PROCESS FOR THE PREPARATI ON OF POLYOL POLYMER DI SPERSI ONS Tecc gg&ﬁFleld
The present invention pertains to a process 5 for the nanJ Ct'ure of
pol ynmer polyols by the in situ polynerization of vinyl nononmers and to the
manuf act ure of pol yner - nodi fi ed pol yol s by t he in situ

pol yneri zation of polyisocyanates and isocyanate reactive nononers,
botth types of in situ polynerization-18 conducted in the presence of a
pol yoxyal kyl ene pol yet her base polyol. Mre particularly, the present

i nvention pertains to an inproved process for manufacture of polyner

pol yol s and pol yner-nodi fi ed pol yol s having substantially no catal yst

residues in the continuous 15 pol yol phase wherein certain double
nmetal cyani de conpl ex-ca | f|(v| ol yol s are used
as the base polyol, and t@&ﬁﬁm §E{E§mtfﬁbﬁct ed

subsequent |y wi t hout renﬂEIPOLYQbIEOIEYNIEﬁdMSBERSWScat al yst

resi dues. Pol yuret hane 20 foans prepared from such pol yol polyner
di-spersions surprisingly require |l ess catalyst concentration than simlar
foans prepared from di spersions enpl'!&w onal polyols as base

pol yol s. Background Art 25 y pol yols, as that termis
used herein, refers to polyvinyl

pol ymer di spersions prepared by the in
TPl SUEr st of onndl Gl "l SROOER' BeiRand VYOS
refers to 5 for the manufacture of polymer polyols by the in situ
polymerization of vinyl monomers and to the manufacture
of §olymer-modified polyols by the in situ
polymerization of polyisocyanates and isocyanate
reactive monomers, both types of in situ polymerization
conducted in the presence of a polyoxyalkylene polyether
base polyol. More particularly, the present invention
pertaings to an improved process for manufacture of
polymer polyols and polymer-modified polyols having
substantially no catalyst residues in the continuous
polyol phase wherein certain double metal cyanide
complex-catalyzed polyoxyalkylene polyether polyols are
used as the base polyol, and the in situ polymerization
.are conducted subsequently without removal of double
metal cyanide complex catalyst residues. Polyurethane
foams prepared from such polyol polymer dispersions
surprisingly require less catalyst concentration than
similar foams prepared from dispersions employing
conventional polyols as base polyols.
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ﬁackggound Art

25 Polymer polyols, as that term is used herein,

refers to polyvinyl polymer dispersions prepared by the
1n situ polymerization of one or more vinyl monomers in
a polyoxyalkylene "base" polyol. Polymer-modﬁfled
polyols, as that term is used herein, refers to



-2- pol yoxyal kyl ene pol yet her pol yols having a di spersed phase of a urea or
ur et hane/ urea pol yner prepared by the in situ polynerization of a

di i'socyanat e or polyisocyanate with an isocyanate-reactive nononer, 5
preferably an am no-functional nononer such as an al kanol an ne,
diamne, or the like. The majority of such polyner polyols and
pol'ymer - nodi fi ed pol yols are used in the pol yurethane field for diverse
applications, including cell openers and hardness enhancers for 10

pol yur et hane foam and as reinforcing additives for a variety of

m crocel lul ar and non-cel | ul ar pol yuret han&s. The manufacture of pol yner
polyols is by now well known, and nay i nvol ve batch, sem -batch, and fully
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The base inclu ing cell openers and hardness enhancers for

10 polyurethane foam, and as reinforcing additives for a

variety of microcellular and non-cellular polyurethanes.

The manufacture of polymer polyols is by now
well known, and may involve batch, semi-batch, and fully
continuous processes. In all of these processes, one or

15 more vinyl monomers such as acrylonitrile and styrene
are polymerized in sgitu in one or more base polyols,
with oxr without the presence of an added stabilizer.
The amount of monomer(s) fed to the reactor is selected
to achieve the desired vinyl polymer solids content in

20 the final polymer polyol product. The solids level may
range from as little as 5 weight percent to upwards of
60 weight percent, however, it is most economical to
produce polymer polyols at zrelatively high solids
loadings even when a low solids product is desired. 1If

25 a lower solids contéent polymer polyol is desired, the
solids content may be lowered by dilution of the higher
solids polyol with further amounts of the same base
polyol or other non-polymef polyol, or by blending with
a polymer polyol of lesser solids content. The base

30 polyol functionality is dictated by the particular
polyurethane end-use desired, and may typically involve
nominal functionalities of two to eight. The details of
polymer polyol manufacture will be presented hereafter.



30 polyol functionality is dictated by the particul ar pol yurethane
end-use desired, and may typically involve nomnal functionalities of two
to gight. The details of polyner polyol manufacture will be presented
hereafter. -3- The manufacture of polyner-nodified polyols is also by
now wel | known. The two nbst common pol yner- nodified polyols are the
so-tal l ed PI PA (Pol yl socyanate Pol yAddition) pol yols and the PHD

(Pol yHar nstof f 5 Di spersion) polyols. Both these polyner-nodified
pol yol s and others are prepared by the addBti on pol ynerization of an

| socyanate, for exanple a di- _or polyisocyanate, wth an

| socyanat e-reactive nononer, preferably an am no-functional conpound: an
al kanol ami ne 10 i n t heTRgsBappipchurgorf Balywer-wodified polycks is in
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initially soluble.in the polyol cqntinuous, phase, as are in general the
initial 1ow nol BOHY; ‘Rﬁéﬂag?ﬁ | &3#%% S38 ohEQEYaats Feactivd  monomer,
preferably an amino-functional compound: an alkanolamine

10 in the case of PIPA polyols, and a di- or polyamine in

 the case of PHD polyols. Mixtures of these isocyanate

reactive monomers as well as reactive diols may also be

used. The reactive monomers are polymerized in situ in

a polyoxyalkylene polyether polyol which forms the

15 continuous phase of the polymer-modified polyol. In

many cases, a portion of the polyol continuous phase

becomes associated with the polymer phase by reaction

with isocyanate groups. More detailed description of

polymer-modified polyols is presented hereinafter.

20 In both polymer polyols and polymer-modified

polyols, the monomers are generally initially soluble in
the polyol continucus phase, as are in general the
initial low molecular weight oligomers. However, as the
molecular weight of the polymer phase grows, the polymer

25  becomes insoluble, forming small particles which rapidly
coalesce and/or agglomerate to larger particles in the
submicron to several micron range. Hereinafter, the
term "polymer polyol" will refer to dispersions of vinyl
polymers, "polymer-modified polyol" to polyurea,

30 polyurethaneurea, or other isocyanate-derived polymer
dispersions, and the term "polyol polymer dispersions"
will refer to both of these collectively.



nol ecul ar wei ght of the polymer phase grows, the pol yner 25 becones
I nsol uble, formng small particles which rapidly coal esce and/ or
agglonerate to larger particles in the submcron to several nicron range.

Hereinafter, the term"polyner polyol"™ will refer to dispersions of vinyl
pol ymers, "pol ymer-nodi fied polyol”™ to polyurea, 30

polzyur et haneurea, or other isocyanate-derived pol yner dispersions, and the
term "pol yol polyner dispersions”™ will refer to both of these collectively.

-4- The base polyols used in preparing polyol polynmer dispersions generally
contain a high proportion of polyoxypropglene noi eti es.

Pol yoxypr opyl ene pol yether polyols are conVvéntionally prepared by the 5
base-cat al yzed oxyal kyl ation of a suitably functional initiator nolecule

ase- catal yzed oxya | _ or ol ecul
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Da (Daltons). propylene oxide and ethylene oxide. During base-
catalyzed oxypropylation, a competing rearrangement of
propylene oxide into allyi alcohol continually
10 introduces this. unsaturated monol into the
' polymerization reactor. The allyl alcohol acts as an
additional initiator, and being monofunctional, lowers
the actual functionality of the polyol. The continued
creation of low molecular weight monofunctional species
15 also broadens the molecular weight distribution. As a
result of these effects, the practical upper limit of
polyoxypropylene polyether polyols equivalent weight is
c.a. 2000 Da (Daltons).

For example, a 4000 Da molecular weight base-

20 . catalyzed polyoxypropylene diol may contain 0.07 to 0.12
meq. unsaturation per gram polyol, amcunting to from 25-

40 mol percent of monol. As a result, the polyol
nominal functionality of two is xreduced to actual
functionalities of c¢.a. 1.6 to 1.7 or less.

25 Unsaturation is generally measured in accordance with

ASTM test D-2849-69 "Testing Urethane Foam Polyol Raw
Materials."

Lowering the oxypropylation temperature and

decreasing the amount of basic catalyst allows for some

30 reduction of unsaturation, but at the expense of greatly
extended reaction time which is not commercially
acceptable. Moreover, the reduction in unsaturation is



For exanple, a 4000 Da nol ecul ar wei ght base- 20 catal yzed
pol yoxypropyl ene diol may contain 0.07 to 0.12 meq. unsaturation per gram

pol.yol, anmpbunting to from 25- 40 nbl percent of nonol. As a result, the
pol yol nom nal functionality of two is reduced to actual functionalities
of c.a. 1.6 to 1.7 or less. 25 Unsaturation is generally neasured

I n*accordance wth ASTMtest D-2849-69 "Testing Urethane Foam Pol yol Raw
Material s."” Lowering the oxypropylation tenperature and decreasing the

anount of basic catalyst allows for some 30 reduction of unsaturation,
but at the expense of greatly extended reagtion tinme which is not
comercially acceptable. Mreover, the reduction in unsaturation is but

slight. Use of alternative catal yst systens, for exanple cesium hydroxide
rat her than thebubr eldgimonl yUseedfsaditernat ive asstalysy dspscdas, for
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ration
these methods, st:ill representing 10-15 wmol percent

monol. 1In all these cases, the catalyst residues must

10 be removed prior to the in situ polymerization of vinyl
~ or other monomers to produce polyol polymer dispersions.
Basic catalysts are generally removed by adsorption with
magnesium silicate followed by £iltration, by

neutralization followed by filtration, or through the
15 use of ion-exchange techniques.

