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I\/[DI |ED WTH CA DS FI ELD OF I NVENTION 5 Thi s invention reI ates
to doubl e netal cyanl ex catalysts which are nodified by the 5 2002
_incorporation of a c\A#?de-free cal ci um conpound such as cal ci um chl o o"’

as well as to nethods for the preparation of such catal ysts. Epoxi des may
be polynerized using these nodified catal ysts to provide pol yether polyols
havi ng | ow @_\é%gé f 10 unsaturation and/or high nol ecul ar wei ghts.
BACKGROUND NVENTI ON Doubl e netal cyani de conpl ex catal ysts are
known to be extrenmely useful and active catalysts for the ring-opening

pol yneri zation of 15 heterocyclic nononers such as epoxides. In particular)
catal ysts oDCQUBEEL W=l AaveY ANDEGHINPEEXt CATHAPESESPMQBIFIED PEITbI s
derived fromapcopy! erGOMROENDISdescri bed, for exanple, in U S Pat. Nos.
3, 404, 109, 3, 829,505) 3,900,518, 3,941, 849, 4,355,188, 5,032,671, and

4,472, 560. ﬂ‘E%‘DF’W@Et&@N de conpl ex cat al ysts are general |y recogni zed

as superior-ta caustic catalysts traditionally used to produce
pol yetdher polyol § hfa)rnuﬁntbnzaalatea fiond pubblg umetdlanearfidaneomplext catadysts
adhesi ves, al ants, drE‘dJn rs due to th reduceg | evel s of

unsat ur at i b‘H maﬁ?g'ﬁ‘(?p t I‘F?VPSfat!% oRyEYRNIGBTERR&d L6 g such

catal ysts, @oﬁng%ﬁaléeéh'éls% ciufrflch d‘%“‘o mﬂﬁ 259N 849 to? méthiod0ford

4,985,491. 25 The double netal cyani ex catalysts are gener |y

pr epar ed byprepacamargoésnema:lata%ts fpdxides macbelpaymeeizedt ising thesal i

nmet al \hexac all ate ch as, pot assi um hexac ocobal t at eous
Sol utPon. VOPREIS CRUEHELS: o) B tidRs @Jﬁ:ﬂ@tﬂswoyea VG Haw eVt 8 - a
doubl1§) 30 MR{AturtRM A6 /6P AR oM Fi A AR ing satisfactory perfor mance in
epoxi de polynerization it is necessary t0 use an amount of the netal salt
which is 1 9 Atl 6 2002 1 9 ~ai 9G 2001 2 - greater than that required to
conpl etely B ﬁ{/ h anonetal | ate. For exanple, U S.

Pat. No. 5, es the "jt]o obtain a double netal
cyani de conpl ex @wlbyrﬁbtdl@ylaﬂﬁiert%?ﬁﬁlé&%éibbys@ Qha RRbYFED B@Ekﬁ@nﬁﬂ)ﬁ' vity,
it is critical that an excesSs of . water-soluble netal sail

enpl oyed r aisgfithy &nrch ?ﬁ@’ean%@ﬂﬁiyséﬁ ﬂ@ét e cyiagrereRiatt Pohnmeseatiag 96 this
ref egnce, S al yst
upon 150l af SR nolits SHE 38 dPtes” 3h parfodiSh Thalstsbri s ) e
as descri béuhvnenbmﬁrsenﬂdoyed!\l@o pbe e, ddl@ether pmsmltcﬂﬂrd/adﬁ&bncptqj}&mes

containing a.relativel excess .of I | t, ti uI a t hose
prepared us¥ r'éf ] %?Scéﬁ’c?ldngﬂrcﬁx%{?pf Ca iy ng ta?\@jo“m‘ﬁ E@é é%#%’g

conpl exi ng 3296M5: 808 foare’k & ef 856 A 3808 WH2OGES, Mﬁm%uﬂﬁmﬂﬂéﬁﬁét@lng a

| ar ger excess of metal salt. Hovvever the netal salt 'still nust be pr esent

in excess GYANKHE CRERIEX eﬁ%ﬁgb’siﬁf‘yﬁf&]@ﬁnﬁ@“hd@cﬁgnm astsupenaintadthe onpl ex

ol yhor | zacrate EARNBE v RRED 138 bo RRcc IS e BNaF B BnkPuy
further imn pwlyﬂgathbaeﬁeamr @Baﬁ@gs)fad}mﬁw@s rwaa!antsyandd@laemémdmt al ysts

by changin | entity of the organic coaneX|ng agent (see, r exanpl e,
U S. Pat. §ﬂ§¥e'6r°fby‘5@&ﬂf?§lpﬁgaﬁq1E'%JP%E‘OW‘W OJtB%|Py&q%%r | see,

for exanpl gbt%n@d tPs@ﬁg sbieh éaté%% %%@ d8Ecribdl irf ). EatlfataNq]soh ?ﬁ?y#ee for

exanpl e U. art. No. 4,472 the preparation of suc cat st'$ using
cyani de- f réa?%#eﬂuaﬂddr@%.ms such as cal cium chloride has not heretofore
been gescri bed. | NVENTI.ON Thi s i nve tion row dég’ a doubl, e net al
cyan?de conpl ex ?’B%H)PY%'BGEGP@'&&H%‘% Veis 4r¢ 9RRTall Bispared

pr ef er abl yPZI fod t??ué:éﬁg{grl &t {% 2 ?5( zlr‘f@e(flﬂbﬂdéamhd%ﬁ'ﬁ t,ﬁgtaqyani de

conpl ex ca led w ci um conpound whi ree of
cyani de. Atidxacyaradhgtalizhe stchvastpiotassiuay heeacganechbaltate mabqugoas doubl e
met al cyani de corrpl ex catal yst
solutio
Workers in the field have generally believed that to obtain a double
30 metal cyanide complex catalyst having satisfactory performance in epoxide

polymerization it is necessary to use an amount of the metal salt which is
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~ 9 au~ zooz 3 conprising reacting a netal salt with a netal cyanide salt,
SU|tany in an aqueous nedium in the presence of a cal ci um conpound which
is free of cyanide. The cal cium conpound is preferably water sol ubl 4 Saidb 108
characterized by the absence of cyanide. Thus, for exanple, alkaline earth
met al hexacyanonetal | ates are not suitable for use as the cal ci um conpound
conponent of this invention; such substances ma y, however, be ~ItilizPd as
the netal cyanide salt starting nater|§I in the nethods for synt hesi zi ng
the nodified double metal cyanide conpl®ex catal ysts described hereln The

identity of the portion ,of the r ~cium conpaqu d ot her than the caI
el enent i sORAt&Thdight Hhat bée%”fﬁ%q cld sAEP befeaF t@?ar&l{(%h H?ﬁ

