other than carbon and hydrogen may be
_present, R 2 represents a group containing fromtwo to twenty carbon
atons with at |east one site of unsatgiration where an unsaturated
carbon is attached to the hydroxyl bearing carbon of (1) or one to

twenty carbon atons f unsat ur at i attached to the
hydr oxyl - beari ng car béﬁ&(@'{ergﬂ)até %QF&F’W G %aafjﬁyrd re¢h May ¥on and
hydrogen nay be prespfdsen3 represents a group containing fromtwo to
twenty carbon atqQns with at |east one site of unsaturation where an 5

unsat urated car bBn i srepresemed grouptaentgidingdyomdwarto mgentyacdarbonof (1) or
one to twenty carbon of .a t satyration attached to
t he hydroxyl - bearing %ﬁ?&ﬁ%wnblﬁle%&’m& &?ﬁ’@@h‘f@{]ﬁ e #8n car bon and
hydr ogerg may be pr esﬁﬁéatuﬂéieécaﬂ_ﬁtﬁ‘] &%tﬁdc}‘léﬁ t@Qﬁé’thr’b&)&gf geé?l

wherein the unsaturated tertlary al cohol 1s 2-net ut ene- 2- oI
(MBE). 5. The cat al ystakossfdl) rmqu&tcltmemmGaMDara%mmstfmuﬁmWﬂtai ed

accor i ng 1o Ol i m 1, NEFANIAER AtESEY T YRR HRRgIng oRbog (ol ye her

pol yol having a nunbegndwher8ig 418 [ ti about
10, 000. 20 7. The cat a?yst accordl:rﬁgd{bg“a\ggldy?%?ng e?&PwQﬁ%y&

functionalized polynptesest.a pol y(oxypropyl ene) diol having a nunmber
aver ageldml ecul ar weight of about 2000 to about 4000.
4. The catalyst according to Claim 1, wherein the unsaturated tertiéry

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



25 8. The catal yst according to Caim1 containing about 5 to about 80
.W.% of the functionalized polyner. 9. The catal yst according to Claiml
" containing about 10 to about 70 wt.%yf the functionalized polyner. 30
-17 10. The catalyst according to Claim1 containing about 15 to about

60 wt . % of e f t] i ol 11, met hod o reparing a double
net al c(;/ani 3@ (le\f/ﬁ)g é@%%‘;}%ﬁ%r@”%ﬁ@?@ i&oﬁ@é@flg OHL1§d9@§9§psol ution
of a et al 5elm,%aj1dh@mmgﬁgﬁ@c§l@¢| fiepn of a non-hexanitronetal | ate
containing netal cyanide salt, in the presence of 10 one or nore

unsaturated tertiary al cohols, and a functionalized pol yner having a
nunber aver age I r Lght grgater than about rein the DMC
cat al yst coi?ai %’ﬁ%@{%%a?fdﬁ?p [@%géﬁ)bj{?fe %tﬁﬁy?%(@f(ﬂg) C\é\g?ﬁer. 15 12.
The et igpd g@mpﬁgiingg-eb@ﬁr%ai m 11, wherein the DMC catalyst is a zinc
hexacyanocobal tate.” 13. e method according to Caim1l, wherein the one
or nmore 20 unsat anaqueoussoludion odlacoktal sabdyandf the formula (1), R1L R3
Q ROH25 (1) L : .-
an aqueous solution 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),

T 0
N
OH

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,



wherein Rl represents a group containing fromtw to twenty carbon atons
with at | east one site of unsaturation where an wunsaturated carbon atom
"is attached to the hydroxyl -beari ng_1%a_rbon of (1) and wherein atons

ot her than carbon and hydrogen nay be present, -18 R2 represents a group

containing fromfgwo to twenty carbon atonms with at | east one site of
unsat ur ati on whefe an fel?fﬁ§%’ﬂ% 8NP AN R INgfremtwere dweptyt ¢arbon

hydr oxyl - bearing car ko : W free of any
sites 5 of unsatur atigﬁﬂgﬂh’géha}tecligét%%eéﬁyéroxy q%ﬁéﬁ%geq%%ﬁon (1) and

wherein atons ot her t hasatosatbdcasyuh fsyattaathed toae bedraxyeBeating R3
represents a group containi r}g fromtwo to twenty carbon atons with at
| east one site of unsS® Gtdh appedodwenty eardanatemedraaebany sitesat t ached

‘to the hydroxyl -beari A tons free
of any rs]jlyt es of unsataﬂ?%ﬁg%?ig’ gg(éﬁbgdﬁét'ﬁ)%gy#@&mﬁ%#@%ﬁﬁg arbon (1)
and wherein atonms ot hand Wieneinaatbor ather thadregbon &y HidrogeeAtiibe 15 14.

