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R&@CNEF& OF DOUBLE NETAL CYANI DE COVPL‘@_{ T Rg;/m POLYNER Thil sttomest
i nwention relates to the purification myzal symer dbicte piged Hfhag been
prepared usi ng a doubl e netal cyanide conplg&g g s tepagad yait... | Mor e
specifically, the invention pertains hq/thé ré@ v@?@“bf -dbubized nmet.a

cyani de conpl ex conpound catal yst froma pol'ymrer :presdudt.. iopeged 1. M. hi ch
can be regdi laglERbEDEAN in a subsequént -polyfericzari.on.. BACKGROUND OF THE
| NVENTI ON Doubl e netal cyani de congpunds are known T6 5*‘&Xtrewe%§lact|ve
cat al yst s Heoverey [oF YDOUs 22t HOTADT LA £lecoMPSEX | crtosest fegoexanpl e in
UiS. Pat. po.yME®R 78, 457. They have al so been enpl oyed in copol yneri zati ons

of epoxi déS and ot her nmDNoOMers. such

This invention relates to the purification of a polymer

product which has been prepared using a double metal cyanide

complex compound as catalyst. More specifically, the invention
pertains to the recovery of double metal cyanide complex compound

catalyst from a polymer product in a form which can be readily

‘i. used again in a subsequent polymerization.

[ BACKGROUND OF THE INVENTION

Double me¥a1 cyanide compounds are known to be extremely
active catalysts for the polymerization of epoxides, as disclosed
Tet example in U.s. Fat. Mo, 3,278,457, They have alsc been
employed in copolymerizations of epoxides.and other monomers such
as cyciic anhydrides an& carbon dioxide (U.S. Pat. Nos. 3,438,043
and 4,500,704). Such catalysts have been found to be’
particularly useful for the preparaticn of polyether polyols, as
taught bj U.S5. Pat. No. 3,829,505. Eolyethef polféls produced in
this manner have lowef levels of uqsaturation'and hence higher'
average actual hydroxyl functionality than polyols obtained using
conventional base-catalyzed methods. Polfether polyols are |
commercially employed in a wide variety of applications,
including polyurethane foams and elastomers.

In spite of the high activity of:the.double metal cyanide
complex catalysts, which allows such catalysts to be used at

relatiéely low concentrations, the prior art has recognized that
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ab cycltc anhydri des ahd cafbon dioxide (U S. Pat. Nos. 3,438,043 and
4*500 704). Such catal ysts have been found to be particularly useful for
the preparation of pol yet her pol yols, as taught by.U.S. Pat. No. 3,829, 505.
Pol yet her polyols produced in this nmanner have |ower |evels of unsaturation

a
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hd hence hi gher average act ual hydr oxyl functionality t han polyols
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-allophanate formation when a polyether polyol is reacted with an
.7isocyanate and also promotes the formation of undesirable
volatile by-products during storage.
However,-removal of the catalyst is complicated by its

solubility in the polymer. U.S. Pat. No. 3,829,505 (col. 6,

'L. lines 17-21) teaches that the double metal cyanide complex

catalyst, while initially insoluble in the polymerization mediunm,
becomes very well dispersed if not completely dissolved during
the polymerization process; In addition, this reference teaches
that dilution cf the polymer product ir a non-viscous solvent,
followed by centrifugation, is ineffective in removiﬁg a major
proportion of the catalyst. Thus, the methods which have been
developed in the prio: art to effectively remove double metal
cyanide complex catalyst from a polymer all involve ;ome type of
chemical treatment of the polymer product. | .

U.S.-Fzt. No. 4,344,188 teaches that removal of the residual
catalyst may be accomplished by treafing the crude polymer with a
strong base such as an alkali metal hydroxide or alkali metal
dispersion and then passing the polymer through an anionic.
-exchange resin. .

U.S. Pat. No. 4,721,818 teaches that catalyst removal is

achieved by reacting the polymer with an alkali metal hydride so

as to convert the double metal cyanide complex catalyst into an
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' :pol ymer
residual catalyst catalyzes allophanate formati on when a pol yet her polyol
-is reacted with an isocyanate and al so pronotes the formati on of

undes) {BBbTubTiedd by REAUIC Al uheR0 1Y FAT o WP e JTUE OAR:)he-

cat al ys

is desirable tio remove as much of the catal yst as possible fromthe
follow ng polynerization. U S. Pat. No. 4,355,188 teaches that the

IS CO Its so Ity in the
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lally insoluble

any excess alkali metal hydride remaining.

SUMMARY OF THE INVENTION

The present invention provides a method for recovering a

double metal cyanide complex catalyst from a polymer in a form

suitable for use as a polymerization catalyst, comprising the

steps of (a) forming a mixture of a double metal cyanide complex

catalyst-containing polymer product and an amount of a non-polar

solvent effective ta precipitate the double metal cyanide complex

catalyst; and (b) filtering the mixture in the presence of a

filter aid which is suspended in the mixture in an amount

effective to accomplish separation of the precipitated double

metal cyanide complex catalyst from the polymer product. Ia a

subsequent step, the recovered double metal cyanide complex

catalyst may be used as a polymerization catalyst.

In contrast to the methods of the prior art :equiring the use

of chemical reagents such as strong base, which may result in

undesired increases in polymer color and the introduction of

alkali metal conﬁaminants, the process of the present invention

~is simple, rapid, and uses relatively mild conditions .to achieve

substantially complete catalyst removal. The color of the

treated polymer remains low, while the non-polar solvent and

filter-aid which are introduced are easily removed from the

polymer. The novel process of this invention is particularly

well-suited for the removal of double metal cyanide complex
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"becohes very wel | disﬁersed I f not conpletely dissolved during the
‘polynerlzatlon process. In addition, this reference teaches that dilution

of the pol ymer product in a non-viscous solvent, followed by
centrifugation, is ineffective in renoving a major proportion of the

catal yst. Thus, the met'hods whi ch have been developed in the prior art to
effectively, renove doubl e netal cyanide conplex catalyst froma pol yner al

i nvol vea 68lpsty feoal priopyleale bxédempolyol st.he Roal weasopsodindich e et .
No. 4, 344,188 teaches that renoval of the residual catal yst may be

acconptée shedndygrsteati,nd tt hascbede oupdethaitt takadiysing elrayalswEims an
al kali nmetal hydroxide or alkali netal dispersion and then passing the
pol ymeny heHutheapranirorird aethadgeisesugh less reliable when the
polymer being treated is a propylene oxide homopolymer rather
than an ethylene oxide-capped propylene oxide polyol.

In addition, the nature of the double metal cyanide complex
catalyst is apparently not substantially changed by the recovery
praocess of this invention and the recovered catalyst may be
readily reused in subsequent polymerizations. This, of course,
offers a significant commercial advantage since the double metal
cfanide complex catalysts are relatively e#pensive compared to
the potassium hydroxide catalyst cufrently used by the chemical
incuaztyr to produce polyether polyols. The prior art methods for
catalyst removal result in complete deactivation of the double
metal dyanide camplex catalyst due to the harsh reagents and
conditions employed. No method is currently available to |
reactivate or reuse catalysts removed by these prior aft

procedures.

DETAILED*“DESCRIPTION QF THE INVENTION

Ady polymer product prepared using a double metal cyanide
compiex catalyst Ean be purified according to the process of this
invention. Suitable polymers include, but are not limited to,
~epoxide polymers (polfethers), epoxide/anhydride copolymers
(polyesters), and epoxide/carbon dioxide copolymers (polyalkylene
carbonates). The ﬁrocess of this invention may be used with

polymers of any molecular weight, although it is preferred that
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- U.S: Pat. No. 4,721,818 teaches that catalyst renpval is achieved by
reacting the polyner with an alkali nmetal hydride so as to convert the

':double nmet al cyani de conplex catalyst into an -3- insol ubl e species
which can then be renoved by filtration. An adsorbent such as magnesi um
silicate may be enployed to renpve any excess al kali nmetal hydride

remai ni ng. SUVMARY_ OF THE | NVENTI.ON The present .i nvention provi des a nethod
for re%%e??ggmardéﬁblsé’bﬁéaé‘lt g}&ﬁﬁ &é’q(?(?ﬁ'ﬁl 335’ R R_A-R AR SPbYSREr in a

form employed. Polyether polyols, that is, epoxide polymers of low to
medium molecular weight and having at least one terminal hydroxyl
group per polymer chain, are particularly suitable. Examples of
suitable polyether polyols include propylene oxide polyols and
random ethylene oxide/propylene oxide polyols having number
average molecular weights between about 500 and 20,000.
Typically, polyether polyols of this type will bé either diols or
triols, although the functionality may be further varied
- .dép;nding on the end-use application. .
| Polyether polyols suitable for purification by the process of
this invention m;y be prepared using double metal cyanide complex
catalysts by any of the methods known in the art, including the
methods described in U.S. lzt. Nos. 3,404,109, 3,829,505,
3,900,518 and 3,941,849. The teachings of these patents are
incorporated herein by reference. Typically, such polyether
polyols are prepared by polymerization of an epoxide or mixture
of époxides in the presence of a double metal cyaniée complex

catalyst and an initiator having at least one hydroxyl or other

¥ | .

active hydrogen group. The relative amount of initiator used
controls the final molecular weight of the polyether polyol. If
no initiator is used, very high molecular weight polyethers will
be obtained. Such high molecular weight polyethers may also be
treated to remove the double metal cyanide complex catalyst in
accordance with the process of this invention.