In the 1960’s, double metal cyanide catalysts
such as complexes of zinc hexacyanocobaltate were found
to be useful in a variety of polymerization reactions,
as evidenced by U.S. Patent Nos. 3,427,256, 3,427,334,

20 3,427,335, 3,829,505, 3,941,849, and 4,242,490. In
polymerization of propylene oxide, such catalysts were
found to produce polyols with unsaturation in the range
of 0.02 meq./g. Howeveér, even though relatively active
catalysts, their cost relative to activity was quite

25 high. In addition, catalyst removal was problematic.
Refinements in double metal cyanide complex catalysts
have led to catalysts with somewhat higher activity, as
evidenced by U.S. Patent Nos. 4,472,560, 4,477,589,
4,985,491, 5,100,997, and 5,158,922. These catalysts,

30 generally glyme complexes of zinc hexacyanocobaltate,
were effective in preparing polyoxypropylene polyols
with unsaturation levels of c.a. 0.015 to 0.018 meq/g.
Despite being more act;_ive than the prior catalysts, the



15 use of ion-exchange techniques. In the 1960's, double netal cyanide
catal ysts such as conpl exes of zinc hexacyanocobaltate were found to be
useful in a variety of polynerization reactions, as evidenced by U S
Patent Nos. 3,427,256, 3,427,334, 20 3,427,335, 3,829,505, 3,941, 849,
and 4, 242, 490. I n polynerization of propylene oxide, such catalysts were
found to produce polyols with unsaturation in the range of 0.02 neq./qg.
However, even though relatively active catalysts, their cost relative to
activity was quite 25 hi gh. In addition, catalyst renoval was

probl ematic. Refinenents in double netal cy%qlde conpl ex catal ysts have | ed
to catal ysts with sonewhat higher activity, "as evidenced by U S. Patent
Nos. 4,472,560, 4,477,589, 4,985,491, 5,100,997, and 5, 158, 922. These
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scal e comerci alization. Recently, however, except ional ly active double 5
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copendi ng a Ilcatlon Serlal ei n 1 ncorpor
P g QB& Chemical Co., as evidenced by copenpdlng U.s.

application Serial No. 08/156,534 and copending
application Serial No. 08/302,296, herein incorporated
by reference. In addition to their much highexr activity
10 as compared to previous double metal cyanide complex
catalysts, these catalysts have further been shown
suitable for producing polyoxypropylene polyols with
measured unsaturation in the range of 0.003 to 0.007
meq/qg. Not only is the measured unsaturation
is exceptionally low, but moreover, despite the fact that
unsaturation is generally accepted as a measure of monol
content, lower molecular weight species are not detected
by gel permeation chromatography. The polyoxypropylene
polyols are truly monodisperse, having a very narrow
20 ‘molecular weight distribution. Despite being much more
active catalysts than prior catalysts and being more
susceptible to simple filtration for catalyst removal,
the necessity to finely filter or otherwise remove
catalyst residues prior to use as base polyols for

25 polyol polymer dispersion production undesirably
increases processing time.

In Japanese published application H2-294319

(1990), double metal cyanide complex catalysts were used

to prepare polyoxypropylene polyols following which the

30 double metal cyanide catalyst residues were denatured by
adding alkali metal hydroxide which then served as the
oxyalkylation catalyst for capping the polyoxypropylene



by reference. In addition to their much higher activity 10 as conpared
to previous double netal cyanide conplex catalysts, these catal ysts have
further been shown suitable for produci ng pol yoxypropyl ene polyols with
measured unsaturation in the range of 0.003 to_ 0.007 neq/g. Not only
Is the neasured wunsaturation 15 exceptionally | ow, but noreover,
despite the fact that unsaturation is generally accepted as a neasure of
nonol content, | ower nol ecul ar wei ght species are not detected by gel

per meati on chromat ogr aphy. The pol yoxypr opit ene polyols are truly

nonodi sper se, having a very narrow 20 nmol ecul ar meight di stribution.
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then served as Q?l ?a???l #?8 oééga 93@ FOr EEﬁﬁFn§°Fhe p88 ?Bréﬂélene
polyols with oxXye309)838.noi eties. Follow ng renoval of the catal yst

resi dues, high prinmary hydroxyl content polyner polyols were prepared in a
conventional manner. Simlar polyner pol.yol s prepared by I n situ
In Japanese published application 5-39428

(1993), unspecific zinc hexacyanocobaltate catalysts
were used to prepare polyoxypropylene polyols which.wére.
then used as base polyols for polymer polyol manufac-
ture, with or without further addition of double metal
cyanide catalyst as ‘a wvinyl polymerization catalyst.
However, the presenceé of large amounts of double metal
15 cyanide catalyst residues in the polymer polyol product,
even if they did'nbt affect subsequent  in sgitu vinyl
polymerization, is undesirable. In the food processing
industry and medical prostheses industries, for example,
- heavy metal ion content must be minimal.

10

20 J.L. Schuchardt and S.D. Harper, "Preparation
Of High Molecular Weight Polyols Using Double Metal
Cyanide Catalysts, " 32ND ANNUAL POLYURETHANE TECHNICAL MARKETING
CONFERENCE, Oct. 1-4, 1989, discloses that double metal
cyanide complex catalyst residues can increase the

25 viscésity of isocyanate-terminated prepolymers prepared
from polyols  containing such residues, this viscosity
increase believed due to allophanate formation. Herrold
et al. in U.S. Patent No. 4,355,188 and the many other
patents directed to removal of catalyst residues, e.g.,

30 U.S. Patent Nos. 3,427,256, 5,248,833, 4,721,818,
5,010,047, and 4,987,271 attest to the commercial
significance of double metal cyanide catalyst removal.



5 pol ynmeri zation i n oxyethyl ene capped pol yoxypropyl ene polyols are
disclosed in U S. Patent Nos. 5,093,380 and 5, 300,535. In Japanese
publ i shed application 5-39428 (1993), unspecific zinc hexacyanocobaltate
catal ysts 10 were used to prepare pol yoxypropyl ene polyols which were
then used as base polyols for polynmer polyol manufac- ture, with or wthout
further addition of double netal cyanide catalyst as a vinyl polynerization
catal yst. However, the presence of |arge amounts of double netal 15
cyani de catal yst residues in the polyner polyol product, even if they did
not affect subsequent in situ vinyl polyneri—zation, is undesirable. In the
food processing industry and nedi cal prostheses industries, for exanple,
heavy nmetal ion content J. L. Schuchar dt
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white or off-white in color.
10 Summary Of The Invention

It has now been surprisingly discovered that
polyol polymer dispersions may be prepared from certain
double metal cyanide complex-catalyzed polyoxypropylene
polyether polyols without removing the double metal

15 cyanide complex catalyst residues, while obtaining
polyol polymer dispersions containing only exceptionally
low levels of catalyst residues in the continuous polyol
portion of the polyol polymer dispersion. The polymer
polyols of the subject invention are generally white to

20 off-white in color, and may be stored without concern of
gradual precipitation of double metal cyanide complex
residue solids or generation of carbonyl group-contain-
ing polyether polyol decomposition products. Catalyst
levels in polyurethane foam £formulations employing

25 polyol polymer dispersions of the subject invention can
unexpectedly be reduced from levels required for prepar-
ing foam from dispersions employing conventional polyols
as the base polyol.



-8- It would be desirable to provide a method of preparing polyol

pol ymer
di spersions from doubl e net al

cyani de catal yzed pol yoxypropyl ene pol yet her

pol yols without the necessity of renoving or denaturing double 5 nmet al
cyani de conpl ex catal yst residues, w thout such catal yst residues appearing
I n the continuous pol yol phase of the pol yol polyner dispersion. It woul d
be further desirable to prepare polyner polyols which are white or
off-white in color. 10 Swmmary O The Invention It has

now been surprisingly discovered that polyol polynmer dispersions may be
prepared fromcertain double netal cyanlde conplex catalyzed

pol yoxypr opyl ene pol yet hBesg | ple dends net al 15
cyani de conplex catalyst reS|dues mhlle obtalnlng pol yol pol yner

di spersions containing only exceptlonally | ow | evel s of catal yst residues

in the continuous polyol pohéi opodbfokhalkrelenk ppb! 1sdlﬁEéaS'QB Bhse
pol ymer pol yol s
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convent i onal p0|¥8|3 gikyggngaggi Olyokher than propylene oxide, in the

. presence of an encapsulative double metal cyanide

10 complex catalyst as hereinafter defined. The alkylene

oxides other than propylene oxide which may optionally

be used in conjunction with the latter include, but are

not limited to, ethylene oxide, 1,2- and 2,3-butylene

oxide, styrene oxide, C;;y a-olefin oxides, epichloxohy-

15 drin, chlorinated butylene oxides, and the 1like.

Ethylene oxide is particularly preferred. When an

additional alkylene oxide other than ethylene oxide is

used together with propylene oxide, the additional

alkylene oxide may'bé added to the polywmerization at any

stage, either alone, or with additional propylene oxide,

to form block, random, or block/random polyoxyalkylene

polyether polyols. However, when ethylene oxide is used

as the additional alkylene oxide, the ethylene oxide

must be added together with propylene oxide or other

25 higher alkylene oxide to form random or block/random

polyoxyalkylene polyols. Polyoxyalkylation with ethyl-

ene oxide alone has been found to result in products

believed to contain large quantities of polyoxyethylene

instead of the desired oxyethylene blocks or caps in the

30 polyoxyalkylene polyol.

20

Suitable initiator molecules include the di-
to octafunctional, conventional initiator molecules, for



-9- Description O The Preferred Enbodi nents The pol yoxyal kyl ene pol yol s .

used as base polyols for the subsequent nmanufacture of polyol polyner

di spersions include at | east one pol yoxyal kyl ene poly- 5 et her pol yol

prepared by the polynerization of propyl ene oxide onto one or nore

initiator nolecules of suitable functionality, optionally in conjunction

w th one or nore al kyl ene oxi des other than propyl ene oxide, in the

presence of an encapsulative double netal cyanide 10 conpl ex

catal yst as hereinafter defined. The al kyl ene oxi des other than propyl ene

oxi de which nmay optionally be used in conjunction with the latter include,

but are not limted to, ethylene oxide, 1;20-and 2, 3-butyl ene oxide,

styrene oxide, Cferr] [err]-olefin oxides, epichlorohy- 15 drin,

chlorinated butylene oxides, and, the |like. Ethylene oxide is
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activity occurs. Thus, it is preferable to use oligo-

10 meric polyoxyalkylation products of the above or other
monomeric initiators as initiators for preparing the
base polyoxyalkylene polyol.