The net hod according to Caim1l1l, wherein the unsaturated tertiary
al cohol is 2-nethyl - 3P$EBhe- 2-0l (MBE). 15. The method according to

Claim 11, whereipsthe t =T, I L]
2- et hyl - 3- but ynBZ- ol r %Mg%ﬁ?h:&oﬁ%@ﬁ%@ féég”ég\”ﬁﬁﬁgw?hﬁ’c&aéf’ﬂ? 11,
wherei n the functi onabioresiwithalt yeast one sitepsflurehattion Where Bavi ng a nunber
aver age, ol ecul ar wei ght = of about 200 to about 10, 000. ]
10 nsaturated 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 hydroxyi-bearing carbon (l)
and wherein atoms other than carbon and hydrogen may be
present.
15 3

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.



25 17. The nethod according to Caim 11, wherein the functionalized
.polymer is a poly(oxypropylene) diol having a nunber average nol ecul ar

wei ght of about 2000 to about 4000. 3@ 18. The nethod according to Caim
11, wherein the DMC catalyst contains about 5 to about 80 wt. % of the
functi onal i zed polymer. -19 19. The nethod according to Claim 11, wherein
the DMC catal yst contains about 10 to about 70 wt.% of the

functional i 18d pTh¥mREthol a%!éordTﬁ@td@mﬁm RGLRERiMhel OME éét%\gﬂsl wher ei n
the DMC catal yst contains about™ 15 to about 60 wi.% of t

functional i gedtapsi ghaut 1020 about@Oad%adf the éurationglizedipalyrreermet al  cyani de
(DMC) catalyst, said nethod conprising: 10 reacting agueous sol utions of
a netal salt and a non hexa n itrometal |ate containing netal cyanide

salt, sgd pptal ThéfnhétheeIa&ord?ngweﬁaﬁmcwwa&ﬁ%@om@ cAERiR! of metal

cyanide salt, in the presence of” one or nore unsaturated iary
al cohol s wi eontafrisi abast! Sroxiboyt 60 wirYdidke furctivakized palyrerur ry;
conbining the catalyst slurry with a functionalized pol yner having a
nunber average nol ecul ar wei ght greater than about 200; isolating a

pol ymer - conpai ni Agné@ubﬁcbfctﬁéﬁéﬁ a'doRBid heta! éhiﬂe Putl Ogﬁs'i' aid

pol ymer - contai ning solid catalyst with an aquéeous
cont ai ns admetthqmammansmgwat ed tertiary al cohol and recoveri ng a

bl P2 Syt B oBR L Eha P Aol e3RGO, *0 W
hexanitrometallate containing metal cyanide salt, sald 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;
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),



22. The nmethod according to Caim21, wherein the double netal cyanide
catalyst is a zinc hexacyanocobaltate. 23. The nethod according to C aim
“21, wherein the one or nore 30 unsatjyqated tertiary al cohols are of the
formula (1), -20 (1) 2 wherein Rl represents a group containing fromtwo
to twenty carbon 5 atonms wyth at | east one site of unsaturation where an
unsat urated carbon atom iB_attachg? to the hydroxyl -bearing carbon of

(1) and wherein atons ot her\thap“carbon and hydrogen may KB present, R2
represents a group containin romtwo to twenty carbon 10 atons with at
| east one site of unsatutELLo where an unsaturated carbon is attached
to the hydroxyl-bearinqaz arboh\pf (I') or one to twenty carbon atons free
of any sites of unsaturation atf¥thed to the hydr oxyl - bearing carbon (1)
and wherein atons other than carbon and hydrogen nay be 15 present, R3
represents a group containing fromtw to twenty carbon atons containing
at | east one sitwhefeipnsaturati on where an wunsaturated carbon is
attached to the pydroxyl -bearing carbon of (1) or one to twenty carbon
atoms free of an& si t EBProses agronproataiong feamdwada twentrearbon

o S Besr L0 oo gl e S e RaRl Aen e 5", 20, |
the unsaturated tertianyatuRfiedlcastvn atosn &-atRidhedt3the hgarx3-BbafinpE) -
carbon of (I) 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 (I} or one to twenty carbon atoms free of any sites .-
of unsaturation attached to the hydroxyl-bearing carbon (I)
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).