Any éuitable epoxide may be employed. Suitable epoxides

Replaced -
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-éuitéble for use as a ‘pol yrerization catalyst, conprising the steps of (a)
formng a mxture of a double netal cyanide conpl ex catal yst-containing

4

-

pol ymer product and an anmpunt of a non-polar solvent effective to

preci pitate the doubl e netal cyanide conplex catalyst; and (b) filtering
the m xture in the presence of a filter aid which is suspended in the

m xture in an anount effective to acconplish separation of the precipitated

doubl e hrebudeyREPRYLleampiodd deat 21t eme Axide nARd s Jrksthickiene 9xdde,

bsequent step, th ecovered douRl e al . i de, conpl ex catal,yst may be
ised asoh BorSHERE, HesH ot aFFERPLAS G HGARLS O TSRS ISELRE pr or
art rquir%ng the use of chem cal reagents.s cqaas strong hase, .which y
resul t Tt BRIESF¥eFIPROPEESeSHR 551 e ool ¥or® aif BARS G IR on

their alkoxylated derivatives, dihydroxy compounds such as
ethylene glycol, propylene glycol, and their low molecular weight
oligomers éuch as tripropylene glycol, monohydroxy compounds such
as methanol, ethanol, and allyl alcchol, as well as amines,’
water, and enolizable ketones such as acetone.. The
polymerization may be carried out.in a suitable solvent; ethers
such as tetrahydrofuran afe particularly preferred.

~ Any suitable double metal cyanide compiex catalyst may also
be used. Such catalysts may be prepared by several methods. The
composition of the catalyst affects the polymerization activity
and may be varied considerably by changing starting reagents and
the method of preparation and purification. Catalysts
partibularly well suited for the preparation of propylene oxide
polyols of low polydispersity and unsaturation inclpde'zinc
hexacyanocobaltate complex catalysts having the general formula:

. Z73[CO(CN).]; . x2ZnCl, . ¥y glyme . z H,0
wherein x, vy and z will vary depenéing on the exact method of
preparation. |
The preparation of double metal cyanide complex catalysts

suitable for use in the polymerization of epoxides and other
monomers is described in detail in U.S. Pat. Nos. 4,472,560 and
4,477,589 to Shell Chemical Company and U.S. Pat. Nos. 3,427,256,

3,427,334 and 3,427,335 to General Tire and Rubber. The
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-alkall metal contam nants,:the process of the present invention is sinple,
rapid, and uses relatively mld conditions to achieve substantially
conpl ete catalyst renoval. The color of the treated polyner renains |ow,:

.

whil e the non-polar solvent and filter-aid which are introduced are easily

renoved fromthe polyrmer. The novel process of this invention is
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yst om propyl ene oxi de pol yols. For reasons which are not” wel |l

under st pgpdlerbhcleas been found that catal yst renoval using
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The exact form and structure of the double metal cyanide

complex catalyét once polymerization is completed is not known.

The catalyst is not active when first contacted with epoxide or
other monomers and typically exhibits an initiation or induction
period during which little or no epoxide conversion takes piace.
Immediately following activation, little, if any, of the catalyst
cannot be removed by conventional fiitration. However, as
fQche: epoxide conversion occurs and the polymer molecular
weight increases, a significant portion of the catalyst becomes
"dissolved" in the polymer, and cannot be removed by filtration

of the untreated polymerization mixture. The process of this

‘invention facilitates the removal of substantially all cf the

resioual double metal cyanide complex catalyst, as is
demonstrated by the examples pfovided.

In the process of the present invention, the polymér
containing the solubilized double metal cyanide complex catalyst
is combifed with non-polar solvent in an amount sufficient to
precipitate theicatalyst. Preferaoly,at least about'O.S parts of
the non-polar solvent per part of polymer are employed in order
to achieve mare rapid and complete catalyst precipitation.

The minimum amount of non-polar solvent required to effect
catalyst removal will be dependent on a number of variables,

lncludlng the particular solvent used, catalyst concentration,

polymer composition and molecular weight, and temperatu:e.
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_any. of the prior art methods is nuch less reliable when the pol yner being
w treated is a propyl ene oxi de honopol yner rather than an ethyl ene

" oxi de-capped propyl ene oxide polyol. In addition, the nature of the double
- metal cyanide conplex catalyst is apparently not substantially changed by
* the recovery process of this invention and the recovered catal yst may be

readi e s b@eedservingsequeniechpiyaRe 2aki @33ubilisedOliouBikSahetafif ers a
significant conmercial advantage since the double netal cyani de conpl ex

cat al ysysnbde templiexeclkptelgsnsi uddiadpar ed thet honRebass YeLketoXi de

catal yst currently used by the chemi cal industry to produce polyether

pol yoldilufas pheopodymemethdddetoracasaliyst viernsalkyr, egtleizeby conpl ete

deactivation of the double netal cyanide conplex catal yst due to the harsh

reagerfiacihhiitating the subsequent filtration step in which the catalyst
is separated from the polymer.

The term non-polar is meant to indicate that the solvent is a
poor solvent for polar substances and has a relatively low
dielectric constant. 1In general, the dielectric constant of the
nqp-polar solvent should be lower than the dielectric caonstant of
thé polymer being treated in oréer to accompiish substantially

~ complete pre?ipitation of the solubilized doublé metal complex
catalyst. It is also desirable that the polym;r Ee substantially
scl:zble in the non-polar solvent. Preferably, the non-polar
solvent should have a boiling point at atmospheric pressure of
between about 25°C and 150°C so that elaborate equipment such as
a pressure vessél or a high vacuum pump is not needed during
processing of the polymer. 1If the'recovered cataly;t is to be
used in a subsequent polymerization, it is preferred that the
non—polag solvept be inert and not deactivate the catalyst. It
is known tha; compounds having _eitl;er functional groups which a.re
strong Lewis bases (tertiary amines, for example) or easily
ionizable carbon-halogen bonds tend to deactivate double metal
cyanide complex catalysts.

General classes of non-polar solvents suitable for use in the

process of this invention include, but are not limited to,

straight 'chain alkanes, branched alkanes, cyclic alkanes,

This Sheet Has Been Replaced

A




. conditions enployed.-No method is currently available to reactivate or
“reuse catalysts renoved by these prior art procedures. DETAILED DESCRI PTI ON
.OF THE | NVENTI ON Any pol ymer product prepared using a double netal cyanide
~conpl ex catalyst can be purified according to the process of this
Sinvention. Suitable po1yners i nclude, but are not limted to, epoxide

Cpoxi acneabBa T e SRR TR RSl AR PR Fobte T ocess o
this inyeapien &%M@ﬁé@@ Fartfble £ Aa P Hn-gb1bouon

it is pre erre
solvents 1nclude pentane, hexane, heptane, octane, cyclohexane,

 benzene, toluene, ethylbenzene, and o-, m-, or p-xylene.

Mixtures of non-polar solvents may also be used. Petroleum
ether, a mixture.of principally Cy and C, alkanes, and hexanes, a
mixture of principally C, alkanes, are examples of suitable non-
polar solvent.mixtures.

- It is known that the use of certain relatively polar solvents
auah as tetrahydrofuran and glyme in the polymerization of

~ epoxides using double metal cyanide complex catalysts can have

certain beneficial results, including the reduction of
unsaturation levels in the resulting polyether polyol.

Typicallv. aooroximatelv 10 to 50 parts by weight of the polar

solvent; per-100 parts of.-solvent plus polymer, will be present in the

fifial polvmer product. The removal of the §bla} solbeﬁt priaf to addition
of the non-polar solvent is not’ necessary to accomnllsh cat alyst removal by
theé process of ‘the ‘invention, "althoudh a somewhat larger amount of non—polar

-

solvent miy be required than if +he polar solvent was no* present.

-

A filter aid is additionally combined with the mixture of
non—-palar solvent and pclymar in the process of this invention.
The filter aid assists in the separation of the polymer from the
precipitated double metal cyanide catalyst, which generally is in
the form of very small particles. The order in which these

components are combined is not critical. The filter aid is
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-5 the pol ymer be substantially soluble in the non-polar solvent enployed.

Pol yether polyols, that is, epoxide polynmers of |ow to nedi um nol ecul ar
wei ght and having at |east one term nal hydroxyl group per polymer chain,

are particularly suitable. Exanples of suitable polyether polyols include
:propyl ene oxi de pol yol s and random et.hyl ene oxi de/ propyl ene oxi de pol yols

havi ng nyyfieénavar age tiel pekate Vet i Stded yedir bagUE 1 5OPa e06h 20, §00tabl e
Typi cal ly, polyether polyols of this type will be either dials or trials,
al t hougte i e f uatisoagki thosaynbeefialdhcknown i tal tiepeatlt ngo ofat hibi eateuse
app“(xﬂé;ZLremoval of finely divided solids from liquids, including
perlite, Fuller’s earth, cellulose fiber, and, most preferably,
diatomaceous earth. An example of a suitable diatomaceocus earth
filter-aid is Standard SuperCel®, sold commercially by Johns-
Manville. If the recovered catalyst is to be used in a
- subsequent polymerization, the filter aid chosen should be inert

so that it does not interfere with the polymerization. It is

i"' -preferred that at least about 0.0005 parts by weight of filter

~ aid per.part by weight of polymer be used. Catalyst removal is
most effective when from 0.01 to 0.10 parts of the filter aid per
part of polymer #re employed. The effectiveness of catalyst
removal is generally enhanced by stirring the mixture of non-
polar solvent, polymer, and filter aid for at least about 15
minutes before filtering., Temperatures around room temperature
(25°C) are usually satisfactary, although higher or'lower
temperatures may also be employed.

