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(57) Abstract

Improved double metal cyanide (DMC) catalysts useful for making epoxide polymers are disclosed. One catalyst is a paste of a
double metal cyanide (DMC) compound, an organic complexing agent, and water. The paste compris.es at least about 90 wt.% of pgmcles
having 2 particle size within the range of about 0.1 to about 10 microns as measured by light scmen_nginpolquerpolgoldispmxonsof
the catalyst particles. Preferred catalysts have a bimodal particle size distribution. The paste catalyst is more active and simpler to prepare
than powder DMC catalysts. Polyocls made from the paste catalyst have low unsaturations, fow viscosflies, t!ld narrow molecular weight
distributions, and are useful in making a variety of polyurethane products. Emproved results are also obtained with DMC catalysts in powder
form of very small particle size. _




25 fl owm ng powder. The powder form of catalyst is commonly used for

-pol ynmeri zi ng epoxides. U S. Pat. No. 3,829,505 and Jap. Pat. Appl. Kokai

No. 4-145123 illustrate typical catalyst preparations: each includes
details of how to dry and crush the catal yst before use. CONFI RVATI ON COPY
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Van der Hulst et al. (U S. Pat. No. 4,477,589) teaches the preparation of
powder DMC catal ysts._.In addition, this reference teaches that suspensions
of DMC catal ysts in propoxylated glycerin starter polyols can be used,
thereby elimnating the need to isolate a powder catalyst. In 5 maki ng a

catalyst mxture 15t ?Léi@&%@é@ﬁbb@ﬁ%&h&%ﬁl@ chFacvafs e

suspensi on of catalyst, water, Mj8 METACDS FORMAKING THER ned with
propoxyl ated gl ycerin. This mxture 'S strl pped to rermve wat er and excess

organi c conpl exing agent, |eaving a suspension of DMD catalyst in 10
propoxyl ated gl ycerin. The suspens] bout 3 to 5 wt: % of
DMC catal yst, is then used as a ca aﬂwmm%ﬁ@@n of additi onal
starter polyol and prOﬁWeenﬂeﬁﬁbﬁ&ela!embeinferéd’@oubﬁﬂmetat hyameée(mmcy
teaches to use as a catal yst either a powder cata st or

suspensi on ofS DMC caahpeia amd; meME&W&k@S thePee *T?lca S a8 *E'ﬁ@‘ylaf"ve n
appar ent advant agghoxidd pontHeRARvhC fedttidhe 2Ged 8\Prdpdra! pblysiterNp¥Rols.

Polyether polyols are valuable polymer intermediates for making

polyurethane foams, elastomers, sealants, coatings, and adhesives.

BACKGROUND OF THE INVENTION
10 Double metal cyanide (DMC) complex compounds are well known
catalysts for epoxide polymerization. The catalysts are highly active, and
give polysther polyols that have low unsaturation compared with similar
polyols made using basic (e.g., KOH) catalysts. Polyols with low
unsaturation are desirable because they give polyurethanes with an

15 excellent balance of physical and mechanical properties.

DMC catalysts are made by reacting aqueous solutions of metal salits
and metal cyanide salts to form a precipitate of the DMC compound. A low
molecular weight organic complexing agent, typically an ether or an aicohol,
is included in thé preparation. The complexing agent is incorporated into the

20 catalyst structure, and is required for an active catalyst. In a typical catalyst
preparation, the precipitated DMC compound is washed several times with
aqueous solutions containing the organic complexing agent, and is isolated
by centrifugation or filtration. - Finally, the catalyst is dried to a solid cake,
usually in a vacuum oven. The dried catalyst is then crushed to give a free-

25 flowing powder. The powder form of catalyst is commonly used for

- polymerizing epoxides. U.S. Pat. No. 3,829,505 and Jap. Pat. Appl. Kokai
No. 4-145123 illustrate typicat catalyst preparations; each includes details
- of how to dry and crush the catalyst before use.
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been nore w dely used. Powder DMC catal ysts havi ng exceptional activity for
époxi de pol ynerization are now known in the art. See, for exanple, U S.
Pat. No. 5,470,813. However, even the best powder DMC catal ysts have sone
20 di sadvantages. First, drying the catalyst after isolation is
ti me- consunmwiQ 9aR&h8s equi res a vacuum oven. Drying | arge quamcriEresodst
catalyst is especially taxing. Second, the dried catal yst nmust be crushed
to produce a powder. This step requires an expensive crusher, pulverizer,
or mll. Both steps are-costly in terms of capital costs, labor, and tine
requirements, and they add 25 significantBy to the overall cost of
production. The drying and crushing Zé%ps can adversely affect catal yst
9.
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propoxyiated glycerin. This mixture is stripped to remove water and excess
organic complexing agent, leaving a suspension of DMC catalyst in
10 propoxylated glycerin. The suspension, which contains about 3 to 5 wt.%
of DMC catalyst, is then used as a catalyst in the reaction of additional
starter polyol and propylene oxide to make a polyol. Thus, the reference
teaches to use as a catalyst either a powder DMC catalyst or a dilute
suspension of DMC compound in propoxylafed glycerin. Despite the
15 apparent advantages of the suspension approach, powder catalysts have
been more widely used.

Powder DMC catalysts having exceptional activity for epoxide
polymerization are now known in the art. See, for example, U.S. Pat. No.
5,470,813. However, even the best powder DMC catalysts have some

20 disadvantages. First, dirying the catalyst after isolation is time-consuming
and requires a vacuum oven. Drying large quantities of catalyst is especially
taxing. Second, the dried catalyst must be crushed to produce a powder.
This step requires an expensive crusher, pulverizer, or mill. Both steps are
costly in terms of capital costs, labor, and time requirements, and they add

25 significantly to the overall cost of production.

The drying and crushing steps can adversely affect catalyst quality
and performance. Excessive heating during the drying stage can cause
catalyst degradation and reduced activity. Catalyst heat-up due to friction
during crushing of the catalyst can also adversely impact catalyst

30 performance. Variations in how crushing and drying are done from batch to



production. An especially valuable catalyst could be nade with inproved

bat ch-t o-batch consi stency, and woul d enhance the quality of polyether

pol yol s made using the catal yst. 10 SUMVARY OF THE

I NVENTI ON The invention is an inproved double netal cyanide ("?%/C cat al yst.
The cat al yst WOAMR8ks a paste of a DMC conpound, an organic (é’?ﬂ%’?i’g
agent, and water. The paste conprises at |east about 90 wt.% of particles
having a particle size within the range of about 0.1 to about 10 microns as
15 measured by light scattering in polyether polyol dispersions of the
catal yst particles. Preferred paste, catal y'st33of the invention conprise
catal yst particles having a binodal particle size distribution within the
range of about O. 1bamha:muesqmimanenma;alvst\mﬁqrmncmanduasatmnm polyof or
maki ng the paste cst st. A 20 wat er - sol ubl e netal salt and a

water - sol ubl e neta nide salt react in the presence of an organic
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aqueous organic co Xin Final | the aste, cata
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advant ages over powder catalysts typically used in the art. Firs
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of fer batch-to-batch consistency, and would enhance the quality of polyether
polyols made using the catalyst.

10 SUMMARY OF THE INVENTION
The invention is an improved double metal cyanide (DMC) catalyst.
The catalyst compriées a paste of a DMC compound, an organic complexing
agent, and water. The paste comprises at least about 90 wt.% of particles
having a particle size within the range of about 0.1 to about 10 microns as

15 measured by light scattering in polyether polyol dispersions of the catalyst
particles. Prefarred paste catalysts of the invention comprise catalyst
particles having a bimodal particle size distribution within the range of about
0.1 to about 10 microns.

The invention includes a method for making the paste catalyst. A

20 water-solublie metal salt and a water-soluble metal cyanide salt react in the
presence of an organic complexing agent to produce a catalyst slurry. The
slurry is washed with aqueous organic complexing agent. Finally, the paste
catalyst, which contains DMC compound, complexing agent, and water, is
isolated.

