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Highyl active double metal cyanide (DMC) catalysts are disclosed. The catalysts comprise a DMC complex, and organic complexing
agent, and from about 5 to about 80 wt.%, based on the amount of catalyst, of a polyether having a number average molecular weight
less than about S00. The catalysts polymerize propylene oxide at a rate in excess of about | kg PO/g Co/min. at 100 ppm catalyst, based
on the weight of finished polyether, at 105 °C. The catalysts, which are easy to prepare, give polyether polyols with exceptionally low
unsaturation levels.
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conpl exi ng agent has been gl ynme (dinethoxyethane), which gives DMC
catal ysts having activities within the range of about 0.1 to about 0.5 kg
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PCT/ EP97/ 01820 Co/mn. at 100 ppm based on the weight of finished
pol yet her, at 10WOS/A00EE, Recently, it was di scesmgrempifgce U. S.
Pat. No. 5,482,908, "the '908 patent”) that the activity of DMC

catal ysts is greatly enhanced by i ncorporating, in addition to the
organi ¢ conpl exi ng agent, fromabout 5 to about 80 wt. % of a

pol yet her havi ng a nunber average nol ecul ar wei ght greater than about

500. Catalysts that co ' [ ' nt (e.g.,
tert-butyl al cohol) an@&ghgﬁ@%ﬁwgglﬁﬁmfwﬁi%TALY&&epr opyl ene
oxide at rates in excess of 2 kg POg Co/mn. at 100 ppm catal yst,

based on the weight of finished p f r]C. In contrast, a .
%}%’[ﬁ% BF THr.EtaW ey 16N

cat al yst. cont ai ni ng pol yol o te al cohol was inactive,

and a catal yst nade EI‘P%‘ i%énnoxpﬂla%gfo&guﬁ@ me&L%aiﬁﬁé) Mﬂd@ﬁ}pﬁ&%ﬁta

s&%}i ve. CQur
initial work suggested ers vi ng  noleculrar werghts | ower

than 500 and pol yet £ eddid€ Bt ization. £ hé Yetiabl € or gave
mich | ess active ca‘lt% ystes& Bé’ﬁnenzamn }?ﬁg ell%ﬁp’i tybp(g: %gﬁt‘?'e;sverl% active DMC
catal ysts wi th | ow ;gRh&sUbaich include a polyether, are easy to prepare and have exceptional

activity.

BACKGROUND OF THE INVENTION

Double metal cyanide (DMC) complexes are well-known catalysts for
epoxide polymerization. These active catalysts give polyether polyols that
have low unsaturation compared with similar polyols made using basic (KOH)
catalysis. The catalysts can be used to make many polymer products,
including polyether, polyester, and polyetherester polyols. The polyols can be
used in polyurethane coatings, elastomers, sealants, foams, and adhesives.

DMOC catalysts are usually made by reacting aqueous solutions of
metal salts and me_tal cyanide salts to form a precipitate of the DMC
compound. A low molecular weight complexing agent, typically an ether or
an alcohol, is included in the catalyst preparation. Other known complexing
agents include ketones, esters, amides, ureas, and the like. See, for example,
U.S. Pat. Nos. 4,477,589, 3,829,505, and 5,158,922. The traditional favorite
complexing agent has been glyme (dimethoxyethane), which gives DMC

catalysts having activities within the range of about 0.1 to about 0.5 kg PO/g

Printed from Mimosa 03/02/1999 16:31:28 page -3-



wei ght pol yethers woul d be val uabl e because | ow nol ecul ar wei ght pol yet hers
are often cheaper or nore readily avail abl e than those havi ng nol ecul ar

wei ghts greater than 500. Ideally, these DMC catal ysts would offer the
advant ages of the catal ysts described in the '908 patent. For exanple, they
woul d gi ve pol yether polyols with very |ow unsaturation, and woul d be

active ‘enow@vrsmsel | ow their use at a very | ow concenpémpipenéiso :
preferably at concentrations | ow enough to overcone any need to renove
the catal ysts from t he pol yol
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The invention is a solid double netal cyanide (DMC) catal yst useful
for epoxi de pol ynepent)tha she aptivity of DM satalysisnip greatlysenpanpddyc onpound, an
organi ¢ conpl exi ng_agent, and from about 5 to about 80 w.% based on the
amount of cat al yst incegporting, ig,addjtiop ththe Pregnic complexing agepb TEagabost Tul ar wei ght
| ess than about 500. The cat%Iyst is highly active: it _polynerizes '

about 80 wt.% of a polyether having a number average molecular weight
propyl ene

greater than about 500. Catalysts that contain both an organic complexing

agent {e.g., tert-butyl alcohol) and a polyether polyol can polymerize

propylene oxide at rates in excess of 2 kg PO/g Co/min. at 100 ppm catalyst,

based on the weight of finished polyether, at 105°C. In contrast, a catalyst

containing polyol but no tert-butyl alcohol was inactive, and a catalyst made

with only tert-butyl alcohol was less active. Our initial work suggested that

polyethers having molecular weights lower than 500 and polyethylene glycols

were generally not suitable or gave much less active catalysts.

The ability to make very active DMC catalysts with low molecular

weight polyethers would be valuable because low molecular weight polyethers

are often cheaper or more readily available than those having molecular

weights greater than 500. Ideally, these DMC catalysts would offer the

advantages of the catalysts described in the 908 patent. For example, they

would give polyether polyols with very low unsaturation, and would be active

enough to allow their use at a very low concentrations, preferably at

concentrations low enough to overcome any need to remove the catalysts from

the polyol.
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oxide at a rate in excess of about 1 kg PO g Co/mn. at 100 ppm cat al yst,
based on the weight of finished polyether, at 105 err]C. Because the
catalyst is so active, it can be used at very |ow concentrations,
effectively elimnating the need for a catalyst renoval step. In
addition, the catal yst gives polyether polyols wth exceptionally | ow
unsat uration | evelo®74088e i nvention incl udes met hods fecI/EPd@Iseg t he

cat al yst. BRI EF DESCRI PTI ON OF THE DRAW NG

E:J?:J;\S ; ;S)gl()\;l\srre?i glaf;[ o(r)I]c r gggfygﬁ%@ﬁ%ﬁe@?ﬁgmgﬁwgfgso; | tmrale i nvention
This application asTi ruapen it iidSes Beafo R puciaRnbst Er o1 am o
ctogpest point, | ispolil ﬁwﬂ“&%ﬁ#&%&@%&?ﬁ?&é S FJen) o
eact on produtts of M enpOlROf Sl I ool b 3ok 8 G BeBpRie . o) 27
cyani de salt. The vahgi SPLashjes of ® palyerd hviflf £HHRD bbrah? olelifar IRIMAH 2
Printed from M nosa;Q3{0¢4rba5bol Crnd Lard e RAMhIY aefive: it polymerizes propylene

oxide at a rate in excess of about 1 kg PO/g Co/min. at 100 ppm catalyst,

based on the weight of finished polyether, at 105°C. Because the catalyst is

so active, it can be used at very low concentrations, effectively eliminating the

need for a catalyst removal step. In addition, the catalyst gives polyether

polyols with exceptionally low unsaturation levels. The invention includes

methods for making the catalyst.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 shows a plot of propylene oxide consumption versus time
during a polymerization reaction with one of the catalysts of the invention at
50 ppm catalyst. The activity of the catalyst (usually reported in this
application as kilograms of propylene oxide converted per gram of cobalt per

minute) is determined from the slope of the curve at its steepest point.

DETAILED DESCRIPTION OF THE INVENTION
Double metal cyanide (DMC) compounds useful in the invention are
the reaction products of a water-soluble metal salt and a water-soluble metal
cyanide salt. The water-soluble metal salt preferably has the general formula

.3-
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PCT/ EP97/ 01820 I\/(X)[err] in which Mis selected fromthe group
consisting of zZn(I1), Fe(l I), Ni (1), Ma(ll), Co(ll), Sn(ll), Pb(Il),
Fe(lll), M(IV), Mo(M), A(IIlI), V(V), V(IV), Sr(ll), WIV), WWVI),
Cu(ll), and Cr(ll1l). Mre preferably, Mis sel ected fromthe group

consi sting of ZwolokopssFe(11), Co(ll), and Ni(Il1). In the pemepeifmiggul a, X
is preferably an anion selected fromthe group consisting of halide,

hydr oxi de, sul fate, carbonate, cyanide, oxal ate, thiocyanate, isocyanate,

i sot hi ocyanat e, caMsB)eyn whish Ngﬁd""?ﬁ‘i‘lrf&l"é‘mﬁml’ ff'%s'ﬁ@lgcﬁf Za(DsFeddm 1 to 3 and
satisfies the val enc(ﬁ? state of M HTrlr,ﬁ es of suitable nmetal salts include,

but are not NOGR-tMe(lp oD, sl PEE(HDZMH@VPJ%%V&} AlEPRY(Beet at e,

TIEPRL U iyt it s

end ot e ofas o 2y cntin ot Bubdelnedfn ool

general fornula (ng ‘fc%}as[pé?f?ﬂlﬁﬂ ﬁ?ﬁ”eﬁ“"&g%%?ﬁfﬁ' ‘Wp‘iws‘ﬁt'gg 8@’%@? ed from

T e e

mc/ggglr?,sof:ag:gl), ‘%‘f’?lﬂgé “Pﬁ’ Crg'?\ W (|“ﬁ"%’ n‘g'ﬁl +Ir" Thﬁese
m[i?fe? he GYIBRY gﬁte%?“ Fﬁ:ﬂ}pfeg of ﬂﬁtfblé)&@tapsraltgflﬁﬁlﬁ? ; Qbut!

metals. In the for IS an a I on or ne earth

metal ion. Ais an ﬁ&mie@&; ofic brigae, zmcbrb.lﬂﬁe%waaets@rm&tl ng of halide,
hydr oxi de, sulfate, car bonat e, cyani de, oxal ate, thi ocyanate

i socyanat e, i sot hifeysylibBnate; 2inb Benvéatd, Qinc amtenir&m)t fitabakdaap and are
i ntegers greater than or equal to 1; the sumof the charges of a, b and c

bal ?nges t he char gRormide,\MobalfGl) dnikite; cﬁﬁltﬁl)-tlﬁéﬂyh&ble?mﬁﬂ(gb formaej de salts
| netude nickel(II) nitrate, and the like, and mixtures thereof.