(e0.. chl gride) ohbiate. pfLals Ms%@wrsggngigw%rga% eni ence

as w I | romit SCUSSI on rela si s fet hods,

the cal ci ug}:ﬁ@%pwchw bbbt e Qfo@b'le/ rRétapicybeiiet compak atatalyistiizing wat er
or mxtures of water and the organic conplexing agent. Calciumchloride is

a particul ee;m;ocbmtﬂwvgh p@dwpeun@trqmacw ,ntnswwécgk%@érﬁn ExGess phihe

Combi pat f d
such Be. |t peteksApPE MEF SR el ge iRl e o LR ATSERh AR ARl <o
the nodifi ggl)d'()“ﬁb@orﬂﬁﬁgﬂto QHI%nﬂeff@ré?%FJ'aeEoﬁfbtrﬁbVﬁﬁé HcelsBi metaveat iion may

be effecte y reacting a netal salt with a nmetal cyanide salt in the
~esence of réthmexhindhama(taiprﬁoum istlagiomerad amarsrhfa@mﬁ@rgéﬁ@r}aﬂowﬁrn cal

f | wh | d f 1),
Lor 2 N (Lcic R el o BSRRAER DSOBAIRCE R S0 Sh b 2o
Af(111), %I’fa\()oat%ggfsl dontéln Yr:\\%’a %ttde)ly sAR e%(eéé@f méErAanapbytidliailg eit her

Zn(11), as doubl e netal cyani de conpl ex
cat afl st s ttmﬁeapnﬂamge'dhesaegrm allcthOéﬁdChcaSh‘@rébtJWé Acemelsas gol 9iaai¢at i on

activity and yiel.d pol cts v o S erS|ty
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4 a sol ubi |drh¥r ERcowt 6f metal22€ Howbvérets maisiallhilprat bpresansimer .
M xtures of different water-soluble netal salts nay be enpl oyed |f desired.

X is an anewpesededngdhereatalyst syphesiceinse dqulie shetalicyaside c§mMPI€X or i de,
chl ori de, bro i r Qxi sul_pha )

(03, oosty SU85HERs o dREERporli o EpanetsT S - Peoifatii® progroree ©

i sot mSOCyl\Batyenéd}@bgn caghaxyrate (e.g., acetate, propionate), oxalate, or
nitrate ( The value of n is sel ected to satisfy the val ency state of
M and tywmm | $here bas2been Bonfhizrablec ilvairesiesin parthiee Ulraplyvidgnehe
chloride, are Bojr i cul ar referr&g for use; ' zinc sulfate and zinc nitrate
are BpEe[TPECE n‘éﬁ edpeth! fyend Pam%emaaw'\/f@s by ghanging mléﬁnw\am de
sal t oS & ¥ clotak i, | e apd t € a
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hi ghest pol yneri zation activity an to yield polyether

desi eablum dnl onde aisecet beretefglet bekrs desbribedns (e. g., | ow pol ydi spersity).
Most preferably MZ is Co(ll1), Mre than one netal may be present in the
nmetal cyanide salt, e.g., 20 potassium hexacyanocobaltate (Il1) ferrate
(II)SUMmp_\LgxpsopﬁNdENﬁwt wat er sol ubl e netal cyanide salts may be
enployed, 11 desired. Y is an alkali nmetal (e.g., Li, Na, K) or alkaline
earth rret'ﬁhss(nevgn;noﬁtaqrole@es #Adiosbke sfmahd/anderconﬂmalbxrmabﬁsttdmnsasmdas or
di fferent fromX|n t he net al salt and may be, sel ected fromthe group

cons?s? idegbe mpgdar Séa”}ﬂﬁd%% peefesahly ape organia pemplexings e wWheEHd b are

tne. SO Rtblg ke 5RNRe. e Gt oy ReicTnBaidh] RudEarcd el paiagnd s

0. |@Whigtpls ﬂraétoarwé&adé) mrdrxe&mwd&htsqnfvbﬁueﬂ%élvmd SPdIRPFEf Rlakgand is
usual ly 6. Exanples of suitable water-soluble netal cyanide salts useable

i n thdopbixewstabyahide comehex ontalyst ude, but are not 30 linmited to,
pot assi um hexacyanocobaltate (I111) (the preferred netal cyanide
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conpl exi ng agent an opt | unctlona Ize o 56’ descri bed

| at gkahiblEPESICHANERIbrigBMRE chiRRimdSkawl th ei ther or both of the aqueous
solutions, or they can be added to the catalyst slurry inmediately

fol | owi ngrw:e,mtpleeatofaheeﬁoa.h\.edd;cmhite ri@fadly SyideicdenprRIbA¥lyshé of this
generally preferred to pre-m x the conplexing agent with either aqueous 10
sol inventjoromayobé efirstted &yceristingrymetel saastitnegnetdl atamidospltanithg agent
is agdded to the catalyst precipitate instead, then the reaction m xture
sho %F%E?Wf(é‘éleéﬁwémeﬁ?wwntdh a honogeni zer or a high-shear stirrer to
pr oduce t e nost ac mof the catalyst. It is.generally preferred to
add funct r@n&??‘fé&ai)‘o% Efsrenewlnwarré@'pﬁqrmqled\"o khevheiain Mrddal

Cheseizeteq ora Rus oy o= Bomodardft Fllhalinu, MRug Ny sond, Pbi. o™
CenkL il HAbRA: MEEATIARRN, vav), Setil), W(VI), Culll), and Cr(lll). Preferably M’
is either Zn(ll), Fe(ll), Co(ll}, or Ni{ll}), as double metal cyanide complex catalysts
containing these metals tend to have the highest polymerization activity and yield
polymeric products having relatively low polydispersity. Most preferably, M* is