Foll?wing ad&itidn of the non-polar solvent and filter aid to
the polymer, the precipitated doubie metal cyanide camplex
catalyst is separated from the non-polar solvent and polymer.

At the same time, of course, that portion of the double metal
cyanide complex catalyst which was initially not dissclved in the
polymer will also be removed. This separation may be
accomplished by filtration or other methods such as

centrifugatioﬁ'és"may be known in the art for separating finely

- 10 -
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'Pol yet her polyols suitable for purification by the process of this
i'nvention may be prepared using double netal cyanide conplex catal ysts by
any of the nethods known in the art, including the nethods described in
‘U.S. lat. Nos. 3,404,109, 3,829,505, 3,900,518 and 3,941, 849. The teachings
‘of these patents are |ncorporated hereln by reference. Typically, such

pol yet her ol%ols are prepareg 8¥ | yneri zation of an epoxi de or mxture
of epok? gRLigBcEEAR 201 L d@uB?@‘“%tarA%¥aﬁ?ﬂ%e%6h%W%k BethPYsefand

The 1 olSk Ve BEERnHag) bR PRPAPRFAL LN EEREFOR oERTRRF 1l Do) Shul ar el g

el gt et Rer L B eo 20 APnEREYEERROR R TERLEIRSY TR bRt her s

may mf%ﬁf%%r cake are techniques which can be employed to enhance
catalyst removal.

Foilowiné filtration of the polymer/non-polar solvent
mixture, the resulting filter cake containing the precipitated
double metal cyanide complex catalyst and filter aid may be
washed with additional ncn-polar solvent to remove any residual
polymer. The recovered double metal cyanide complex catalyst may
then be directly employed as catalyst in a subsequent
polymerization in the $ame manner as the.original fresh catalyst.
The quantity of £filter cake used as catalyst in a suﬁsequent
polymerization must, of course, be adjusted to czmpensate for the
proportion of double metal cyanide complex catalyst actually
present. A mixture of fresh catalyst and recovered catalyst may
be used. |

The filtrate may then be treated in any manner known in the
art to remove a volatile solvent frem a polymer, including
distillation, vacuum stripping, or.the use of a wiped £film
evaporator. Solvent removal is normally desirable in the
preparation of polyether polyols suitable for use in
polyurethanes. The solvent which is removed may, if desired, be
recycled for use in suksequent batches. A polyether polyol
obtained in this manner may be reacted with ethylene oxide and an
alkali métal catalyst to form an EO-capped polyether polyol

having reactive primary hydroxyl end-groups.

- 11 -
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treated to renove thé double nmetal cyani de conplex catal yst in accordance
“With the process of this invention. Any suitable epoxide may be enpl oyed.
-Sui t abl e epoxi des -6- include propyl ene oxide, ethylene oxide, and
~ 1, 2-butyl ene oxide, or m xtures thereof. Exanples of suitable initiators
I ncl ude trihydroxy cohpounds such as trinethyl ol propane, glycerin, and

hei | k | a d d I I |,
bropyl one BT bt L SREn¥ nerE R LeF 8 ERf apE BB ohi TBFRBBher b§&ﬁ A
triprqgﬂf¥¥agﬁgcgﬁvegppggydroxy conpounds such

GENERAL EXPERIMENTAL

The polymer products treated in Exampies 1-23 (Polyals A, B,

and C) were propylene oxide triols of about 8,000 number averagé
‘molecular weight containing about 10 weight percent .
tetrahydrofuran and about 500 ppm zinc hexacyanoccbaltate/zinc
chloride/glyme/water catalyst. The concentrations of zinc and
cobalt in the untreated polfols were approximately 110 and 50 ppm
fespettively. The crude polyols were pfepared in accordance with

~ the teachings of U.S. Pat. No. 3,829,505. The treated polyols
were stripped of solvent under vacuum before being analfzed for
cobalt and zinc.

EXAMPLES 1-4

Polycls A and B were combined with approximately 0.05-0.06
parts by weight Standard SuperCel® (product of Johns-Manville)
and either 1 or 2 ¢ = hexanes (b.p. 68-70°é).per1
‘gram: of polyol. After stirring 1 hr. at 25’;‘£he.mixtures
were vacuum flltered through a thin pad of Standard SuperCel® in
a fritted glass filter. 1In each case, the levels of residual
zinc and cobalt in the polyol were reduced to 2 ppm or less
(Table I).

EXAMPLES 5-8

Polyols A and B were combined with approximately 0.05-0.06
parts by weight Standard SuperCel® and either 1 or 2cc

of hexanes per gram - of polyol. After standing

- 12 -
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as net:hanol, ethanol, -and allyl alcohol, as well as anines, water, and
enol i zabl e ketones such as acetone. The pol ynerization nmay be carried out
in a suitable solvent; ethers such as tetrahydrofuran are particularly
preferred. Any suitable double netal cyanide conplex catal yst may al so be
used. Such catal ysts may be prepared by several nethods. The conposition of
the catal yst affects the polynerization activity and nay be varied
- consi dercaid pndyhehavgRbecst shei nixteagenweransrathenmEiladrel phepaght i2on
and purification. Catalysts particularly well suited for the preparation of
propy! erghinxipied pof yBtandardoBupekPdigpénsit fritdedngdassatidieirncl dde zi nc
hexacyanocobal tate conpl ex catal ysts having the general formula: [err]
each case, the levels of residual zinc and cobalt in the polyol

were reduced to 8 ppm or less, indicating that substantially
complete catalyst removal had been achieved (Table I).

EXAMPLES §-12

To demonstrate that pre~filtration of the polyols prior. to
combining with the non-polar solvent may be beneficial, Polyols A
and B were filtered through a thin pad of St#ndard SuperCel®
prior to diluﬁing.with a nén—polar solvent. The pre-filtered
polyols were then treated with hexanes and filtered as described
for examples 5 -8, yxelding products with levels of catalyst which
were Lc s: Shan those observed without prefiltration (Table I).

EXAMPLES 13-16

To demonstrate that the length of time during which the
mixture of non-polar solvent, polymer, and filter aid ;re-stirred
prior to filtration is not critical, samples of po;yol B were
diluted l:1 with hexanes, treated with Standard SuperCel®, and
stirred at ambient tanperature for the time indicated in Table II
before filtering through a thin pad of Standard SuperCel®.
Catalyst removal in each case was satisfactory.

EXAMPLES 17-21

These examples show the importance of using a non-polar
solvent in the process of this invention. Samples of Polyol B
were diluted 2:1 with the solvent shown in Table III, stirred 1

hour at ambient temperature with Standard'SuperCel°, and then
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wherein x, y add z wikl vary depending on the exact method of preparation.
The .preparation of double netal cyanide conplex catalysts suitable for use

i'n the polynerization of epoxides and other nononers is described in detai
in US. Pat. Nos. 4,472,560 and 4,477,589 to Shell Chem cal Conpany and
U.S. Pat. Nos. 3,427,256, 3,427,334 and 3,427,335 to General Tire and
Rubber. The. .-7- teachings of the foregoing patents are incorporated

herein by; {efeb8N¢Rrough thifi pads of Standard SuperCel®., Effective
catalyst removal was accomplished only when non-pclar salvents

{hexanes, toluene, heptane) were used.

COMPARATIVE EXAMPLE 22

To demonstrate that filter aid must be suspended in the
mixture of polyol and ﬁon-polar solvent prior to or during
filtration to achieve substantially complete catalyst removal,
Polyol C was combined with 2cc - of hexanes per
gram <+ polyel at 25°C; and then filtered through a thin pad
of Stahdard SuperCel®. Considerable amounts of zinc (40 ppm). and
cobalt (19 ppm) were still present in the filtered polyol (Table
1. |

CeMErTATIVE EXAMPLE 23

To demonstrate that nqnapolar*sc;vent must be combined with
the polyol and filter aid to achieve substantially complete
catalyst removal, Polyol B was treated with approx. 0.05-0.06
parts by weight of Standard Supertel° per part of golyol. After
stirring 1 hour at 25°C, the mixture was vacuunm filtered.through
a thin pad of Standard SuperCel‘. _Cohside;éble amounts of zinc
(43 ppm) and cobalt (21 ppm) were still present in the filtered
polycl (Table I).

EXAMPLE 24

To demonstrate that the double metal cyanide catalyst can be
recovered and recycled by the process of this invention,
poly(propylene oxide) triols D and E were prepared as follows:

An autoclave reactor was charged with propylene oxlde (25

- 14 - This Sheet Has Been Repl
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-The 'exact formand styucture of the double netal cyanide conplex catalyst
.ance pol ymerization is conpleted is not known. The catalyst is not active
when first contacted with epoxide or other nmononmers and typically exhibits
an initiation or induction period during which little or no epoxide
-conversion takes place. Iimmediately follow ng activation, little, if any,
of the cat-al yst cannot be renoved by conventional filtration. However, as

further ppoxs fip tetyshglioafacanr $sangatbe)pokEoemolnl eey! gs.-opebcghhted

i ncreases, a significant portion of the catal yst becones "dissolved" in the
pol yner .glycechnnbtribk (25v8edabysti andation bexhkgaubtobaledte (0.28

pol ymeri zation m xture. The process of this invention facilitates the
renoval pHrssbst aRbeakiyture whstheatedi daaP0d6ublishmagakatyani.de Thenpl ex

catalyst, as is
catalyst became active within one hour, and the remaining

- propylene oxide (635 parts) was added over 8 hours. The product
| was drained from the reactor and combined with filter aid
(Standard Superéel°, 16 parts) and hexanés (660 parts). The
mixture was stirred well, filtered through a thin pad of filter
aid, and refiltered once through the same caké. The polyol
product (Polyel D) was stripped of solvent and analyzed (Table
iv).