The water-soluble metal cyanide salts used to make the double metal
cyanide compounds preferably have the general formula (Y),M’(CN)y(A), in
which M’ is selected from the group consisting of Fe(ll), Fe(ll), Co(II),
Co(II), Cr(1l), Cr(III), Mn(II), Mn(II), Ir(TIT), Ni(II), Rh(III), Rw(II), V(IV),
and V(V). More preferably, M’ is selected from the group consisting of
Co(lI), Co(lil), Fe(Il), Fe(ll}, Cr(Ill), Ir(Ill), and Ni(II). 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 selected from
the group consisting of halide, hydroxide, sulfate, carbonate, cyanide, oxalate,
thiocyanate, isocyanate, isothiocyanate, carboxylate, and nitrate. Both a and b
are integers greater than or equal to 1; the sum of the charges of a, b, and ¢

balances the charge of M’. Suitable water-soluble metal cyanide salts include,

-4-
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hexacyanocobal tate(l11), potassium hexacyanoferrate(ll), potassium .
hexacyanoferrate(ll1), calcium hexacyanocobal tate(l11), lithium
hexacyanocobal tate(l11), and the I|ike. Exanpl es of doubl e

met al cyani de coWQRTK4M86 t hat can be used in the i NnvenPCHEPIAIBI0Lde
for exanple, zinc hexacyanocobaltate(lll), zinc

hexacyanof errate(l | I'%“f Yg in%hﬁlﬁté&%‘,%ﬁ?sﬂﬂ EJ"%‘%&"P&&L’&W@%‘ i

hexacyanocobal t at e( | nd the 't ke. Fur exa %SIS“I‘Ji t abl e doubl e
met al cyani de conpl bferrhde @i Eﬁ'sﬁmyh SR - caRiudP8: 922, the

t eachi ngs of which gfrée ncorpo?gl’te@ ere‘?‘ﬁcygy re%egrﬁZ’ncge.u Zi nc
hexacyanocobal t at e( |jekacydnscabhifitefHin),Gffrium hexacyanocobaltate(IE arkithé fxDVC cat al yst's
of the i'nvention include an organic conpl exi ng agent. Generally, the
conpl exi ng agent must beggaipfis iof @dubie Tithdl Byafide compolisitis\ikt E4n-be Askdtia e

conpl exi.ng agents are those commonly known in the art, as taught, for
exanple, in U S Patigvhtididnclide,lfoBeRdgle, ZihChexasyiiotobalge(RD Soiic i s added
either during preparation or inmediately foll ow ng precipitation of

the catal yst. Usual Ihgxacpaofertste@is), aikel RéxaGandfdite@Oypdbakki Nng agent i s used.
Preferred conpl exi ng agents are water-sol ubl e het eroat om contai ni ng organic
conpounds that can etaoyaaxcobaltate(Ill)) andithe like Ruthed exaniples afauitablepioubiel .

metal cyanide complexes are listed in U.S. Patent No. 5,158,922, the
teachings of which are incorporated herein by reference. Zinc
hexacyanocobaltate(Ill) is preferred.

The solid DMC catalysts of the invention include an organic
complexing agent. Generally, the complexing agent must be relatively soluble
in water. Suitable complexing agents are those commonly known in the art,
as taught, for example, in U.S. Patent No. 5,158,922. The complexing agent
is added either during preparation or immediately following precipitation of
the catalyst. 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 metal cyanide compound.
Suitable complexing agents include, but are not limited to, alcohols,
aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sulfides, and
mixtures thereof. Preferred complexing agents are water-soluble aliphatic
alcohols selected from the group consisting of ethanol, isopropyl alcohol, n-
butyl alcohol, isobutyl alcohol, sec-butyl alcohol, and tert-butyl alcohol. Tert-
butyl alcohol is particularly preferred.

.5-
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Sui t abl e conpl exi ng agents include, but are not limted to, alcohols,

al dehydes, ketones, ethers, esters, am des, ureas, nitriles, sulfides, and
m xtures thereof. Preferred conpl exi ng agents are water-soluble aliphatic
al cohol s selected fromthe group consisting of ethanol, isopropyl alcohol,
n- butyl al cohol, isobutyl alcohol, sec-butyl alcohol, and tert-butyl

al cohol . Tert- woomspat yl al cohol is particularly preferr agmepemoise
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PCT/ EP97/ 01820 The sotid PMC eaialysty ofitfte ipesptinn inghude from sbeutiSweent i on
~include from about ahout 80 . % based on anount of catal yst, of
a pol yet her havi ngab%{nr%ﬁ%ng badtd °“§§98‘f"ém4e #&NSEGEFQ?W%’@%"E eRWNbehan about
polyetner o preriprin A e S8 Hotr Caolocedt ' coour oo

w. %of the poly e ether is
needed to signifi g%ﬂ,[ bﬁ’“tﬁtr?ﬁjr) g@"??ﬁ aotf ¢ pofyeter; F\?Ftt%;efm% cg‘éjtﬁff)ar ed with a
catal yst made in gdlﬁxdé‘ ﬁ% t95 o ‘But | e U8 fe ﬁ?:ﬁ" e S %astnggtlgs contain

nore than about 8 Yo O e po yet er gener y ar active,

and they are inpragly 6he Lay Plsofieft it ifcaltfy GRS bl kPl Sect! C21 1Y

sticky pastes rather than powdery so
compared with a catalyst made in the absence of the polyether. Catalysts that

contain more than about 80 wt.% of the polyether generally are no more
active, and they are impractical to isolate and use because they are typicaily
sticky pastes rather than powdery solids.

Polyethers suitable for use in making the catalysts of the invention
have number average molecular weights (Mn) less than about 500. Suitable
polyethers include those produced by ring-opening polymerization of cyclic
ethers, and include low-molecular-weight epoxide polymers, oxetane
polymers, tetrahydrofuran polymers, and the like. Any method of catalysis
can be used to make the polyethers. The polyethers can have any desired end

groups, including, for example, hydroxyl, amine, ester, ether, or the like.

Preferred polyethers are polyether polyols having average hydroxyl
functionalities from about 1 to about 8 and number average molecular weights
within the range of about 150 to about 500, more preferably from about 200
to about 400. These can be made by polymerizing epoxides in the presence of
active hydrogen-containing initiators and basic, acidic, or organometallic
catalysts (including DMC catalysts). Useful polyether polyols include

-6-
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Pol yethers suitable for use in making the catalysts of the invention

have nunber average nol ecul ar wei ghts (M1) |ess than about 500. Suitable
pol yet hers include those produced by ring-opening polynerization of cyclic
et hers, and include | ow nol ecul ar-wei ght epoxi de pol yners, oxetane

pol ymers, tetrahydrofuran polyners, and the like. Any nethod of catalysis
can be used to mwikesiHpdse pol yet hers. The pol yethers can hav@CHERS7@BY r ed end
groups, including, for exanple, hydroxyl, am ne, ester, ether, or the like..

f Lﬁiﬁ [ onal | X?LP?&%‘V Bulete SFEI pditeih AR BORMERFOC Tl Sl ar
i i t hi . f bl
fromabout 200 AeBAaBhedi bt ko £ B, viiue BEAGRIRE' 20 ), e

in the presence of "“g??“?%“"é’g“’?%% FRM¢ ?hﬁﬂyémdk%ﬁgngroﬁvand basi c,

acidic,” or organonet talysts I ng catalysts). Useful
pol yether polyols i y:édﬁlﬁx thylene ether glycols, and the like, Suitable polyethers also
Py ey poy
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EO- capped poI?(%xypr opyl ene) pgl yo@g‘%o} n??(@@énEg@Poypoﬁoo‘?s, but yl ene

oxi de pol ynmers, glycol, tetracthylene glycol, dipropylene glycol monomethy! ether,

tripropylene glycol monomethyl ether, monoalkyl and dialkyl ethers of glycols
and poly(alkylene glycol)s, and the like. Most preferred are poly(propylene
glycol)s and poly(ethylene glycol)s having numbef average molecular weights
within the range of about 150 to about 500. I found that both an organic
complexing agent and a polyether are needed in the double metal cyanide
catalyst. Including the polyether in addition to the organic complexing agent
surprisingly enhances catalyst activity compared with the activity of a similar
catalyst prepared in the absence of the polyether (sce Examples 1-5 and
Comparative Example 9). The organic complexing agent is also needed: a
catalyst made in the presence of the polyether, but without an organic
complexing agent such as tert-butyl alcohol, will not ordinarily polymerize
epoxides (see Comparative Examples 6-8).

The catalysts of the invention are characterized by any suitable means.
The polyether and organic complexing agent are conveniently identified and
quantified, for example, using thermogravimetric and mass spectral analyses.
Metals are easily quantified by elemental analysis.

The catalysts of the invention can also be charactérized using powder
X-ray diffraction. The catalysts exhibit broad lines centered at characteristic

.7-
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but yl ene oxi de copolyners with ethyl ene oxide and/ or propyl ene oxide,

pol ytetranet hyl ene ether glycols, and the |like. Suitable polyethers also

i nclude, for exanple, tripropylene glycol, triethylene glycol,

tetrapropyl ene gl ycol, tetraethylene glycol, dipropylene glycol
nononet hyl et her, tripropyl ene glycol nononethyl ether, nonoal kyl and
di al kyl ethers e oghagsso!l S and pol y(al kyl ene gl ycol )SPCIZé}?v/&l% like.
Most preferred are pol y(propyl ene gl ycol )s and pol y(ethylene glycol)s
havi ng nunber .average nol ecul ar vvel ghts within the range of about 150
to about 500. | f QuAFingRHaforRFERPlE,A BI‘cg'éPﬁWanmbal‘a"c‘aﬁbﬁmdﬂgﬂBSg@ﬁt and a

- pol yether are needed oub t al | de catalyst. Includin
the pol yether in adth ‘I?Yﬁ’hqt%gtaﬁgfyéf@gﬁ? E’y@érf‘gla@ﬂ ?@ 'ﬁ‘@}%ﬁ%ﬂf weight has ?

: I h | yst d t t t f
aimiar Y eQa?QCGSICbI%aéIiga‘?% S BERE oS 1S4 SO RHES Loo.

. Ex I 1-5 d Th I t
T also needed: a andasongxﬁv?%wygemaaaa %ﬁﬂt& ERAiEst a?oufaﬁggﬁl %I Rgrf"gﬁﬂt
- W t hout ' e
ot ordinari 1y pol SHEFTS: C@E@*ﬁﬁ'i& Hpdidi o ?Ip*é?ur@ e B )"

. The catal ysts of the M}(&I’&I d?xﬁit:@'id E@tﬁy staine |tebl e nmeans.

 The pol yether and organi c conp eX|ng agent-are-conveniently identified and

- quantified, for exa&méﬁmcammawempgoﬂwg m%#dsmaz%ectral
anal yses. Metal s "are easily quantified by ‘el efrental anal ysi s.