25 The paste catalysts of the invention offer surprising and valuable
advantages over powder catalysts typically used in the art. First, catalyst
preparation is simpler. Because drying and crushing steps are eliminated,
better quality catalysts can be produced in less time and at lower cost
compared with powder catalysts. Second, the paste catalysts offer
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*advant ages for polyol manufacture. Surprisingly high activity permts rapid
pol yol preparation at very |low catalyst |evels. The resulting polyols have
narrower nol ecul ar wei ght distributions and | ower viscosities conpared with
pol yol s madwa sxeee80owder DMC cat al ysts. Finally, polyols nascerimrormdse 5
catal ysts give lowviscosity, easily processed prepol yners, and give

pol yurethanes with an excel |l ent bal ance of physical and mechani cal
properties. DETAI LED DESCRI PTION OF THE | NVENTI ON The paste catal ysts of
the invention conprise a double netal cyanieé¢ 10 (DMC) conpound, an
organi ¢ conpl exi ng agent, and wat er. Doubl e netal cyani de conpounds usef ul
in the invention adwantagesbapolyohnpnufamfe cﬁumrlmglyrhtgnhutﬂrmj pernits pid

and a water-solub ni sal .t er | ubl e netal salt
~preferably has thég'é’gﬁéfeﬁaatgq’hgﬁé I%‘}Vrf:qqﬂlyﬁfﬂfﬁlslvl fesulting polypls-have:
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I nclude, but are not limted to, zinc chloride, zinc bromde, zinc acetate,

zinc acetonylacetate, zinc Depgoolhe s 4 4GP iONOF THE INVENTION

The paste catalysts of the invention comprise a double metal cyanide

10 (DMC) compound, an organic complexing agent, and water. Double metal
cyanide 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 M{X), in which M is
selected from the group consisting of Zn(ll), Fe(ll), Ni(ll), Mn{il), Cofll),

15 Sn(il), Pb(ll), Fe(lil), Mo(IV), Mo(V1), Allll), V{V), V(IV), Sr(ll), W(IV), W(VI),
Cu(ll), and Cr(lll). More preferably, M is selected from the group consisting
of Zn(ll}, Fe(ll), Co(ll), and Ni(ll). In the formula, X is preferably an anion
selected from the group consisting of halide, hydroxide, suifate, carbonate,
cyanide, oxalate, thiocyanate, isocyanate, isothiocyanate, carboxylate, and

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

25 The water-soluble metal cyanide salts used to make the double metal
cyanide compounds useful in the invention preferably have the general
formula (Y),M'(CN),(A). in which M' is selected from the group consisting of
Fe(ll), Fe(lll), Co(ll), Co(lil), Cr(ll), Cr(ill), Mn(l1), Mn(lll), Ir(t1l), Ni(it), Rh(Ill),
Ru(ll), V(IV), and V(V). More preferably, M' is selected from the group



iron(ll) sulfate, iron(ll) bromde, cobalt(ll) chloride, cobalt(ll)
“thiocyanate, nickel (I1) formate, nickel (11) nitrate, and the |ike, and

m xtures thereof. 25 The wat er-sol uble netal cyanide salts used
to make the doubl e netal cyani de conpounds useful in the invention :
preferably M©e72608 general fornmula (Y)[err]M (CN)b(A) [ err] PFHERHO®IM i s
sel ected fromthe group consisting of Fe(ll), Fe(ll), Co(ll), Co(lll),
(), &(rrr), M(rr), mcirr), Tr(iin), Ni (1), Rr(lll), Ru(ll), V(IV),
and V(V). More preferably, Merr] is selectedg fromthe group WD 97/ 26080
PCT/ EP97/ 00191 -5- consisting of Co(ll), Co(PTl), Fe(ll), Fe(III) Cr(lin),
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hexacyanocobaltate(lll), potassium hexacyanoferrate(ll), potassium
10 hexacyanoferrate(lil), calcium hexacyanocobaltate(lll), lithium
hexacyanoiridate(llf), and the like.

Examples of double metal cyanide compounds that can be used in
the invention include, for example, zinc hexacyanocobaltate(llf), zinc
hexacyanoferrate(iil), zinc hexacyanoferrate(ll), nickel(ll)

15 hexacyanoferrate(ll), cobalt(l) hexacyanocobaltate(lll), and the like. Further
examples of suitable double metal cyanide compounds are listed in U.S.
Patent No. 5,158,922, the teachings of which are incorporated herein by
reference.

The catalyst compositions of the invention are pfepared in the

20 presence of a 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. As is explained eisewhere in this

25 application, the manner in which the complexing agent is introduced into the
DMC complex can be extremely important. 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 inciude, but

30 are not limited to, alcohols, aldehydes, ketones, ethers, esters, amides,



hexacyanoferrate(lll), zi nc hexacyanoferrate(ll), ni ckel (1'1) 15
hexacyanoferrate(l), cobalt(l1) hexacyanocobaltate(lll), and the like.
Furt her exanpl es of suitable double metal cyani de conpounds are listed in
U S. Patent No. 5,158,922, the teachings of which are incorporated herein
by referencwosthesssat al yst conpositions of the invention arecpeEne®s i n
the 20 presence of a conplexing agent. Cenerally, the conpl exi ng agent
must be relatively soluble in water. Suitable conplexing agents are those
comonly known in the art, as taught, for exanple, in U S. Patent No.
5,158,922 The conpl exi ng agent is added ei{ger during preparation or

I mredi ately follow ng precipitation of the catalyst. As is explained

el sewhere in thi auréas, nitrilgsp sulfides,cand mixtures thereol. Preferdd tOMPRXAY &Yerits
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powder DMC catalysts; each is present in substantially greater amounts in -
the paste catalysts of the invention.

10 The relative amounts of DMC compound, organic complexing agent,
and water in the paste catalysts of the invention can vary over a fairly wide
range. Preferably, the paste catalyst comprises from about 10 to about 60
wt.% of the DMC compound, from about 40 to about 90 wt.% of the organic
complexing agent, and from about 1 to about 20 wt.% of water. More

15 preferred paste catalysts comprise from about 15 to about 40 wt.% of the

' DMC compound, from about 60 to about 85 wt.% of the organic complexing
agent, and from about 5 to about 15 wt.% of water. .

Unlike powder DMC catalysts known in the art, the paste DMC
catalysts of the invention uniquely comprise at least about 90 wt.% of

20 particles having a particle size within the range of about 0.1 to about 10
microns as measured by light scattering in polyether polyol 'd'ispersions of
the catalyst particles. Preferably, the paste comprises at least about 90
wt.% of particles having a particle size within the range of about 0.1 to about
5 microns.

25 Preferred paste catalysts of the invention have a bimodal particle size
distribution within the range of about 0.1 to about 10 microns as measured
by light scattering in polyether polyol dispersions of the catalyst particles.
Preferably, the catalysts contain a major proportion of particles having a
particle size within the range of about 1 to about 10 microns, and a minor

30 proportion of particles having a particle size within the range of about 0.1 to



and tert-butyl alcohol. Tert-butyl alcohol is nost preferred. 5

The catal yst al so includes water. The anount of water needed is that
sufficient to give a paste of desirable consistency. Water and organic

conpl exing agent are typically incorporated into the structure_of even
powder DMC CSYQI’K/E%? each is present in substantially great r-dRoRET |
the paste catal ysts of the invention. 10 The rel ative anbunts of
DMC compound, organi ¢ conpl exing agent, and water in the paste catal ysts of
the invention can vary over a fairly wide range. Preferably, the paste
catal yst conprises fromabout 10 to. about 60 W .% of the DMC conpound, from
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have a binodal particlJe size distyibution within the range of about 0.1 to
about 10 microns a?’ﬁé&?glﬂ?&hﬁa@ cagiaip fewifany; F?F"B@P?%PWEQ pasliglg sizes in
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maj or proportion of particles having L
. 10 larger particle sizes, typically within the range of about 5 to about 600

microns. In addition, the distribution of powder DMC catalysts is generally

unimodal in the 5 to 10 micron range. A major fraction of powder catalyst
particles have sizes in excess of 100 microns.