Suitable oligomeric initiators may be prepared

by conventional, base catalyzed oxyalkylation of mono-

15 meric initiators, or by catalysis with alternative
catalysts such as diethylzinc, calcium naphthenate, and

the like. The particular'éatalyst is not critical,
however, when basic catalysts are used, the catalyst
residues should be removed from the oligomeric initiator

20 by conventional treatment prior to continued oxyalkyl-
ation employing double metal cyanide complex catalysts;
-otherwise, the latter may be inactivated. The oligomer-

ic initiators may comprise monomeric initiators oxy-
alkylated with propylene oxide, mixtures of propylene

25 oxide and ethylene oxide or another alkylene oxide,
higher alkylene oxides, or all ethylene oxide. Prefera-

ble are oligomeric initiators prepared from all propyl-

ene oxide or mixtures of propylene oxide and ethylene
oxide. The oligomeric initiators preferably have

30  equivalent weights of from 100 Da to 1000 Da, preferably
from 150 Da to 500 Da. Molecular weights and equivalent
weights herein in Da (Daltons) are number average



30 pol yoxyal kyl ene polyol. Suitable initiator nol ecules include the di-
to octafunctional, conventional initiator nol ecules, for -10- exanpl e,
et hyl ene gl ycol, propylene glycol, glycerine, trinethylol propane,
pentaerythritol, sorbitol, sucrose. and the |like. However, it has been
found that double netal cyani de conpl ex-catal yzed oxyal kyl ati on of | ow 5
nolecul ar weight initiators, particularly | ow nol ecul ar wei ght vicina
glycol initiators such as the foregoing,J%a¢Hts inlowinitial
oxyal kyl ation rates as well as an extended "induction period" before
significant catalytic activity occurs. Thus, it is preferable to use oligo-
10 meric pol mokgehkyrave bohps cthd trruniier keredarie: eQfa 19NN tTHRAGRILSS

initiators as ipLLi r ri t h S | yo kyl ene pol yol .
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catal yzed oxyal kyl ati on of nono- 15 meric initiators, or by catalysis
with alternative catalyst ghalQkyad 18t Wd | £e4 &4 p a%q:ta 3 Nd
the |ike. The garticu ar cat )ysg#s not cér???cgéhﬁ(%\?e% en lé)g?c
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of propylene  petal cyanide complex catalyst added, and the reactor
purged with nitrogen. Propylene oxide is added at the
desirea-oxyalkylation temperature, generally from 50°C
to 160°C, more preferably from 70°C to 130°C, and the
reactor preséure monitored until a pressure drop is
observed, indicating the end of the induction period.
Additional propylene oxide, optionally in conjunction
15  with other alkylene oxide, is then added until the
desired molecular weight is achieved. Reaction pressure
~ is generally kept below 6 bar. Following alkylene oxide
addition, the reactor is maintained at the oxyalkylation
temperature -for a period to allow unreacted alkylene
20 ‘oxide to react, the reactor vented, and any remaining
alkylene oxide stripped off at modest to low vacuum,
optionally with the use of a nitrogen stream.

10

In the past, following preparation of polyoxy-

alkylené polyols by the above method, the polyol product

25 has been treated to remove residual double metal cyanide
éatalyst, by £iltration, denaturing, treatment with
chelating agents, or combinations of these. methods.
However, in the practice of the subject invention, it is

not necessary to remove the double metal cyanide complex

30 catalyst residues to the extent necessary for conven-
tional polyether polyols, provided an encapsulative
double metal cyanide complex catalyst is used. It would



25 oxi de and et hyl ene oxi de or another al kyl ene oxi de, higher al kyl ene
oxi des, or all ethylene oxide. Prefera- ble are oligoneric initiators
prepared fromall propyl- ene oxide or mxtures of propylene oxide and

et hyl ene oxi de. The oligoneric initiators preferably have 30

equi val ent weights of from 100 Da to 1000 Da, preferably from 150 Da to 500
Da. "Mol ecul ar wei ghts and equi val ent weights herein in Da (Daltons) are

nunber aver age nol ecul ar wei ghts and nunber average equi val ent wei ghts,
respectively, unless otherw se designated.jjbe oxyal kyl ati on conditions for
preparation of the base polyol are those conventionally used in 5 doubl e

nmetal cyani de conpl ex oxyal kylation. The initia- tor, preferably an
ol i goneric pol qumldgpame ﬁm:b!yothbnispii.aﬁ.ur ofi £hehdnyehtdiomtaordpidly
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the reactor Vemﬂ%&m@ﬁﬂya@kdéﬁﬁﬂ6héglimits_detectable by Inductively

- 10 Coupled Plasma sample analysis or other equivalent means

of analysis, this limit generally being c.a. 1 ppm.
Preferably, the major portion of double metal cyanide

complex catalyst residue is not removed from the base
polyol.

15 For example, a polyoxypropylene polyol pre-
pared with an encapsulative zinc hexacyanocobaltate
complex catalyst at a catalyst concentration of 250 ppm .
in the finished polyol, after simple filtration or
normal setting upon storage, may contain 47 ppm Zn and -

20 16 ppm Co. Following polymer polyol preparation, the

' levels of Z2n and Co in the polyol polymer dispersion
continuous phase may be reduced to 2 ppm zn and < 1 ppm
Co, levels which are commercially acceptable. Prepara-
tion of base polyols with encapsulative double metal

25 cyanide catalysts at lower catalyst levels and/or by
more thorough filtration, with or without additional
methods of catalyst removal, may result in Zn and Co
levels of, for example 3 ppm and 2 ppm, respectively
prior to polymerization to prepare the dispersed phase.

30 While these transition metal levels are low, they may be
lowered further by in situ polymerization to form
digpersed polymer phase in which the catalyst residues
are concentrated in the dispersed phase.



al kyl ene oxide stripped off at nodest to | ow vacuum optionally with the
use of a nitrogen stream |In the past,

al kyl ene polyols by the above nethod, the polyol product 25
treated to rempve residual double netal cyani de catal yst,

foll ow ng preparation of pol yoxy-
has been
by filtration

denaturing, treatnment with chel ati ng agents, or conbinations of these
net.hods. However, in the practice of the subject invention, it is not

necessary to renove the double netal cyanide conplex 30

cat al yst

residues to the extent necessary for convers-tional polyether polyols,

provi ded an encapsul ati ve doubl e nmetal cyani de conpl ex catal yst
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cyanide complex catalyst residues to be simply left in
the polyocl without any post-treatment catalyst removal,
or post-treatment which removes only a portion of
catalyst residues, for example a coarse, rapid filtra-
tion which by itself would not be suitable for purifica-

tion of non-polymer, double metal cyanide complex
catalyzed polyols.

The base polyols suitable for use in the
process of the subject invention may contain from 4 ppm
transition metal content to well over several hundred
ppm transition metal content. Preferably, the base
polyols contain, from 4 ppm to 100 ppﬁ, more preferably
from 5 to 50 ppm, and most preferably, from 10-40 ppm
transition metal content. The catalyst remaining in the
continuous phase following in situ dispersed phase
polymerization preferably contains less than 4 ppm total
transition metals, more preferably less than 3 ppm, and
most preferably less of each metal than a lower limit of
detection of c.a. 1 ppm. The advantégeous results of
the subject process may also be characterized by the
degree of catalyét removal from the base polyol into the
dispersed polymer phase, regardless of the continuous
phase transition metal content. Preferably, 60% oxr more
of the transition metal content of the base polyol is
partitioned into the dispersed polymer phase, more



conpl ex catal yst at a catal yst concentration of 250 ppmin the finished
polyol, after sinple filtration or normal setting upon storage, nmay contain
47 ppm Zn and 20 16 ppm Co. Follow ng polynmer polyol preparation, the
| evel s of Zn and Co in the polyol polynmer dispersion continuous phase may
be reduced to 2 ppmZn and < 1 ppm Co, |evels which are comercially
acceptabl e. Prepara- tion of base polyols with encapsul ative doubl e netal
25 cyani de catal ysts at | ower catal yst-igvels and/or by nore thorough
filtration, with or wi thout additional nethods of catal yst renoval, may
result in Zn and Co levels of, for exanple 3 ppmand 2 ppm respectlvely
prior to pol ynemEafersbl 5% SFr BorRe angpmgbcpmmeabm abowwaaa: tch:ese
transition netamdmyebs af ewb@yhtt RisiEY b%dtﬁwe&e(hi ﬁfrém_-ci

at yst

ol yneri zati on ar.m di.sperse 0 hase .in WhIC
Iroes?/dues are co%’%gtt"rtaﬁoé'& 91 £ cpﬂ‘%@ep “°“8 -Bh3seh frangidian the
initial transitimetaletcintantt eate icf holras thosy désimabbeered further by .

the process of the subject invention, provided that an encapsul ative double
nmet al cyani de conpl ex catal yst | s 5 utilized. It is nost surprising

that under X he same condi tTRPOLYH Pedypen dispersdopecpreparedybyithe
catal ysts remai rmﬁ:s&@d:an h:éhb‘.ésl na%éetﬁﬁ@idéwﬁﬂédﬁl‘!%e ﬂibenﬁw Cfduplocess

al  ows encapsul at | ve1 ou nmet al anl de rrgl ex t al resi dues to be
sinply left in %’bﬁq‘?o?"m}’ BuFkAy YRS Fes rﬂr%él%ﬁwt in
renoval , t:he polymer polyol or polymer-modified polyol as a
_ whole, but concentrated in the dispersed polymer phase
10 and 1ax_'gely absent from the continuous polyol phase.

Such polyol polymer dispersions have not been previously
disclosed.

The double metal cyanide complex catalysts

useful in the subject invention are encapsulative double

15 metal cyanide catalysts. When such catalysts are

utilized, the catalyst residues become associated with

the polymer particle dispersed phase, and are removed

from the continuous polyoxyalkylene polyether polyol

phase.. While not wishing to be bound by any particnlaf

20 theory, it is believed that the polymer particles

actually encapsulate the double metal cyanide complex

catalyst residues. It is possible that the polymeriz-

able monomexrs preferentially polymerize on or proximate

to the double metal cyanide complex residues, surround-

25 ing the residue with polymer, or that double metal

cyahide complex particle residues serve as nucleation

sites for polymer particle agglomeration or coagulation,

or that the polymer particles or agglomerates serve as
adsorbent sites for the catalyst residues.

30 By whatever mechanism or combination of
mechanisms which is/are operable, the net result is that



or post-treatnent which renoves only a portion of catal yst residues, for
exanple a coarse, rapid filtra- tion which by itself would not be suitable
for, purifica- tion of non-polyner, double netal cyanide conplex 15

catal yzed pol yols. The base polyols suitable for.use in the process of the
subj ect invention may contain from4 ppmtransition netal content to well
over several hundred ppmtransition netal content. Preferably, the base
20 pol yol s containfrom4 ppmto 100 ppat5rore preferably from5 to 50
ppm and nost preferably, from 10-40 ppmtransition nmetal content. The
catal yst remainin n the continuous phase followi.ng in situ dispersed
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amounts of transition metals, for example, zinc and

10 cobalt, in the continuous polyoxyalkylene polyol compo-
nent are close to or below the common limits of detec-
tion. Thus, the term "encapsulative double metal
cyanide catalyst” refers. to a double metal cyanide
catalyst which becomes associated with the polymer

15

particles of the dispersed polymer phase in p;olyol
polymer dispersions such that no substantial ‘amount of
double metal cyanide catalyst remains in the continuous
polyol phase. At least 75 weight percent of double
metal cyanide complex residues, as measured by total
20 Zn/Co concentrations, should preferably be removed from
the continuous polybl phase.