The catal ysts of t tkdmsent i on can al so be characterized usi ng powder
X-ray diffraction. The catalysts exhibit broad |ines centered at

characteristic The invention includes a method for preparmg solid DMC éatalysts
Printed from M nposa 03/02/ 1999 16: 31: 28 page - 9-
useful for epoxide polymerization. The method comprises preparing a DMC
catalyst in the presence of a polyether having a number average molecular
weight less than about 500, wherein the solid DMC catalyst contains from
about 5 to about 80 wt.% of the polyether.

Generally, the method is performed by reacting, in an aqueous '
solution, a metal salt (excess) and a metal cyanide salt in the presence of the
polyether and an orgimic complexing agent. Enough of the polyether is used
to give a solid DMC catalyst that contains from about 5 to about 80 wt.% of
the polyether. Catalysts made using the method of the invention have
enhanced activity for epoxide polymerization compared with similar catalysts
prepared in the absence of the polyether.

In one method of the invention (illustrated by Examples 1-5 below),
aqueous solutions of a metal salt (such as zinc chloride) and a metal cyanide
salt (such as potassium hexacyanocobaltate) are first reacted in the presence of

an organic complexing agent (such as tert-butyl alcohol) using efficient mixing

.8-
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PCT/ EP97/ 01820 d- spaci ngs. For exanple, a zinc hexacyanocobaltate
catal yst made using tert- butyl al cohol and a poly(ethylene glycol) .
of about 300 nol ecul ar wei ght has two broad signals centered at

d- spaci ngs of. about 5.75 and 4.82 angstrons, and a sonewhat narrower
signal centered WOYH#MMBBSspaci ng of about 3.76 angst r orRCI/ERB@B0 abl e
2). This diffraction pattern is further characterized by t he absence
of sharp lines correspondi n%f

o highly crystal,line. zinc
hexacyanocobal t at e PYUERS aﬁ?’d’s" -aﬁﬁme};g_ﬂgﬁ “33.35'9?’“’%‘?'53?" caRlysh. 28
angstrons. The pnvention jncl.udes t hod for preparing solid
DVC cat al yst's %@fﬁpta%h'eé%%n(féodﬁ I%%F’i‘ﬁfﬁﬂg mﬁ?&:%ﬁﬁé@"conpri ses
reparing a DMC .cat al ' e of,.a pol yet her hayi a
IElumger a\g/er age nol e‘@ﬁﬁ‘a’% %eyﬁablﬁftghh‘gaﬁ%s%%? iug“rif ApoUT™ 3 ke @f'ﬁpg he solid

DMC cat al yst contai ng \I!Jté}nlnd °’$"ﬁ§§9’g§,‘°’§'§ta flﬂ?&yf; isqgcoﬁgbra%d% sc;nlﬂaeex&m yether.

Ceneral ly, the nethod 1I's perfo I'ng, 1'n an agueous
solution, a nmetal sgl éﬁﬁ&%ﬁﬁ&uré”d a metal cyanide salt in the presence of
t he pol yet her ‘and an~”organi ¢ conpl exi ng agent. Enough of the polyether

s used to give a gml drgnMompidind Xt ab'Bd inEiQAMk Hifheithdr QP bRt 5 tO
about 80 wt. % of ?%e rpoI yet ﬁerﬁé %Ettal ystgl made luzeilng; t he net hod of

the invention have the aquedtt B \oREon8CdriiVéah e hatied RAR ELRysPQLyTET | Zat i on
conpared with simlar catal ysts prepared in the absence of the

pol yet her. immedihtely GslRwiti ipkegigitation bl e DMIE Bdmpdtind., | T isyehéralyed by
Exanpl es 1-5 bel ow),

preferred to pre-mix the complexing agent with either aqueous solution, or

both, before combining the reactants.

The aqueous metal salt and metal cyanide salt solutions (or their DMC
reaction product) need to be mixed efficiently with the complexing agent to
produce the most active form of the catalyst. A homogenizer or high-shear
stirrer is conveniently used to achieve efficient mixing.

The catalyst slurry produced in the first step is then combined with a
polyether havir;g a number average molecular weight less than about 500.
This second step may be performed using low-shear mixing if desirable to
minimize foaming. When very efficient mixing is used in this step, the
mixture can thicken or coagulate, which complicates isolation of the catatyst.
In addition, the catalyst may lack the desired enhanced activity.

Third, a polyether-containing solid catalyst is isolated from the catalyst
slurry. This is accomplished by any convenient means, such as filtration,
centrifugation, or the like.

The isolated polyether-containing solid catalyst is then washed with an

.9.
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aqueous solutions of a netal salt (such as zinc chloride) and a netal
cyani de salt (such as potassi um hexacyanocobaltate) are first reacted
in the presence of an organi c conpl exi ng agent (such as tert-butyl

al cohol) using efficient m xing

- 8- Printed from M nosa 03/02/ 1999 16: 31: 28 page - 10-

WO 97/ 40086 = wo 9740086 PCT/EPO7/01820 -
PCT/ EP97/ 01820 to produce a catalyst slurry. The netal salt is used
i n excess. The catal yst . Slurry contains the reaction product of the
nmetal salt and net #uequs seiptips thai cpntains additigna] erganiccomplexigg agsnte Washine cyani de
conmpound. Al so present are excess netal salt, water, and organic
conpl exi ng agent ; E£eMralY acoomplished oy s iryng thesatalyst i the aqueousspjutigadfcat al yst
structure. . The_organic ¢ | exi nq agent .can be included with
either or both of Organic ¢omplexing agent, fglgﬁggd bf’ﬁﬂliﬁ%és?la'b‘?“ step- s Yashingided to

th tal yst sl ] ' diately.fallow | pitati] f t DMC

(e CRtal Vet U1 g TS Sl Sl BB B 8, " 0,

ith eith lL.uti Of .. . bot h, bef L ni t h tants.

1 ether eaueoug ol ool Oh b BRAHC AR i, S0
ti duct 1 ] ffici ] . 1R i tt

LN L) il R e 1l BT 0, 007 1

stirrer is conveni @nily 448 % [ andh Yoo % Sli'id SicSieeath Riude some

polyether in the agueous solution of organic complexing agent. The amount

of polyether in the wash solution is preferably within the range of about 0.1
wt.% to about 8 wt.%. Including a polyether in the wash step generally
enhances catalyst activity.

While a single washing step suffices to give a catalyst with enhanced
activity, it is preferred to wash the catalyst more than once. The subsequent
wash can be a repeat of the first wash. Preferably, the subsequent wash is
non-aqueous, i.e., it includes only the organic complexing agent or a mixture
of the organic complexing agent and polyether.

After the catalyst has been washed, it is usually preferred to dry it
under vacuum (88 to 102 KPa (26-30in. Hg)) until the catalyst reaches a )
constant weight. The catalyst can be dried at temperatures within the range of
about 40°C to about 90°C.

Jn a second method of the invention, impurities are removed from the
catalyst duriné preparation by a dilution method that eliminates the need to
wash the isolated polyether-containing catalyst with an aqueous solution of
comnplexing agent.

.10 -
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The catal yst slurry produced in the first step is then conbined with a
pol yet her havi ng a nunber average nol ecul ar wei ght | ess than about 500.
This second step nay be perforned using |lowshear mixing if desirable to
m ni m ze foam ng. When very efficient mxing is used in this step, the
m xture can thicken or coagul ate, which conplicates isolation of the

cat al yst. | 'WaaMoe86on, the catal yst may | ack the desir FETERNAHE®J
activity. Third, a polyether-containing solid catalyst is

i sol ated f th t al | 1 b Sgal '

l:?)(r)\vgnieent r ?r;nans,e gﬁcﬁ ;@g,ts,r iaﬂlfe?%tslu%giym th’%‘éﬂ@r@%ﬁ%%#gn?ﬁgﬂ Q%H@Q?/i ke.
The i sol q I ) i i : Co 1 h
Too S0l ateq POlYCLUR e R f b B APPSR xid Ty BRg Rl " o1

WO 97/ 40086 ixing (as described above) to prod talyst slurry. Second, the catal

PCT/ EP97/ 01820 mx";atgq(ﬁseoeagn gof L?E, ?)O?IPE hlétct'= aézg)n s:'atisrlllg_yadgl‘im{l i’onea‘l:a aoyrmgan! C

conpl exi ng agent. V\4ghy Rlnixed efficidnfly G/tH @ 'dfthdny wRIEH QUmipkikes Rf dquedus!sBiRdidH I Vi Ng
the catal yst in the aqueous sol ution of or gani ¢ conpl exi ng agent,

fol l owed by a cat al ySiddiishml Bighé\comipRiting hpdnE TRSHHuSHY is used in afa@PuritS used to
renove inpurities fromthe catal yst, for exanple KCl, that wll

render the catal yst effdainlth ¥lubifize ifigtititiod @.c/) @kcedsabMms, KE; ekcghimipky, the
anount of organic conpl exi ng agent used in this aqueous solution is
within the range  aqueous phase. :
After dilution with aqueous complexing agent, the catalyst slurry is
combined with a polyether having a number average molecular weight less
than about 500. It is generally preferred to use low-shear mixing in this step.
The polyether-containing solid catalyst is then isolated from the slurry by any
convenient means (as described earlier), including filtration, centrifugation, or
the like. After isolation, the catalyst is preferably washed with additional
organic complexing agent or 2 mixture of additional polyether and organic
complexing agent. This washing step can be accomplished without the need to
reslurry or resuspend the solids in the wash solvent. Finally, a solid DMC
catalyst that contains from about 5 to about 80 wt.% of the polye;ther is
isolated.
The catalysts of the invention have significantly higher activity than
most DMC catalysts previously known in the art. For example, conventional
DMC catalysts made with glyme complexing agent and no polyether (as
described, for example, in U.S. Pat. Nos. 4,477,589, 3,829,505, and
5,158,922) have activities within the range of about 0.1 to about 0.5 kg PO/g

Co/min. at 100 ppm, based on the weight of finished polyether, at 105°C. In

-11-
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of about 40 wt.%to about 70 wt.% It is also preferred to include sone
pol yether in the aqueous solution of organic conpl exi ng agent. The anount
of polyether in the wash solution is preferably within the range of about

0.1 wt.%to about 8 wt.% Including a polyether in the wash step
generally enhances catal yst activity. Wiile a single
washi ng step swioforamss t 0 gi ve a catal yst with enhanced PCT/EXO¥MIEd0t Y, 1t 1S
preferred to wash the catal yst nore than once. The subsequent wash can

A T S O TN SIS CNE S
" e o b B TR ER el BRI s o 1
under vaUUM (90 4,2 KRt 0 b kA A e TS 2,
e et T, O SR AR BN 1S, o o2 Ao o0 ©

the invention, i r’rfj renove rom

preparation by a ?J!]%O e. Odt ﬁ@gmge&ﬂagtg{a@w trwhlﬂﬁtite@astﬁ?&i&ﬁg%o&@}t that wash the

| sol at ed pol yet he ntalnihg cata an aqueous on of

conpl exi ng agent ., 1 ight polyeth Id not be syitable fi I have nd¥-
Printed from M mosa 0370271064 1%:y31?r§§’05a5e0 26,75 1able 1ot use, & have n

found that polyethers having molecular weights less than 500 can, in fact, be

used to produce polyether-containing DMC catalysts with high activity. As
Examples 1-5 and Comparative Example 9 demonstrate, the catalysts of the
invention have activities greater than that of a zinc hexacyanocobaltate/ tert-
butyl alcohol complex made in the absence of a polyether.