A variety of techniques are suitable for measuring particle size. The

15 patticle sizes for catalysts of the invention are conveniently measured by first

dispersing the baste catalyst in a polyether polyol (mol. wt. less than about

1000, see Example G), and then measuring the size of the particles in this

| dispersion by light scattering. One suitable method uses a Leeds &

Northrup MICROTRAC X100 particle analyzer, which measures static light

20 scattering properties of the particles. This instrument can be used to

approximate the relative amounts of small and larger particles in the paste

catalysts.

The very small catalyst particles (i.e., particles having a size less than

about 0.5 microns) are often more easily analyzed with quasi-elastic light

25 scattering (QLS). This technique, which measures the dynamic light

scattering properties of the particles, is advantageously used to verify the

presence and patticle size distribution of very small catalyst particles in a

sample. Quasi-elastic light scattering is conveniently performed on

suspensions of the catalyst particles in a low molecular weight polyol. For

30 example, a suspension of 5 wt.% of DMC catalyst in dipropyiene glycol is



particle size within the range of about 1 to about 10 microns, and a m nor
30  proportion of particles having a particle size within the range of
about 0.1 to WD 97/ 26080

PCT/ EP97/ 00191 -7- about 0.5 microns. The |arger particles preferably have
a size wtWasure8t ange of about 1 to about 5 mcrons, andPCREPSTNOIfter
particles preferably have a size within the range of about 0.15 to about
0.4 microns. Even the larger particles of the paste catal yst, however, are
much 5 _smaller in general than typical powder catal yst particles. The

| arge particles in powder catalysts may resBtt fromsnaller particles

aggregating as conql ng agent.and r are renoved during the drying
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particle sizes ifspgsa&%lly Phordlisuss Ve nsét in
the art have 10 gI ar ger E%'?tlc u”‘s’fqz’g%%hn call {/at'vmt '?%W’%’P@‘?%w
about 5 to about a@ﬂdafgﬁf ystiparticles.t i on, the distri but i on of povvder

catal ysts is generall 0, m cron n

fracti on of powder ca%‘%lbg}jsrﬁogg*@% I56,@6h %@§%25%°W'?1 i sé{e SPnﬁ%nﬁ‘%‘febns
A variety ofs tec Ipnrﬂplesmasamﬂdnttbblrmgwa BARE ta8bdatI 800 Mitrehe, Qunimiodlal ©

particle sizes for catal f the i nyention are conveniently ‘measur ed by
first dispersing cﬁ?ﬁ%bl&%é QH@FQP 2 tpdoymicrrns, Bﬁﬂ)ﬂﬂ detaetableamovust s

oAt Srou 2700 o QoSN ferfiesh ESARRITENS B, e Bon .o
a Leeds & contain at least about 90 wt.% of particles havmg a parucle size within the
range of about 0.1 to about 10 microns as measured by light scattering in
10 polyether polyol dispersions of the catalyst particles. Preferred paste
catalysts also have a bimodal particle size distribution.

The invention includes methods for making paste catalj:sts. in
general, the paste catalyst can be made from "scratch,” or by reconstituting
a powder DMC catalyst. The two methods are described further below, and

15 also in Examples A and C.

In one method of the invention, illustrated by Example A, a water-
soluble metal salt and a water-soluble metal cyanide salt react in the
presence of an organic complexing agent to produce a catalyst siurry. The
slurry is washed with an aqueous solution that contains additional organic

20 complexing agént. Finally, a paste catalyst is isolated that contains DMC
compound, organic complexing agent énd water. The paste comprises at
least about 90 wt.% of particles having a patrticle size within the range of
about 0.1 to about 10 microns as measured by light scattering in polyether
polyol dispersions of the catalyst particles. Preferably, the paste will contain

25 from about 10 to about 60 wt.% of the DMC compound, from about 40 to
about 90 wt.% of the organic complexing agent, and from about 1 to about
20 wt.% of water.

The aqueous solutions of metal salt and metal cyanide salt can be

~ intimately combined (by homogenization, high-shear mixing, or the like) and
30 reacted, as is taught in U.S. Pat. No. 5,470,813, the teachings of which are



Nort hrup M CROTRAC X100 particl e anal yzer, which neasures static |ight 20
scattering properties of the particles. This instrunent can be used to
approximate the relative amounts of small and |arger particles in the paste
catal ysts. The very small catalyst particles (i.e., particles having a size
| ess than abo¥® %2 icrons) are often nore easily anal yzed RCIEPITO0191
quasi -elastic light 25 scattering (QS). This technique, which neasures
the dynamic |light scatiering properties of the particles, is advantageously
used to verify the presence and particle size9distribution of very snal

catalyst particles _in a sanple. Quasi-elastic |ight scattering is
conveni ently per f oiReRrPoratedeseia; ynreferencee The: ¢opsic snmplexingagent gsan®e

ol ecul ar wei Nt Pahutgbied it Sher of YR Ioh thd 542868 TeR bokltichs!for ft 8n BEC

catal yst in dipropylene glyco _
PCT/ EP97/ 00191 - 8- axidiedabltbe IMClLcsampaund inmimeidiagel@ followirsg precipitationldfcthe

M CROTRAC nethod is al ) e | _far determning the. . relative.
anounts of very snﬁlalgaﬁgﬁg kta%'g‘gr%%r&%il%g’f 3‘5'3?%‘?‘8 |‘¥9?"1%°@BHEXM?"‘[%"
catal ysts knovs i n either ahe water-sdiliblenmetalSsalt, BANtE | theSiwatsr-avliblienmietst

range of about 5 to abput 600 mj crons, unjnpdal distrihutions within the
range of 5 to 10 mWPBHf‘; sajﬁ f%O%{h%Pmn@m!ynsowms§h§mqtaasﬁ-t §-es.

|ncontrast, the pifih ghataitbes Mat fHe cOIPINIAG dgRRt Will BY ab&ifstie Hifing 9O

wt. % of particles havin article size wt

formation of the DMC compound. it enables the preparation of a DMC
catalyst having desirable particle size and activity and often eliminates

10 the need for .homogenization or high-sheai' mixing. The pre-mixing
technique is described in more detail in EP-A-0743093.

An important difference in the methods of the invention from the
earlier catalyst preparation methods relates to how the paste catalyst is
isolated. Prior methods for catalyst preparation teach to dry the catalyst

15 .after washing ‘and isolation to give a solid cake. The wet catalyst
residues are usually heated in a vacuum oven to remove excess water
and organic complexing agent. The dried catalyst is then crushed to
give a free-flowing powdér. The drying and crushing steps are taught
throughout the literature, and are discussed, e.g., in U.S. Pat. No.

20 3,829,505 and Jap. Pat. Appl. Kokai No. 4-145123.

We surprisingly found that the drying and crushing steps are
advantageously eliminated from the catalyst preparation process. The

- paste catalyst is not just acceptable as an epoxide bolymerization
catalyst: it even offers substantial advantages over a catalyst that has

25 been dried and crushed to produce the powder form. First, catalyst
preparation is simpler. Because two steps--drying and crushing--are
eliminated, catalysts are produced in less time and at lower cost.
Second, the invention eliminates large capital expenses for drying ovens
and pulverizers. Third, higher quality catalysts result because catalyst

30 degradation, which can occur during either the drying or crushing step,
is minimized. Fourth, the invention results

SUBSTITUTE SHEET (RULE 26)



range of about 0.1 to about 10 m crons as neasured by |ight scattering in
.10 pol yet her pol yol dispersions of the catalyst particles. Preferred
paste catal ysts al so have a binodal particle size distribution. The

i nvention includes nmethods for naking paste catalysts. In general, the
past e cat al woto7eeo80be made from "scratch,” or by reconstituPCHMEPPAQOADEr
DMC catal yst. The two net hods are described further bel ow, and 15 al so
in Exanples A and C. In one nethod of the invention, illustrated by Exanple
A, a water- soluble netal salt and a water-sol uble netal cyanide salt react
In the présence of an organi c conpl exing ag@ﬂt to produce a catal yst

slurry. The slurry is washed wi th an aqueous sol ution that contains

add: tional or ganiip catplysts withselalively reprepucibie patlicle sizg distabutions; thig igature

i sol ated that co ' ' ' : WI
The paste conpri g@@*@@%@ﬁ%ﬁ?&%%@&%ﬁgﬁ%f %ﬁﬁ%%@@?ﬁ%ﬂaﬁ% e
Si Z?t within the lrm?b-tomaebrltiou?nggtbmy qiumlyén?e]' ;F]ﬁipolsnalads froea the edtalysts.i ght
scattering in polyether ol.. . Lt ' .