Zn{ll). The metal salt preferably has



or the like. The isolated catalyst is preferably washed with an aqueous

" solution that contains additional organic conpl exing agent and/or ,
additional ~0 functionalized polynmer. After the catal yst has been masﬂngM7mV
it is usually preferred to dry it under vacuumuntil the catalyst reaches a
constant wei ght. Double netal cyani de conpl ex catal ysts nade by the process
of the invention include an organi c conpl exi ng agent. Cenerally, the

conpl exing agent is soluble in water. Suitable conplexing agents are those
commonly 25 known in the art, as taught, for exanple, in U S. Patent No.
5,158, 922. The conpl exi ng agent may be %dded ei ther during preparation or

amount of | AGQABYSMRICEHE G of tidgas shak dD LS ARG MIBHES ar o
vt er - sl ublyp RLBRPRRRER GAILR DA SERFpEUONDEE f dElidanyaaEpl ex Wi th

t he doubl e cyani oun exi ng agen incl ude,

but are not anidn §electdd1fraﬁmw7gdoum daridting @ﬂh‘aiidel (&.g.afldetiydeshlokdeoses,
ethers, esters, . am.des, ureas, nitrites, sulf &3519@ nd m xtures thereof.

Preferr Ied f:BFﬁ?m Agdlidg) vedrakide (Gt sulphate 4S onalg, (&%31393 |
B cono - B P3RS SRralDENE 1 aRaRRNeee), iR E%F"“ngsc’p”’py

tent- butyI adarhmaylate {egt,-dvetate, ajtapmdrrcdte) oxatade, qumafrater (NOa)An'ﬁmdéwalud ass of
preferred organic _conplexin nts e_wat.er. Sh | ubl e_nmong and

G Salkyl et RERYS SpRatSR i sab UG8 yancyi st et U° alif b3y 5 1 c2ambie.

gl yme, di gl YRR zifd Hafides, 'dalfﬁ’cuuﬁq%éin\c%rﬂom@ear%atmlaf BFeﬁé?rerfoF nge
|nveng|on optionally i ncl ude functionalized pol yner or

wat er -'sol ubmoS%ullfate Bnd' zinaatiirateadiez epegitc yn@mpl%ommerastpt@bjmmetahat

cont ams ong ‘?r nore functional groups containing oxygen, nitrogen, sulfur,
phosphor us, S35 hal ogen, wherein the polyner, or a water-soluble salt

derived fromit, Thasmetd| tyhMRieys PP IERILY isSvhidhi-Isoluble iastwell ahdl st about
3 wm.%of the polyrrer or its sglt dissolves at roomtenperature 15 in water

or mi xt ur esthsr 9eRer8f farmula 4Y Wbt € Nin(A ki vorerelt Yads thassprmenas odidfaseet of
L er T e Bhf PSR SAAGH B RSB e qup Ry, esthan Lo
i ncor por at i Gn(18}, Mhl)f drtil)ohdlll) z Bt (hbip) Rordh), M{1\G, t\,f(b’) c@bﬂll)yﬁndsClr(tlt)I ure
duri ngs tor mRLL ARk RreRE &the! E8L B PSS, SRA), 1FIR) o7 Rl somPound:
catalysts containing these metals tend to have the highest polymerization
activity and to yield polyether polyols having desirably narrow molecular
weight distributions (e.g., low polydispersity). Most preferably M? is Co(lil).
More than one metal may be present in the metal cyanide salt, e.g.,
20 potassium hexacyanocobaltate (ll) ferrate (ll). Mixtures of different water-
soluble metal cyanide salts may be employed, if desired. Y is an alkali metal
(e.g., Li, Na, K) or alkaline earth metal (e.g., Ca, Ba). Ais a second anion
that may be the same as or different from X in the metal salt and may be
selected from the group consisting of halide, hydroxide, sulfate, and the like.
25 Both a and b are integers of 1 or greater, wherein a, b, and c are selected
so as to provide the overall electroneutrality of the metal cyanide salt.
Preferably, c is 0. In most instances, b corresponds to the coordination
number of M? and is usually 6. Examples of suitable water-soluble metal
cyanide salts useable in the process of this invention include, but are not

30 limited to, potassium hexacyanocobaltate (1) (the preferred metal cyanide



Functianal i zed pol ynmers may have the general structure: -(CHR-CH~ A 25
in which R is hydrogen, . -COOH, or a C,-CS al kyl group, and Ais one or
nmore functional groups selected fromthe group consisting of -OH, Nﬂz9 AUG 2007
-NHR, -NR2, SH, -SR -COR -CN, -d, -Br, -C6H4 OH, -C6H4- C(CH3) 20H,

-CONH2, -CONHR, -CO- NR2, -OR, -NO2, -NHCOR, -NRCOR, -COCH, -COOR) -CHQ
-OCOR, COO-R-OH, -S03H, -CONH R-SO3H, pyridinyl, and pyrrolidonyl, in which
Ris a C -C5 alkyl or al kylene group, §nd wherein n has a value within the
range of about "81.8 0060 808 68 “601. ~O~ "68t~''6LZ E 88t~'8LZE
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148¢957, 2ow®r e8uthahatieagBarsmor eheeseat thagietol sahvas equifastior peiedt ed
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conposi ti 69'saft%fr?g%ﬁ%fﬁgtq{gtcgltalx%q@ﬁ%.ex catal ysts obtained by practice
of this inventiamilarenpiedi€sloWisthalthpwetichythel aieral shitamed e smetalappear s
that the cal cium conpound is incorporated in some forminto the catal yst.