It has been surprisingly found that the double
metal cyanide complex catalysts utilized in the prior

art, zinc hexacyanocobaltate-glyme catalysts, are not
25 encapsulative double metal cyanide catalysts. Residues
of such catalysts, as shown by Comparative Example 5
herein, remain in most substantial part in the continu-
ous polyol phase. To determine whether any particular
double metal cyanide complex catalyst is an encapsula-
30 tive double metal cyanide complex catalyst, a simple
test may be performed. 1In this test, the double metal
cyanide complex catalyst under consideration is used to
prepare a polyoxyalkylene polye_ther bagse polyol by



5 The pol yol polyner dispersions prepared by the subject
process are unique products, in that double netal cyani de conpl ex catal yst
residues are present in the polymer polyol or polyner-nodified polyol as a
whol e, but concentrated in the dispersed pol yner phase 10 and | argely
absent fromthe continuous pol yol phase. Such pol yol pol yner dispersions
havé not been previously disclosed. The doubl e netal cyanide conpl ex

catal ysts useful in the subject invention are encapsul ati ve double 15
nmetal cyanide catalysts. When such cateal ysts are utilized, the
catal yst residues becone associated with the polynmer particle dispersed

phase, and are renoved fromthe conti nuous pol yoxgﬂl}kyl ene pol yet her pol yol
phase. Wil e noto¥rakkyijatbingeahddfdS50) Bayegaivatentrwelght ohbgoyeric¢t
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rechant s, whi cfy o1 %y SOuEL dvm‘a%‘? CeTHIR i?hﬁﬁﬁgwﬂ EoFoiRok,
cyani de conpl ex PEepates EQHEFEH Friopplymezization of a 1:2 mixture
of acrylonitr:.le and styrene in the presence of an

10 effective amount of a vinyl polymerization initiator,

for example 0.5 weight percent azobisisobutryronitrile,

to form a polymer polyol having a dispersed phase which

constitutes from 20 to 50 percent by weight of the

polymer polyol product. The dispersed polymer phase is

15 then separated from the continuous polyol phase and the
transition metal content of the polyol phase deterxrmined.

If the polyol phase contains less than 25% total transi-

tion metal as compared to the amount present in the base

polyol prior to in gitu vinyl polymerization, or if

20 regardless of the relative percentage the,krapsition

‘metal contents of the continuous polyol -phase are

lowered from higher levels to approximately the limits

of ‘detection or below (1-2 ppm), then the catalyst is an

encapsulative double metal cyanide complex catalyst.

25 The encapsulative double metal cyanide complex catalysts
identified by this test may be used to prepare both the

polymer polyols and polymer-modified polyols of the
subject invention.

Suitable encapsulative double metal cyanide

30 complex catalysts are disclosed in copending U.S.
application Serial No. 08/156,534 and copending U.S.
Serial No. 08/302,296, which are herein incorporated by
reference. Examples of encapsulative double metal



t he conti nuous pol yoxyal kyl ene pol yet her pol yol phase. Wen the

di sconti nuous pol yner phase is separated fromthe polyol phase by neans of
filtration or centrif- 5 ugation, it is found that when an encapsul ative
doubl e nmetal cyani de conplex catalyst is used, the polyner particles
contain virtually all catalyst residues and the polyol phase contains
little or none. The neasured anobunts of transition netals, for exanple,
zinc and 10 cobalt, in the continuous pol yoxyal kyl ene pol yol conpo- nent
are close to or below the common limts ofl@etec- tion. Thus, the term
"encapsul ati ve double netal cyanide catalyst" refers to a double netal
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to cyanoferrates; Ni and Fe for nickel hexacyanoferrates;

and Fe and Cr for iron(II) hexacyanochromate. Due to

their generally higher catalytic activity, complexes

containing zinc as the cation and cobalt in.the cyanide-

15 containing anion are highly preferred. For purposes of

definition of catalyst residues in ppm, a theoretical

metal atomic weight of 62 is assumed. The corresponding

ppm level for any given metal may be found by multiply-

ing a particular metal residue level by the appropriate

20 atomic weight/theoretical metal atomic weight ratio.

For example, if the metal were vanadium with an atomic

. weight of approximately 51 amu, a 5 ppm.metal-residual

level would become 5 ppm x (51/62).

Preferred complexing dgents for preparing the

25 encapsulative double metal cyanide complex catalysts are
t-butanol and combinations of t-butanol with one or more
oligomeric polyoxyalkylene polyether polyols, preferably
polyether polyols at least partially terminated with a
tertiary hydroxyl moiety. The polyether polyol complex-

30 ing agents preferably have equivalent weights greater
than 200 Da, more preferably greater than 500 Da, and

most preferably in the range of 1000 Da to 3000 Da. The
encapsulative double metal cyanide complex catglysts
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prepared zinc hexacyanobaltate-glyme catalysts.

The in situ vinyl polymerization used to
prepare polymer polyols is conventional except for the
presence of the encapsulative double metal cyanide
complex residues. Examples of suitable polymer polyol
preparation may be found in U.S. Patent Nos. 3,304,273,
3,383,351, 3,652,639, 3,655,553, 3,823,201, 3,953,393,
4,119,586, 4,524,157, 4,690,956, 4,997,857, 5,021,506,
5,059,641, 5,196,746, and 5,268,418, which are herein
incorporated by reference. BEither batch processes,
semi-batch, or fully continuous methods of preparation
may be used. Continuo#s processes are preferred.

In the semi-batch process, a reactor vessel
equipped with an efficient means of agitation, for
example an impeller-type stirrer or reéirculation loop,
is charged with from 30% to 70% of total base polyol.
To the reactor is then added the polymerizable vinyl
monomers dissolved in additional polyol. Vinyl polymer-
ization catalyst may be added to the wvinyl monomer
solutions, which are maintained at .relatively ‘low
temperature prior to addition to the reactor, or may be
added as a separate stream. The reactor itself is
maintained at a temperature such that the polymerization

catalyst is activated. In most cases, the vinyl poly-

oxyal kyl ating a

effective amount of a

lor_ to in



pol ymer polyols and pol ynmer-nodified polyols of the subject invention.

Sui t abl e encapsul ati ve doubl e netal cyani de 30 conplex catalysts are
disclosed in copending U S. application Serial No. 08/156,534 and
copending U S. Serial No. 08/ 302,296, which are herein incorporated by

r ef er ence. Exanpl es of encapsul ative doubl e net al -17- cyani de
conplex catalysts are given herein in Exanples 1-6. Wi le the descriptions
herein and test nethodol ogy have been illustrated by the use of the

preferred zi nc hexacyanocobal tate conpl ex cat aI ysts, it is to be 5

understood that encapsulative double ”f% cyani de conpl exes of ot her
netals may be used as well. In such cases he definitions, ranges,

limtations, etc., presented herein with respect to Co and Zn shoul d be
FaUALed LD PSSR St aDetond N8 I CUUBIgd0 poridLes L Yo
hexacyanof er r at 8+ EAFOFe arﬁP]é]mY glgaﬂg'r'f?nh@feaéﬁéndﬁﬁlmﬁﬁ ezumuxo
thtel r gengral Lylolfl gtiuygicabaﬂoyﬁezm acﬂhellﬁgacmt 448 F=2Ce SR, Qid”'ﬁg:&f sy the
cation and cobalct, i C ai.ni anion are hig

preferred. For t|5’ur ;q)%’seg’ g%'aag'l?”em#&let %ﬂ ﬁc?l B ISER N p%?#l%‘”

t heoreti caP net dnchtdhiich wegfidualdi wxeactad manbndie may rles peemovexd dpyn
| evel for any glg@lﬂﬁq_r@' nmay be f ound by multiply- ing a particular netal
residue |l evel by the appropriate 20 atom c wei ght/theoretical netal

atom c weight ratio.

A continuous process may be implemented in one
or more reactors in series, with the second reactor
facilitating substantially complete reaction of vinyl

10 monomers with continuous product takeoffs, or may be
performed in a continuous tubular reactor with increwmen-

tal additions of vinyl monomers along the length of the
reactor.

 The preferred vinyl monomers are styrene and

15 acrylonitrile. However, many vinyl monomers are suit-
able, non-limiting examples being wmethylacrylate,
methylmethacrylate, o«o-methylstyrene, p-methylstyrene,
methacrylonitrile, vinylidene chloride, and the like.
Lists of suitable vinyl monomers may be found in the

20 referenceé previously cited. Mixtures of vinyl monomers
are advantageously used, preferably mixtures of acrylo-
nitrile and styrene in weight ratios of 10:1 to 1:10,

more preferably 1:4 to 4:1, and most preferably 1:1 to

1:3. Mixtures of vinyl monomers comprising about S50

25 weight percent or more of styrene with one or more
monomers other than styrene are particularly preferred.

The polymerization catalyst is preferably a
free radical polymerization initiator such as an azobis-
alkylnitrile, for example azobis(isobutryonitrile)

30 (AIBN), azobis(4-cyanovaleric acid), azobis(dimethyl-
valeronitrile), preferably AIBN; peroxy compounds, for



For exanple, if the netal were vanadiumw th an atom c wei ght of
approximately 51 anu, a 5 ppmnetal residual |evel would becone 5 ppm x
(51/62). Preferred conpl exing agents for preparing the 25 encapsul ati ve
doubl e nmetal cyanide conplex catal ysts are t-butanol and conbi nati ons of
t-butanol with one or nore oligoneric polyoxyal kyl ene pol yet her pol yol s,
preferably pol yether polyols at |least partially termnated with a tertiary
hydr oxyl noiety. The pol yet her pol yol conplex- 30 i ng agents preferably
have equi val ent wei ghts greater than 200 Da, nore preferably greater than
500 Da, and nost preferably in the range 91000 Da to 3000 Da. The
encapsul ati ve doubl e netal cyanide conpl ex catal ysts -18- are, in

dhoun by the vi STORP s ARESHERSRNS, FReFRRYREFFnSS, Long) FRfacRgT
spectra corr esp&ediony peod ymepsitzdt o iduithlatons alayx yalksaldd usedt sel f
I .e., zinc hexacyanocobaltate in the case of zinc hexacyanobal tate conpl ex
catal ysts. The catal ysts al so,, in general, have neasurably greater particle
sizes than prior art catali&dn §GgH viRYl RelymeEisabien 15 prafaxably nc
heracya_noba! oo eﬁm e&;lg'aiam -pxﬁ%ernceolofolas Sitsab}gﬁ'vz:.rf?ic?ntﬁtag(i(%d zterf or
Phe’ presende of Rurpstiel | AERBE LIRS PRRAIAoaRR K COMBFaRer SO
Exanpl es of sui mxixtee polyoxyalblylehe pmojatieisobaorsdedetd oangraupl. whidht ent
Nos. 3,304,273, oan participate in vinyl polymerization, preferably a
reactive, unsaturated ethylenic group. Examplés of
stabilizers and stabilizer precursors are contained in

10 the previously cited patents, and include polyetherester
polyols prepared by reacting maleic anhydride with a
polyoxyalkylene polyol and capping the remaining free
carboxyl group' of the half-ester with an alkyl or
polyoxyalkyl group; the reaction product of isocyanato-

15 ethylacrylate or like compounds with a polyoxyalkylene
polyol; or the reaction product of other unsaturated
isocyanates, i.e., TMI, 1-(l-isocyanato-l—methylethyl)-
3-{1-methylethenyl)benzene with a polyoxyalkylene
polyol. The stabilizer precursor may be present in the

20 reaction mixture to the extent of less than 0.01 to
about 0.3 mol percent, preferably 0.01 to about 0.1 mol
percent.

Reaction moderators and polymer control agents

may also be present. Reaction moderators fall within

25 the general class of chain transfer agents, and arxe
believed to limit the molecular weight of the wvinyl
polymers produced. Examples*® of reaction moderators
include alkanols such as isopropanol and isobutanol;
mercaptans such as dodecylmercaptan; halogenated hydro-

30 carbons, particularly those containing bromine and/or
iodine, and the like. Further examples of reaction
moderators may be found in the patents previously cited.