The filter.cake was rinsed well with hexanes and returned to
the reactor. A zecond batch of polv(prepylene oxide) triol was
prepared in a manner similar to the first batch from 450 mol. wt.
propoxylated glycerin triol (25.8 parts), recycled catalyst, and
propylene oxide (450\'9arts' total). fhe resulting prodict was"
isolated as abaove (Polyol E, Table IV). Quantitatiye epoxide -
conversion was observed. .The molecular weight found (aé
‘deterzinad by hydroxyl number) was very close to the molecular
weight expected from the amount of prépylene oxide and initiator
used. The recovered catalyst thus performed satisfactorily as a

polymerization catalyst.
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dennqstrated by the exanples rovided. In the process of the present

i neention, the pol corg ai @i ng themsolublllzed doubl e netal cyanide
conpl ex catalyst i s onblmed MAth=non>poLef Solvent in an anmount sufficient
to precipitate the catalyst. Preferably,at |east about 0.5 parts of the g
non-pol ar sol vent per part of polymer are enployed in order to achieve nore

rapi d and conplete Qptal ys? pLeci i tagi o@ e m ni mum anount of non-pol ar
i -be dependent on a nunber

solvent required to effect cafalyst renovaI\MII
of variables, including the particular solvent used, catalyst
concentrati on, polynpr codbos tion aqg mal egyll ar wei ght, and tenperature.
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8 Besi des serving to-precipitate the solwbilized double netal cyanide

;kcohpfex catal yst, addition of the non- ﬁglar sol vent dilutes the polyner and

decreases its yiscosity, thereby fa glllﬁat Nng tle sdbsequent filtration
step in ihc@hefbaralyst is sepal ted®fr&mthé pdfyner The term

non- pol ar +¢ mean® t @i ndicate that the solvent is a poor solvent for polar
substances and has a relatively low dielectric constant. In general, the

“dielectric constant of the non-polar solvent should be | ower than the

&

di el ectric constant of the polymer being treated in order to acconplish

substantially conplete precipitation of the solubilized double netal
conpl ex
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catal yst.

: It is
Lin the non-pol ar solyent. Pr
boiling point at atgpspheric

150 err] C so that *babeiate ¢
==

- vacuum punp is no aged@d dur

recovered catal yst i ko be U

preferred that the n¢n- polar

catalyst. It is kno that co
are strong Lew s bas¢s (terti
car bon- hal ogen bonds|tend to
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al so ‘desirab

l e that the polynmer be substantially soluble
ef erably, the non-pol ar sol vent should have a
pressure of between about 25[err]C and

qui pment such as a pressure vessel or a high
ing processing of the polymer. If the
sed in a subsequent polynerization, it is

solvent be inert and not deactivate the
npounds having either functional groups which
ary am nes, for exanple) or easily ionizable
deacti vate doubl e netal cyani de conpl ex

non- pol ar solvents suitable for use in the

18 -

+

based on veights of propylene oxide and initiatkr used

=.56.1 x Polyol Punctionality x 1000
Hydroxyl Number (meq/g)

1
2
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process of this invention include, but are not | ““MEHI[M‘[lmﬂﬁmhtw@

» aj kanes, branched al kanes, cyclic al kanes, - 9LI% " = al OMjt

™ hydrocarbons, and al kyl -substituted aromati c hydrocarbons. Specific
exanpl es OLAXMS t abl e non-pol ar sol vents include pentane, hexane, heptane,
oct ane, cycl.ohexane, benzene, toluene, ethylbenzene, and o-, m, or
p- xyl ene. M xtlur esA @irocrss- fot aecowEriagtas doslileanstalbeyarddd. cdapflenl eum et her,
a mxture of principally [err] and [err] al kanes, .and hexanes, a m xture of

pri nci pal tgtdlast] fronk aneed yier erefuntpies form suibtaile fomuse as a
polymerization catalyst which comprises the steps of:

(2a) forming a mixturé of a'double metal cyanide complex
catalyst-containing polymer product and an amount of a
non-polar solvent effective to precipitate the double metal
cyanide complex catalyst; and
(b) filtering the mixture in the presence of a filter aid
which is suspended in the mixture in en amount effective to

b S accomplish separation of the precipit_ated double _metal

cyanide complex catalyst from the polymer product.

2. The process of claim 1 comprising the additional step before

step (a) of filtering the double metal cyanide complex
. -..catalyst-containing pclymer product.

3. The process of claim 1 or claim 2 comprising the additional
step after step (b) of using the recovered double metal cyanidé
complgx catalyst as a polymerization catalyst.

4, The process of claim 1, claim 2 or claim 3 comprising the

. additional step after step (b) of separating the hon-polar solvent
from the ;olymer froduct. )

-5. The process of any one of claims 1 to 4 wherein the double
metal cyanide complex catalyst is é zinc hexacyanocobaltate complex
catalyst.

6. The process of any one of claims 1 to 5 wherein the polymer
product is an epoxide polymer.

7. The process of_claim 6 wherein the polymer product is a

polymer of propylene oxide

~19- This Sheet Has Been Replaced




- ,paiar solvent mixtures. I4 is known that the use of certain Iml ﬂl " "IIII
.. polar solvents such as tetrahydrofuran and glyme in the pol y#
epoxi des usi ng.doubl e nmetal cyani de conpl ex catal ysts can have certain :

beneficial r %s/ul t,gl?e ;?%%%dsl n a%?g%rﬁegycéliaggs qj tgnf%g}gﬁ%init gﬂ%%%%gé& in the

- resulting polyeth yp y, approxi nmatel ts by

el gt Ofock B P9LaL LB BBl GuBAE S nliberObyeiiie hd1BcROLY UBLencti || be

present i i nal yner uct. The renoval t he pol ar vent

prior to dgidi %B‘gé sobetd98;gw@l.ar solvent is not necessary, to acconplish

catal yst renoval t"he process of the invention, although a sonewhat
| arger anountgof fRNREL&Ys 8P!c18M 8MRNedSn! €t bbBherhpbdutt tfkeapol ar

sol vent was not present. Afilter aid is additionally conbined with the
M Xt ure Qfropylene oxide polyol having a number average molecular weight of
from about 500 to 20,000.

10. The process of any one of claims 1 to 9 wherein the
non-polar solvent is selected from the group consisting of straight
chain alkanes, branched alkanes, cyclic alkanes, unsubstituted
aromatic hydrocarbons, alkyl-substituted aromatic hydrocarbons, and

| . | mixtures thereof. |
~ 11. The process of any one of claims 1 to 10 wherein the filter
‘aid is a diatomaceous earth filter aid.

12. A process for recovering a zinc herccyanocobaltate complex
catalyst from a polyether polyol product in a form suitable for use as
an epoxide polymerization catalyst which comprises the steps of:

' (a) forming a mixture of a zinc hexacyanocobaltate complex
catalyst-containing polyether polyol product, and an amount of a
non-polar solvent effective to precipitate the zinc

i. hexacyanocobaltate complex catalyst, said non-polar solvent being
selected from the group consisting of straight chain alkanes,

cyclic alkanes, branched alkanes, unsubstituted aromatic .
hydrocarbons, and alkyl-substituted aromatic hydrocarbons;'énd
(b) filtering the mixture in the presence of a diatomaceous
earth filter aid which is suspended in the mixture in an amount
effective to accomplish separation of the precipitated zinc

heka;yanocobaltate complex catalyst from the polyether polyol

product.
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ngn-pol ar sol vent ard ‘pokyner in the process of this |nventmm!llﬂi!%molljﬂlljém!ll

. 2al"‘d assists in the separation of the polymer fromthe precipk
ot al GYaN! A G3l el et OBSRRLA Kok Skl LD Sh YL ST L
critcal ol 6} S Lo Be b8 sepiekba p RIS et brl o 00
L na LS 48 PETBLa Bl pelefilded sl fron s
14, The process of claim 12 or claim 13 ;omprising the
additional step before step (a) of filtering the zinc
hexacyanocobaltate-qontaining polyether polyol product.
15. The process of any one of claims 12 to 14 wherein the
polyether polyol product has a number average molecular weight of from
about 500 to 20,000..

16. The process of any one of claims 12 to 15 wherein the

polyether polyol product is a propylene oxide polymer. .

&

17. The process of any one of claims 12 to 16 wherein the
non-polar solvent is selected from the group consisting of pentane;
hexane, heptane, octane, cyclohekane. petroleunm ether, hexanes and
mixtures thereof and tenzene, toluene, -o-xrlene, m-xylene, p—xylehe,
ethy; benzene, and mixtures thereof.