Sone r eaccysnidgfsaltharecrgasiathisqwhbeliavedite tha eidticalnids impprigahthatdbgrti ng

materials used in ess nay_al so,. ' . j.cal t he

conposi ti Sﬁfcdf"mt he%@?gwgt gﬁviqrfsg?)@‘ §H958t%§¥“ pgg%gﬁﬁgn@@éa ct%‘laotred as
t he2gl eneivigorpotatidre of the haicange &mpboRdainttitthe. dolisielfhetali gpanider cent .
Certain amounts of organic conpl exing agent, functionaljzed polyner, and

wat er, wi CPMpRRXcatalyshvdisthtormsesevpically o avitlinghceaveniend o meahiggal

Cvpi cal |y SEPRITS A 0L SEefed oo bbb Pt e PP elel SREnRAPACRRAY P S o

descri bedthé &neimiworﬁ%@u:ﬁm@li aagitidiralgap eitent e feie ne dbthefehe) . As
di scussed earlier, variable anmounts of nmetal salt (e.g., zinc chloride) may

al so be pragseaty solutions,
30 The reactants are combined at any desired temperature. Preferably,



The follow ng exanples illustfate the invention. EXAMPLES The rel ative
" activity of each of the double netal cyanide conplex catal ysts descﬂﬂbgm;mM
herei n was eval uated by cal cul ati on of an apparent rate constant (KaP~) f
propyl ene oxi de pol yneri zati on. The net hod used for the cal cul ation
i nvolves nonitoring the drop in propyl ene oxide partial pressure during the
cookout or soak period of a batch polynerization run ii.e.) the 7 9 AUG
200z 1 9 AUG 2002 10 period after increnmental propylene oxide addition to
the reaction m xture has been conpletedg and assunes that there is rapid
equi libration of the unreacted propylene oxi de between the liquid and vapor

phases rel a Y, m%} - LI et

propyl ene oiﬁéé?a%axgﬁ%ﬁf’%‘f@a taer |a?ﬁ€§e“r’s}gﬂ'?é ‘i"q%?dft asroé unction
of tine, a sémpiegaiuré tmabost ©®1®,Ialmbre'ﬂ‘rbf£r'retﬂia1@ee|s ftdra 3Pl abeupxi de
consunption is first order with respect to proapyl ene oxi de concentratl on.

The sl ope ofOfke s Gty pperking, Heodaphler @tal; aagide complex katelyshni ch
shoul d be relatd ifnld er ﬂa(&ﬁoﬁﬁ%ﬁﬁ@ rﬁé’ﬁ’lcﬁl eSat i on KaPP = K

[cat*]". The eXxpression cat” represe ua? concentration of
acti vescat al yst Clhw erganlmloomplem:yg @gbnbandcpm:bnabfudquahzéd'$)blymer

E 1 Thi | e de f
Cal ci um chl GrtdRbs drssibERler BRPyS BRI B g WRhalnar pEpolh
accordance Wk fet Eﬁué&;é %%ﬁﬂfdn@”orﬁh%x'—cé‘f?tﬁé 8dagyi @A Waklybabilgp.

i npel l er and heat| mantle I's charge 472.77 ¢ delonlz d

agi tation ranmaﬁﬁatetydollmmmgl mecupﬁatnn ofati’nel@&lblpnmetehmamdemdmplede It

di hydrate (163. 74 oht ai ned from Al drich Chemi cal ,Cao (98 + % purity)
s hdded. 1 B gereiatpietsiedonst b cophigt B e e silienatisaisal | s
free op anysbﬁﬁb@kuak b@ﬁH cuelwﬂect%rﬁbirmg Hewedichdrsts, Zfﬂﬂfé@&hﬁrémgé gehtt 9)
obtained from Al drich Chem cal Conpany (98 + purity) is then added and the

kettle wal | s aRdedtp theosatalypt wesmatmlngt@ei @imrztléw Ractien mixtuse shauld ng t he
e 5 R AT AR Py ol R RS BB UL, e

is chargfad mddﬁdéﬁﬂvel f@rrﬁemniheed:ﬂtﬁyst[ lt\hjié q;drieealqomalféﬁed)gtd heddbeaker
are gently pm xe n erfl uoroet, ene), Co sti ar, . 160.0 g
ol ot um chi BincienalrgaPabErexoligtins BiedbiRiomS! e dere et e or ot o
| ncregse t OcdiipleXaldlyligat okl i fen Qs§£wy7|s@|étéhqrdrmtﬁé'é§ta drich,
99.9% 30 is added. The mxture 1s stirred f m nutes while cooling to
31 C i osluug 0@y canveiertaneans, Szmbazfgtrafeﬁrmmemmfugatl@n detantingso g

pot assi um hexgb%ﬁlgocobal tate are added to yield a clear slightly yellow
m xture. fits of the 3 L kettle are heated to 50C and agitated at a

rate of 400 rpm Thedsblatsd @étatylse'm@vé@wnvagng@mnﬂéﬁfa@lde@ng siﬂutlltbn on to 5
the kettle is commenced usjng syringe at a rate of ca.

After additite containpl e@@aonﬁﬁ ﬂragm@f GPmp'R’é'f‘Ql 8968ht 3R §d66mahued f or
anot hpp 20 fiYicRslized polymer. After the catalyst has been washed, it is usually

preferred to dry it under vacuum until the catalyst reaches a constant weight.

Double metal cyanide complex catalysts made by the process of the

invention include an organic complexing agent. Generally, the complexing

agent is soluble in water. Suitable complexing agents are those commonly

25 known in the art, as taught, for example, in U.S. Patent No. 5,158,922. The
complexing agent may be added either during preparation or immediately
following precipitation of the catalysts. Usually, an excess amount of the
complexing agent is used. Preferred complexing agents are water-soluble
heteroatom-containing organic compounds that can complex with the double

30 metal cyanide compound. Suitable complexing agents include, but are not



In a plastic beaker containing a poly(perfluoroethylene) coated stir bar, a
" solution of 15.80 g 1000 nol ecul ar wei ght pol ypropyl ene gl ycol diok 1%@’
4.00 g tert-butyl alcohol and 62.00 g dei oni zed water is prepared. gﬁi 2002
stirring vigorously for 3 mnutes, this solution is added to the contents
of the kettle. After stirring briefly, the contents of the kettle are
transferred to a pressure filter having 5 mcron filter paper and filtered
at 20 psig. The solids renoved fromthe filter (90.6 g) are resuspended in
a prem xed solution of 15 101 g tert-butyl al cohol and 55 g deioni zed water
and m xed for about 10 m nutes before Blacing the resulting suspension in a
1 L round bottom flask. The suspension is heated to 50C and m xi ng

conti nued figiteshdohelcobolsyialdebylas,dratanesretherar esteli agidesurpas, t he