The catalysts of the invention are active enough to allow their use at
very low catalyst concentrations, such as 25 ppm or less (see Example 10
below). At such low catalyst levels, the catalyst can often be left in the
polyether polyol product without an adverse impact on product quality. For
example, the amount of residual Zn and Co in the polyol from a zinc
hexacyanocobaltate catalyst of the invention can be within product
specifications (< 5 ppm each) before any purification of the polyol. When
higher product purity is needed, a simple filtration is usually adequate to
remove the last traces of catalyst from the polyol product; the catalyst appears
to be heterogeneous. The ability to leave these catalysts in the polyol is an
important advantage because at present, most commercial polyether polyols
(generally made with KOH) require a catalyst removal step.

The following examples merely illustrate the invention. Those skilled

.12-
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WD 97/ 40086
PCT/ EP97/ 01820 First, aqueous solutions of a netal salt
(excess) and a netal cyanide salt are reacted in the presence of an.
organi ¢ conpl exi ng agent using efficient m xi ng (as descri bed above)
to produce a catalyst slurry. Second, the catalyst slurry is m xed
efficiently wthwosembosent whi ch conprises an aqueous sol ut POTEPIT01820 Of -
addi ti onal organic conpl exi ng agent The diluent is used in an anount
effective to solubiljze i riti pxcess reactants,. etc.) in
t he aqueous phigdhe art recognize "‘a“yA‘faf'Ql"“ﬁ \mntin ‘Bﬁ’ ﬂmﬁplﬁh&éb"us
conpl exi ng agent, the catal yst sl rry conbi ned with a pol yether
havi ng a nunber aver‘&‘éet?t‘?ﬂ)‘f'ééﬁqpﬁt" BH'ES | ess than about 500. It is
generally preferred to use | owshear mxing in this step. The
pol yet her-containing solid catalyst is then isolated fromthe slurry by any
conveni ent neans (as described earli er) H‘? ing filtration,

I'SO

centrifugation, or the like. After ion, the catal yst is
preferably washed with a Kool I or a
m xture of additional ?%%gﬁ@r}a&aftﬁgm th%nl caﬂ""rg W{g@ﬁ% ex ng ent Thi s

hi t b ;
washing step can be aCCO gds%g)?ﬁx #Q%E%lta&?.n%?%q{xgsﬁved 111 dlénlfeﬁ%aﬁry or

resuspend the solids in t a so

catal yst that cont ai@go hiPsmdasfbtiyl alchibl PU0HL) iR Q vedkesolhitide S, PRlcyet her is

i sol at ed. The catal ysts of the invention have significantly

hi gher activity thanhioride (76%5 s didiveadh alstifetl wafdf €76irBIL)Sh ¥ sécOaibeaked t he art.
For exanpl e, conventi onal DMC catal ysts made with gl yne conpl exi ng

agent and no pol yet Sslut{oas). A thirdlbeRericomalns Sohitiof 3o Mixture bididillied whiet . Nos.
4,477,589, 3,829,505, and 5,158, 922) have activities within the range

of about 0.1 to aboy2000mb), kegt-ta61 gicohol (2 i), andpolyat (816 RBG3I00hasemaeln t he
wei ght of finished polyether, at 105[err]C In
wt. poly(ethylene glycol) obtained from Aldrich).

Solution 2 is added to solution 1 over 30 min. at 30°C with mixing
using a homogenizer set at 20% intensity. Mixing intensity is increased to
40% for 10 min. The homogenizer is removed. Solution 3 is added, and the

" mixture is stirred for 3 min. using a magnetic stirring bar. The mixture is
filtered under pressure (276Kpa gauge (40 psig)) through a 20 X10m (20-
micron) filter.

The catalyst solids are reslurried in tert-butyl alcohol (130 mL) and
distilled water (56 mL) and homogenized at 40% intensity for 10 min. The
homogenizer is removed. PEG-300 (2 g) is added and mixed using magnetic
stirring for 3 min. The mixture is filtered under pressure as described above.
The catalyst solids are reslurred in tert-butyl alcohol (185 mL) and
homogenized as before. PEG-300 (1 g) is added and mixed using magnetic

stirring for 3 min. The mixture is filtered under pressure. The resulting

-13.
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PCT/ EP97/ 01820 contrast, the catalysts of the invention polynerize
propyl ene oxide at a rate in excess of 1 kg PO g Co/mn. at 100 ppm
based on the wei ght of finished pol yet her, at 105[err]C. These

catal ysts have enhanced activity simlar to the catal ysts | .

previ ously di sciwgsfddessn U.S. Pat. No. 5,482,908, which usecrmErernidd®! yYet hers
of higher nolecular weight. Wiile it was previously thought that

| ower nol ecul ar wei ght pol yet hers uld not be suitable for use, | have now
found that polyeth %YSH%G‘F f%P'e@YBEa?dWWQOF’éE%GPMs@Geacan, in fact,
be used to produce | yet her-containing DMC catal ysts with high
activity. As c@ﬁtmegggt.l_ 5 and Conparative Exanple 9 denonstrate, the
catal ysts of the i nvention have activities greater than that of a

zi nc bexacyanocobaltate/ tert- butyl al cohol conplex made in the
absence of a polyether. Th&x@g%%sts of the invention are
active enough to allow their use at | ow cat al yst concentrati ons,

such as 25 ppmor |ess ngpglgflgf(&r;pg gé‘?r_%ntatiwggeﬁﬂ@Caﬁé?\tsgla%do w cat al yst

| evel s, the catal yst can~often be er pol yol product

i thout an adver se | Mgl AR (Y4fis SN i waier @78 YATBSrend D ATOUN

of residual Zn and Co int roma z acyanocobal tate

catalyst of the i Wtaic&{bl %r}nﬂeco ‘M.mtﬂﬁ (i.d Yolassium hexacyanocobaltate (7.5

g) is dissolved in distilled water (100 mL) in a second beaker (Solution 2). A

third beaker contains Solution 3: a mixture of distilled water (S0 mL), tert-
butyl alcohol (2 mL), and polyol (8 g of PEG-300).

Solution 2 is added to solution 1 over 30 min. at 50°C with mixing
using a homogenizer set at 20% intensity. Mixing intensity is increased to
40% for 10 min. The homogenizer is removed. Solution 3 is added, and the
mixture is stirred for 3 min. using a magnetic stirring bar. The mixture is
filtered under pressure ((276 KPa gauge (40 psig)) through a 5 x 10°m (5-
micron) filter.

The catalyst solids are reslurried in tert-butyl alcohol (130 mL) and
distilled water (55 mL) and homogenized at 40% intensity for 10 min. The
homogenizer is removed. PEG-300 (2 g) is added and mixed using magnetic
stirring for 3 min. The mixture is filtered under pressure as desqibed above.
The catalyst solids are reslurred in tert-butyl alcohol (185 mL) and
homogenized as before. PEG-300 (1 g) is added and mixed using magnetic
stirring for 3 min. The mixture is filtered under pressure. The resulting
catalyst cake is dried at 60°C under vacuum (102KPa ((30 in. Hg)) to 2

-14.
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specifications (< 5 ppmeach) before any purification of the polyol. Wen
hi gher product purity is needed, a sinple filtration is usually adequate to
renove the | ast traces of catalyst fromthe polyol product; the catalyst

appears to be heterogeneous. The ability to | eave these catal ysts in
the polyol is an | nportant advant age because at present, nost

comerci al pol yevaerdnss| yol s (general ly nmade wit h KOHPCTERRT01820 o

catal yst renoval step. The foll owi ng exanples nerely illustrate
the invention. Tho bbb - 12
- S%?ﬁ%&%ﬁ?iom M mosa 03/ 02/ 1999 16: 31: 28 page - 14-

WD 97/ 40086

PCT/ EP97/ 01820 in the art will recognize nmany variations that are
within the spirit of the i nvent i gixsamelgsgope of the clains.

EXAMPLE 1 Preparation of a Pol yether-Containing DMC Cat al yst

( PEG 300) PRb#& ation Wi PEIy@RetADRGRIG IDME CakalfstPBG-429 di ssol ved in
distilled water (300 nL) and tert-butyl alcohol (50 nL) in a beaker
(Solution 1). Zinc TheCptbRtuirel 6f Exafmpld)1 ik Solldweds @koéprcthdt PPGi425, 4 408d wat er
(76 nL) in a second beaker (Solution 2). Athird beaker contains

Sol ution 3: a m Xt uict. Wi, pély@topyleseckiyodl) prepared by KOR Qftalgdis, .is éised instead ofl al cohol
(2 nm), and polyol (8 g of PEG 300, a 300 nol.
PEG-300, and the catalyst is prepared at 50°C instead of 30°C. The resulting

catalyst is isolated and dried as described previously.

EXAMPLE 4

Preparation of a Polyether-Containing DMC Catalyst (PPG-425)

A solution (Solution 1) of zinc chloride (252 g), distilled water (924
mL), and tert-butyl alcohol (168 mL) is prepared in a one-gallon glass reactor.
Potassium hexacyanocobaltate (25.2 g) is dissolved in distilled water (336 mL)
in a beaker (Solution 2). Another beaker contains Solution 3: a mixture of
distilled water (160 mL), tert-butyl alcohol (6.7 mL), and polyol (26.9 g of
PPG-425).

Solution 2 is added to solution 1 over 1 h at 50°C with 450 rpm
stirring. After the addition is complete, the stirring rate is increased to 960
rpm for 1 h under 10 psig nitrogen. The stirring rate is decreased to 200
rpm. Solution 3 is added, and the mixture is stirred for 3 min. at 200 rpm.
The mixture is filtered under pressure (276 KPa gauge (40 psig)) through a 10

x 10 m (10-micron) filter.