et b, | e BB Shich GRBS o pBlve el le Lt BB E i, o
the DMC conpund, qddliffp br pOlybis. s of Wose advantaddef pag DM Gatalysts ng

agent, and from about” 1 to about 20 wt. % of water. aqueous. sol utjons of

metal salt and neS&PPRRMfrem the priorat, H@H‘H_?i’?hﬁsép)ﬂ% gﬁ‘é cAish PME catalysts
faught 1 U S, paldd e Bim 5y bplier Rimi. 2 L ) T0F whi ch are
A suitable, though less preferred way of making paste catalyst is to
- make a “reconstituted® paste from a powder DMC catalyst and an 6rganic
10 complexing agent. Water is also optionally added. Any desired method of
reconstituting the paste can be used; however, it is important to vigorously
combine the powder DMC catalyst with the organic complexing agent to
produce a catalyst in which the particles have the desired size and bimodal
distribution. In one preferred method, the powder DMC catalyst is combined
15 vigorously with the organic complexing agent and waiter to produce a
reconstituted catalyst siumry. Next, a paste catalyst containing DMC
compound, organic complexing agent, and water is isolated. The paste
comprises catalyst particles having a bimodal particle size distribution within
the range of about 0.1 to about 10 microns as measured by light scattering
20 in polyether polyol dispersions of the catalyst particles. Examples 16 and 17
(Table 4) illustrate the method. As'Table 4 shows, DMC paste catalysts
made by reconstitution--like paste catalysts made from "scratch'--give
excellent results in polyol synthesis.

The invention includes DMC catalyst suspensions made from the

25 paste catalysts. The paste catalyst is simply combined with a starter polyol
such as ARCOL PPG-425, PPG-725, or PPG-1025 polyoxypropylene

polyols (products of ARCO Chemical Company), or the like, and mixed well

to produce a catalyst suspension. This mixture may be stripped to remove

volatile materials if desired. The starter polyol preferably has a nominal
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WO 97/ 26080 PCT/ EP97/ 00191 - 9-
“incorporated herein by reference. The organi c conpl exi ng agent can be
included with either or both of the aqueous salt solutions, or it can be
added to the DMC conpound inmedi ately follow ng precipitation of the

catal yst. |twosmsossferred to pro-nix the organic conpl exi ngPSHERY M 5
either the water-soluble netal salt, or wwth the water-sol uble netal

cyani de salt, or both, before intimately conbining the reactants. Pre-

m Xi ng guar ant ees that the conpl exi ng agent V)‘I |1 be avail abl e during
formati on of the DMC conpound. It enables th1e'prepar ation of a DMC catal yst

havi ng desirable particle size d tiyity and of | i m nat 10 th
need for honogeni f"f‘Bﬁ" 3?"?&%\‘?%&1@5"}#‘38 %ﬂ.’gel'ﬁg %?‘g-q?ri%lﬂrgna&q@%ﬁrﬁvﬁﬂ%g?g
descri bed in norepg@ibailar ivweight dithifr P fangy of Ebout 200 ¥ AbaUC20€0. N THe
met hods of the invention fromthe earlier catalyst preparation nmethods

relates to how t h§uppensior prefembly has 3 calplysteplidscoptenkwithipdae rasgecef@bopt
prepar a1 on (21 Gh 94 S prlormy i oHBBAENS BB AL O ©

give a solid cake. e Wet-catal'yst resi are usual 1 I'n a vacuum
oven to renp& excaspensionrcamtiienrmused asrgtatalyst fargeaking Tiolyetinérpolyols.

catalyst is then hed t ' -fl.ow wd h '
gr ushi _n% at gpspa{g ar e 1%@&&%%5 t%ﬁ Wm()qvxéfba?lw%g&ae@%&%ﬁ;‘a%&g%ﬁggﬁ
.0., | . S. Pat. IThHe i . Kanmpl
4- S%45123. e surp:ﬁog?ﬁgﬁtefg%tﬁygg 5086?;&???]%???32&1 Eg S o Fcan be

that the eps are,
advant ageousl y el iuseddodnake gralyrl from a| Wiﬁﬁ?&&?'&f‘i W'M%&@".e fﬂ?@"ﬁé&t e
catalyst i's not | 4&lndECaMGPEE0G Pndt wE RIS At v (BEbsifiés, Harrow molecular
10 weight distributions, and very low unsaturations are consistently made using
DMC catalyst suspensions derived from the pastes.

We also surprisingly found that improved DMC catalysts can be
prepared by sieving powder DMC catalysts and using only the smallest
particles. In particular, improved results are obtained from powder DMC

15 catalysts wherein at least about 90 wt.% of the catalyst particles can pass
through a U.S. Standard Sieve of 230 mesh (63 microns). As the resuits in
Table 6 show, an unsieved powder DMC catalyst (Comparative Example 7)
initiates polymerization (becomes active) within 7 minutes under the
standard reaction conditions {(see Example F), and gives an 8000 mol. wt.
20 polyoxyﬁropyiene diol having a viscosity of 3480 cks that contains visible
particulates of catalyst suspended in the 8000 mol. wt. diol. In contrast, a
sample of powder DMC catalyst that passes through 230 mesh (63 microns)
initiates faster (within 5 min.), and gives a clear 8000 mol. wt. diol with low
viscosity (3260 cks) and narrow molecular weight distribution (Mw/Mn =
25 1.14). Interestingly, the catalyst that passes through 140 mesh and is
retained on the 200 mesh screen (Comparative Example 24} is no better

than the composite material in terms of initiation time or polyol quality.
- The invention includes a process for making an epoxide polymer.
The process comprises polymerizing an epoxide in the presence of one of
30 the DMC catalysts of the invention: paste, reconstituted paste, suspension,



catalyst: it even offers substantial advantages over a catalyst that has 25

. been dried and crushed to produce the powder form First, catalyst

preparation is Si
el i m nat ed, cat al

npl er. Because two steps--drying and crushing-are
ysts are produced in less tine and at | ower cost. Secon

t he I nventiwoszhkémsdnat es | arge capital expenses for dryi ng RETGEPS7/eM8N
pul verizers. Third, higher quality catalysts result because catal yst 30
degradati on, which can occur during either the drying or crushing step,

mnimzed. Fourth, the invention results SUBSTI TUTE SHEET ( RULE 26)

97/ 26080

-12- PCT/ EP9/ 00191 -10- in

catalysts with relatively reproduci ble particle size distributions; this
feature nim ni zesobsieved pewdar. drreferradiepaxides are athyiene pxide: prepyieneaxide,

BuldfeC BxiBOE>LGHaRe Ko, BALMAE Ko, ROl MiRulBIheea THE,

maxi m zes batch-t
catal ysts. Final
maki ng high- 5

, the inventron gives highly active cata S usefu
prpeaiss tcgnie ysed to makeyrehdomarhloclf copahgeessd VET egexidef

paste .DMC catal ysts IS _a rent om.t pri ar whi ¢ eaches to dry
and crush DMC cat B?lygl% g%g ﬁg'e f%%gﬁppﬁ?%oﬁdgply%ﬁ% pg‘iyg[]icieélgp ,?'Pﬂb R
I ess preferrgd wagolpmefidiioroofdtésoxidd inl thie prasente ofaigdroxyl groapohtdming”
paste froma powder  DMC catal yst and an organic 10 conpl exi ng agent.