1000 nol ecul,ar wei ol ypropyl en | yeol, diol ., After m xing for another 3
oot oe. <5 Hifed ifBdeS e pREULET Trdteb S Potedtsd GoRleaxihg diknis @S ol i ne
63.6 g col ' i | hda; ' g I n

i 07" L e atEhSoRlblBlphaiRasihaR; paRicylelfy sk SRIGHEATRIABRAEH, . o0
m nut es betonsistindiofigthanol, isppobpyldcohml,ypbotyy dleakok)ispbaty! diladhd] sddie

suspensi on, After stirri riefly,. the_s nsion is filtered through 5
PR P butyhlheRon g Burivlatbong! or SHRTHER EBnelis Rt pestecte

chl ori de- I ' ) S
bt o hed | RAOthEfcRERLrMERRRTORAAT bOTBISHT BEnfointludes (PuBidtl (> )
oven. The saiuble/ gronoard diralkylathersafglywlsand giyeol oligdmets sasizas, ©r80 wt .
Co, 10.9 w. %?I, and 4(1117 W . %/oCa. 30 1 9 AUG 2001 12 EXAMPLE 2 Thi s
examphe defEASIPIG UEMEn diglyrapnapd ¥ae lik®hod of preparing a cal ci um

chl ori de-nodi fi eshtglydes ARIGRCMATRE PRI e Ml etiopedptiottdilyl iRcRiels dance
wth the invent ion s aTgoe EHED cqur pped w th baffﬁﬁtlias, Yrpel 1 er and

heat1thg mefuncdonslizsitbpgiymenior its 888e0sglubitei 2all. /By “iwactionalies pglymar’ on rate
oo | AL BEe At e P AR B LR 12 o1
any resi dugkygen aiittBgen, sulfur, phosphorus, or halogen, wherein the polymer, or
a water-soluble salt derived from it, has relatively good water solubility, i.e.,
at least about 3 wt.% of the polymer or its salt dissolves at room temperature
15 in water or mixtures of water with a water-miscible organic solvent.
Examples of water-miscible organic solvents are tetrahydrofuran, acetone,
acetonitrile, t-butyl alcohol, and the like. Water solubility is helpful for
convenient incorporation of tl‘1e functionalized polymer into the catalyst
) structure during formation and precipitation of the double metal cyanide
20 compound.
Functionalized polymers may have the genefél structure:

—(CHR'-CH),—
|

A
25 in which R’ is hydrogen, —CbOH, or a C,-Cs alkyl group, and A is one or more
functional groups selected from the group consisting of -OH, -NH,, -NHR, -NR,, -

SH, -SR, -COR, -CN, -Cl, -Br, -C¢H,-OH, -C¢H,-C(CH,),0OH, -CONH,, -CONHR,
-CO-NR,, -OR, -NO,, -NHCOR, -NRCOR, -COOH, -COOR, -CHO, -OCOR, -
COO-R-OH, -SO,H, -CONH-R-SO,;H, pyridinyl, and pyrrolidonyl, in which R is a

C,-C, alky! or alkylene group, and wherein n has a value within the range of about



chl oride dehydrate. Zinc chloride (9.27 g) is then added and the kettle

- walls 10 washed again with 346 g deionized water. After raising the 9 A
agitation rate to 500 rpmand increasing the tenperature to 44C, 16%.4-Qﬁ2wz
tert-butyl alcohol is added to the kettle. After again increasing the
tenperature of the contents of the kettle to 44C, an aqueous sol ution of
pot assi um hexacyanocobaltate (14.8 g) in 15 water (232.0 g) is added using
a syringe punp at a rate of 4.94 g/mn. Separately, a 500 nml gl ass beaker
is charged with 193.0 g deionized wateB. Wile stirring the beaker contents
with a stir bar, 160.18 g calciumchloride dehydrate is added gradually.

The tenperaﬁdpéﬂm§tﬁdKWeased to 54C, then 0.6 g cal cium oxide is added al
-at once. The beake all of the

L hgg& ~0 ta? 3vahlle overgﬁéjntll
cal ci um oxi de go Q 'Pﬂ?'!y ¢ dinetienalized RAYTPPEFISLINCHARSHEFCUBNG UilitSes whi | e
cool i ng t 0 f}yedTiitmeAhéi- ﬂm&.ehsrzéée\gﬁ@rﬁwwedeh%elatﬂb@ﬂn'omgﬁ@d to the

kettle using a syringe punp at an ad ilon rate of 2.94
addi ti on i ®.gqmghylead, pidtyleneubeyglenesi iouttg:hese cnsnprenmcst;/mnea,mntlmer 20

' t t .25 50C. A sol f 15. 88 00 I I

g‘oltn;p §p§|t 4k&. Brouided ?%M%n%ﬁnsmeatsaﬂh%@ft* e;: s d%%@bgg@eﬁﬂn red.
water is u%@%‘?‘& ,gé}%_ e
kettl e contentstg i terﬁeﬁmyrﬁrg(gfug\{f}t 'e?nﬁ?:)rao ?m'erlb%%@dﬂggo%s%rg Ng)