-15.
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wt. poly(ethylene glycol) obtained fromAldrich). Solution 2

Is added to solution 1 over 30 mn. at 30[err]C with m xi ng using a
honogeni zer set at 20% intensity. MXxing intensity is increased to 40%
for 10 mn. The honogeni zer is renoved. Solution 3 is added, and the

m xture is stirred for 3 mn. using a magnetic stirring bar. The m xture is
filtered under woezsmwse (276Kpa gauge (40 psig)) through apciikedidigzerr] m
(20- mcron) filter. The catal yst solids are reslurried in

tert-butyl alcohol (13Q.nL d.. distilled t 56, m_ d
hg;mgeﬁi )z/edaafo48% |( nt 3}% f‘%‘g}?‘#lﬂ'diﬁ“’ rf?sh".smé#ﬁé?he saiie ?Féﬁéfg“é‘m ‘22%‘?’3‘9'5 r enoved.
PEG 300 (2 [ d ' LS t i . t] ' f 3 mn.
The mixture ) s {11 DEReHAREE i st Rl g picegih b oot Py ™
t al yst lid L dint - hut vl | 85

catalvot o1 G oty A AEh M L6 i, HEHSG S UEE o M .

tirri f 3mn,. . - ' j .ed h [ ti
St "9 TN S M s Tkl 30 o fok S THE B A el (2 173U 11 O
WO 97/ 40086 . . o '
PCT/ EP97/ 01820  Pressurg g5 fleserjved ahove., Thecatalyst sofids s meslupred in tetbutyl cuum
(102KPa (30 in. I_|gs)léoh&lct62"2 mL) and sHRQ5Ls Hlcrit6y dBVe: The stirring rate is again

decreased to 200 rpm. PPG-425 (3.4 g) is added and mixed for 3 min. The

mixture is filtered under pressure. The resulting catalyst cake is dried at 60°C

under vacuum (102 KPa (30 in. Hg)) to a constant weight.

EXAMPLE 5

Preparation of a Polyether-Containing DMC Catalyst
(Tripropylene Glycol Monomethyl Ether)

The procedure of Example 2 is followed, except that tripropylene
glycol monomethyl ether (Aldrich) is used instead of PEG-300. The resulting

catalyst is isolated and dried as described previously.

COMPARATIVE EXAMPLE 6

Preparation of a Polyether-Containing DMC Catalyst:
PEG-300 Polyol; No tert-Butyl Alcohol Complexing Agent (30°C)

Potassium hexacyanocobaltate (7.5 g) and PEG-300 (8.0 g) are
dissolved in distilled water (300 mL) in a beaker (Solution 1). Zinc chloride
(76 g) is dissolved in distilled water (76 mL) in a second beaker (Solution 2).
Solution 2 is added to solution 1 over 30 min. at 30°C with mixing using 2
homogenizer set at 20% intensity. Mixing intensity is increased to 40% for

-16 -
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EXAMPLE 2 Preparation of a Pol yether-Containing DMC Cat al yst

( PEG 300) Zinc chloride (75 g) is dissolved in distilled water
(275 nL) and tert- butyl al cohol (50 nL) to nake Solution 1. Potassium
hexacyanocobal tate (7.5 g) is dissolved in distilled water (100 nL) in
a second beaker (Solution 2). A third beaker contains Solution 3: a

m xture of distiwWosdiaeond er (50 nl), tert- butyl al cohoPCY/ERIMIB0 and

pol yol (8 g of PEG 300). Solution 2 is added to solution 1 over
30 min. at 50[err]Cw t.h i Xi . i ot € el at. 20%
intensity. Mxing i iy %gwﬁr%grﬁétaéégwﬁﬁ&m%% cﬁ[a “%0‘5‘ ?’rf’gﬁg)?The
honogeni zer is reno A 53mikrd fed, and the mxture is
stirred for 3 mn. E@?u%x%?%%%ﬂﬁl cl sﬂa@r?ng bar. The m xture is

filtered under pressure f&%@yﬁ%@i@%%lérﬂ& iHFiiisgled W QR mB) angX 10[err]m

(5- mcron) filter. he catal yst solids are reslurried in

tert-butyl alcohol (4300cfbdd 236% mtensitf!fo? 46 ki OTHARurel i3 Biltébed uritie!
honogeni.zed at 40% intensity for 10 mn. The honogeni zer is renoved.
PEG 300 (2 g) is adgadsfst deicnibsd deve) THRGRGE] Gatalyst cak® Isidried RO0POT 3 i n.
The m xture is filtered under pressure as described above. The

catal yst solids ar e yh®s bt Q102/KPaq30 inDHR)Y to Béonsthioveigh35 L) and

honogeni zed as before. PEG 300 (1 g) is added and m xed using magnetic
stirring for 3 min. The mxture is filtered under pressure. The resulting
catal yst cake is dried at 60[err] C under vacuum (102KPa ((30 in. Hg)) to a
14, - Printed from MOMBARABVEEXAMELE @: 31: 28 page - 16-

Preparation of a Polyether-Containing DMC Catalyst:
PPG-425 Polyol; No tert-Butyl Alcohot Complexing Agent

The procedure of Comparative Example 6 is followed, except that
PPG-425 polyol is used in place of PEG-300 polyol. The resulting catalyst is

isolated and dried as described previously.

COMPARATIVE EXAMPLE 8

Preparation of a Polyether-Containing DMC Catalyst:
PEG-300 Polyol; No tert-Butyl Alcohol Complexing Agent (50°C)

Zinc chloride (75 g) and PEG-300 (39 g) are dissolved in distilled
water (275 mL) in a beaker (Solution 1). Potassium hexacyanocobaltate (7.5
g) is dissolved in distilled water (100 mL) in a beaker (Solution 2). PEG-300
(8 g) is dissolved in distilled water (50 mL) in a beaker (Solution 3).

Solution 2 is added to solution 1 over 30 min. at 50°C with mixing
using a homogenizer set at 20% intensity. Mixing intensity is increased to
40% for 10 min. The homogenizer is removed. Solution. 3 is added, and the
mixture is stirred with a magnetic stirrer for 3 min. The mixture is filtered
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WD 97/ 40086

PCT/ EP97/ 01820 const ant wei ght.

EXAMPLE 3 Preparati on of a Pol yet her-Containing DMC Cat al yst
(PPG- 425) The procedure of Exanple 1 is followed, except that
PPG 425, a 400 nmol. wt. poly(propyl ene glycol) prepared by KOCH
catalysis, 'is wonsdessst ead of PEG 300, and the cat al yetEposorgmepar ed at
50[err] C i nstead of 30C. The resulting catalyst is isolated and dried
as descri bed previously. . EXAMPLE 4
Preparation of a P’Eﬂ%%%ﬁ%’le-% 1R LB RENShoueh & 6 % 195 Granigron) A

) (o e e i LAD $ 51L
reactor. ot L: | [
distilled water (2@@7%'% ahid %%@%9%9%@4&%&.&?@%%@ g‘%""ﬁ?.fg‘kﬁ’g‘?h\‘e’?ﬂ‘ﬁggker

cont ai ns Sol ution,3;:

a1 conol (6.7 ), bamegPse S ol $E0-300% ) b Bl B miiile Bidea TOG [ Y

2 is added to sol yti [ : | ; tirring.
After the additiob® “§H°é§%%‘?‘?t%‘?‘- @i %ﬁﬁ%@%gﬁfﬁﬁﬁgs@gﬁfo 000

rpmfor 1 h under ;10 PohreRiifingRaEHst cARSs Bfidd'ak 66*8 vnddrYabumesy ©@sed to 200
rpm Solution 3 B a%ide ,eand'fgthe m'xtu?e is stirred ?ormg mn. at 200 rpm

Ige mxture is fildoes aeh)padedondneoeighte (276 KPa gauge (40 psig)) through a

COMPARATIVE EXAMPLE 9

Preparation of a DMC Catalyst With tert-Butyl Alcohol (Complexing Agent)
and Without a Polyether Polyol

Potassium hexacyanocobaltate (24 g) is dissolved in distilled water (450
mL) in a beaker (Solution 1). Zinc chloride (60 g) is dissolved in distilled
water (90 mL) in a second beaker (Solution 2). Solutions 1 and 2 are
combined using a homogenizer for mixing. Immediately thereafter, a mixture
of tert-butyl alcohol and water (50/50 by volume, 600 mL) is slowly added,
and the resulting shurry is homogenized for 10 min. The slurry is centrifuged;
and the liquid portion is decanted. The solids are reslurried in a mixture of
tert-buty! aicohol and water (70/30 by volume, 600 mL), and this mixture is
homogenized for 10 min., and then centrifuged and decanted as described
above to isolate the washed solids. The solids are reslurried in 100% tert-
butyl alcohol (600 mL), and the mixture is homogenized for 10 min.,
centrifuged, and decanted. The solid catalyst is dried in a vacuum oven

(50°C, 102 KPa (30 in. Hg)) to constant weight.

-18 -
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x 10[err]m (10-m cron) filter. -
1
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WD 97/ 40086

PCT/ EP97/ 01820 The catal yst solids are reslurried in the sane
reactor with tert-butyl al cohol (437 nL) and distilled water (186 nL)
and m xed at 900 wopswvéess 1 h. The stirring rate is decrrezgeaniaze 200
rpm PPG 425 (6.7 g) is added, and the m xture is stirred at 200 rpm
for 3 mMmn. The mxture is filtered under . ressure as described above.
The catal yst solids are FEEFHpl, Bgrmiograyigiefric, gad spass spectr P’L‘%ﬁl‘i(ﬂg’f?h‘gt) and

stirred as descri bed apove. The stirri.ng r S agajin reased to
200 rpm PPG 425 (3.‘2‘3@?‘ S e GO -t s R %%Wt'%?p‘ﬁxiture is

filtered under pressure%%?e resulting catal yst cake is dried at 60[err]C

under vacuum (102 KP'?éO( n. Hy)) to a constant weight.
EXAMPLE 5 Preparation of a Polyether-Containing DMC
Cat al yst. (Tripropyl ene dycol Mononethyl Ether)

The procedure of Exanple 2 is followed, guGasts Ahat tripropylene

Measurement of Catalyst Activity and Polyether Polyol Synthesis

Catalysts prepared as described above are used to prepare polyether
triols having hydroxyl numbers of about 30 mg KOH/g as follows.