‘Water is also opt

i'@f?é?'l-y added. Any desired nethod of reconstituting the

paste can be used; hovefér mdnonters ket Wil lcopelyméle® WithYan epoxide in the
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presence of a DMC compound can be included in the process of the
invention to make other types of epoxide polymers. Any of the copolymers
known in the art made using conventional DMC catalysts can be made with
the catalysts of the invention. For example, epoxides copolymerize with
oxetanes (as taught in U.S. Patent Nos. 3,278,457 and 3,404,109) to give
polyethers, or with anhydrides (as taught in U.S. Patent Nos. 5,145,883 and
3,538,043) to give- polyester or polyetheréster polyols. The preparation of

"polyether, polyester, and polyetherester p_olyols using double metal cyanide

catalysts is fully described, for example, in U.S. Patent Nos. 5,223,583,
5,145,883, 4,472,560, 3,941,849, 3,800,518, 3,538,043, 3,278,458, and in
J.L. Schuchardt and S.D. Harper, SPl_Proceedings, 32nd Annual

Polyurethane Tech./Market. Conf. (1989) 360. The teachings of all of these
U.S. patents related to polyol synthesis using DMC catalysts are

incorporated herein by reference.

The paste catalysts of the invention are highly active, and like the
catalysts taught in U.S. Pat. No. 5,470,813, are active enough to be used at
extremnely low catalyst levels. At catalyst levels of 50 or 25 ppm or iess, the
catalet can often be left in the polyol, thereby eliminating the need for a
back-end purification step. As Table 2 shows, paste DMC catalysts offer
distinct advantages compared with even the best powder catalysts. At the
same catalyst level, the paste initiates faster, and gives a polyoi with better
properties, including lower viscosity, narrower molecular weight distribution,
and higher clarity. As Table 3 shows, the paste DMC catalysts of the

d,
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conbi ne the powder DMC catalyst with the organic conpl exi ng agent to
‘produce a catalyst in which the particles have the desired size and bi nodal
distribution. In one preferred nmethod, the powder DMC catal yst is conbi ned

15 . vigorou wi th the organic corrpl exi ng agent and wat er % e a
reconstitut eﬁ'oc’ﬁfzﬁ‘f st slurry. Next, a paste catalyst contai Hﬁ)f&
conpound, organi c conpl exing agent, and-water is isolated. The paste
conprises catal yst particles having a binodal particle size distribution

within the.range of about 0.1 to about 10 m_ zons as nmeasured by |ight
scattering 20 I n pol yet her polyal di sper5| ons of the catal yst particles.

522?2' catalysts maneogier e dolyei \AHE jd EEeR] Gnd hah B ToledIRY Hpibht-
"scratch"--give exdlstribmtbnmnlmszen mqoptopglenswmdue(sl?@) fe‘EdetlmmsasmmﬂantlalIy
e T 2 sl B Tnd Pilrols B EbiIe T4 (pashd SheE. & hesd time™®
PPG 425, PPG 725, fof P@?@lﬂﬂﬁ&@@f memﬁ@ramel Baenple 20! Fhdsy eduitd ae%nét?&i@
Chem cal Conpany), or the like, and m xed well to produce a catal yst

suspensi on. i s nihRradvaniagesief paste B catalysispver theibast keowa pemder DME

desired. The startggy g{syol preferably has a nom nal WO 97/ 26080
PCT/ EP97/ 00191 -11- ﬁ@ roxyl functionality within the range of 2 to 8, and
number average nol ecul aPolyeisghadenfromi the catalystsigithefinvention haté lowo visbosities.

2000.  The In tumn, polyurethane prepolymers made from these polyols also have
relatively low viscosities, which makes them more easily processed.
10 Polyurethane foams, sealants, elastomers, and coatings made from the
polyols and prepolymers have an excellent balance of physical and
mechanical properties that result from the low 'unsaturation, low viscosity,

and narrow molecular weight distribution of these polyols.
_ The following examples merely illustrate the invention; those skilled
15 in the art will recognize many variations that are within the spirit of the

invention and scope of the claims. |

EXAMPLE A
Preparation of a Paste Zinc Hexacyanocobaltate Catalyst
20 A one-liter round-bottoh flask equipped with mechanical stirrer,
addition funnel, and thermometer is charged with distilled water (604 g),
potassium hexacyanocobaltate (14.8 g), and tert-butyl alcohol (78 g). The
mixture is stirred until all of the cobalt salt dissolves. The resuiting solution
is heated to 30°C. A solution of zinc chloride in water (50 wt.% zinc chloride,
25 304 g of solution) is added over 50 min. with stirring. Stirring continues for
another 30 min. at 30°C. The resulting white suspension is centrifuged. A
wet cake of solids is isolated, and is resuspended with vigorous stirring in a
solution of tert-buty! alcohol (204 g) and water (112 g). After all of the solids
are completely suspended in the wash solution, the mixture is stirred for 30
30 min. The suspension is again centrifuged, and the wet solids are isolated.



suspensi on preferably has a catal yst solids content within the range of
about 1 to about 20 w.% nore preferably fromabout 5 to about 15 w. %
The 5. suspensi on can then be used as a catal yst for naking pol yet her
pol yol s. Exanpl es 18-20 (Table 5) show how to nmake a DMC cat al yst

suspensi on waersegtast e catal yst. The pol yol preparation netBarErfodsanpl e
F can be used to nmake a polyol froma DMC suspension catalyst. As the
results in Table 5 show, 8000 nol. wt. diols with | ow viscosities, narrow
nol ecul ar 10 wei ght distributions, and very |ow unsaturations are

consi stently made using DMC catal yst suspenst4ns derived fromthe pastes.

We al so surpri sD'r\l/%Iy found that inproved DMC catal ysts can be prepared by
si evi ng powder he0lidy are; ragysperdedind9.5%: tea-butyl aleahol (288 g)c testrifuged,

Pher i n ot 1 can  SRd 186B10d 3 HeSotud ubte, AR RAG Mlfte Banan€ BbRUYELS
U.h (?W S; ﬁnﬂﬁ ; ?e \?iegm.(‘)’bf ziag memsgamm;dtate) ns)'np;?s mberemaﬁngé:? befhng;rﬂ?lelgﬂ

o yrent zat on. (bElONEC(anobted M3y Bhd WalAr Ghowt 12 WA\ T Sarbble af shis paste
reaction congiti ogatdiyet9s byedragis®hs aocutalsy Ry gglyoﬁgﬁﬁhéﬁb- S¥e Tbes 1-5.

pol yoxypr opyl ene di ol” having a viscosity of 34 cks  that contal ns visible
particul-ates of catalyst suspended in the 8000 nol. w. diol. In contrast,

a sanple of powder DMC catal yst t %Wﬁﬁ' ?wm, mesh (63 m crons)
initiates faster (wWwthin 5 m'n.),rtZ(? glves'\{aé]g ear %% mol . wt. dial with
| ow vi scosity (3260 cksPrepadation ofaPowidet diner Hexaoyahocobsiitatd Catalpst Mv Mh =
25 1.14). Interestiyn t t S hat _passes phrough,140 nmesh and
is retained on the ZOOMP@C&%ﬁzi%tP&S?VED@%% E"Q’l’f’%é 'ﬁ&%‘é?’i‘f%‘?
than the conposit ¢ a”ingpowtier as foliows. Theipiiste edtalyst samPle®s dAGd ¥Ph caHalant V-
10 weight in a vacuum oven at 45°C. The resulting hard, brittle dry mass is

pulverized using a mortar and pestle to produce a free-flowing powder. A

sample of this powder catalyst is used for polyol synthesis. See Tables 1-3

and 6.