15 3,383, 351, 3,652,639, 3,655,553, 3,823,201, 3,953,393, 4,119, 586,
4,524,157, 4,690, 956, 4,997,857, 5,021,506, 5,059,641, 5, 196, 746, and
5,268, 418, which are herein incorporated by reference. Ei t her batch
processes, sem -batch, or fully continuous nethods of preparation 20 may
be used. Continuous processes are preferred. In the sem -batch process, a
reactor vessel equipped with an efficient neans of agitation, for exanple
an inpeller-type stirrer or recirculation |loop, is charged with from30%to
70% of total base polyol. 25 To the reactor is then added the

pol yneri zabl e vinyl nononmers dissolved in_agdditional polyol. Vinyl polyner-
| zation catal yst may be added to the vinyl nononmer solutions, which are
maintained at relatively |owtenperature prior to addition to the

reactor, or nay Bmlyfer cotitadlasageftRar Hi€ledéeaBy molechlas! Oveifhe! f
I s mai nt ai ned aty £4per hat i zation catalyst~is

ur ch he I r y
activated. In nos casesp%%hegsﬁﬁﬁfméﬁpﬁ‘-ﬁy ‘E’)g%%'lg%eﬁszaf’?‘éﬁ-"‘caf'ﬁ?'9§fe¥‘s a
free radi cal polagentzatiash described kol |W¥vsng Fatdirtt oNoQf &hesdessped
quantity of Vi nyapP@{Q8; !tdaaﬁ t [ to | ut" t
substantially c)cl)ﬁel et er@iﬁr‘?grl po a{/‘ﬁﬁl g’gt [ %ﬁ?&%%%ﬁ‘?gw Ssﬁg%ﬁaa.%mpgﬁymer
resi dual ur eactRPHEPbARIAEELRgludapyabesy gyelphexanel apdt bansese.
process may be inplenented in one or nore reactors in series, wth the

second reactor facilitati ngssula_te%rltoluaslllyy cg{@é@ésee 'eaca) gmgfr-\&o%.lfied
polyols are prepared by in situ polymerization of one or

more di- or polyisocyanates with isocyanate-reactive
components, which may be a portion of the isocyanate

10 itself. For example, polymerization of a di- or poly-
isocyanate with itself in the presence of a suitable
catalyst may be used to form polyisocyanate dispersions
(PID), oxr dispersions containing a variety of isocyan-
ate-derived linkages such as isocyanurate, allophé.nate,

15 uretonimine, uretdione, carbodiimide and the like, often
in association with reaction of a portion of the polyol
continuocus phase to introduce urethane linkages, or when

an amino-functional species is present, urea linkages.

However, the preferred- polymer-modified

20 polyols are those prepared by the in situ polymerization
of a di- or polyisocyanate with an amino-functional
monomer, preferably a diamino-functional monomer, or an
alkanolamine monomer, to form PHD and PIPA polymer-
modified polyols. Preparation of polymer-modified

25 polyols by reaction of alkanolamine/isocyanate reaction
mixtures .in gitu is described in U.S. Patent Nos.
4,293,470; 4‘,296,213; 4,374,209; 4,452,923; and PCT
published application WO 94/12553, all herein incoxpo-
rated by reference. In general, a mono- to trialkanol-

30 amine having f£rom two to about 8 carbons in the alkanol
residue such as ethanolamine, diethanolamine, trietha-
nolamine, diisopropanolamine, ‘triisopropanolamine, N-



10 nmononers W th continuous product takeoffs, or nmay be perfornmed in a
conti nuous tubular reactor with increnen- tal additions of vinyl nononers
along the length of the reactor. The preferred vinyl nononmers are styrene
and 15 acrylonitrile. However, nmany vinyl nononmers are suit- able,
non-limting exanpl es being nethylacryl ate, nethyl nmethacryl ate,
[err]-nmethyl styrene, p-nethylstyrene, nethacrylonitrile, vinylidene
chloride, and the like. Lists of suitable vinyl nononmers may be found in
t he 20 references previously cited. M xtures of vinyl nononers are
advant ageously used, preferably m xtures ofa@acrylo- nitrile and styrene in
wei ght ratios of 10:1 to 1:10, nore preferably 1:4 to 4:1, and npst
preferably 1:1 to 1:3. M xtures of vinyl nononers conprising about 50 25
wei ght percent omewdwl isopropenelantinene orz N2 cambnoeeho:0f hethahan,
styrene are partj : e y [ Lon C 1S
preferably a f reg9a§gi5cgglt&gg%§'%?%zz§ﬁédn%i ?Fét g?kéuc y Zésf%%ég‘ﬁ%%l &r 2
alkylnitrile, PSiWé‘;(éﬂ-ﬂﬂYéen&z&@isg( Podyedny ok dili-epr3polyismcympate,
azobi s( 4- cyanovabgeiferably) TDRLWiMBT (@t AddedVakepaikh! hliﬁgv RISHAR0! Y
Al BN; peroxg co §¥£ds f.or -20- e aﬂBLe pﬁégxgesters an
per oxyket onds, and the 1%, CRUESS pﬂf{y 1B the, remperabrEe ngenarad e
used. The in sitgisesyktopabpmtr 40a5001C.i s Gatallesasl areo réueired 1y uriec-
presence of a st ghigkhier O | 14.7€ C tabi bi zer
Or eour Sor s, may C%%E%F?E(ﬁ%;éﬁﬁgﬂ if%ome caBbECHLERlyses! 3Rk 23 stan-
nous octoate or dibutyltin dilaurate may be added. The

reaction is generally allowed to proceed for a period of

10 from 0.5 to 2 hours, during the course of which a white
dispersion is obtained. 1In general, a portion of the
polyol will also react, as described in Goethals, Ed.,
TELECHELIC POLYMERS: SYNTHESIS AND APPLICATIONS, CRC Press,
Inc., Boca Raton, FL, ® 1989, p. 211.

15

In PCT published application WO 94/12553 is
disclosed an improved, substantially continuous process
for preparing PIPA polyols with high solids content and
minimal viscosity. In the process disclosed, a polyoxy-
alkylene base polyol is mixed with a first alkanolamine
20 such as triethanolamine, and fed to a high pressure

mixhead calibrated to provide the desired amount of
isocyanate, preferably polymeric diphenylmethane di-
isocyanate or an 80:20 mixture of 2,4- and 2,6-toluene-
diisocyanates. A short time later, e.g. 5 seconds, a
25 further quantity of alkanolamine, which may be the same
or different from the first, is added to the reactive
mixture in a second high pressure mixhead. By this
process, stable, non-gelling, high solids dispersions of
useable viscosity are obtained with solids contents in
30 some cases in excess of sb% by weight.

PHD polymer-modified polyols are alsc pre-
ferred polymer-modified polyols. Such polyols are



nore pol yoxyal kyl ene noi eti es bonded to a group which can participate in
vinyl polynerization, preferably a reactive, unsaturated ethylenic group.
Exanpl es of stabilizers and stabilizer precursors are contained in 10

the previously cited patents, and include pol yetherester polyols prepared
by reacting mal eic anhydride wth a pol yoxyal kyl ene pol yol and capping the
remai ni ng free carboxyl group of the half-ester with an al kyl or

pol yoxyal kyl group; the reaction product of isocyanato- 15 et hyl acryl ate
or |ike conpounds with a pol yoxyal kyl ene pol yol; or the reaction product of

ot her unsaturated isocyanates, i.e., TM,-43¢(1-isocyanato-1-nethylethyl)-
3-(1- net hyl et henyl ) benzene wth a pol yoxyal kyl ene polyol. The
stabilizer precursor nmay be present in the 20 reaction mxture to the

extent of |ess descrdbed t drabdiretthalswl eprcdht, pPeBer aFlaremt0l Nas about

0.1 nol percent 3,323Cl4An PIL{RI 915, aaqdpql ey, 8c3q;1t rﬂdaﬁiﬂfﬁ lr;qa aAso be
present. React &(on moder ator's.fall _wt 25 gener a ass al n

transfer agentsXOfRES eS| Péved tﬁeFPHBt Fﬁ@eﬁﬁFSEBI aFHRei Bptyel
vinyl polyners punmdneadve Bexidbs méldimguonormdmﬁmg swdml Cdﬂsl&bkam' S

such as isgprop an T ns, S 2S apta
hal ogenat e§ hyder?"or§f§7 %é %%gquapﬁ%%ﬁ% E%;Ee #1”?%? n?"?\é
and/ or iodine, &@d¢ I‘-B@lld% et agunt Hé’m)ei’m.oﬂ NeucCﬂ-essmdePﬁRokswway
be found in thepalSNSPr ey oustl Hias€d- Januatd/February 1981, pp. 43-

49, all herein incorporated by reference.

In general, as with.PIPA polyols, the isocyan-

10  ate-reactive monomer, in this case an amine or poly-

amine, is added to the base polyol. For amines with low

solubility, high speed stirring is used to form a fine

dispersion. Isocyanate is then added slowly, during the

course of which the temperature will rise. Following a

15 period of time to allow for full reaction, a white,

polyurea dispersion is obtained. The polymer particles

incorporate a portion of the polyol continuous phase.

Preferred diamines are hydrazine and ethylenediamine,

although other diamines as well as hydrazides, are

20 useful. Preferred isocyanates are commercial aromatic

isocyanates such as methylene diphenylene diisocyanate,

toluene diisocyanate, polyphenylene polymethylene

polyisocyanate, and the like, including modified iso-

cyanates such as urethane-, urea-, carbodiimide-,

25 uretdione-, uretonimine-, and allophanate-modified

isocyanates. Aliphatic isocyanates such as hexamethyl-

ene diisocyanate and isophorone diisocyanate are also

useful in manufacturing PHD (and PIPA) polymer-modified

polyols. Solids levels of 10-40% or more are useful, in

30 particular 10 oxr 20 to about 30%. Continuous processes,
as disclosed in U.S. Patent No. 4,089,835 are useful.