25. The nmethod according to Claim21, wherein the unsaturated tertiary
al cohol is 2-nethyl-3-butyn-2- ol (MBY). -21 26 The nethod according to

**Claim 21, wherein the functionalized 2g.ﬁol yner is a polyether polyol

havi ng a nunber average nol ecul ar weight of about 200 to about 10,000. 5

27. The nethod according to Caim 21 wherein the polyether is a
pol y(oxypropyl ene) diol having a nunber average nol ecul ar wei ght of

e, 05 o o e BB R A

wherein the catalyst slurry s 0 Wi | ow shear
m xi ng. 29. pOlyeerds aqublpether polggl havikd airmamBer W”e@é?é Méléétilaﬂ%ﬂ;}!ﬂ
solution of _unsaturate tertiar(}/ al cohol in the step of washing al so

i ncl udes adefﬁg%ﬂaiﬁo tocabouty106900.30. The method according to O ai m 29,
wherein,gafter the step of washing, the catalyst is re-washed with

addi tional unsaturated tertiary alcohol. 20 31. The method according to

d ai m 30, wRér ei ihemeethodaoeoading td Sldirel Y wharginhee pbiyetharisigncl udes a
polymer. 32. In a rocfessd}or the production of a polyol by polyaddition
of 25 al kyl bRV QPR IeH) it having adwimkRIrRKeragmmalesar weight ef hydr ogen
atonms, thegj hsi ng conducting the polyaddition in the -
presence o?b?@; ou Ieb&rmﬁg]gjpbbyani de (DMC) catalyst conprising a non h
exan itrometal |ate containing double netal cyani de conpound, one or

nmore un tuggt ed_ferti ré al cohol s and about 0 to about 80 wt.% based on
30 the uf: of T %F%ﬁfsg acgerding tmelaidndliwherejsolheraatalyalslugyas nunber

average mol gsmbfledii9iHe SEIFEIRT bYIAR-HRAY mighg:

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.



- 22 33. The process according to Claim32, wherein the DMC catalyst is
a zinc hexacyanocobaltate. 5 34. The process according to Caim 32,
*"wherein the one or nore unsaturated tgy5tiary al cohols are of the formula
(1), R OHRL R3 C (lI) wherein 10 represents a group containing from
two to twenty carbon atons with at | east one site of unsaturation where
an unsaturated carbon atomis attached to the hydroxyl-bearing.. carbon

oL Q) and BBe! SheXrEBs QARG GBI 3D, ARl PARE ARG BT ooent

15 R2 represents a group contaln 0 tweh ons with
at | east oneginsihexasyanoacaltatd.i on where an 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

car bon, (8 8. andnefpossds AlQiingub el 30, GABRAN AL nDXIRgRN MRy b

present, R3 represents a group containing fromtwo ty “car bon
atons with snsatesated deriasy aleobblsmeaﬂlﬂnafdrmula\/(i?,re an unsaturated carbon
is attached to the hydrony-bearing3 25 carbon of (I) or one to twenty
carbon atons free of any Bjtes ofR%unsaturation attached to the

hydr oxyl - beari ng car bon (I\an wherein atons ot her than ¢Brbon and

‘hydrogen may be c
Rz/ \
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 (I) 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 (I) or one to twenty carbon atoms free of any sites
of unsaturation attached to the hydroxyl-bearing carbon (i)

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

R3 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 (1) or one to twenty carbon atoms free of any sites
of unsaturation attached to the hydroxyl-bearing carbon (I)
and wherein atoms other than carbon and hydrogen may be
present.



present. -23 35. The process according to Caim 32, wherein the
unsaturated tertiary alcohol is 2-nethyl-3-butene-2-ol (MBE). 5 36. The
*process according to Caim32, wherein the unsaturated tertiary .al cohol
is 2-nethyl-3-butyn-2-ol (MBY). 37."49heé process according to Caim 32,
wherein the functionalized polynmer is a polyether polyol having a nunber
average nol ecul ar weight 10 of about 200 to about 10,000. 38. The

rocess accemgdi n im32. wherein.t funct.iqnalized ol r is a
Bol y( oxypr 08’9 [ eng')hte?ﬁrglpgé%%q{am Q‘H%EP ré‘gv@’k!'%?én ?‘r'B‘F 888?%’(3@\%%6%7 of
about 2000 tftonopis 2-AMRyl-I-Bulhe-Thoe (MBEJESS according to O aim 32,
wherein the DMC catal yst™ contains about "5 to about 80 wt.% of the

functionalized polyner. 40. The process according to Caim 32, wherein
t he DMC gat glLyst 0. cont ains gbout 10. tq. about .70 wt.% of the .
functional i ; d pJI r%P??%ﬁ?CGH@"QSBQEE" §30W?'3W|B?tﬂ% “@F%ﬁ”ﬁ?tﬁg,temy ein
the DMVC cat alcbhbl iscRieth1s3-BREML2-EP(MBYqboUt 60 wt. % of the
functional i zed pol yner.

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 to 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.