EXAMPLE C
15 Preparation of a Reconstituted Paste DMC Catalyst from Powder
A sample of the catalyst of Comparative Example B (powder catalyst)
is converted to a reconstituted paste catalyst as follows. A suspension of
powder catalyst (33 wt.%) in t-butyl alcohol is prepared by combining and
homogenizing the components. Water (10 wt.%) is added, and the mixture

20 is homogenized to achieve rapid, vigorous mixing. The suspension thickens
to a paste. The paste is used "as is" as a catalyst for polyol synthesis. See
Table 4. '
EXAMPLE D
Preparation of a DMC Catalyst Suspension from a Paste Catalyst
25 A sample of the catalyst of Example A is combined with ARCOL PPG-

425 (product of ARCO Chemical Company, a 425 mol. wt. polyoxypropylene
diol), and the mixture is homogenized at low speed to produce a catalyst



The invention includes a process for nmaki ng an epoxi de pol yner. The process

rconprises polynerizing an epoxide in the presence of one of 30 t he DMC
catal ysts of the invention: paste, reconstituted paste, suspension, WO
97/ 26080 PCT/ EP97/ 00191 -12- or

si eved powdeWO $126088r r ed epoxi des are et hyl ene oxi de, propy!| BHERZ01

but ene oxi des, styrene oxide, and the |like, and m xtures thereof. The
process can be used tq make random or bl ock copol yners. The epoxi de pol ymer
can be, for_exanple, a polyether polyol derived fromthe 5

pol ymeri zation of an epoxide In the presencel® a hydroxyl group-containing

initiator. Oher nononers that will copolynerize wth an epoxide in the
presence of a DMC SUSRRNSIAN @&F'@@l%ﬂ%@d‘ that ?9@3'}95@@9&%1 wihsolids.e Abison
to make other typegyely, é&%@ + m F1§n EIQSsHa gn
in the art nade using convent'i ona ys ma e W

catal ysts of the |undat|muuﬁnr(2eeaﬂrmhm Hg)ota demouepub!gtrbr imaterialshat low
oxetanes (as taught in U.S. 457 a 404. 109) 1o, glLye
pol yethers, or wt 'Hﬂﬁwrﬁoég{%é E‘S’ﬂ&ﬁ?ﬂé?ﬁ ‘U’?"eﬁgf’@%? ﬁ%&’?acg‘}af@ﬁ) 8% €and
3,538,043) tosggive rmllﬁhyidaiéiyﬂrsu%péuﬁbﬁebﬂﬁtrﬁﬁmw% golidd) ETHe Spetisionisof
15 pol yet her, poI ester, and (k)%%et herester pol yol s_using doubl e netal

cyani de catal ysts |'§'dﬁ gigh} seitling ohisolids wih time.is@pparent. (Jhe catalystsuspession
5,223,583, 5, 145, 883ysdh 4635569 a catslie 18 folyd SRtheaid. 3. 538, 043, 3,278, 458,

and in
A similar suspension catalyst is prepared using ARCOL PPG-725

(760 mol. wt. polyoxypropylene diol) or PPG-1025 (1000 mol. wt.

10 polyoxypropylene diol), both products of ARCO Chemical Company. The
stripped suspension from the PPG-725 diol is a liquid, while the one from the
PPG-1025 diol is more like a paste. Each of these suspensions is used “as
is" as a catalyst for polyol synthesis. See Table 5.

EXAMPLE E
15 Preparation of a Sieved DMC Catalyst

Chunks of a powder zinc hexacyanocobaltate catalyst, prepared as
in Comparative Example B, are pulverized as described in that example, and
are placed on the top tray of a stack of U.S. Standard Sieve Series trays
(meeting ASTM E-11 specifications). The sieve trays and accessories are
20 stacked in the following order (from top to bottom): cover, 50 mesh, 100
mesh, 140 mesh, 200 mesh, 230 mesh, 325 mesh, 400 mesh, and bottom
pan. The stack is placed on a Model RX-24 Sieve Shaker (product of Tyler
- Industries) and the stack is shaken for 30 min. The samples left on each

screen are used as catalysts for polyol synthesis. See Table 6. .

25 EXAMPLE F
Preparation of Polyoxypropylene Diols (8K Mol. Wt.): General Procedure
A two-galion reactor is charged with ARCOL PPG-725
polyoxypropylene diol (760 mol. wt., 618 g) and zinc hexacyanocobaltate /



J.L. Schuchardt and S.D. Harper, SPI Proceedings. 32nd Annual Pol yurethane
. Tech./Market. Conf. (1989) 360. The teachings of all of these 20 uU. S
patents related to polyol synthesis using DMC catal ysts are incorporated
herein by reference. The paste catalysts of the invention are highly
‘active, angygéisegohe catal ysts taught in U S. Pat. No. 5, 4PCTEP00831c
active enough to be used at extrenely |ow catal yst |levels. At catal yst

| evel s of 50 or 25 ppmor less, the 25 catal yst can often be left in the
pol yol, thereby elimnating the need for a back-end purification step. As
Tabl e 2 shows, paste DMC catal ysts offer di'tinct advantages conpared with
even the best powder catalysts. At the same catal yst |evel, the paste

initiates fasterierkhuty ohcorpplax catalyst (Raste; Pawdascrecoastitutas:-pastengr

| ower viscosity, K LABLadi ' | haher
clarity. As Ta)l:/)I 3ﬂ S%ﬁ@é’?@%e paﬁ.gg%ac@f afﬁ{ye'rsljte?ﬁc?fr %;Rg%%d i%@gg/t%%{m
PCT/ EP97/ 00191 - #dth dnyusitrogem Fheanixtirgds stimed, lanidawacwro{2 psia)isiappliecdw
s cubstant | al |yt seastorcaaEee s Fhde lo ARG PiobylepRondd (72 | T
catal yst, 6gh fegg is 488ad.0AdBlonal pfopyitifecoXifie EPndradddd entibamadceldrdtedThese

results denonstrate 5 t he advant ages of paste DVMC catal ysts over, the

best known powdepresaureArapyaears Hip| e wearkere Whichnindicates asuvationef the
invention have | auapieiC Afel ttie catalyst activation is apparent, the remaining propylene

oxide (5810 g) is added to the reactor over 12 h at a constant rate of about
8 g/min. After propylene oxide addition is complete, the mixture is held at

10 - 130°C for 1 h. Residual unreacted propylene oxide is sfripped from the
polyol product under vacuum. The polyol is then cooled to 80°C and |
discharged from the reactor. The resulting polyoxypropylene diol of about
8000 mol. wt. is characterized (see Tables 2-6 for properties).



In tum polyurethane prepolynmers made fromthese polyols also have
relatively | ow viscosities, which makes them nore easily processed. 10
Pol yur et hane foans, seal ants, elastoners, and coatings nade fromthe

pol yol s and prepol yners have an excel |l ent bal ance of physi cal mm
mechani cal pr PT’%/‘@? that result fromthe | ow unsaturati on, ¥ 3 ty,
and narrow nol ecul ar wei ght distribution of these polyols. The follow ng
exanples nmerely illustrate the invention; those skilled 15 in the art

will recognize many variations that are wthi g”t_he spirit of the invention
and scope of the clainms. EXAMPLE A Preparation ‘of a Paste Zinc

Hexacyanocobal tate Catal yst 20 A i round- bottom f | ask
equi pped with nechanical stirrer, additi onégﬁm%r%eband t hernoneter is

c?ar ge(cji Wi th gi st: N leﬁeﬁ&!to%ﬁ(ﬁamblesﬂor wsmmvé@aweoaamab@ﬁh& &h
g), and tert-butyl alcohog . The mixtuge is stirred until all of the
cobalt salt dissolves. TW@S#&?@U&%OW%E&R&W& zing hgxagyanocgbajtate catalyst j 725
solution of zinc chl.Q&i i f ¥

. i A Mdrﬁl&bf‘dpﬂeﬁ% diol h%gr@sif&lbﬁ i sﬁega?éd as f@l%& Phe

solution) is added over 5 wth stirr rri'ng continues
another 30 min5 at sefalystisampla pasie or powgeni0.18 gansaelny catalyst basis) is plagadi.