The filter cake $lmtablebt fumetbriadiz8€0 r@@iwpemdedmchjcm solfot i caxampl®l g
tert-butyl 13 water and stirred

h 55 d
for 10 m mﬁ’t‘)&‘y a O# 'é’e?' %@pg@ﬂé’rﬁ' P gcgﬁlga}c nBob( ¢ryle PRI P xi ng
at 30 rpmawfylbmmtmaw% é%anégh%méoaaquegﬁf(a&yﬂé daﬁ&ln@%ﬁcul ar

wei ght pol ypropyl ene glycol diol is added | aSk and m xe riefly

bef ofl@ ref akidr ipfly(esntemytile), npely@ikyli a@@iatp)@pemowl(mkxdsI'Tgﬁthlab;rylatleés 5

oSl Lnd bbbt Shy KR D, Shy Tl SEPSERS pheih Rl bebtiiy ploem
The suspenaiconolapoly(tvidypyrraiSoey, py( -omywmkjbaeséo-eema #d$00 rpm”:
After addlng 1.01 g of the p r opy Iene col diol and m Xing bri'efly,
t he poly(N,N- dlmethylacrylamlge) poly (vinyl meth\yl ketone), poly(4-vinylphenol),
poly(4-vinylpyridine), poly(vinyl chloride), poly(acrylic acid-co-styrene),
15 poly(vinyl sulfate), poly(vinyl sulfate) sodium salt, and the like.
Suitable functionalized polymers also include polyethers. Catalysts
that incorporate a polyether are taught in U.S. Pat. Nos. 5,482,908 and
5,545,601, the teachings of which are incorporated herein by reference in
their entirety. In one preferred embodiment of the invention, the
) functionalized polymer is a polyether polyol. Preferably, the polyether polyol
has a number average molecular weight in excess of 500. Polypropylene
glycols having a functionality of 2 or 3 are especially useful for this purpose.
The catalyst obtained by the process of this invention may be used
in any of the polymerization reactions known in the art wherein double metal
25 cyanide complex catalysts have been employed. The catalysts are
particularly suitable for use in catalyzing the polymerization of epoxides such
as propylene oxide onto active hydrogen-containing initiators (telogens) to
yield polyether polyols. Such reactions are described, for example, in U.S.
Pat. Nos. 3,427,256, 3,427,334, 3,427,335, 3,301,796, 3,442,876,
30 3,278,457, 3,278,458, 3,279,459, 3,404,109, 3,829,505, 3,900,518,



suspension is refiltered (5 mcron filter paper, 20 psig N2). The filter

cake is 10 dried overnight in a 55 vacuumoven to yield 12.3 g of the final

cal cium chl ori de-nodi fi ed zi nc hexacyanocobal tate conpl ex catal yst. Thz

el emental conposition of the catalygt by analysis is 24.4 w % Zn, 11. 84”[52007
% Co, 2.80wm %Cl and 0.62 wt % Ca. 15 EXAMPLE 3 Thi s exanpl e denonstrates

t he yghxmb,zatd,glssqﬁsst opy E@Be0Qsi 48 BYENg0d he 402b‘9i,gx§s9h'e?.63@‘?ezggi fied

zi nc "hexacyanocobal t ate conpl ex catal yst prepared in anple 1. 'T

pol ' Hh OB nHS4RET I FeEds I e ) w ] cerin
staﬁ'rggs%%%'r g)?yl }rnlﬁrber = 3408%%}%” Krgg-zl?g')@sgnag{doég% g o A’?tgggcgltogi yst to

a stigg 8701559138, IRACLOB, 738 aiH@ abAinkR0G WHIEH afe hd&0@e5tdd RéveRt . and
adding a total of 5029 g propyl ene oxide at an average feed rate of 20.3

o/ MpRUlc@edife MOEHBIr éntipatys. The final concentration of catalyst is 12.4
ppm The apparent rate of reaction (KaPP) is 1.19. The pol yether polyol

triol thanebyreditaichethibaiss ttudydé©xydiomessiddnefof2do 9bROmEEH &ranide
unsaturation | evel of 0.0081 neqlg, and a viscosity of 1600 cst at 25C
EXANBhipidx Haealyshy wbtaipatilonpodctioeanipitds Bhnienticepesd eadt kowtwniSaldgowgid3 ¢
(25.0 30 ppmfinal catal yst .concentration) of the cal ciumchloride-nodified
Zi nby eldmentalld® abp$iZ itlap peax a tiyaintbeazdditat eormpopings it aippsétet iasanss i n
Exanple 2. A total of 5030 g propyl ene oxide is added at an average feed

r at doxh into 2hglaatalysier Semeute ast®nholithe rcoldwraramp puid evitethpather tri ol
havi ng a hydroxyl nunber of 27.9 ng KOH g, an unsaturation |evel of 0.0045
neqinpraants startiepsmeienialss usedaincdhe gpromses May lpar bat takine pREPP) i s
1.779 mn-'. EXAVPLE .5 Th rocedure qof Exanple 4 |s repeated) but using

0. 0F¥Piallye é’l‘?ﬂ’"{ﬁ“?ﬂHP”@St‘EPféﬂa'&!ﬁh%“PFaﬁLﬁ%@h‘ _tlfb?-zpopmﬁw (eglewpted of 5031

o/ pade EEroend v E HsCin) SR e AR SR ool haea R SR PefiARSer of
0! GeTbil T Sng o SRAML YoRlpidlit] S Hurfcifo Mt b iGRR AL OBy ue O
will generally also be presentin addition to the double metal cyanide itself, wherein
the relative proportions of these components are typically similar to those found in
double metal cyanide complex catalysts described in the prior art {including the
patents referenced herein). As discussed earlier, variable amounts of metal salt
(e.g., zinc chloride) may also be present).

The following examples illustrate the invention.

EXAMPLES
The relative activity of each of the double metal cyanide complex catalysts
described herein was evaluated by calculation of an apparent rate constant (K}
for propylene oxide polymerization. The method used for the calculation involves

monitoring the drop in propylene oxide partial pressure during the cookout or soak

period of a batch polymerization run (i.e., the



The apparent rate (K~PP) is 1.210 mn-'. 19 AIG2fIA 15 CLAI M b'lﬁ
doubl'e nmetal cyani de conpl ex catal yst which conprises a double matal1 AUG 2007
cyani de and wherein said double netal cyanide conplex catalyst is nodified

wi th a cal ci um conpound which is free of cyanide. 2. A double netal cyanide
conpl ex catal yst according tv claim1l wherein said double netal cyanide is

zi nc hexacyanocobaltate. 3. A double netal cyanide conplex according to
claiml1l or 2 wherein the conplex catalyst additionally conprises an organic
conpl exi ng agent. 4. A double netal cydfi de conplex catal yst according to
claim3 wherein ~e organic conpl exing agent is selected fromthe group

consi sting peried aftesinchémental prapyiend ostide edditibate e réactidndabtiire HERt al
cyani de coggl ex catalyst according to any preceding claimwherein the

cal ci um co GﬁﬁdC@mPﬂﬁtﬁgb§f’t§| Resumes that Ahgeuls dapisk gaudipsatione Qfot'hﬁl ex