A one-liter stirred reactor is charged with 70 g of a 700 mol. wt. poly-
(oxypropylene) triol starter polyol and 0.014 g to 0.057 g of the zinc
hexacyanocobaltate/ tert-butyl alcohol/ polyether polyol catalyst (25 to 100
ppm of catalyst in the final polyol product, see Table 1 footnotes). The
mixture is vigorously stirred and heated to 105°C under vacuum for about 30
min. to remove traces of residual water. Propylene oxide (PO) (about 10 to
11 g) is added to the reactor, and the pressure in the reactor is increased from
vacuum to about 28 KPa gauge (4 psig). An accelerated drop in reactor
pressure soon occurs, indicating that the catalyst has become activated. After
initiation of the catalyst is verified, additional propylene oxide (a total of 500
g) is added slowly to the reactor to maintain the reactor pressure at about 69
KPa gauge (10 psig).

Catalyst activity is measured from the slope of a PO conversion vs.
time plot at its steepest point (see Figure 1 for a sample plot, and Table 1 for
poiymerization rates). After the PO addition is complete, the reaction mixture
is held at 105°C until a constant pressute is obtained, which indicates that PO

<19.
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gl ycol nononet hyl ether (Aldrich) is used instead of PEG 300. The resulting
catalyst is isolated and dried as described previously.

COVPARATI VE EXAMPLE 6 Preparation of a _
Pol yet her - Cont ai ni ng DMC Cat al yst: PEG 300 Polyol; No tert-Butyl
Al cohol Conpl exi ng Agent (30[err]C) Pot assi um hexacyanocobal t at e
(7.5 g) and PEGw®0®f40ess. 0 g) are di ssol ved in distill edpcndesrinig2g00 nl)
in a beaker (Solution 1). Zinc chloride (76 g) is dissolved in

distilled water (76 mi). | beaker (Sol ut{on, 2 lution 2 i
added to soruti on PrHr BeoRRRE” dhe BERF frbimdramra ) e arrgords " 2 'S
noTRIeM! 2er St Aty foxehupyd iy ataeek ot Wt 20 e B ke T EIRSEE page 18,
WD 97/ 40086 ) o

PCT/ EP97/ 01820 004 gndferoverpile The pipdict is;apoly(qrypsonylene) righ having 2 o (276

KPa gauge (40 psi gag)"?r’%‘ n“me‘JUf%‘%3@“‘?&?&?@7&[@%?3%(1 - mcron) filter.

The catal yst soli resfurrred In ter (200 nL) and
honogeni zed at 40% intensity for 10 min. The mxture is filtered under
pressure as descri bed above. The resulting catal yst cake is dried at
60[err] C under vacuum (102 KPa (g3éaNpL.eg0)) to a constant weight.

Catalyst Characterization .by Powder X-ray Diffraction

Table 2 shows typical powder X-ray diffraction results for a number of
zinc hexacyanocobaltate catalysts. The X-ray patterns for Comparative
Examples 6-9 (catalysts made in the presence of a polyol, but no tert-butyl
alcohol complexing agent) resemble the pattern for highly crystalline zinc
hexacyanocobaltate hydrate, which is made in the absence of any polyol or
organic complexing agent. All of these "catalysts” are inactive toward
epoxide polymerization.

Catalysts of the invention (Examples 1-5), which are made in the
presence of both tert-butyl alcohol and a polyol, exhibit a broad signal at ad-
spacing of about 5.75 angstroms. This signal is absent from the catalyst made
with tert-butyl alcohol but no polyol (Comparative Example 9). While the
catalysts of Examples 1-5 and C9 actively polymerize propylene oxide, the
catalysts made with both tert-butyl alcobol and polyol (Examples 1-5) have

higher activities (see Table 1).

-20 -
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COMPARATI VE EXAMPLE 7 Preparation of a

Pol yet her - Cont ai ni ng DMC Cat al yst: PPG 425 Pol yol ; No
tert-Butyl Al cohol Conplexing Agent The procedure of
Conparative Exanple 6 is foll owed, except that PPG 425 polyol is used
in place of PEG 300 polyol. The resulting catalyst is | sol ated and
dried as descri badopmmss ousl y. PCTEPMVINASAT| VE
EXAMPLE 8 Preparation of a Pol yether-Containing DMC .

Cat al yst : PEG 300 Polyol; No tert-Butyl Al cohol Conplexing Agent
(50[err] QO Zinc chloride (M}’L%ﬁ PEG 300 (39 g) are

dissolved in distilled t|on 1).

Sol
Pot assi um hexacyanocobgﬁpé’la@"("fa58K(g°¥Y(°’8T %le'ﬁfg?gﬁg‘%2§ " §‘P‘|y?tl ed wat er
100 nL beak SqJ, ut 2 d | ved
G stilled wat er (50 n£) i xS P"sg'ébﬁf‘?ysﬁr?f&“f(‘“"e‘%“?"“"‘I“’S"Se?‘g%ﬁ%d :gn 2 is
dded t [ uti 1 30
ﬁom?genﬁzzs ge!t Ogt )c? I?Ftpéf‘P?faf'?“ a‘f\W}%"&f qr“}'?tg‘ér’l'é'f’% ¥ csalapygtcﬁpgoggtéa 0930 40%
f 10 min. The h d h
FIRCRTIR RS b A T Rk
filtered - 17 -
Printed from M nosa 5?3/ 02/ 1999 16: 31: 28 page -19-

A sample of the catalyst prepared in Example 4 is used. A one-liter

stirred reactor is charged with catalyst (0.0166 g, 25 ppm in the finished
polyol) and a 785 mol. wt. poly(okypropylene) diol (65 g) prepared
conventionally from propylene glycol, KOH, and propylene oxide. The
mixture is well stirred and heated to 105°C under vacuum for about 30 min. to
remove traces of residual water. The mass temperature is increased to 130°C-.
Propylene oxide (11 g) is added to the reactor, and the pressure in the reactor
is increased from vacuum to about 14 KPa gauge (2 psig). An accelerated
pressure drop occurs, indicating that the catalyst has become active. After
catalyst initiation is verified, additional propylene oxide (600 g total) is
continuously added at 1.7 g/min. over 6 h. The reactor is held at 130°C for
30 to 45 min. until a constant pressure is obtained, which indicates that
propylene oxide conversion is complete. The mixture is stripped under
vacuum at 60°C for 30 min. to remove traces of unreacted propylene oxide.
The product is cooled and recovered. The resulting 8000 mol. wt. poly(PO)
diol) has a hydroxyl number of 14.9 mg KOH/g, an unsaturation of 0.0055

meg/g, and a Mw/Mn = 1.22,

-21 -

Printed from Mimosa 03/02/1999 16:31:28 page —23-



WD 97/ 40086

PCT/ EP97/ 01820 under pressure (276 KPa gauge (40 psig)) through a 5 x
10[err]m (5-m cron) filter. The catalyst solids are reslurried in
distilled water (75 nL) and PEG 300 (75 g), and the m xture is
honogeni zed at 40% intensity for 10 mn. The honogeni zer is renoved.
PEG 300 (2 9) iwoemeaél, and the m xture is stirred Megivebsromed y f-or 3
mn. The mxture is filtered under pressure as described above. The
resulting catal yst cake is dried at 60[err] C under vacuum (102 KPa (30
in. Hy)) to a const ant Theepregeding examples are meant only as illustrations. The followigRARATI VE
EXAMPLE 9 Preparation of a DMC Catalyst Wth tert-Butyl Al cohol

( Conpl exi ng Agent )claims define the scope of the invention. and Wthout a Pol yet her

Pol yol Pot assi um hexacyanocobaltate (24 g) is dissolved in
distilled water (450 m.) in a beaker (Solution 1). Zinc chloride (60
g) is dissolved in distilled water (90 nmL) in a second beaker
(Solution 2). Solutions 1 and 2 are conbi ned usi ng a honogeni zer for
m xing. Inmrediately thereafter, a mxture of tert-butyl alcohol and
wat er (50/50 by volune, 600 nm) is slowy added, and the resulting
slurry is honogeni zed for 10 min. The slurry is centrifuged, and the
liquid portion is decanted. The solids are reslurried in a m xture of
tert-butyl al cohol and water (70/30 by volune, 600 nL), and this m xture is
honogeni zed for 10 min., and then centrifuged and decanted as descri bed
above to isolate the washed solids. The solids are reslurried in 100%tert-
butyl al cohol (600 nL), and the m xture is honogeni zed for 10 m n.
centrifuged, and decanted. The solid catalyst is dried in a vacuum oven
(50[err]C, 102 KPa (30 in. Hg)) to constant weight.

- 18 -
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PCT/ EP97/ 01820
spectr al
14.1 wt.% cobalt
EXAMPLE A

Pol yol

El enent al ,
catal yst show

anal yses of the solid
12.5 wt.

% (polyol

t her nogravi netric,

=0 w.%

tert-butyl

WD 97/ 40086

and nmass

al cohol

Measur enent of Catal yst Activify and Pol yet her
Catal ysts prepared as descri [PCR/ERTOW ar e

Synt hési swo 9740086

used to prepare polyether

triols having hydroxyl

nunbers of about 30
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ng KOH g as foll ows. A one-liter stirred reactor is charged
with 70 g of a 700 nol. wt. poly- (oxypropylene) trlol starter pol yol
and 0.014 g t e . = Tput yli
. al cohol / poly pl yol g¢at &l ypt (29 td 100 ppn1of in the
final polyol see§TabIe L flogtingfes}. [The « m xgure i 9
vi gorously sti d hegtfeqd | t® Rr i Ci inger! vaiqu%m f oy aboutf 30
mn. to remove tyacep ,of E¢sTHUTA “Waigr T |Propy| ee dx®de (RO (abput 10 to
11 g) is added| @ the Beactior| apd {t hg prlessurf ijn tjhg reagt or i s§ i ncreased
from vacyuig to ut 28 KPal galugd (4 pgigh Ianlaccel efated dfop in
react or essur opglocgur b, 'ncicat|1g | hat tlh@ cat & yst Has becone
~activated. Aftfe@ i Bilah] ep| of| tde~dat al yst |iaa|verifi®d, addtional
. - = 2] a] ©®
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g) Is added slowy to the reactor to maintain the reactor pressure at about