M5 solution of tepriinepfind Bas B SERREAN A Heaeh 1Vt Rt butalef?
the solids are conplietsdd; twiamenrof pasté fequived s 6.45¢ divided b?«mériml(?hl ﬁei'cént
stirred for.30 30 | of BN catalyst ih the paste.) ' Addiional FFG-725 didi (125 3) i added to
the beaker. The contents are mixed well using a mechanical stirrer until the
10 solids are uniformly dispersed in the polyol. This catalyst suspension is then
added with stirring to.an additional 450 g of PPG-725 diol. Stirring continues
until a uniform suspension resulits.
The preceding examples are meant only as illustrations. The
following claims define the scope of the invention.
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The solids are resuspended in 99. 5%tert butyl al cohol (288 g),
centrifuged, and isolated as descri bed above. The resulting paste contains
about 24 wt. % zi nc hexacyanocobal tate conpl ex, the remnai nder being
tert-butyl atwodebkesoabout 64 wt.%, and water (about 12 wW . %cTre706mll € of
this paste 5 catalyst is used "as is' Xﬁ/ﬁa catal yst for polyol

synt hesis. See Tables 1-5. COVPARATI VE E LE B Preparation of a Powder

Zinc Hexacyanocobal tafe Catalvst A sanple of the paste-catalyst prepared in
Exanple A i's convertjed tola dry dowder ds flolTows. J[he pase cat al yst
sanple is dried to @ constjant 10| - weight }Jin a vac ﬁove at 45C. The
resulting hard, brigtle drly mass|is pul yerilzed usi @m)rar and pestle to
produce a free-fl owgng povider. Ajsanpl ejof |this W\% cat §l yst is used for
pol yol synthesis. Sge Tablles 1-3|and 6._JEXAVPLE g J Preparation of
a Reconstituted Pastje DMC{Cat al yét§ro§u Powder the cat al yst of
Conpar ati ve Exanpl e B (poyder cafalgyst gii s convéﬂ‘@e §)_a feconstit ut ed
paste catalyst as fdli |l ows| £ susjemsi ogof powiitt Nt as 3 gst (33 W.% in
t-butyl alcohol is repared%y ccn‘gni X gjd I@mbé?eﬁgﬁg khe conponents.
Water (10 wt. % is ddded olaf th¢ @ xt Bfed20 sgg-@moﬂenzed to achieve
rapld Vi gorous m Xi ing. Ble Buspdng on.g § his( ke&;qggggte The paste is
used "as is" as a c§ taI vEl o gl ®I n@ﬁes%ﬁ_g g,le4. EXAVPLE D
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Preparation of a DMC Catal yst Suspension froma Paste Catal yst 25

-A sanple of the catalyst of Exanple A is conbined with ARCOL PPG 425
(product of ARCO Chem cal Conpany, a 425 nol. wt. pol yoxypropyl ene diol),
and the mxture is honpgenized at |ow speed to produce a ca% 1

97/ 26080 WO 9726080 PCT/ EP 5-
suspension of uniformdistribution that c¢omg ai ns about 10 wt.% solids. This
m xture is fluid, and_solids settle fromit easily. The suspension is

stri pped under vacuum 20- 30_mm Hg

iterials at | ow

t enper at uré (40- ht al yst dectlvatlon). The
5 resulting c §. The
suspension is flu}d; 'gll i sfjapparent. The
catal yst suspensipn ig u synthesis. A
simlar suspensiopn cafal 251(760 ol . wt
pol yoxypr opyl ene Hi ol o pollyoxypr opyl ene
diol), both produfts -gf fippedllsuspensi on from
the PPG 725 diol ks ali [ 25 diol is nore
li ke a paste. Eacph ofgt h¢s§ sug)e S | g'as 1 catal yst for
pol yol synthesis.} See®Tabl & 5.~ 8 Preparati on
of a Sieved DMC Ght al Bst @nk% oN gb¥anocdbal t at e
catal yst, preparefl ases S 8 Ew
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in-Cbnparative Exanpl e B, are pulverized as described in that exanple,
-are placed on the top tray of a stack of U S. Standard Sieve Series trays
(meeting ASTM E- 11 specifications).

stacked in the following order (fromtop to bottom
mesh, 230 nmesh, 325 nesh, 400 nesh, and picwiEpomooman.
RX-24 Si eve Sh r

mesh, 140
stack is placed on a Mdde

cover, 50 nesh, 10

(product of Tyler Industr

and the stack is shaken for 30 nmin. The Safipl"'es | eft on each screen are
used as catal ysts for ponoI syntheS|s See Tabl e 6 25
EXAMPLE F “Pr epar atf=ot =T =%{ . ): Ceneral
Procedure A two-ga3 25
pol yoxypr opyl ene ¢ anocobal tate /
WD 97/ 26080 EP97/ 00191 - 16-
tert-butyl al cohol % , @congtituted paste,
slurry; anounts shown in < ris;gn”gﬂd several tines
with dry nitrogen.§ 3 vacgm (4 psia) Is applied
to the reactor. T 18 IC. Propyl ene
oxide (72 5 9) ppytend o dg i s fnot added unti |
an accel erated pr — il ndi cates
activation of the $| yf>t ct |%Sﬁ|on i s apparent, the
remai ni ng propyl er hddd {o "ge%ct off over 12 h at a
constant rate of ) ]
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or
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8 g/mn. After propylene oxide addition Is conplete, the mxture is held at
10 130[err]C for 1 h. Residual unreacted propylene oxide is stripped
fromthe polyol product under vacuum The polyol is then cooled to 80[err]C
and di scharged fromthe reactor. The resulting pol yoxypropyl ene diol of
about 8000 MOWOSMRE080 s characterized (see Tables 2-6 for prodérEadpoINn \\n
6 : - 21 -PCr/ EP971091 -17- EXAMPLE G
Preparation of Sanples.for M CROTRAC X-100 Particle Size Analysis A
suspensi on Qf 250 ppm | ate catalvs
pol yoxypropyl ene diol f(PPG 735 diol) i4 prjepdgreq as follows.
catal yst sanple (pastg or powder, 0J15]g qn g drly catalyst bas
on the surface of 25 ¢ of PP 725 dijol |inla Healer. (WEn
is used, the anmount off paste |requiredJlsd]- &t gfdi vi &8 byh

o
©
Q

wei ght

percent of DMC catal ygt in tHe pas&e. R{AR]i QloRY{l PP @5 @olf (125 g) is
added to the beaker. Fhe contlents ®le ™1 Xad™ el usi g @ n¥ehdhi cal stirrer
until the 10 solidg are unitgpr dispers\gﬂd iin tiaé,,,@l y@. ' his catalys
suspension is then adged wi tH @i rrijng{to{an adcitigr@lﬁ%@rg fof PPG 725
diol. Stirring continges ¢htill @ unifoerﬂuspensio"rgs-ultE Ihe preceding
exanpl es are neant only a%*ill trati ofs. {The fﬂ||(§ﬁagc|ﬁ d define t he
scope of the inventiof. § | & mes 2
O |8 g & §
212 Yo glglg BEE £ |
& 2o o ol 8] BES = |
o g N N ® & RPgE O
2 g 528 3 |
a S Qe = |
. agaN F |
o] X592 D |
S R = & |
= — [~/ - |
® £ £ES5° o l
c £ gaw £
3 = Seo g |
) Q coa ©
LNl - -— e
4 c Vivp vV VY 2@ %
> K=l mﬁm L2
2 © >ag0¢c O }
@ = 50, &
a = 588 w
o 5§88 &
o ]
= >0 Q
= 3gE S |
£ l 2| =3¢ T |
5 2 8 225 ¢ |
s | § 22§82 ¢ |
S 2 =232 2V § |
< 218 8 2 2 sl . £ |
o] ol o} = & a0 o '
< w gl § xEsxTL
O el © [~
Qo [&] 8 -CQQO.Q
2 ol | 2oSeE
- “ﬁggggo
I o220
23888
E§3€ i
TEZS0
O 0O = o
o582 o
a8s 2
QAo -
- N ™ < "
b




PCY/EP97/00191

peej inoy g pue isAjejes wdd 6z Buisn 4 ejdwex3 uj se spew ol

1sAieyeo eised pue (5201- 40 ‘G3L- ‘Seb-
"y ojdusexz ui se pasedeid xejduiod joyooje |Ain

‘(spios %'’
Ddd TOOHY) [0ip JoUe)s JO ainiXi = 1sAjeieo uojsuedsng d
q-Meyeleleqooourioexsy duZ = isfjejeo aised ’

mL'el)

e sjoip eudjAdoidAxoAjod ‘M "jowr )8 ¢ |

WD 97/ 26080

WO 97/ 26080
WD 97/ 26080

1¥00°0 Wt 0Gie (384} G201-Ddd uoysuedsng 0c
Lv00°0 ot 061l vl Scl-Ddd :o_mcmnm:m 61
84000 et oeze g8'tl Ser-9dd «:o_mcmnm:w 8t __
¢v00'0 80’} 0L0E £V euou \8lsed ol =
(B/bew) ~ (S)0) (G/HOM bw) [ uojsuedsns N
uoljeinyesu() Ausoosip # HO o} 15Aje1eD # 'x3
[oip Jeuels
Seiuedoud j0hjod

[err]
0.