18. The process of any one of claims 1 to 18 wherein the

polyether polyol product contains a polaf solvent

-21-
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di at omaceous earth.~ AT exanpl e of a suitable diatomaceous earth fi Ii d
Is Standard SuperCel[err], sold conwerC|aIIy by Johns- Manville. - | e
recovered catalyst is to be éﬁ%géﬂéﬁLﬁégiiﬁégg. ol yneri zation, the filter
ai d chosen should be inert s ' erfere with the
polymerization. It is preferred that at |east about 0.0005 parts by weight
of filter aid per part by weight of polyner be used. Catal yst renoval is
nmost ef fective wheRgddi 0 BotER EOMEAL Pe¥ dng p® feobbhess EM;A%, id per part of
pol ymer are enpl oyed: ef VS is generally
enhanced by stirring the mxture gio@negiRfE@r sol vent, polyner, and filter
aid for at |east about 15 m nutes~petore frftering. Tenperatures ar ound
roomtenperature (25[err]C) are usually satlsfactory, al t hough hi gher or

| ower

A process for recovering double metal cyanide complex catalyst
from a polymer such as polypropylene glycol in a form suitable for use
as a polymerization catalyst comprises the steps of (a) combining the
polymer with a non-polar solvent.to precipitate the catalyst and (b)
filtering the fesulting mixture in the presence of a filter aid to
néeparate the polymer from the precipitated catalyst. In contrast to
the prior art methods.of catalyst removal, the process of the
invention yields polymer uniformly low in color as well as recovered

catalyst which may be reused in subsequent polymerizations.
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tenperatures may al so be enployed. Follow ng addition of the non-ngér
solvent and filter aid to the polyner, the precipitated double netal
cyani de conpl ex catalyst is separated fromthe non-pol ar sol vent and
polyner. At the sane tine, of course, that portion of the double netal
cyani de conpl ex catal yst which was initially not dissolved in the polyner

will also be removed. This separation, may be acconplished by filtration or
ot her methods such as centrifugatidn as may be known in the art for
separating finely di vi ded solids froma |iquid medium -Any conventiona
met hod RfcoverYy OF DOUBLE METAL CYANIDE COMPLEX CATALYST FROM A
POLYMER

This invention relates toc the purification of ; polymer
product which has been prepared using a double metal cyanide
complgx compound as catalyst. More specifically, the invention
pertalns to the recovery of double metal cyanide complex compound
catalyst from a polymer product in a form which can be readily
used again in a subsequent polyme:ization.: .

BACKGROUND OF THE INVENTION

Double metal cyanide compounds are known to be extremely
active catalysts for the polynérliation:of epoxidés, as disclosed
fez exaﬁple in U.s..Snt. to. 3,278,457. They have also been
employed in copolfmeriiations of epoxides.and other monomers such
as Cyciic anhydrides and carbon dioxide (U.S. Pat. Nos. 3,438,043
and 4,500,704). shch catalysts have been found to be’
particularly usefﬁl_for the preparation of polyether pblycls, as
taught by U.S. Pat. No. 3,859,;052 Polyether polésls produced in
this manrer have lower levels of uqsaturation and hence higher

. average actual hydroxyl functionality than polyols obtained using
_ conventional base-ca;alyzedimethads. Polfether polydls are
commercially employed in aIWide variety of applications, |
inciuding'polyutethane foams and elastomers.
. In spite of the high activity of:the double metal cyanide
complex catale;s, which allows such catalysts to be used at

relatively low concentrations, the prior art has recognized that
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filtration may be enployed; filtration through a pad of additional filter
aid or recycle of the filtrate through the filter cake are techni ques which
can be enpl oyed to enhance catalyst renopval. Following filtration of the
pol ymer/ non-pol ar solvent m xture, the resulting filter cake containing the
preci pitated doubl e netal cyanide conplex catalyst and filter aid nmay be
washed with additional non-polar solvent to renove any residual polyner.
The recovered doubl e netal cyani de-conpl ex catalyst may then be directly
enpl oyed as catalyst in a subsequent polynerization in the same manner as
the orilt et dasdspbde Loy semoypcas aurll OF Shefeatalystaks poedibbe cat al yst

o b PP 3 oR0n ] By 1RRUESS: BF. £URaR O, O compensate
4,355,188 teaches that the residual catalyst catalyzes
allophanate formation when a polyether polyocl is reacted with an
‘isocyanate and also promotes the formation of undesirable
volatile by-products during storage,

However, removal of the catalyst is complicate& by its
solubility in the polymer. U.S. Pat. No. 3,829,505 (col. 6,
lines 17-21) teaches that the double metal cyanide complex
catalyst..while initially insoluble in the polymerization medium,
becomes very well dispersed if not completely dissolved during
the polymerization process; In addition, this reference teaches
that dilution cf the polymer product irn 2 non-viscous sclvent,
followed by centrifugation, is ineffective in removing a major
proportion of the catalyst. Thus, the methods which have been
developed in the p:ior'art to effectively remove double metal
cyanide complex catalyst from a polymer all involve ;ome type of
chemical treatment of the polymer product. o

U.S.:Fat. No. 4,344,188 teaches that removal of the residual
catalyst may be accomplished by treaiing the crude polymer with a
strong base such as an alkali metal hydroxide or alkali metal
dispersion and then passing the polymer through an anionic
excharige resin. -

U.S. Pat. No. 4;721,818 teaches that catalyst removal is
achieved by reacting the polymer with an alkali metal hydride so

as to convert the double metal cyanide complex catalyst into an '
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proportion of double netal cyani de conplex catal yst actually present. A
“m xture of fresh catal yst and recovered catal yst nay be used. The filtrate
may then be treated in any manner known in the art to renove a volatile
solvent froma polyner, including distillation, vacuum stripping, or the
use of a wiped filmevaporator. Solvent renoval is normally desirable in
the preparation of polyether polyols suitable for use in pol yurethanes.
The solvent which is renmoved may, Ff3desired, be recycled for use in
subsequent batches. A polyether polyol obtained in this manner may be
reacted WihBoehbYbkeogeOKéslahant asn dte beneeabvedt by yailtirationm ann
EO capped pol yet her polyol having reactive primry hydroxyl end-groups.
adsorbent such as magnesium silicate may be employed to remove

any excess alkali metal hydride remaining.

SUMMARY OF THE INVENTION

The present invention provides a method for recovering a
double metal cyanide complex catalyst from a polymer in a form
suitable for use as a polymerization catalyst, comgrfsing the _
steps of (a) forming a mixture of a double metal cyanide complex
catalyst-containing polymer product and an amount of a non-pelar
solvent effective to precipitate the double mgfal cyanide complex
‘catalyst; and (b) filtering the mixture in the presence of a
filter aid which is suspended in the mixture in an amouﬁt
effective to accomplish separation of the precipitated double
‘metal cyanide complex catalyst from the polymer product. Ia a
subsequent step, the recovered double metal cyanide complex
catalyst may be used as a polymé:izatibn éatalyét.

In contrast to the methods of the prior art reqyiring the use’
of chemical reageats such as strong haée, which miy result in
undesired increases in polymgr color and the introduction of
alkali meEal contaminants, the process of the present inv;ntion
is simple, rapid, and uses relatively mild conditions.ﬁo achieve
substantially complete cétalyst removal. The color of tﬁg
treated polymer remains low, while the non-polar solvent and
filter-aid which are introduced are easily removed from the
polymer. The novel process of this'invention is particularly

well-suited for the removal of doubie metal cyanide complex
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12 - The follow ng exanples are neant to illustrate, but not limt, the

- invention. CGENERAL EXPERI MENTAL The pol yner products treated in Exanpl es
1-23 (Polyols A B, and C) were propylene oxide trials of about 8,000
nunber average nol ecul ar wei ght contai ni ng about 10 wei ght percent
tetrahydrof uran and about 500 ppm zi nc hexacyanocobal t ate/ zi nc
chl oride/ gl yne/ water catal yst. The concentrations of zinc and cobalt in the
untreated polyols were approxi mtely 110 and 50 ppm

- 4 -

catal&st from propylene oxide polyols. For reasons which ere not
well understood, it has been found that catalyst removal using
any of the prior art methods is much less reliable when the
polymer Being treated is a propylene oxide homopolymer rather
than an ethylene oxide-capped propylene oxide polyol.

~ In addition, the nature of the double metal cyanide complex
catalyst is apparently not substantially changed by the recovery
process of this invention and the recovered catalyst may be
readily reused in subsequent polymerizations. This, of course,
offers a significant commerclal advantage sinee the double metal
cyanide complex catalysts are relatively expensive compared to
the potassium hydroxide catalyst currently used by the chemical
incdaztry-to produce polyether polyols. The prior art methods for
catalyst removal result in complete deactivation of the double
metal cyenide complex catalyst due to the harsh reagents and
conditions employed. No method is currently available to
reactivate or reuse catalyst; removed by these prior art
procedures. ' |

DETAILED*DESCRIEFTION QF THE INVENTION

Any polymer product prepared using a double metal cyanide
complex catalyst can be purified accarding to the process of this

invention. Suitable polymers include, but are not limited to,

_epoxide polymers (@olfethers), epoxide/anhydride copolymers .

(polyesters), and epoxide/carbon diaxide copolymers (polyalkylene
carbonates). The process of this invention may be used with

polymers of any molecular weight, although it is preferred that
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respectively. The crude polyols were prepared in accordance with the
teachings of U S. Pat. No. 3,829,6505. The treated polyols were stripped of

sol vent under vacuum before being analyzed for cobalt and zinc.

EXAMPLES

1-4 Polyols A and B were conbined with approximately 0.05-0.06 parts by
wei ght Standard SuperCel [err] -(product of Johns-Manville) and either 1 or 2

cC

hexi nes (b.p. 68-70[err]C) per gram of polyol.

After

stirring 1 hr. at 25[err], the m xtures were vacuumfiltered through a thin
pad of Standard SuperCel[err] inasfitted glass filter. In each case,
| evel s of residual zinc and cobalt in the polyol were reduced to 2 ppm or

| ess (T%Bhepbhymer be substantially soluble in the non-polar solvent

employed. Polyether polyols, that ;s, epoxide polymers of low to
medium molecular weight and having at least one terminal hydroxyl
group per polymer chain, are particularly suitable. Examples of
suitable pplyether polyols include propylene oxide polyols and

random ethylene oxide/propylene oxide polyols having number

- average molecular weights between about 500 and 20,000."

Typically, polyether polyols of this type will be either diols or
triols, although the functionality may be further varied
dependxng on the end-use application.