69 KPa gauge (10 psig). Catal yst activity is nmeasured from
t he sl ope of a PO conversion vs. time plot at its steepest point (see
- Figure 1 for a sanple plot, and Table 1 for pol ynmeri zation rates).
After the PO addition is conplete, the reaction m xture I's held at
105[ err] C unti | wooneusst ant pressure i s obtai ned, which indicrateesng2bat PO
-19- Printed from M nosa 03/02/ 1999 16: 31: 28 page -21-
WD 97/ 40086,
PCT/ EP97/ 01820 conversion is conplete. . The m xture is vacyum stri pped
at 60 to 80ferr]C fQ51e9. '\'_DMCCat { Ghat RERYFioRBY Xt unreactjed PO from
t he reactor The prodﬁc aliyscoo ed ang r%co graﬁfpﬁe prod t is a
p0| y(oxypr yl cn,[ 0 rlaVlﬁlg (v} ryUl—UAyl reriret eett—30 ny KO‘Vg
(see Table |1). X-Ray Diffraction Pattern EXA|VP|_E B
Cat al yst Bxck eri zati pn by Powder Xd-spagingsi firfgsteomis)'on Tabl e 2
shows typidpal pophdeatalyR yay diffraction results for a nunber of zi nc
hexacyanocdpal t af econtanta] y J T -T a Llfn § drat e
Exanpl es 6-9 (cajal ysts n%%e in{g%hi 65%5 ané‘tgg %ﬁé)%cl%f,) bu'sé)snc tert-butyl
- Cryst. | absent X absent | absent X X X
Zn-Co?
Cé Polyol, | absent X absent | absent X X X
but no
TBA?
C9 TBA, weak | absent X X absent absent
but no absent
polyol®
1 TBA & X absent X X absent | absent | absent
polyol®

X = X-ray diffraction line present; (br) = broad band; (s) = sharp line; weak =
weak signal present

1 Samples were analyzed by X-ray diffraction using monochromatized CuKa,

radiation ( A = 1.54059 A). A Seimens D500 Kristalloflex diffractometer
powered at 40 kV and 30 mA was operated in a step scan mode of 0.02' 28 with
a counting time of 2 seconds/step. Divergence slits of 1° in conjunction with
monochrometer and detector apertures of 0.05° and 0.15° respectively. Each
sample was run from 5° to 70° 26.

! Water of hydration can cause minor variations in measured d-spacings.
2 Comparative example.
3 Catalyst of the invention.

-24-
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al cohogmm [ ) resenble the pattern for highly crystalline zinc
hexacy Imﬁ,'ﬂﬂmlate which is nmade in the absence of any polyol or
or gani'c torfpl éxi hg aigent. Al of these "catal ysts" are inactive toward
epoxi de pol yneri zati on. Cat al ysts of the invention (Exanples

1-5), which are made in the pf@gemToﬁA§qEE|ﬁert-butyl al cohol and a
: )

pol yol , exhibit Woomees si gnal a d- EP Q@oam ng of aboutPE/EPSTUBYSt r ons.
This signal is absent fromthe chtal vsﬁ for: ith tert-butyl alcohol

but no polyol (Conparative Exanple 9). Wiile the catal ysts of Exanpl es
1-5 and C9 actively polynerize propyl ene oxide, the catal ysts nade with
both tert-butyl al cohol Gaifes:pol yol (Exanples 1-5) have hi gher
activities (see Table 1). . -
20 - Priht ec? salid doybleynetal cymide PMSD) gatalpst ysefud dorppepdde -

\F/)\lC)T/Q 2{333?8?820 polymerization and capable of polymerizing propylene oxide at /@ rate i

Preparation of a 8K ol ¥ Py BORREHSh 10b Gpm canysd, vaseah The cight 67"
finished polyether, at 105°C., said catalyst comprising:

(a) a double metal cyanide compound;

(b) an organic complexing agent; and

{c) from about 5 to about 80 wt.%, based on the amount of catalyst,

of a
polyether having a number average molecular weight less than
about 500.

2. A catalyst as claimed in claim 1 characterised in that the double
metal cyanide compound is a zinc hexacyanocobaltate.

3. A catalyst as claimed in claim 1 or claim 2 characterised in that
the organic complexing agent is tert-butyl alcohol.

4. A catalyst as claimed in any one of claims 1 10 3 characterised in
that the polyether is a polyether polyol having 2 number average molecular
weight within the range of about 150 to about 500.

5. A catalyst as claimed in claim 1 comprising:

(a) a zinc hexacyanocobaltate compound;
(b) tert-butyl alcohol; and

(c) from about 10 to about 70 wt.%, based on the amount of catalyst,

- This-Sheet Has Been R "%

M
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hows that catal ysts of the invention are active enough to

enab ﬁi lﬂ"ﬂllli II n of polyether polyols using | ow catalyst
conc his effectively elimnates the need for catalyst

r emoval for rrany poI on end HIS S BEEN A sanpl e of the catal yst
prepared in Exanple 4 is usg EI ﬁg& stirred reactor is charged
with catal yst ®Mb94®86 g, 25} ppm i ﬁ ini pol yeCIERMoIs® 785 nol .

wt. pol y(oxypropylene) diol (65 g) prepared conventionally from

propyl ene gl ycol, KOCH, and Rr ne s well
stirred and heated to 105&f Hglgérﬁc\? 8)%a€o$a"‘b fa‘%agﬁ“ﬁ}ec‘fiﬂwe'gm remove

traces of residual water. “I@@etg@%ﬁge re;p&lli@ng{oeab(&u?sngcreased to 130C.

Propyl ene oxide (11 g) is a react or ’the pressure in the
react or IS i in® WpIBIE HHSBL & 9). An
accel erated %%gggtg?g ng gp poccurs }In%rigagg&f)%igmt ﬁegﬁg%clgt%xc%yst has
becone active. Aftgh kg po @ﬂ%nﬂhyaﬂod nf bals Baded ol B nhlgfior ciilhd | Onal
propyl ene oxi de (é’OO 5 /%al I's b cont}:snuoﬁsoy g(ﬁf«fg ./ g/mn. over
6 h. The reactor ipgyidrdaddosd30[err] C for 30 to 45 mn unt|I a
constant pressure is obt ai ned, which indicates that propyl ene oxi de

conversion is conpl et e.6. T4 Carilysy b 1A inSlalth BRASHAUABAT in that the\(OybIEN at
60[err]C for 30 min. to renove traces of unreacted propyl ene oxide.

The product is cogbldl ifBgoly@edpyleiieglycol) ve poip@ityleieplycBl) Avingd number pol y( PO
di ol ) has a hydroxyl nunmber of 14.9 ng KOH g, an unsaturation of 0.0055
meqg/ g, and a Mw Maveragk.nilecular weight within the range of about 250 to about 400. -21 -
Printed from M nosa 03/02/ 1999 16: 31: 28 page -23-
7. A catalyst as claimed in claim § or claim 6 characterised in that it
has an X-ray diffraction pattern of (d-spacing, angstroms): 5.75 (br), 4.82
(br), 3.76, and showing no detectable signals corresponding to highly
crystalline zinc hexacyanocobaltate at about (d-spacing, angstroms): 5.07,
3.59, 2.54, 2.28.
8. A method of preparing a catalyst useful for epoxide polymerization
and capable of polymerizing propylene oxide at a rate in excess of 1 kg PO/g
Co/min. at 100 ppm catalyst, based on the weight of finished polyether, at
105°C, said method comprising preparing a solid double metal cyanide (DMC)
catalyst in the presence of an organic complexing agent and a polyether having
a number average molecular weight less than about 500, wherein the solid
DMC catalyst contains from about 5 to about 80 wt.% of the polyether.
9. A method of preparing a 'id double metal cyanide (DMC)
catalyst useful for epoxide polymerization and capable of polymerizing
propylene oxide at a rate in excess of 1 kg PO/g Co/min. at 100 ppm catalyst,

based on the weight of finished polyether, at 105°C, said method comprising:

— -26-
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PCT/ EP The precedi ng exanpl es are neant only as
i1l ust rai'mmmuﬂum“”ow ng ~Clalns defl t he scope of the
i nvention. THIS SHEET HAS BEEN

REPLACGED
WO 97140086 PCT/EP97/01820

(a) producing a catalyst slurty by reacting agueous solutions of a
metal salt (excess) and a metal cyanide salt in the presence of an
organic complexing agent using efficient mixing;

(b) combining the catalyst slurry with a polyether having a number
average molecular weight less than about 500;

(c) isolating a polyether-containing solid catalyst from the slurry;

(d) washing the polyether-containing solid catalyst with an aqueous
soiution that contains additional organic complexing agent; and

(e} recovering a solid DMC catalyst that contains from about 5 to
about 80 wt.%, based on the amount of solid DMC catalyst, of
the polyether.

10. A method of preparing a solid double metal cyanide (DMC)
catalyst useful for epoxide polymerization and capable of polymerizing
propylene oxide at a rate in excess of 1 kg PO/g Co/min. at 100 ppm catalyst,
based on the weight of finished polyether, at 105°C, said method comprising:

(a) producing a catalyst slurry by reacting aqueous solutions of a
metal salt (excess) and a metal cyanide salt in the presence of an
organic complexing agent using efficient mixing;

(b) efficiently mixing the catalyst slurry with a diluent which
comprises an aqueous solution of additional organic complexing
agent;

(¢) combining the catalyst slurry from step (b) with a polyether
having a number average molecular weight less than about 500;

(d) isolating a polyether-containing catalyst from the slurry; and

- -27-
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oo 57 UL, oo oo

[err] _
PCT/ EP97/ 01820 Tall TH,§ S%Iﬁ QFE& Characterizati on by X-Ray

D ffraction

WO 97/40086 PCI/EP97/01820

(¢) recovering a solid DMC catalyst that contains from about 5 to
about 80wt.%, based on the amount of solid DMC catalyst, of the
polyether, wherein the catzalyst can polymerize

11. A method as claimed in any one of claims 8 to 10 characterised
in that the DMC catalyst is a zinc hexacyanocobaltate.

12. A method as claimed in any one of c1;1ims 8 to 11 characterised in
that the organic complexing agent is tert-butyl alcohol.

13. A method as claimed in any one of claims 8 to 12 characterised in
that the polyether is a polyether polyol having a number average molecular
weight within the range of about 150 to about 500.