Pol ymer control agents include | ow nol ecul ar weight |iquids not
conventionally viewed as chain transfer agents, as described in U S Patent
No. -4, 652,589, herein incorporated by reference. Sui t abl e pol ynmer 5
control agents include water, cyclohexane, and benzene. As previously

di scussed, polyner-nodified polyols are prepared -by in situ polynerization
of one or nore di- or polyisocyanates with isocyanate-reactive conponents,
whi ch nmay be a portion of the isocyanate 10 itself. For exanple,

pol yneri zation of a di- or poly- isocyanat€aM th itself in the presence of
a suitable catalyst may be used to form pol yi socyanate di spersions (PID),
or dispersions containing a variety of isocyan- ate-derived |inkages such
as i socyanurate, allophanaf®® P8se palyidnivdgedk far cimi shty pelyweérisade

and the Iike,h of téoni noagepmi pbledlnpblymneacliepe@bianBoshbald0tohBe1Re! YOI
conti nuous phase;},0 r es. ar when an

am no- f unct i onal iép‘g%?égogés?%r%é%%%ieiak%kf%ﬁé’éy%miniQ$é sub-
preferred pol ynBFapbdpli quaptity mf yakypropylens enpiepbesdpbyptired insitu
pol ymeri zatgon otha @resendid!yf SRY apvaDa1lHE 138 Al éuﬂgﬁéfgﬁka p%ﬁer

preferably a dian1no-funct|ongl ggnoner, or an_al kanol'am ne™non r,
form PHD and PI PR2EBRYREr- PREARKRRAY Bb| J8REE 5 Pm @fawhich, cellculated

pol ymer - nodi f i edad5Co amal 1B Sobythi® a€bto8spbnal gnebaiyAethsaC W dther
4266, 213: 4, 37ansbaLs, oS S ARIGR, AReinc Pl Rc ini ShaBabiolsss
al | herein incor Byefexabdyhy thifmajiax ¢ompement| of athenbasieo goliydlkamw| -
30 aningghaviﬂg;f@qpf@@%é&3éﬁ“&&té@?@ﬁbﬁéﬁcbﬁltE?egkﬁgﬂﬂl6Eﬁ§fn§iéﬁmh
as et hanol am ne, diethanol am ne, trietha-
an optional coarse filtration to remove gross particula-
tes or by natural sedimentation of catalyst residues in
a non-agitated holding tank. This major portion of
polyoxyalkylene (> 50 weight percent) may be mixed with
15 other base polyol components such as conventionally
catalyzed polyoxyalkylene polyether polyols, polyester
polyols, polyetherester polyols, and the like. However,
if polyoxyalkylene polyols prepared from non-encapsula-
tive double metal cyanide catalysts are used, either the
20 non-encapsulative double metal cyanide catalyst residues
must be substantially completely removed, or the amount
of such polyol restricted such that no more than 3-4 ppm
non-encapsulative double metal cyanide complex catalyst
residue calculated on the basis of Co and 2n or their
25 other-metal equivalents is present'in the base polyol.
The functionality of the polyoxyalkylene polyether
polyol component may range from less than two, to eight
or more, preferably from two to eight and more prefera-
bly from two to six. The functionality for any given
30 base polyol component is dependent on the desired end
use. For example, elastomers generally require low
functionalities, e.g., two to three, while polyurethane
foams generally require functionalities from 2.5 to 4.0.
"Functionality” as used herein is meant the mol average



nol am ne, diisopropanol am ne, triisopropanol am ne, N -22-

net hyl i sopr opanol am ne, 2- (2- am noet hoxy) et hanol ,

hydr oxyet hyl pi perazine, or the like is dissolved in a pol yoxyal kyl ene base
pol yol, and di- or polyisocyanate, preferably TDI or MD is added dropw se
With stirring, 5 during the course of which the tenperature generally
rises to about 40-50[err]C Catalysts are generally unnec- essary, although
in some cases catal ysts such as stan- nous octoate or dibutyltin dilaurate
may be added. The reaction is generally.glowed to proceed for a period of

10 fromO0.5 to 2 hours, during the course of which a white dispersion is
obtained. In general, a portion of the polyol wll

al so react, as descri bed
in Goethals, EsdomifialEGEdUERANMARS: " MaiNHES! SEViNE: 1 6ivh ] OAF| OBIS heRC
Press, Inc., B F ﬁﬁgg 1,1 _PCT
publ i shed appl i g%to:g‘%tﬁ%lgz‘fg%&f% [ c?%gé an i%rlrlper ove ,eguggt Shtial | y

conti nuous pr o@ddYiadahie: SHQURS mIPANRS| At atian 99laewls i ds content and
mnimal viscosity. In the process disclosed, a polyoxy- alkylene base

nd fed to a high pressurtity RRAARRER (BRReR 26 BAgy(ERRE HEONSH f¥amount
of isocyasate, yanger &ivbp pabgwer ifdve phenyimeekeresdief | d0@,anbue drs an
00 b Bl U0 e SEVNOAES oo S B
same or differ MY fiBmihr rRpge o5 2006Q-t o Hydrpxydtigumber may be
measured in accordance with ASTM D-2849-69. The hydroxyl
number and functionality of the polyol polymer disper-
sion may be adjusted post manufacture by the addition of
polyols other than the base polyol used for the in situ
polymerization. Solids contents of the polyol polymer
dispersions range from about 10 weight percent to about

60 weight percent or more based on total polymer polyol

15 weight. Polymer polyols are preferably prepared with
solids contents in the higher ranges, i.e., 25 to 60
weight percenh, more preferably 30 to 50 weight percent,

and reduced in solids content where appropriate by
blending with additional polyol. In this manner,
reactor capacity and product throughput are maximized.
Polymer-modified polyols generally contain sowmewhat
lower levels of solids to limit viscosity of the poly-
mer-modified polyol product. Solids contents of fxrom 10

to 50 weight percent, more preferably from 10 to 30
25 welight percent are suitable. :

10

20

Double metal cyanide complex catalyst sample
x-ray diffraction spectra. were analyzed using mono-
chromatized CuKq, radiation (A = 1.54059 A). A Seimens
D500 Kristalloflex diffractometer powered at 40 kV and
30 mA was operated in a step scan mode of 0.02° 20 with
a counting time of 2 seconds/step. Divergence slits of
1° in conjunction with monochrometer and detector

30



m xture in a second high pressure m xhead. By this process, stable,
non-gel ling, high solids dispersions of useable viscosity are obtained with

solkds contents in 30 sonme cases in excess of 50% by wei ght. PHD
pol ymer - nodi fi ed polyols are also pre- ferred polyner-nodified polyols.
Such polyols are -23- described in Goethals, op.cit., US. Patent

Nos. 3, 325, 421; 4,042,537, and 4,089, 835; and also in MA Koshute et al.,
"Second CGeneration PHD Pol yol For Autonotive Flexible Mlding",
POLYURETHANES WORLD CONGRESS, 5 1987 - -Zeptenber 29 - COctober 2, 1987,
pp. 502-507; and K. G Spider et al., "PHD Polyols, A New O ass of PUR Raw
Materials," J. CELL PLAS., January/Februar 1981, pp. 43- 49, all herein

i ncor por at ed by 3RGEHRD OF P frerand Gdlid wesmesting ol s Eaghe sampdean-
10 at e- r eact iwess o fafom i5? thi 709226 . aNWaEeRCoP PP iG] dkh daugiided

to the base pol yql nes wiih low solubility, high speed stirring is
used to forma %@.rpeo%f{;sangﬁtfg adl cr(}%‘%%‘tuée#séfm cja‘iﬂgd slowy, during the

course of which the tenperature will rise. Following a 15 period of tine

to allowfor full reactionph@ Wbt fowfiahYYs Q&&?@éfitfc?%ﬁit ?}?]%bt@é&ﬁd'tghe

pol ymer particles incoyporate a portion of° the po go ous phase.
e

Preferred & ani LG dreBE MY Hhd IPLTEERdi anife ongthiken orthibrred
di am nes as wel lregctysiray idiaggel wikh olyaﬁw&oPy%ﬁB_e{:Héli 964 aRet es .

e Ce WO dcad VNS R 2188 AERDy RS ObRIE M e e atyst
' (0.057 to 0.143 g, 100-250 ppm level in finished
polyol). The mixture is stirred and heated to 105°C and

10 is stripped under vacuum to remove traces of water from
the triol starter. The reactor is pressurized to about

1 psi with nitrogen. Propylene oxide (10-11 g) is added

to the reactor in one portion, and the reactor pressure
monitored éarefully. Additional propylene oxide is not

15 added until an accelerated pressure drop occurs in the
reactor; the pressure drop is evidence that the cata-

lyst has become activated. When catalyst activation is
verified, the remaining'propyleng oxide (490 g) is added
gradually over about 1-3 h at a constant pressure of 20-

20 " 24 psi. After propylene oxide addition is complete, the
mixture is held at 105°C until a constant pressure is
observed. Residual unreacted monomer is then stripped

under vacuum f£rom the polyol product, and the polyol is
cooled and recoverxed.

25 The reaction rate is determined from a plot of
PO consumption in grams versus reaction time in minutes.
The slope of the curve at its steepest point is measured
to £find the reaction rate in grams of PO converted per
minute. The intersection of this line and a horizontal

30 line extended fxrom the baseline of the curve is taken as
the induction time (in minutes) required for the cata-
lyst to become active. ’



t ol uene di i socyanat e, pol yphenyl ene pol ynmet hyl ene pol yi socyanate, and
the like, including nodified iso- cyanates such as urethane-, urea-,
car.bodi i m de-, 25 ur et di one-, uretoni m ne-, and

al | ophanat e-nodi fied i socyanates. Aliphatic isocyanates such as hexanet hyl -
ene diisocyanate and i sophorone diisocyanate are al so useful in

manuf acturi ng PHD (and Pl PA) pol yner-nodi fied polyols. Solids |evels of
10-40% or nore are useful, in 30 particular 10 or 20 to about 30%

Conti nuous processes, as disclosed in U S.z2fatent No. 4,089, 835 are useful.
-24- The base polyol used for in situ polymeriza- tion to form polyol

pol ymer di spersions should conprise in major part a pol yoxyal kyl ene pol yol
containing a sub- stanti alPodyavreithanst &33me oppryhécrdarlyewarespdledm n 5

the presence of ﬁ%ﬁ'ﬂ@%&%x‘é&w'ﬂédﬁa'aﬁ éb’% *éd Ay Headt! dﬁi‘r?erﬁbly

at least 5 ppm of which, "cal cul at ed Zn or e correspon
equi val ents of SHCheEaMEOBADY \Mé'ir%htﬁﬂelg‘?ﬁc}ﬁ%%?ﬁe CARRANEGRE -t he yol .

tPr ef e[ albl yi t hi Q)dwar conponent Wftdie kentaiolsyol igolifher ?leil.yéillbjcﬁ.flt ed
o catalys 0 an op ar ration to
renove gr oss pgr%f&eﬁ'ﬁéfa}é@ﬂoﬁe%f%@} Oglr al"g'sr&gtdl %98?2%@%% ?8%3{’%?? non=
resi dues in a naekygient palioldi ngIn agknerathi imj catpdysrenagd amine

pol yoxyal kyl ene éata‘@{] gaiepﬁeeaafshr?ak&epf@mw Bedble fJder bpse

pol yol conponents s as convent.i onal cat al I aIk | ene
pol yet her pol yol%& pBP?BsﬁBFH& ;ﬁ% %¥%§téga Qﬁmp?ﬁ¥°}|ke.

However , polymer dispersions of the subiject invention such as the
10 PIPA polymer-modified polyols are used in the polyure-

thane £foam polyol component, the amount of catalyst,

particularly tin catalyst, may be lowered significantly

while still producing a stable foam, as compared with

otherwise similar formulations where polymer-modified

15 polyols ptepared from conventionally catalyzed (basic
catalysis) base polycls are used to prepare the polymer-

modified polyocl. This unexpected result allows greatexr

processing latitude as well as being more cost effec-
tive.