Polyether polyo’s suitable for purification by the process of
this invention may be prepared using double metal cyanide complex
catalysts by any of the methods known in the art, ;ncluding the
methods described in U.S. L&t. Nos. 3,404,109, 3,829,508,
3,900,518 and 3,941,849. The teaehings of these patents are
incorporated herein by refe:ence. Typically, such polyether
polyols are prepared by polymerization of an epoxide or mixture

of epoxides in the presence of a double metal cyenide complex

'catalyst and an. in-exator having at least one hydroxyl or other

“active hydrogen group. The telative amount of initiator used

controls:the final molecular weight of the.polyether-polyol. If
no initiator is used, very high meleculat weight polyethers will
be obtained. Such high‘molecqlar weight polyethers may also be
treated to remove the double metal cyanide complex catalyst in
accordance with the process of this invention.

hny suitable epoiide may be employed. Suitable epoxides
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EXAMPLES 5-8 Polyols A and B were conbined with approxi mately 0.05-0.06
parts by weight Standard SuperCel[err] and either 1 or 2 cc of hexanes per

gram - of polyol. After standing overnight at 25[err]C, the
m xtures were vacuumfiltered through a thin pad of Standard SuperCel[err]
inafritted glass filter. |In each case, the levels of residual zinc and

cobalt in the polyol were reduced to 8 ppmor |ess, indicating that
substantially conplete catal yst renoval had been achieved (Table I).
EXAMPLES . 9- 12 -6 -

include propylene oxide, ethylene oxide, and 1,2-butylene oxide,
or mixtures thereof. E;amples of suitablé initiators include
trihydroxy compounds such as trimethylol propane, glycerin, and
their alkoxylated derivatives, dihydroxy compounds suc¢h as
ethylene glycol, propylene glycol, and their low molecular weight
oligomers such as tripropylene glycol, monochydroxy compounds such
as methanol, ethanol, and allyl alcchol, as well as amines,’
water, and enolizable ketones such as acetone.. The
polymerization may be carried out in a suitable solvent; ethers
such as tetrahydrofuran are particulazly preferred.
. Any suitable double metal cyanide compiex catalyst may also
be used. Such catalysts may-be prepared by several methods. The
composition of the catalyst affects the polymerization activity
and may be varied considerably by changing starting reagents and
the method of preparation and purification. Catalysts
partibularly well suited for the preparation of propylene oxide
polyols of low polydispersity and unsaturation inclpdq.zinc
hexacyanocobaltate complex catalysts having the ééneral formula:

| . ZR3ICo(CN)4]; . xZnCl, . ¥y glyme . z H,0
wherein x,_y'aﬁd 2 will vary'depen&ing on the exact method of
preparation. |
. The preparation of double metal.cyanide éomglex catalysts
suitable for use in the polymerization of epoxides and other
monomers is described in detail in U.S. Pat. Nos. 4,472,560 and
4,477,589 to Shell Chemical Company and U.S. Pat. Nos. 3,427,2S6,
3}427.33@ and 3,427,335 to Genefal Tire and Rebbef. The-
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~ To denonstrate that pro-filtration of the polyols prior to conbining with

t he non-pol ar solvent may be beneficial, Polyols A and B were filtered
through a thin pad of Standard SuperCel[err] prior to diluting with a

non- pol ar solvent. The pre-filtered polyols were then treated with hexanes
and filtered as described for exanples 5-8, yielding products with |evels
of catalyst which were [err] than those observed wi thout prefiltration
(Table ). EXAMPLES 13-16 To denpnstrate that the | ength of time during

whi ch the m xture of non-polar solyent, polynmer, and filter aid are stirred
prior to filtration is not critica sanples of polyol B were diluted 1:1

AL ¥ SR A £ zsa%aﬁuag% 4 fbep Bl WLy e
reference.

The exact form and structure of the double metal cyanide
complex catalyst once polymerization is completed is not known.
The catalyst is not active when first contacted with epoxide or
other monomers and typically exhibits an initiation or induction
period during which little or no epoxide conversion takes piace.
Immediately following activation, little, if any, of the catalyst
cannot be removed by conventional filtration. However, as
further epoxide conversion occurs and the polymer molecular_."
weight increases, a significant portion of the catalyst becomes
*dissolved” in the polymer, and cannot be removed by filtration
of the untreated polymerizatioan mix;ur&. The process of this
invention facilitates the removal of substantially ail cf the
residual double metal cyanide complex catalyst, as is
demonstrated by the examples provided.

In the process:of~the present invention, the po}ymer
containing the solubilized double mé?a; cyanide.complex catalyst
is éomhined with non-polar solvent in an amount sufficient to

precipitate the-catalyst. Preferaﬁly;ét least about 0.5 parts of |
the non—poiar solvent per part of polymer are employed in order
to achieve more rapid and complete catalyst precipltatxon

The minimum amcunt of non-polar salvent required to effect
catalyst removal will be dependent on a number of variables,
including the particular solvent used, catalyst concentration,

polymer composition and molecular weight, and tempeiature.

‘l
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before filtering through a thin pad of Standard SuperCel[err]. Catal yst

- renmoval in each case was satisfactory. EXAMPLES 17-21 These exanpl es show
t he i mportance of using a non-polar solvent in the process of this
invention. Sanples of Polyol B were diluted 2:1 with the solvent shown in
Table I'll, stirred 1 hour at anbient tenperature wth Standard

SuperCel [err], and then REPLACEMENT SHEET -14- filtered through thin
pads of Standard SuperCel[err]. Effective

Besides serving to precipitate the solubilized double metal
cyanide complex catalyst, addition of the non-polar solvent
dilutes the polymer and decreases its viscosity, thereby.
facilitating the Suhsequent fiitration step in which the catalyst
is separated from the polymer.

The term non-polar is méant to indicate that the solvent is a
poor solvent for polar substances and has a relatively low
dielectric constant. 1In general, the dielectric constant of the
nqg-pola: solvent should be lower than the dielectric constant of
fhé polymer being treated in or&e: to accomplish substantially
complete precipitation of the solubilized double metal complex
catalyst. It is-also desirable that the polymer he substantially
scltble in the non-polar solvent. Preferably, the non-polar
salvent should have a boiling point at atmospheric pressure of
between about 25°C and 150°C so that elaborate equipment such as
a pressure vessel or a high vacuum pump is not needed during
processing of the polymer. If'the‘recovered catalyst is to be
used in a subsequent polymerizatioh, it is preferred that the
non—polar solvent be inert and not deactivate the catalyst. It
is known that compounds having ezther functional groups which are
strong Lewis bases (tertiary amines, for example) or easily
ionizable carbon—haloéen bonds tend to deactivate double metal
cyanide complex catalysts. |

.General classes of non-polar solventé suitable for use in the
process of this invention include, but are not limited to,

straight 'chain alkanes, branched alkanes, cyclic alkanes,
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catal yst renoval was acconplished only when non-pol ar sol vents (hexanes,

t ol uene, heptane) were used. COVWPARATI VE EXAMPLE 22 To denonstrate that
filter aid nmust be suspended in the m xture of polyol and non-polar sol vent
prior to or during filtration to achieve substantially conpl ete catal yst
removal , Polyol C was conmbined with 2 cc - of hexanes per gram
polyol at 25[err]C, and then filtered through a thin pad of Standard
Super Cel [err]. Considerabl e anotm® s- of zinc (40 ppm). and. cobalt (19 ppm
~were still present in the filtered polyol (Table I). COVPARATI VE EXAMPLE 23

To denoRgididist {ithtledNaReRAt & EAYERLLERS] i QARDLDEELYEituted
| aromatic hydrocarbons. Specific examples of suitable non-polar
solvents include pentane, hexane, heptane, octane, cyclohexane,
benzene, toluene, ethylbenzene, and o-, m~, or p-xylene.
Mixtures of non-polar solvents may also be used. Petroleum
ether, a mixture of principally C, and C, alkanes, and hexanes, a
mixture of principally C, alkanes, are examéles of suitable non-
polar solvent.mixtu:es.
It is-knbwn that'the use of certain rélatively polar solvents
Euéh as tetrahydrofuran and glyme in the polymerization of
epoxides using double metal cyanide complex catalysts can have
certain beneficial results; including the reduction of
unsaturation levels in the resulting polyether polyol.

Typicallv, annroximatelv 10 to S0 parts by weight of the polar
solvent per.100 parts of.-solvent plus polymer, will be presem- in tHe

final polmnargnxﬂuct The removal of the polar sobwaﬂ:pnun:to addition
_of the non-polar solvent is not necessary to accoamplish catalyst removal by
the process of the ‘invention, “althiouch a scmewhdt larger amount of nam1xﬂ;r
solvent mjy be redqiired than if +he paﬂﬁiso?vent‘waslxm.préseﬁt.