14. A process for polymerizing an epoxide, said process comprising
reacting an epoxide and a hydroxy! group-containing initiator in the presence
of the catalyst as claimed in any one of claims 1 to 7 or obtained by a method

as claimed in any one of claims 8 to 13.
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X-Ray Diffraction Pattern Ex# (d- spaci ngs,

angstrons)[err] Catal yst " ¢ -content 5.75 5.07
4.82 3.76 3.59 2.54 2.28 : 5 (br) (s) (br)
(s) (s) (s) Cryst. absent X absent absent
X X X Zn- Co[ err] C6 Pol yol , absent X
absent absent o 9%40086 X X but no PCENR[/83820] "9
TBA, weak absent X X absent absent

but no 11 absent polyolf[err]
1 TBA & X absent X X absent absent absent

pol yol[err] X = X-ray diffraction line present; (br) = broad band; (s) =
sharp line; weak = weak signal present Sanples were analyzed by X-ray

di ffraction using nonochromati zed CuK[err] radiation ( A = 1.54059 A). A
Sei nens. D500 Kristalloflex diffractoneter powered at 40 kV and 30 mA was
operated in a step scan node of 0.02 2[err] with a counting tine of 2
seconds/step. Divergence slits of 1" in conjunction with nonochroneter and
detector apertures of 0.05[err] and 0. 15[ err] respectively. Each sanple was
run from5[err] to 70[err] 2[err]. 1 Water of hydration can cause m nor
variations in neasured d-spacings. q:?grpFrative exanple. 3 Catal yst of the
i nvention. ot - 24 -
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A :soli dﬁmﬁbl e netal cyanide (DMC) catal yst useful for gg@% € Aﬂ '

pol §meri ﬁ,ﬂl,mmnme of pol yrmerizing propyl ene oxi débat caf}ate in
. n. at 100 ppm cajgl yst, based onRé#ga@gmgm Sfieet

excess 0

fini shed pol yether, at 105[err]C., said catal yst conprisi

doubl e netal cyani de conpound; (b) an organi c conpl exi ng agent;
and (c from5 to 80 w. % based on the amobunt of catalyst, of a

pol yet her LAIMS: havi ng: * a nunber average nol ecul ar
I ght | h 00; d * t] h I )

2 O A atalyet A i iagtie, mel nppenide. (ROT RN BREP e SoBRE

metal cyani dgolgRi¥BiRatish il éapabROfPRKARMIIAE PRsPylcteOxide & a rate fh €R4eRS ¥BY as

claimed in claim1 or claim2 characterised in that the organic conplexing
agent .i s t erkg BQ/gICoimintas| 100 ppm catalys{, based 9 theaweightohfinished pelyedar asf
clains 1. to n t.nat the polyether is a polyether polyol

racterised |
havi ng a’ nung%%vé?lgg%%gé’gﬂpg?m&ki ght within the range of 150 to 500.

5. A catalyst @y cl gidoablei el &yamide comipound} NQg: (a) a zinc
hexacyanocobal t at e conpound; _. (b) tert-butyl al cohol; and (c)
from10 to 70 wt. () bhaBessanic coraplexivg geRfs 284t al yst, of a pol yet her

POLYOL faving a niiber ke ka0 B Of baled bl BX anfbu? ol hlifyh 2008 Rfvermer

150 to 500; said al ys el ng cdpable of pol'ymert zing propy
arate in excess-of 2 kavilgy g Co/mn. at 100 ppm catal yst, based on the
wei ght of finished pol yether, at 105[err]C, . '

. a number average molecular weight less than 500; and

e po tertiary hydroxyl groups.

2. A catalyst as claimed in claim 1 characterised in that the double metél cyanide

compound is a zinc hexacyanocobaltate.

3. A catalyst as claimed in claim 1 -or claim 2 characterised in that the organic

complexing agent is tert-butyl alcobol.

4 A catalyst as claimed in any one of claims 1 to 3 characterised in that =the
polyether is a polyether polyol having a number average molecular weight within the
range of 150 to 500.

5. A catalyst as claimed in claim 1 comprising:
(@) a zinc hexacyanocobaltate compound;
() tert-butyl alcohol; and
(©) from 10 to 70 wt. %, based on the amount of catalyst, of a polyether
polyol having a number average molecular weight within the range of
150 to 500; |
said catalyst being capable of polymerizing propylene oxide at a rate in excess of 2
kg PO/g Co/min. at 100 ppm catalyst, based on the weight of finished polyether, at
105°C. '



: acenent sheet 6. A catalyst as clainmed in
cI aim5 uﬂmm\%ﬁﬁ“‘iﬂfn‘\t hat the pol yether polyol is a poly(propylene
gl y’col ) sene glycol) having a nunber average nol ecul ar wei ght
within the range of 250 to 400. 7. )g,]catalyst as clainmed in clalrrPS or

claim6 characterised in that it has an ray diffracti togheet

d- i , t h
ot emrobl'Y B9 IR Bbiysbad Satredin dla 5 tené?% AF R Soler plyo is
hexacyanocob%ai&% p(ﬁiyle?@ Qcof cbrwe ?1ena@gfcb1)qm g afdiber Avadge mokdulg- 28

8. A net ho éparing a catalyst useful for epoxide pol yrrerl zation
and capabl e ofeighslwithinithé rapgprof29080400xi de at a rate in excess of 1 kg
PO'g Co/mn. at 100 ppm catal yst, based on the weight of finished

pol yether, at 105[err]C, said nethod conprising preparing a solid double

met al cyani dg, (DMQA c4afysé ¥Sélainted! idldies 00 eRitii6 Sihrait&dddt Gn ¢RATRL BY AP xagent
and a polyether having a nunber average nol ecul ar wei ght |ess than 500 and

no tertiary maxdiffsaction patiern Qﬂm@manmgh@ngsimms)oﬁdi:ﬂ!rw 95&2 @uht 3i78s andom 5
to 80 wt.. (Vo the poly re Lid double
metal cyani %Ié T Tt gf{}?{ab{?se?lﬁ?ﬂ? ofoggég??@él% ﬁ’y at |§ﬁ cHhbl e
of pol ymeri zihggadphmitobslbfe axabtut Qd—sﬁaoiﬁg , anigStréhi§)e SO 3.39 kg sSBEP @8Co/ m n.  at
100 ppm catal yst, based on the weight of finished polyet her at 105[err]C,

sai d net hod conprising: (a) produci ng a cat al yst sI urry by
reacting aqugous sl S .

metal cyani de’sal tA Iﬁét!lﬁ@ 06? S ?‘1@ cazg?]ly%trgsaertl“ﬂ for eﬁb%&e Sg@ﬁf&ﬁ)ﬁﬁ%?%?
agent using ehpablé Gflpolmﬂéhﬁﬁxg propylene éxide at smrbﬁmemg of1 E@P@/gﬂo/ﬁlimrdty
wi th a pol yether having a rage nol ecul ar, wei ght

| ess t han 50008 Ppmheatalyst; basegl %@P vejght of finished polyetheg,r Ul C, said metg@g

i solating a p | f)ﬁ\?@ i (d)
washi ng t he %@g ‘r@gr"f@d}‘?ﬁ“guﬁﬁg d?o fegncatgJ I'yst “wi %tueéﬁé’presence of
sol ution t hatancorghmic complking ageait andgapolyetherrhaving r:gnmgbat avemagk molecular( )

recovering a sqQlid DMC cat al yst that ¢ ains from5 to 80 ifyt %

based on the WA%SSMQ XFQP"Y‘(E'O‘EH’FeWﬂﬂ%WéP d DMC catalyst

28 P&y W9 J%égl e metal cyanide (DMC) catalyst
for epoxﬂg fRim® o %%ﬁﬁkaﬂ apa

usef uI e polynerization an le of polyneri.zing propyl ene
oxide at a rate in excess of 1 kg PO g Co/nin. at 100 ppm catal yst, based
on t he- wei ght9 of f| ni

e%ho% of preparing a solid double metal cyanide (DMC) catalyst useful for
epoxide polymerization and capable of polymerizing propylene oxide at a rate in
excess of 1 kg PO/g Co/min. at 100 ppm catalyst, based on the weight of finished
polyether, at 105°C, said method comprising:

(@) producing a catalyst slurry by reacting aqueous solutions of a metal .
salt (excess) and a metal cyanide salt in the presence of an organic e
complexing agent using efficient mixing;

(b) combining the catalyst slurry with a polyether having a number
average molecular weight less than 500 and no tertiary hydroxyl
groups;

(©) isolating a polyether-containing solid catalyst from the slurry;

(d) washing the polyether-containing solid catalyst with an aqueous
solution that contains additional organic complexing agent; and

(e) recovering a solid DMC catalyst that contains from 5 to 80 wt. %,

based on the amount of solid DMC catalyst, of the polyether.



pol y C sai d nmethod conprising: (a) produci ng a
ca.t aeimm, "ﬂ"mﬂ ;m cting aqueous solutions of a netal sal t
an

exces*s) can yanide salt in the presence of an organic
conpl exi ng agent using efficient mxing; 28 (b) efwla&fgd,gnfnghé@t
the catalyst slurry with a diluent which Conprises an ) alﬂ'ﬂ?bﬁs
sol ution of diti r ﬂﬁ% | t he
catal yst sl u?rgy frpgir?né{sh[og[g %&ﬁg%ﬁ%g@%ﬁ fats ?./nuri]%(DMQS catalﬁs?ﬂ&lﬁ'ﬂ fdP
nunber aver agpoxidé polymaerization fand | capablé fofrpoififieritin propydérel oxidle at a rate m
hydr oxyl grou | sol ating a pol yether-containi ngglcat al

fromthe sl ngﬁFSS ghd kg P(ng) Cofmin. af 100, ppm erfalysts based opvthecweight of fini

contains fro P el ased on the amount of soli d DMC
catal yst, of Bi)ﬁ,e poI yettﬁr?eg ‘kaxdﬂethod S?%?ﬂg% as claimed in any one of

clains 8 to 10 ch#éact grodueihg a chlalyst slhﬁrym;(:reaeung wqieous salutions of a metal
hexacyanocobal t at e. one of clains 8 to

od as cl a n a 3
11 characterised in théétﬂw&eﬁg‘éﬂ&}}.%m@w éaiéd%ﬁ-ngPECSPg‘fe:Of)?gﬂfgamc
al cohol . 13. A net cl ai ns o]
characterised in that t% ;1:3%}@%1 |s a po ﬂigﬁﬁelg pol yol having a nunber
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in any one of clains 8 t
number average molecular weight less than 500 and no tertiary

hydroxyl groups;

(d)  isolating a polyether-containing catalyst from the slurry; and

(e) recovering a solid DMC catalyst that contains from 5 to 80 wt. %,
based on the amount of solid DMC catalyst, of the polyether.

11. A method as claimed in any one of claims 8 to 10 characterised in that the
DMC catalyst is a zinc hexacyanocobaltate.

12. A method as claimed in any one of claims 8 to 11 characterised in that the

organic complexing agent is tert-butyl alcohol.

13. A method as claimed in any one of claims 8 to 12 characterised in that the
polyether is a polyether polyol having a number average molecular weight within the
range of 150 to 500.

14. A process for polymerizing an epoxide, said process comprising reacting an
epoxide and a hydroxyl group-containing initiator in the presence of the catalyst as
claimed in any one of claims 1 to 7 or obtained by a method as claimed in any one

of claims 8 to 13.