Cal ci um chi GnTancted bRog b aaRtELiedy MNP IAALERNARIHAD SRRV g 1o

any precedi pglwhennmtmreWhaaltﬂednalﬂoxlral fogaalthey afi the mﬁmleNecamleyst i's
conprises of 0.1 to, 10 wej percent of calcium_ 8.

hexacy&nocoBan¢efteatiosipaeia ?ee&s@wg@ﬂs ak}sf@dcﬁsf@;fqrwtlaﬂpfg\mzee ptraight ling 7
Bl conol . o IOBRMEL TR FAIRReS MR bro ] SERe T Bl R KB g 2y o
clainms 2 tomﬂthwbspemtrtotxin@pwem ohﬂemenﬁaﬂm’n t The stc:pqod)fethetmtagmsmel S
addi tionall onpri sed, of et her pol yol . A nmet hod, of maki ng
doubl e met al® @5@ RﬂJeBBWP&Q@ M Kt "‘}?WEH/ 'PP‘HéS)(ﬁ)'E?l%t@ﬁ’ﬁPltE@é'm%ééfﬁ ng a
Wi oh e £ r e R Rt G e G e e
met al 1€al t tm@uaé&ncentration of active catalyst centers, which may not be equal

to the catalyst concentration.

EXAMPLE 1
This example demonstrates the preparation of a calcium chloride-

modified zinc hexacyanocobaltate complex catalyst in accordance with the

15 invention.

A 3 L kettle equipped with baffles, impeller and heating mantle is
charged with 472.77 g deionized water. The agitation rate of the impeller is
set at 150 rpm. Calcium chloride dihydrate (163.74 g) obtained from Aldrich
Chemical Company (98 + % purity) is added, followed by 230.23 deionized

)0 water to wash the kettle walls free of any residual calcium chloride dihydrate.

Zinc chloride (9.24 g) obtained from Aldrich Chemical Company (98 + %
purity) is then added and the kettle walls washed again with 346.02 g
deionized water. After raising the agitation rate to 200 rpm, 165.45 g tert-
butyl alcohol is added to the kettle.

25 The following mixture is prepared separately. A 1 L glass beaker is
charged with 193.4 g deionized water. While the contents of the beaker are
gently mixed using a poly(perfluoroethylene) coated stir bar, 160.0 g calcium
chloride dihydrate is added causing the temperature of the water to increase
to 47°C. While heating to 50-60°C, 0.3007 g calcium oxide (Aldrich, 99.9%)

30 is added. The mixture is stirred for 80 minutes while cooling to 31°C.



19 AUG 2001 16 a zinc salt, preferably selected fromthe ~z-oup consisting
of zinc halides, zinc nltrate zinc sulfate and m xtures thereof.

met hod according to claim10 or 11 wherein the netal cyanide salt h£§ﬂ5ﬂWZ
ani on selected fromthe group consisting of hexacyanocobaltate,

hexacyanof errate and hexacyanoiridate and a cation selected fromthe group
consi sting of sodium and potassium 13. A nethod according to any preceding
claim10, 11 or 12 wherein the double nmetal cyanide conplex catalyst is
defined in any of clains 2 to 7. 14. A4gethod according to any of clainms 10
to 13 wherein an amount of - ~e nmetal salt is used which is stoichionetric

O 15 Iini BRI AR " foflesh , AR, A 440 nb, pRERpIM
CACACACA L Aferbarsd@daitate afe ddad Wﬁel@ﬁaldéailéhgﬁily@?bﬁé\bcrﬁmbc

a] cal] ca] ca] ca] 03] cajc

a] ca] ca] c”a] ca] cdViecegriantsapiiiecd L degtite a]%a]i‘atﬂdcf@a@‘?cc’é} end)agilated @tal j | Dr

| oa] caf oo o8 g adB i podfiom drife pbdaRln iR ety Ao G aReE SpRRIIRST) ( Guos
K11, 2t 22333¢#3Retad 45 05hnehosda@hg 64 @&ib@trdwté(bcaéca fainc &aftérc&a) caj ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] cal ca] ca] ca] ca] ca] cal ca] ca]ca] cajcalc
a] ca] ca! cC addition is completed, mixing of the ketfle contents is continued for another

D@bD- EzEFZIf—GIF]i_l Id]]ég | MMM PQQQORRRS] SSSSGIT| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca]
caJ ca] ca] caJca ca]ca]c™a]calcalca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] cal TT6UUVkV\/V\¥/\\(/}(1 Pyt vedker containing a poly(perﬂuoroethylene) coated stir

e T e R R e DD ERE
ca] caj ca] ca] g?ﬁg%g}wf}%ﬂaﬁ]’g cglz (]Cé i rﬁ%‘??‘!ﬂﬁggﬁabﬁjﬂ?gg 6ylﬂ:?rh[ hehhhi
iQiiojyjj ijmnglwgorously for 3 minutes, this solution is added to the contents of the

| $I +l ol I']:

| call Cal ca] ReNBay ALt fiofg Hhefi2 8 oM R 6EIERE Ag BahBleRod B Baager -
[T r Ooss) blaseuraimtentisnint [bhicrod fiedgaipenbnalinaleiac20 shigalne saldeal oal cal

bt ook B e b s s ovedhe 2 et foer ©

y VB! le’ $10%04 )g tert-BIBTAMEEHO 2B 555§ UERRz6d water BHAMRBE for abo%&%& 0)-

minutes before placing the resulting suspension in a 1 L round bottom flask.
The suspension is heated to 50°C and mixing continued for another 60
minutes thereafter before adding 2.05 g of the 1000 molecular weight
polypropylene glycol diol. After mixing for another 3 minutes, the mixture is

Jo press-filtered at 20 psig for 3 minutes yielding 63.6 g colorless slightly pasty
solids. The solids are re-suspended in 144.0 g tert-butyl alcohol, mixed for
10 minutes and heated at 50°C for 60 minutes before adding 1.01 g of the
polypropylene glycol diol to the suspension. After stirring briefly, the
suspension is filtered through 5 micron filter paper to provide 44.7 g of wet

25 solids. The calcium chloride-modified zinc hexacyanocobaltate complex
catalyst (12.8 g) is obtained in final form by drying the wet solids 35 hours
in a 55°C vacuum oven.