20 : Having generally described this invention, a
further understanding can be obtained by reference to
certain specific examples which are provided herein for
purpases of illustration only and are not intended to be
limiting unless otherwise specified.



i f pol yoxyal kyl ene pol yol s prepared from non-encapsul a- tive doubl e netal
cyani de catal ysts are used, either the 20 non- encapsul ati ve doubl e net al
cyani de catal yst residues nust be substantially conpletely renoved, or the
amount of such polyol restricted such that no nore than 3-4 ppm
non- encapsul ati ve doubl e nmetal cyani de conpl ex catal yst residue cal cul at ed
on the basis of Co and Zn or their 25 ot her-netal equivalents is present
in the base polyol. The functionality of the pol yoxyal kyl ene pol yet her
pol yol conponent may range fromless than two, to eight or nore, preferably
fromtwo to eight and nore prefera- bly fréfrtwo to six. The functionality
for any given 30 base pol yol conponent is dependent on the desired end
use. . For exanple, elastongrs oeng&ﬁlhﬁ e uire |0M/fAnCtI0na|ItIeS
e.g., two to three, while pdf3fifi Spuj .
functionalities from2.5 to = FE S REENR s TERGEHIbrein | s nmeant
t he nol average -25- nom nal functlonallty "Nom nal" functionality is
the theoretical functionality based on the nunber of oxy- al kyl atable
groups on the idixampled nol ecul e. The hydroxyl nunber of the base pol yol
may 5 range from about five to in excess of 100, but is preferably
within the range of 10-70, and nore prefera- bly in the range of 20-60.
Hydr oxyl nunber may be mamtmlmahmdmecobahtd&fMDa%B £9.added
hydr oxyl n er 183 o} olyyo r p I on
may be adj uLgsTPed %%q%é %ﬁ]%dr%é% (f %wﬁhlgd %lll a BQ%XH}? a the ‘&J‘Oxr'uré
lended.with a homogenizer unt11 the solids dissolve.

In a second beaker, zinc chloride (20 g) is dissolved in

deionized water (30 mL). The aqueous zinc chloride
solution is combined with the solution of the cobalt
10 salt using a homogenizer to intimately mix the solu-

tions. Immediately after combining the solutions, a
mixture of tert-butyl alcohol (100 mL) and deionized
- water (100 mL) is added slowly to the suspension of zinc
hexacyanocobaltate, and the mixture is homogenized for
15 10 min. The solids are isolated by centrifugation, and
are then homogenized for 10 min. with 250 mL of a 70/30
(v:v) mixture of tert-butyl alcohol and deionized water.
The solids are again isolated by centrifugation, and are
finally homogenized for 10 min. with 250 mL of tert-
20 butyl alcohol. The catalyst is isolated by centrifuga-
tion, and is dried in a vacuum oven at 50°C and 30 in.’
(Hg) - to constant weight. The catalyst exhibits a
propylene oxide initial polymerization rate of 10.5 g
propylene oxide/min. at 105°C with a catalyst concentra-
25 tion of 250 ppm based on weight of product polyol,
showed no sharp lines in the X-ray diffraction (XRD)
spectrum at d-spacings of 5.07, 3.59, 2.54 and 2.28, and

had a surface area of 14 m?*/qg.



pol yol s other than the base polyol used for the in situ polynerization.
Solids contents of the polyol polyner dispersions range from about 10

wei ght percent to about 60 wei ght percent or nore based on total polyner
pol yol 15 wei ght . Pol ymer polyols are preferably prepared with solids
contents in the higher ranges, i.e., 25 to 60 weight percent, nore
preferably 30 to 50 wei ght percent, and reduced in solids content where
appropriate by blending with additional polyol. In this manner, 20

reactor capacity and product throughput argy.raxi m zed. Pol ymer-nodified

pol yol s generally contain sonmewhat |ower |levels of solids to limt
viscosity of the poly- ner-nodified polyol product. Solids contents of from
10 to 50 wei ght , hore preferably from10 to 30 25 wei ght percent
are suitable. Double netal cyanide conplex catalyst sanple x-ray
diffraction spectra were anal yzed usi ng nono- chromatized CuK[err]

radiation ([err] = 1.5405%hg). Prws&lmensﬂjwﬁaﬁplet al asl emodif.ie@ctamet er

powered at 40 k 0 S RS dik Q. 02
28 with a count ioﬁiirgrre of Iggsecoygs/stefm% vergence %‘ﬁ{ﬁ]oggg[ erﬁ in
conj unction wi t RuRFhochtERBPAr andfeblewing comhziana t Pfs ©ie 0.298% and
0.15[err] Bespeehloelide Eadhp@aapbaumaemﬁﬁ@oﬂaqwdté %oﬁQ{teJ.rdds %ﬁir]

oot BeSAR SIS U Lt SELaLAGES 4P (ESSUA SFRS N
A one-liter sthtadyst slurry is filtered through a 0.45 micron filter
at 20 psi. The washing steps of Example 1 are also
repeated, but filtration rather than centrifugation is
10 used to isolate the catalyst. The washed catalyst is
dried to constant weight as described above. The
catalyst exhibits a propylene oxide initial polymeriza-
tion rate of 1.70 g/min., and exhibited the same lack of

sharp peaks in the XRD spectrum as the catalyst of
15 Example 1.

Example 3

Potassium hexacyanocobaltate (8.0 g) is
dissolved in deionized (DI) water (140 mL) in a beaker
(Solution 1). 2inc chloride (25 g) is dissolved in DI

20 water (40 mL) in a second beaker (Solution 2). A third
beaker contains Solution 3: a mixture of DI water (200
mL), tert-butyl alcohol (2 mL), and polyol (2 g of a

4000 mol. wt. polyoxypropylene diol prepared via double
metal cyanide catalysis.

25 -‘Solutions 1 and 2 are mixed together using a
homogenizer. Immediately, a 50/50 (by volume) mixture
of tert-butyl alcohol and DI water (200 mL total) is
added to the zinc hexacyanocobaltate mixture, and the
product is homogenized for 10 min. Solution 3 (the

30 polyol/water/tert-butyl alcohol mixture) is added to the



reactor is charged with pol yoxypropylene triol (700 nmol. wt.) starter (70
g) and zi nc hexacyanocobaltate catal yst (0.057 to 0.143 g, 100-250 ppm

| evel in finished polyol). The m xture is stirred and heated to 105[err]C
and 10 I's stripped under vacuumto renove traces of water fromthe triol
starter. The reactor is pressurized to about 1 psi with nitrogen. Propyl ene
oxi de (10-11 g) is added to the reactor in one portion, and the reactor
pressure nonitored carefully. Additional propylene oxide is not 15 added
until an accel erated pressure drop occurs_hpg.the reactor; the pressure drop
I's evidence that the cata- |yst has becone activated. When catal yst
activation is verified, the remaining propyl ene oxide (490 g) is added
gradual |y over ohgueods3 shwtry cdhstzdnc phexadyanetoBQitdle, =2AdPSthe

After propyl ene | ddi t i | L xture,is-haeld a
105[err] C unti | é?%%ﬁ%?aﬁ% é?ggg%?gﬂggﬁg%gg?%gg_Eé@s dﬂﬂ?'uﬂﬁ@%d?éﬁtﬁﬁﬁoner
is then stri ppedlﬁn(férlt\%@ﬁn\llﬂﬁ% PFessuneo| throdabt a aBeumhe iddepol tos
cool ed and recovegsllatdSthe solids. The reaction rate is determned from
a plot of PO consunption in grams versus reaction tine in mnutes. The

sl ope of the curve at its steepest point is nmeasured to find the reaction
rate in grads of PO converThd molid ngake The restuseiédonroftébtsplitpd and

the i nuct o ti sacehaE FEAFMES, BELAEEr 186 EF, Pand Sadtb{Spal 406" °°
active. -27- mol. wt. polyoxypropylene diol (2.0 g), and the mixture
is homogenized for 10 min. and filtered as described
above, following which the so0lid cake is again
10 reslurried in tert-butyl alcohol (200 mL) and additional
4000 mol. wt. poiyoxypropylene diol (1.0 g), homogenized
for 10 min., and filtered. The resulting solid catalyst
is dried under vacuum at 50°C (30 in. Hg) to constant
weight. The yield of dry, powdery catalyst is 10.7 g.

15 Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyoi = 21.5
wt.%; tert-butyl alcohol = 7.0 wt.%; cobalt = 11.5 wt.%.
The catalyst exhibited a propylene oxide polymerization
rate of 3.3 Kg propylene oxide/g Co/min. and exhibited

20 the same lack of sharp lines in the XRD spectrum as the
catalysts of Examples 1 and 2.

Example 4

A one~gallon glass pressure reactor is charged

with a solution of potassium hexacyanocobaltate (40 g)

25 in DI water (700 mL) (Solution 1). Zinc chloride
(125 g) is dissolved in a beaker with DI water (200 mL)
(Solution 2). Tert-butyl alcohol (500 mL)'is dissolved

in a beaker with DI water (500 mL) (Solution 3). A
fourth mixture (Solution 4) is prepared by suspending a

30 4000 mol. wt. polyoxypropylene diocl (60 g, same as is



Pol yur et hane foans, particularly water-blow flexible polyurethane foans,

are prepared by reacting a polyol conponent with an isocyanate conponent.
The pol yol conponent often contains a polynmer polyol or 5

pol ymer - nodi fi ed polyol, with or without additional non-
In general, tin catalysts and am ne catal ysts are necessary to produce a
stdble foam It has been surprisingly discovered that when the polyol

pol ymer di spersions of the subject invemtiln such as the 10 Pl PA

pol ymer - nodi fi ed polyols are used in the pol yure- thane foam pol yol
conponent, the ampunt of catal yst, particularly tin catalyst, may be

| ower ed si gni f F8&FR: AP EFRRBLe: B)| ipr BduvaLteTa (309 aldoamd &extorwvdd wit h
ot herwi se si m haechelm(iiat m@NS where pol yner-nodified 15 pol yol s
prepared from conventionally catal yzed (basic catal ysis) base polyols are
used to prepare the polymer- nodified polyol. This unexpected result allows
greater processing |atit Sdduisiaons |1 saandeR ngravcembdaiedefich diimerimp

Having general b deseg! BEAl HUIIdBENEhRBa eIVt Y LIGGT Snding, cap e
obtained by reference to_certaln specific_exanples Ich are provide
herein foP pur fedd&ion  B| (&9 r #ieon*8AR}LIRT asdnaotherneyrrRerekRbeate

limting unl esmiddtherer sehepselikriredig.rate?8s- ihseaRbEea £o69000rs@PaRAtI Ve
Exgrrpl e L DOUQ:'hee m tx%lur%/%@ g icz:'%'teﬁ %%tr Br gpg{,_a%bgg cEé%SBLS:%re. The
stirring rate is reduced to 300 rpm, and Solution 4 is
added. The product is mixed for 5 min., and is filtered
underx §§essure‘as described in Example 1 to isolate the ‘
solid catalyst. The solids are reslurried in tert-butyl
alcohel (700 mL) and DI water (300 ﬁL), and stirred at

900 rpm for 2 h. The stirring rate is reduced to 300
rpm, and 60 g of the 4000 mol. wt. polyoxypropylene diol

15 is added. The mixture is stirred for 5 min.,

filtered as described above.

pol yner pol yol .