[err]

PCT/ EP97/ OQicd1de680" |

PCT/ EP97/ 00191 -19 -
PCT/ EP97/ OO191 [err]

WO 97/ 26080
_ PCT/ EP97/ 00191 - 18-

sjojod Jeumig ul isheieD aised OWQ o suojsuadsng woy sjoflod ‘S elqeL




WD 97/.26080 PCT/ EP97/ 00191 -22- [err]
WO 97/ 26080 |

PCT/ ER97/ 00191 -23 - [err] WO 97/ 6080
PCT/ EP97/ 00191 -24- CLAI Ms: -24- 1, A Cat al yst
whi ch conpri W9T2688st e of a double netal cyani de (DMC) conp 91

organi ¢ conpl exing agent, and water, whergipg lhe paste catalyst corrprl ses
at | east about 90 wt. % of partlcles havi ng a partlcle size within the range

of about 0.1 to about 10 o, peasured by _|iah
pol yet her pol yol dispersi he cat al ysg, ti,bl g5.
clainmed in claim1l charadferisedfin thgt pt2 t2hb8
catal yst particles have g icle size w t-g h§ r-g
about 5 microns. 3. Alcatal ysp as cBai e i| cBhi:
particles having a partid e size withid t heg: eg_pfm
m crons as neasured by qguasielastic <8:
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| ight scattering in polyether polyol dispersions of the catal yst particles.

4, A catalyst as clainmed in claiml1, claim2 or claim3 characterised in
that the particles have a binodal particle size distribution within the
range of about 0.1 to about 10 microns. 5. A catalyst as clainmed in

claim4 chamazemsossed in that a nmajor proportion of the cat acyaremmisy cl es
have a particle size within the range of about 1 to about 10 m crons, and a

m nor proportion of the particles have a particle si ze W thiTthe—+ange o

about 0.1 to about 0.5 mcrons. 6. A cggl yst as cI amﬂ one of
t he preceding clains conprising fromabout 10 to about I;@j (y’
conpound, fromCaagmS:40 to about 90 wt.% of the organic o
and fromabout 1 to about 20 wt . %of wat er . WO 97/26080

PCT/ EP97/ 00191 - 25-47. "’T’%Le DIVC rishd bf‘a%%l? %,ﬂgc @ﬁ;dl ng .

clainms characterised in tha nmpount I's a zinc ate. -
char act er | sed (o ?Wg%ﬂ'gﬁnﬁ%@%é%% Bheolso Ea S “%éw%twwmm

9. A catal yst _as_cl e. of .t.he ecedl ng, cl.ai np haV| ng t he
ability to pol SIS % eﬁo&f £°%?”3°1F%P£"“F5138§E within theyangg ot
100 ppmcataly h wei ght of fini shed ether, at 105C. 10.

A catal yst as eﬁt%h*’% tFI ag?ﬂ? @n‘@"b‘? ns; a§dnegsured &y dghgmi/tﬁrénmlwher polyol

dispersions of the catalyst particles.

2. A catalyst as claimed in claim 1 characterised in that at least about
90 wt.% of the catalyst particles have a particle size within the range of about 0.1 to
about 5 microns.

3. A catalyst as claimed in claim 1 comprising particles having a particle
size within the range of about 0.1 to about 0.5 microns as measured by quasielastic
light. scattering in polyether polyol dispersions of the catalyst particles.

4. A catalyst as claimed in claim 1, claim 2 or claim 3 characterised in
that the particles have a bimbdal ﬁarticle size distribution within the range of about
0.1 to about 10 microns.

5. A ‘catalyst as claimed in claim 4 characterised in that a major
proportion of the catalyst particles have a particle size within the range of about 1 to
about 10 microns, and a minor proportion of the particles have a particle size within
the range of about 0.1 to about 0.5 microns.

6. A catalyst as claimed in any one of the preceding claims comprising
from about 10 to about 60 wt.% of the DMC compound, from about 40 to about
90 wt.% of the organic complexing agent, and from about 1 to about 20 wt.% of

.water.



reconstituting the paste froma powder DMC catal yst, water, and an organic

conpl exi ng agent. 11. A net hod of formng—a—catalyst as cI ainmed in any
one of-clainms 1 to 10 which conpri ses: ,Eﬁl“ reacting a water-sol uble netal

salt and a water-soluble netal cyani d r" Mﬂl[ﬂ ence of an organic
conpl exi ng agWe97m26086r oduce a cat al yst shi ng ROTEROZOUPY st

slurry with an aqueous sol ution that contains addl i dnal organi c conpl exi ng
agent; and (c) i sol ating a paste catal yst that .contains DMC conpound,
organi c conpl exing agent, and water. 12. A5¥et hod of form ng a catal yst
~as clainmed in any one of clains 1 ta 10 which conprises: (a) vi gor ousl y
conbi ni ng a powder DMZ. cat & setalystias dlaimedoingap iove obthel pesdeding glpbms chasaquerisddic e
a reconstituted catalyst slurry; and WO 97/ 26080

PCT/ EP97/ 00191 - 36 that ke DMG cdmpound isia zhet exacyasdopbaltathiat cont ai ns DMC
conpound, organic conpl exing agent, and water. 13. A method as clained in

claim 12 characterise@. in hakalystesRRIEET inRMy ohatctlthé precédinPaRinied Wi th the
organi ¢ conpl exi ng agent and water in step (a).
characterised in that the organic complexing agent is tert-butyl alcohol.

9. A catalyst as claimed in any one of the preceding claims having the
ability to polymerize propylene oxide at a rate in excess of 3 g PO/min at
100 ppm catalyst, based on the weight of finished polyether, at 105°C.

10. A catalyst as claimed in any one of the preceding claims made by
reéonstituﬁng the ﬁaste from a powder DMC catalyst, water, and an organic
complexing agent.

11. A method of forming a catalyst as claimed in any one of claims 1 1o
10 which comprises:

(a)  reacting a water-soluble metal salt and a water-soluble metal cyax_\ide

salt in the presence of an organic complexing ageat to produce a
catalySt slurry;

()  washing the catalyst slurry with an aqueous.solution that contains

additional organic complexing agent; and

(é) isolating a paste catalyst that contains DMC compound, organic

complexing agent, and water.

12. A method of forming a catalyst as claimed in any one of clﬁims 1to
10 which comprises:

(@) vigorously combining a powder DMC catalyst with an organic

complexing agent to produce a reconstituted catalyst slurry; and
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14. A catal yst suspension conprising a paste catalyst as clained in any

one of clains 1 to 10 or obtalned-by——a—%{—hed%—el—m—rred |n clalmll claim

12 or e¢laim 13 and a starter polyo al yst wherein at
| east about 90 wt.% of the catal yst Hmll m!“smrﬂﬁ”mﬂss t hr ough a U.S.

St andard Si ewe0 9726880 nesh (63 mcr cess for mpggo@ﬂ
epoxi de pol yner, said process conpr|5|ng polyner|2|ng an epoxide 1n the
presence of a catalyst_as clainmed in any one of claims 1 to 10 and 15 or
obt ai ned by. a nmethod as clained in claim1llggclaim12 or claim13.

(b) isolating a past'e catalyst that contains DMC compound, organic

complexing agent, and water.

13. A method as claimed in claim 12 characterised in that the powder
DMC catalyst is combined with the organic complexing agent and water in step
(a).

14. A catalyst suspension comprising a pakte catalyst as claimed in any
one of claims 1 to 10 or obtained by a method as claimed in claim 11, claim 12 or
claim 13 and a starter polyol.

15. A powder DMC catalyst wherein at least about 90 wt.% of the
catalyst particles can pass through a U.S. Standard Sieve of 230 mesh (63
microns).

16. A process for making an epoxide polymer, said process comprising
polymerizing an epoxide in the presence of a catalyst as claimed in any one of

claims 1 to 10 and 15 or obtained by a method as claimed in claim 11, claim 12 or

claim 13.