A filter aid is additianally'combined with the mixture of
non-polar solvent and pclymer in the process of this invention.
The filter aid assists in the separation'of the polymer from the
precipitated double metal cyanide catalyst, which generally is in
the form of very smal partlcles. The order in which these
components are combined is not critical. The filter aid is

’
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the polyol and filter aid to achieve substantially conplete catalyst
removal , Polyol B was treated with approx. 0.05-0.06 parts by weight of
St andard SuperCal [err] per part of polyol. After stirring 1 hour at
25[err]C, the m xture was vacuumfiltered through a thin pad of Standard
SuperCel [err]. Considerabl e anouni8 of zinc (43 ppm and cobalt (21 ppm
were stiil present in the filtered polyol (Table |). EXAMPLE 24 To
denonst paspendied imcthpmixsuretpriary &0 de dutimygstiltantient ecoubessh and

| ed, t he, process of this invention, poly(propylene oxide) triols D
;ﬁgy% 3g+£¥5Fe%h$%da%§ ?QﬂsFoHEF°9$?¥§u%68V§v “ré%&t%ﬁt\ﬁasféﬁalgéﬂtmﬁth

Propyl eRfie O¥LfiSviP ¢ £inely divided solids from liquids, including
perlite, Fuller’s éarth, cellulose fiber, and, most preférably,
diatomacecus earth. An example of a.suitablg diatomaceous earth
filter-aid is Standard SuperCel®, so0ld commercially by Johns—

" Manville. 1If the recovered catalyst is to be used in a
subsequent polymerization, the filter aid chosen should be inert
so that it does not interfere with the polymerization. It is
bréferred that at least about 0.0005 -parts by weight of filter
aié.per patt.by weight of polymer be used. Catalyst removal is
most effective when from 0.0l to 0.10 parts of the filter aid per
part of polymer are employed. The effectiveness of catalyst
removal is generally enhanced by stirring the mixture of non-
polar solvent, polymer, and filter aid for at ieast about 1S
minute# before filtering. Temper&tures around room temperature
(25°C) are usually satisfactory, although higher or.lower
temperatures may also be employed. '

?ollgwing-agéition of the honfpolar solvent and filter aid to
the polymer, the precipitated douyié metal cyanide complex
catalys£ is separated fiom the noﬁ-polar solvént and polymer.

At the same time, of course, that portion of the double metal
cyanide complex catalyst which was initially not dissolved in the
polymer will also be removed. This separation may be
accomplished by filtration or other methods su;h.as

centrifugatioﬁ hé’may be known in the art for separating finely
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-15- parts), tetrahydrofuran (80 parts), 450 nol. wt. propoxylated glycerin
“trial (25.8 parts) and zi nc hexacyanocobaltate (0.28 parts). The m xture
was heated to 90[err]C with agitation. The catal yst becane active within
one hour, and the remai ning propyl enejgxide (635 parts) was added over 8
hours. The product was drained fromthe reactor and .conbined with filter

ai d (StandaididepasdiddscErbn 4 Q RLid Pedifek. hexmy Ron@ROL L methd@eo sl Xt ure
was stirred well, filtered through a thin pad of filter aid, and refiltered
once t hr ou§hl tratinnmmayake. eqployed; yHilyrasdont thmmughor B4 vfs stripped of

~solvent anQdeEiQEﬁ?’éggﬁgteaid or recycle of the filtrate through the
‘filter cake are techn;queé which can be empioyed to enhance
catalyst removal.

rollowin§ filtration of the polymer/non-polar solvent
mixture, the resulting filter cake containing the precipitated
double metal cyanide complex catalyst and filter aid may be
washed with additional nen-polar sclvent to remove any residual
polymer., The reccvere¢.ﬂgub1e metal cyanide complex catalyst may
then be directly employed as catalyst in a subsequent
polymerization in the same manner as the original fresh catalyst.
The quantity of filter cake used as catalyst in a suﬁsequent | |
polymerization must, of course, be adjusted to }smpensate for the
proportion of double métal cyanide complex catalyst actually
present. A mixture of fresh catalyst and recovered catalyst may
be used. ‘ |

The £iltrate may then be trééted in any manner inown in the.
art to remove a vblatile-solvent f;cmua pélymer, iﬁcluding ’
distillation, vacuum stripping, or the use of a,wiﬁed £ilm
géapb:ator. Solvent removal is normally desi:abig_ip the
preparation of polyether §oiyols suitable fof use in
polyurethanes. The solvent which is removed may, if desired, be
recyclea for use in subseéuent batchesf ‘A polyether polyol
obtained in this manner may be reacted with ethylene o#ide and an
alkali metal catalyst t$ form an EO-capped polyeﬁher polyol

having reactive primary hydroxyl end-groups.
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V). The filter cake was rinsed well wth hexanes and returned to the
reactor. A second batch of poly(prepylene oxide) trial was prepared in a
manner simlar to the first batch from450 nol. wt. propoxylated glycerin
trial (25.8 parts), recycled catal yst, and propyl ene oxide (450 parts
total). The resulting product was isolldt&d as above (Polyol E, Table V).
Quantitative epoxide conversion was observed. nglnnlecular wei ght found

(as determ ned®®hy RANVEPS AEAMIRISE RES RRARF SPodilvstrake . nBRERAGr wei ght
expect ed fi? fhe Y¥enthoR! OPYl ene oxide and initiator used.. The
a@% ys¥ {h Por

recovered C us pertorned satisfactorily as a polymerization
catal yst. GENERAL EXPERIMENTAL :

The polymer produgts treated in Bxampies 1-23 (Polyols A, B,

- and C) were propylene oxiae triols of about 8,000 number avetagé
molecular weight containing about 10 weight percent
tetrahydrofuran and about 500 ppm zinc hexacyanocabaltate/zinc
chloride/glyme/water catalyst. The concentrations of zinc and
cobalt in the untreated polyols were approximately 110 and 50 ppm
respectively. The crude polyols were ﬁiepared in accordance with
the teachings of U.S. Pat. No. 3,829,505. The treated polyols
were stripped of solvent under vacuun before being analfzed for
cobalt and zinc. '

EXAMPLES 1-4

Polyols A and B were combined with approximately.o.os—o.os
parts by weight Standarq SuperCel® (product of Johns-Manville)
and either 1 or 2 cc - hexdnes (b.p. 68-70°C) per
gram: of polycl. After stirring 1 hr. a€.25§}‘£he'mixtu:es
were vacuum filgered through a thin pad of Standard SuperCel® in
a f:itte& glass filter. 1In each ca;é. the levels of residual
zinc and cobalt in the polyol were reduced to 2 ppm or less
(Table I). S |

EXAMPLES 5-8

Polyols A and B were combined with approximately 0.05-0.06
parts by weight Standard SuperCel® and either 1 or 2cg

of hexanes per gram ' - of polyol. After standing




- 16 - [err] a [err] [err]

f - 13 -
overnight at 25°C, the mixtures were vacuum filtered through a
‘thin pad of Standard SuperCel® in a fritted glass filtec. In
each case, the levels of residual zinc and cobalt in the polyol
were reduced to 8 ppm or less, indicating that substantially
complete catalyst removal had been achieved (Table I).

EXAMPLES 9-12

To demonstrate that pre~filtration of the polyols prior to
combining with the non-polar solvent may be beneficial, Polyols A
and B were filtered through a thin pad of St;nda:d SupecrCel®
prior to dilﬁting.with a nén—polar solvent. The pre-filtered
polyols were then treated with he;anes ahd filtered as described

- for examples 5-8, yielding préducts with levels of gatalyst which
were lc =: %3han those obse:ved.without prefiltration (Table i)..

EXAMPLES 13-16 .

To demonstrate that the: length of time during which the
mixture of non-polar solvent, polymer, and £ilter aid gre.sti::ed
p:;ér ﬁo filtration is not critical, samples of pé;yol B were
diluted 1:1 with hexanes,-tteatgd_with Standard SuperCel‘. and
stirredl;t ambient taupqratﬁ:e fo:}gyp tine'inéléated_in_rable Iz
before filtering through a thin pad of Standard SupecrCele®.
Catalyst removal in each case was satisfactory.

EXAMPLES 17-21

.These'exanples show the importance of using a non-polar
solvent in the process of this invention. Samples of Polyol B
were diluted 2:1 with ﬁhe solvent shown in Table III, stir;ed 1

hour at ambient temperature with Standard SuperCel?, and then
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-19- CLAIMS 1. A process for recovering a double netal cyanide conpl ex
“catalyst froma polyner product in a formsuitable for use as a
pol ymeri zati on catal yst which conprises the steps of: (a) formng a m xture
of a doubl e netal cyani de conpl ex catal yst-containing polyner product and
an anmount of a non-pol ar solvent effective to precipitate the double netal .

cyani de conplex catalyst; and (b) filtering the mixture in the presence of
afilter aid

-'14 -

filtered through thin pads of Standard SuperCele®. Effective
catalyst removal was accomplished only when non-polar solvents
(hexanes, toluene, heptane) were used,

COMPARATIVE EXAMPLE 22

To demonstraﬁe that filter aid must be suspended in the
mixture of polyol and ﬁon—pola: dolvent_prior to or during
filtration to achieve substantially complete caﬁalyst removal,
Polyol C was combined with 2 cc - -~ of hexanes per
gram #¢ polyol at 25‘C; and then filteréd through a thin pad
of Stahdard SuperCel®. Considerable amounts of zinc (40 ppm). and
cobalt (19 ppm) were still present in the filtered poiyél (Table"
I).