The catalyst by elemental analysis contains 18.7 wt. % Zn, 8.80 wt.

% Co, 10.9 wt. % Cl, and 4.47 wt. % Ca.

30
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EXAMPLE 2
This example demonstrates an alternative method of preparing a
calcium chloride-modified zinc hexacyanocobaltate complex catalyst in
accordance with the invention.
A 3 L kettle equipped with baffles, impeller and heating mantle is
charged with 638.0 g deionized water. The agitation rate of the impeller is
set at 150 rpm. Calcium chloride dihydrate (163.79g) is added, followed by

659 deionized water to wash the kettle walls free of any residual calcium
chloride dihydrate. Zinc chloride (9.27 g) is then added and the kettle walls
washed again with 346 g deionized water. After raising the agitation rate to
500 rpm and increasing the temperature to 44°C, 165.4 g tert-buty! alcohol
is added to the kettle.

After again increasing the temperature of the contents of the kettle to
44°C, an aqueous solution of potassium hexacyanocobaltate (14.8 g) in
water (232.0 g) is added using a syringe pump at a rate of 4.94 g/min.

Separately, a 500 ml glass beaker is charged with 193.0 g deionized
water. While stirring the beaker contents with a stir bar, 160.18 g calcium
chloride dihydrate is added gradually. The temperature is increased to
54°C, then 0.6 g calcium oxide is added all at once. The beaker is heated
to 60°C while covered until all of the calcium oxide goes into solution, then
stirred for another 20 minutes while cooling to 53°C.

The calcium chloride/calcium oxide solution is added to the kettle
using a syringe pump at an addition rate of 2.94 g/min. Once addition is
completed (100 minutes), mixing is continued for another 20 minutes at
50°C.

A solution of 15.88 g 1000 molecular weight polypropylene glycol diol,
4.00 g tert-butyl alcohol and 62.2 g deionized water is thereafter added to
the kettle contents. After mixing briefly, the kettle contents are filtered
through & micron filter paper (20 psig N,). The filter cake thus obtained is
resuspended in a solution of 101 g tert-butyl alcohol and §5 g deionized
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mixed briefly before refiltering through 5 micron filter paper (20 psig N,). The
resulting filter cake (33.6 g) is resuspended in 144.0 g tert-butyl alcohol and
mixed for 10 minutes before transferring to a 1 L round bottom flask. The
suspension was heated at 50°C for 65 minutes while stirring at 300 rpm.
After adding 1.01 g of the polypropylene glycol diol and mixing briefly, the
suspension is refiltered (5 micron filter paper, 20 psig N,). The filter cake is
dried overnight in a 55° vacuum oven to yield 12.3 g of the final calcium
chloride-modified zinc hexacyanocobaltate complex catalyst. The elemental
composition of the catalyst by analysis is 24.4 wt % Zn, 11.40 wt % Co, 2.80
wt % Cl and 0.62 wt % Ca.

EXAMPLE 3

This example demonstrates the polymerization of propylene oxide
using the calcium chioride-modified zinc hexacyanocobaltate complex
catalyst prepared in Example 1. The polymerization is performed by
charging 680 g of a propoxylated glycerin starter (hydroxyl number = 240 mg
KOH/g) and 0.071 g of the catalyst to a stirred pressure reactor, heating to
130°C under a nitrogen blanket, and adding a total of 5029 g propylene
oxide at an average feed rate of 20.3 g/minute over about 4 hours. The final
concentration of catalyst is 12.4 ppm. The apparent rate of reaction (K,,,)
is 1.19. The polyether polyol triol thereby obtained has a hydroxy number
of 27.9 mg KOH/g, an unsaturation level of 0.0081 meq/g, and a viscosity of
1600 cst at 25°C.

EXAMPLE 4
The polymerization of Example 3 is repeated, but using 0.143 g (25.0

ppm final catalyst concentration) of the calcium chloride-modified zinc
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EXAMPLE 5

The procedure of Example 4 is repeated, but using 0.071 g catalyst

(final catalyst concentration = 12.4 ppm). A total of 5031 g propylene oxide

10 is added over 4 hours at an average feed rate of 21.5 g/minute to obtain a
polyether polyol triol having an hydroxyl number of 27.9 mg KOH/g, a
viscosity of 1746 cst at 25°C and an unsaturation value of 0.0063 meq/g.

The apparent rate (K,,) is 1.210 min™.
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said double metal cyanide is zinc hexacyanocobaltate.
3. A double metal cyanide complex according to claim 1 or 2 wherein the
complex catalyst additionally comprises an organic complexing agent.
4, A double metal cyanide complex catalystaccording to claim 3 wherein
)e organic complexing agent is selected from the group consisting of ethers,
alcohols and mixtures thereof.
5. A double metal cyanide complex catalyst according to any preceding
claim wherein the calcium compound comprises a halide.

6. A double metal cyanide complex catalyst according to claim 5 wherein

the calcium compound comprises calcium chloride.

7. A double metal cyanide complex catalyst according to any preceding
claim wherein said double metal cyanide complex catalyst is comprises of 0.1 to
10 weight percent of calcium.

8. A zinc hexacyanocobaltate complex catalyst according to any of
claims 2 to 7 wherein the organic complexing agent comprises a water soluble
aliphatic alcohol.

9. A zinc hexacyanocobaltate complex catalyst according to any of
claims 2 to 8 wherein the zinc hexacyanocobaltate complex catalyst is additionally
comprised of a polyether polyol.

10. A method of making a double metal cyanide complex catalyst, which
method comprises reacting a metal salt with a metal cyanide salt in the presence

of a calcium compound which is free of cyanide.

11. A method according to claim 10 wherein the metal salt comprises
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)e metal salt is used which is stoichiometric or less relative to the amount of metal

cyanide salt used.
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