CCHPACATIVE EXAMPLE 23

To demonstrate that non-polar-—sc.vent ngst be combined with
- the po;yol and filter aid to achieve substantially complete
catalyst :émoval, Polyol B was treated with approx. 0.05-0.06
parts by weight of Standard SuperCel® per part of polyol. After
sﬁirring 1 hour at 25°C, tha-nixturg was vacuum filtered through
a thin pad of Standard éqpquei!. .cgnside;;b;e.amnunts.of zinc
(43 ppm) and cobalt (21 ppm) were still present in the filtered
polyol (Table I). _
'EXAMPLE 24

To demonstrate that the dpubi? metal cyanide catalyst can be
recovered and recycled by the process of this invention;
poly(propy;ehe oxide) triols D and E were prepared as fo}lqﬁs:

An autoclave reactor was charged with propylene oxide (25
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which is suspended in the m xture in an anmount effective to acconplish
separation of the precipitated double netal cyanide conplex catalyst from
t he pol yner product. 2. The process of claim1l conprising the additional
step before step (a) of filtering the double netal cyani de conpl ex

cat al yst-cont ai ni ng pol yner product. 3. The process of claiml or claim?2
conprising the additional step after step (b) of using the recovered double
nmet al cyani de conpl ex catal yst as a pol-ynerization catal yst. 4. The

process of claim1, claim2 or claim3 conprising the additional step after
step (b) of separating the non-pol ar_solvent fromthe pol ymer product. 5.
The process of any ‘one ‘of clains 1 1% 4 wherein the doubl e

parts), tetfahyd:ofuran (80 parts), 450 mol. wt. propoxylated
glycerin triol (25.8 éarts) and zinc hexacyanocobaltate (0.28
parts). The mixture was heated to 90°C with agitation. ' The
catalyst became active within one hour, and the remaining
propylene oxide (635 parts) was added over 8 hours. The product
was drained from the :eactd: and combined with filter aid ‘
(standard Supeic:l', 16 parts) and hexanes (660 parts). The
mixture was stirred well, filtered through a thin pad of filter
aiq, and refiltered once through the sanme cak;. The palyal
product (Polyol D) was stripped of solvent and analyzed (Table
v). '

The £ilter cake was rinsed well with hexanes and- returned to
the reactor. A =econd batch of polv(prepylene oxi@e) triol was
prepa:ed:in a.uanne: similar to the first batch from 450 mol. wt.
propoxylated glycerin triol (25.8 patts).‘:ecycled catalyst, and
propylene oxide (450._93“5- total). qhe resulting prodict was™s
isolated as above (Polyol E, Table IV). Quantitative epoxide
‘conversion was cbserved. .The molecular weight found (as
det?rhined'by hydroxyl numbef) was very close to the molecular
weight expected from the amount of propylene oxide and initiator
used. The recovered catalyst thus performed satisfactorily as a

polymerization catalyst.




met al cyani de conpl ex catalyst is a zinc hexacyanocobal tate conpl ex
catalyst. 6. The process of any one of clains 1'to 5 wherein the pol yner
product is an epoxide polynmer. 7. The process of claim®6 wherein the

pol ymer product is .a - 20 - 8. The process of any one of clainms 1 to 7
wherein the polynmer product is a polyether polyol having a nunber average
nol ecul ar wei ght of from about 500 to 20, 000. 9. The process of claim8
wherein the pol ymer product Jsga - 16 -
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propyl ene oxi de pol yol having a nunber average nol ecul ar Jueightoffrom

-about 500 to 20,000. 10. The process of any one of clai

t he non-pol ar solvent is selected fromthe group consi st n
chai n al kanes, branched al kanes, cyclic al kanes, unsubstitt

hydr ocar bons, al kyl -substituted aromatic-h¥drocarbons, a d
thereof. 11. The process of any one of clains 1 to 10 wher
aid is a diatonaceous earth filter aid. 12a A process fo
hexacyanocobal t at e conpl ex catal yst fgﬁn1a epolFyet hes pol
formsuitable for se., s Qan epoxide p

the steps of: (@) o fekm#Ag a mxture of a zinc hexacyanoc
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cat al yst - contai ni ng pol yether polyol product, and an anmount OREP@AOEME
- solvent effective to precipitate the zinc hexacyanocobal t atfe _

catal yst, said non-pol ar solvent being selected fromthe gno p onS| sting
of straight chain al kanes, cyclic al kedes, branched al kane béANtw;

aromati ¢ hydrocarbons, and al kyl -substituted aronatic hydr ns; and (b;)
fllterlng the m xtukd in the presence of a di atomaceous edgrth fllter
which is suspende(tlar tfhe g xfure in an anount effective to ac
separation of the Prgcigit8 eyl zi nc hexacyanocobaltate conpl ex catalyst~
fromthe polyether pall ygl &
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) 21 - 13. The process of claim 12 conprising the addltlo l“lw IHH“H“HIH“I

step (b) of using the recovered zi nc hexacyanocobaltate

ex catral st

a propyl ene oxide polynerization catalyst. 14. The process of claim12 or
claim 13 conprising the additional gstep before step (a) of filtering the
zi nc hexacyanocobaltate-contai’niﬁgl ofyet her polyol product. 15. The

© process
has a nu

ﬁ%Lgyﬁg one of clains 12 to 14 wherein the pol yether polyol product

erage nol ecul ar wei ght of from about 500 to 20,000. 16. The

process of any one @rofdsy 8- Tecéverihg W do@ble iCal AyifideecomexOl product
I's a propyl ene oxide polynmer. 17. The process of any one of clains 12 to

16 wher ei gatdlgst from a polymer product in a form suitable for use as a

polymerization catalyst which comprises the steps of:
(a) forming a mixturé of a double metal cyanide complex
catalyst-containing polymer product and an amount of a
non-polar solvent effective to precipitate the double metal
cyanide complex catalyst; and
(p) filtering the mixture in the presence of a filter aid
which is suspended in the mixture in an amount effective to
accomplish separation of the precipitated double metal
cyanide compiex catalyst from the polymer product.

2. The process of claim 1 comprising the additional step before

step (a) of filtering the double metal cyanide complex

umcatalyst-containing'polymer product.

3. The process of claim 1 or claim 2 comprising the additional

step after step (b) of_using the recovered double metal cyanide

complex c;talyst-as a polymerization catalyst.

4. The process of claim 1, cléim 2 or claim 3 comprising the
additional step after step (b) of separating the non-polar solvent
frqm the polymer broduct. )

5. The process of ané one of claims 1 to 4 wherein the double
metal cyanide complex catalyst is a zinc hexacyanocobaltate compiex
catalyst. |

6. The process of any one of claims 1 to 5 wherein the polymer
product is an epoxide polymer. |

7. The process of claim 6 wherein the polymer product is.a

polymer of propylene oxide | | REPLACEMENT SHEET
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non-pol ar solvent is selected fromthe group consisting of Iﬂim& glﬂﬁﬂﬁtﬁm,
hept ane, octane, cycl ohexane, petrol eum ether, hexanes and

and benzene, toluene, o-xylene, mxylene, p-xylene, ethyl ‘benzene, and

- m xtures thereof. 18. The process-ok0ary one of clains 1 to 18 wherein the
pol yether polyol product contains a polar solvent REPLACEMENT SHEET

8. The process of any one of claims 1 to 7 wherein. the polymer
product is a polyether polyol having a number average molecular weight
of from about 500 to 20,000.

9. The process of claim 8 wherein the polymer product is a
propylene oxide polyoi having a number average molecular weight of
from about 560 to 20.000.

10. The process of any one of claims 1 to 9 wherein the
non-poiar solvent is selected from the group consisting of straight
chain alkanes, branched aikanes. cyclic alkanes, unsubstituted
aromatic hydrocarbons, alkyl-substituted aromatic hydrocarbons, and

.mixtures thereof.

il. The process of any one of claims 1 to 10 wherein the filter
aid is a diatomaceous earth filter aid.

12. A process for recoverlng a zinc heracyanocobaltate complex
catalyst from a polyether polyol product in a form suitable for use as
an epoxide polymerization catalyst which comprises the steps of:

(a{ forming a mixture of a zinc hexacyanocobaltate complex

catalyst-containing polyether polyol product, and an amount of a

non—polar.solvent'effective to precipitate the zinc

héxacyanocobaltate complex catalyst, said non-polar solvent being
selected from the group consistiﬁg of straight chain alkanes,
cyclic alkanes, branched alkanes, unsubstituted aromatic
hydrocarbons..apd alkyl-substituted aromatic hydrocarbons; and

(b) filtering the mixture in the presence of a diatomaceous

earth filter aid which is suspended in the mixture 'in an amount

effective to accomplish separation of the precipitated zinc

hexacyanocobaltate complex catalyst from the polyether polyol

product. ‘ ‘ REPLACEM{N HEET
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| 13. The process of claim 12 comprising the additional step after
step (b) of uéing the recovered zinc hexacyanocobaltate,complex
cata;yst as a propylené oxide polymerization.catalyst.

14, &he process of claim 12 or claim 13 comprising the
additional step before step (a) of filtering the zinc
hexacyanocobaltate-containing polyether polyol product.

15. The proces§ of any one of claims 12 to 14 wherein the
polyether polyol product has a number average molecular weight of from
about 500 to 20,000.

16. The process of any one of claims 12 to 15 wherein the
polyether polyol product is a propylene oxide polymer. .

17. The process of any one of claims 12 to 16 wherein the
non-polar solvent is selected from the group consisting of pentane,
hexane, heptane, octane, cyclohexane, petroleum ether, hexanes and
mixtures thereof and henzene;.toluene,—o-xylene, m-xylene, p-xylene,
ethyl benzene, and mixtures thereof.

18. The process of any one of claims 1 to 18 wherein the

polyether polyol product contains a polar solvent
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ABSTRACT OF THE DISCLOSURE

RECOVERY OF DOUBLE METAL CYANIDE COMPLEX CATALYST

FROM A POLYMER

A process for recovering double metal cyanide complex catalyst
from a polymer such as pol&propylene glycol in a form suitable for use
as a polymerization catalyst comprises the steps of (a) combining the
polymer with a non-polar solvent to precipitate the catalyst and (b)
filtering the resulting mixture in the presence of a filter aid to
separate the polymer from the precipitated catalyst. In contrast to
thé prior art methods.of catalyst removal, the process of the
invention yieids polymer uniformly low in color as well as recovered

catalyst which may be reused in subsequent polymerizations.
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