10

and is

The so0lids are reslurried in tert-butyl
alcohol (1000 mL) and stirred at 900 rpm for 2 h. The
'stirring rate is reduced to 300 ¥pm, and 30 g of the

20. 4000 mol. wt. polyoxypropylene diol is added. The
mixture is stirred for $ min., and is filtered as
‘described above. The resulting solid catalyst is dried
under vacuum at 50°C (30 in. Hg) to constant weight.
The catalyst is easily crushed to a fine, dry powder.

25 Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 45.8
wt.%; tert-butyl alcohol = 7.4 wt.%; cobalt = 6.9 wt.%.
The catalyst exhibits a propylene oxide polymerization
rate of 6.69 g propylene oxide/g Co/min., and exhibited

30 the same lack of sharp peaks in the XRD spectrum as the
catalysts of Examples 1-3.



Pot assi um hexacyanocobaltate (8.0 g) is added 5 to deioni zed water (150
m.) in a beaker, and the mxture is blended with a honogeni zer until the
sol irds di ssolve. In a second beaker, zinc chloride (20 g) is dissolved in

dei oni zed water (30 ni). The aqueous zinc chloride solution is conbi ned
with the solution of the cobalt 10 salt using a honogenizer to
intimately mx the solu- tions. | medi ately after conbining the

solutions, a mxture of tert-butyl alcohol (100 nlL) and dei oni zed water
(100 nL) is added slowly to the suspension,g9f zinc hexacyanocobaltate, and
the mxture is honogeni zed for 15 10 mn. The solids are isolated by
centrifugation, and are then honogenized for 10 mn. with 250 nL of a 70/ 30
(v:v) mxture ofEzamsglelsutyl al cohol and dei oni zed water. The solids are
again isolated by centrifugation, and are finally honogeni zed for 10 m n.
with 250 nmL of tert- 2Q butyl alcohol. The catalyst is isolated by

ce?t ri fug?- Ei on, and is drh@(t;ﬁcfteﬂmmh. TES fplat _35{)% q‘j]]ﬁ@é(}g' %;‘dtébtl (Hg)
- to constant : yst exhibits a pr epg pxide initra
pol ynmeri zat i onmfgl?% o%helg.rb?o;%ﬁ dp%‘én@o ¥?Wﬁ?ﬁ¥f§¥el‘gﬁ ¥ EeRlaeed
cat al yst concent¥hith28 20G0 onobf 2850 moiymgmropylerighdiol pisduaiade
pol yol, shoged ngs r&&x’bﬁ@%&&%“@%&gi&& 8&%&%9&&9” (XRD) spectrum at
; a

d-spacings of 5.07, 3.59, 2.54 an , and a surface area of 14
mMerr]/g. -29- Exanple 2 The procedure of Exanple 1 is nodified as

Elemental, thermogravimetric, and mass spec-

tral analyses of the solid catalyst show: polyol = 26.5

wt.%; tert-butyl alcohol = 3.2 wt.%; cobalt = 11.0 wt.%.

The catalyst exhibited a propylene oxide polymerization

10 rate of 2.34 Kg propylene oxide/g Co/min., and exhibited

the same lack of sharp peaks in the XRD spectrum as the
catalysts of Examples 1-4.

Example 6

. ]
Example 4 is repeated, except that a 4000 Da
15 diol end-capped with isobutylene oxide to provide c.a.
50% tertiary hydroxyl groups is used. The catalyst

exhibited higher activity than the catalyst of Example
4.

-Comparative Example 1

20 This example demonstrates the preparation of
a non-encapsulative double metal cyanide complex cata-
lyst. A solution of zinc chloride (26.65 g; 0.1956 mol)
in water (26.65 g) is added rapidly to a well-agitated
solution of potassium hexacyanocobaltate (13.00 g 0.0391

25 mol) in water (263.35 g). The potassium hexacyanocobal-
tate solution is maintained at 40°C during addition of
the zinc chloride solution. A white precipitate of zinc
hexacyanocobaltate particles forms immediately upon



follows. |sopropyl alcohol is substituted for tert- butyl alcohol.
Foll ow ng conbination of the zinc 5 chl ori de and potassi um
hexacyanocobal t at e sol uti ons and honogeni zation in the presence of

i sopropyl al cohol, the catalyst slurry is filtered through a 0.45 mcron

filter at 20 psi. The washing steps of Exanple 1 are al so repeated, but
filtration rather than centrifugation is 10 used to isolate the

catal yst. The washed catalyst is dried to constant wei ght as descri bed
above. The catal yst exhibits a propyl eng,oxide initial polyneriza- tion

rate of 1.70 g/mn. and exhibited the same |ack of sharp peaks in the XRD
spectrum as the catal yst of 15 Exanpl e 1. Exanpl e 3. Potassium
hexacyanocobal tadditiéf.0 gs)ftéxs éhs.&elmad f@rdels)nlné.@ﬂzt@)a\‘l’at@é°é14o
m.) in a beaker 3 or,i 25 g).is dissolved in

wat er (40 ml) |%£§Eé§é%ﬁ§té g?%%ﬁutﬁg ?& gi QFﬁ%%}tﬂﬁxkrl%oﬂ@QPﬁs

Sol ution 3: .a nkRt Ghe @HUEPUWaK@Wa@malrﬁbqrnxut ThEyreamtohng f2xvtye and

pol yol (2 g of 854030 -7la pér BA! WAMRIURIC 20 thohyPLBRALR Wia doup! ©
nmet al cyan de c tal%ﬁ g Sol ut1 ons and are

t oget her u3i ng gBRF? PltaFﬁné&ﬂ&F@P?yeﬁha%QﬂYRQﬁrv%ﬁ@@%ﬁxnﬁitare of
tert-butyl al cohgbtamecbiveraie by muﬁaﬂmmldsiﬁg asldréri@chb81zbBsket
hexacyanocobal t e i zed for 1

Sol ution 3 (theaégtgk¥h%%§ol?Eg¥%$/t%§ t§%98chﬁ Fx YR | gagéa&d to
t he filter medium The filtratlon rate was relatively fast
with minimal clegging of the pores of the filter medium.
After washing with 300 mL dimethoxyethane and drying in
air at ambient temperature and pressure, the filter cake

obtained is quite soft and can be easily crushed to a
fine powder.

10

The catalyst exhibits a piopylene oxide
15 polymerization rate of 3.50 g propylene oxide/min.

Examples 7-15 and Comparative Examples 2-4
Polvoxyalkylene Polyether Polyol Synthesis

- A two-gallon stirred reactor is chargéd with

. polyoxypropylene triol (700 mol. wt.) starter (685 g)
20 and zinc hexacyanocobaltate catalyst (1.63 g). The
mixture is stirred and heated to 105°C, and is stripped
under vacuum to remove traces of water from the triol
starter. Propylene oxide (102 g) is fed to the reactor,
initially under a vacuum of 30 in. (Hg), and the reactor

25 pressure is monitored carefully. Additional propylene
oxide is not added until an accelerated pressure drop
occurs in the reactor; the pressure drop is evidence

that the catalyst has become activated. When catalyst
activation is verified, the remaining propylene oxide

30 (5713 g) is added gradually over about 2 h while main-
taining a reactor pressure less than 40 psi. After
propylene oxide addition is complete, the mixture is



-30- aqueous slurry of zinc hexacyanocobaltate, and the product is stirred
magnetically for 3 mn. The mxture is filtered under pressure through a
5-Terrlmfilter to isolate the solids. 5 The solid cake is
reslurried in tert-butyl alcohol (140 ni), D water (60 nl), and additional
4000, nol . wt. pol yoxypropylene diol (2.0 g), and.the m xture is honogeni zed
for 10 mn. and filtered as descri bed above, follow ng which the solid cake
is again 10 reslurried in tert-butyl alcohol (200 nm.) and additi onal
4000 nmol. wt. pol yoxypropylene diol (1.0 g), honogenized for 10 mn., and
filtered. The resulting solid catalyst is d-JF‘F'ed under vacuum at 50[err]C
(30 in. Hg) to constant wei ght. The yield of dry powdery catalyst is 10.7
g. 15 epEn ot gr avi net and mass spec-  tral

anal yses of the soI i d cat liéipyst hﬁ%{)trv}\;i pol yors a?f PIRSHYTE o 8- KRSATVAL0ho!
= 7.0 wt.% cobaIRFSidi‘P%“ﬂFe%Pt’Fﬁem@BPmBysisetxmmlsm&gp@domdeaﬂerabmﬁe

pol yneri zati on r frewof tRe3 WD PYroaRceXi de/ / e d

t he sane | ack of d%%)%. ﬂ&f %he >§1RDc§pect vglrﬁqgsgthlge ggtgal:é ? %
Exanples 1 and 2 foﬁﬁi'enﬁh g‘ﬁ B gpredu ﬁFeé@ur%ﬂ%‘gr ats dMhiQed
with a sol uion @hzmmssauﬁimeearcmmihﬁgé ae.430 @) P2 mikkolk)vaier
(700 nL) (Sol ut iQy

di | d b
(700 1) (Solt ikl poeke oBUAE bFEOEN i LED 1008, Ee i
S
di ssol ved in a b&At&L¥Gt-h Resbdeal(3o0and (wodxei quafkified byurk4ray

m xture (Sol uti oandlygiddr epared by suspendi ng a 30 4000 nol. wt.
polyoxypropylene d|oI (60 g, sanme as is

_ Polyether diols (from polypropylene glycol
10 starter, 450 wol. wt.) and triols are prepared as
described above using both encapsulative and non-encap-
sulative zinc hexacyanocobaltate catalysts. The polyol
unsaturation of the polyols produced is presented in

Table 1I.
15 TABLE 1
Polyol
Example Hydroxyl Number Unsaturation
and Functionality {meq/g)
Comparative Exam- Comparative 54 (‘l‘riolj
| ples2,3 &4 Example 1 27 (Triol)
15 (Triol)
Example 7 27 (TrioD)
20 Example 8 Example 1 56 (Diol)
Example 9 27 (Diol)
Example 10 ' 14 (Diol)
Example 11 Example 3 30 (Triol)
Example 12 Example 4 29 (Triol)
25 Example 13 Example 5 31 (Triol)

Example 14 Example 6 . 14 (Diol)

Example 15 Example 6 28 (Triol)




-31- used in Exanple 3) in DI water (1000 nL) and tert-butyl alcohol (10
m.). Solutions 1 and 2 are conbined with stirring at 3000 rpm fol | owed

i medi ately by slow addition of 5 Solution 3 to the resulting zinc
hexacyanocobal tate m xture. The stirring rate is increased to 900 rpm and
the mxture is stirred for 2 h at roomtenperature. The stirring rate is
reduced to 300 rpm and Solution 4 is added. The product is mxed for 5
mn., and is filtered 10 under pressure as described in Exanple 1 to

i solate the solid catalyst. The solids are reslurried in tert-butyl alcohol
(700 nL) and DI water (300 nlL), and stirredSat 900 rpmfor 2 h. The
stirring rate is reduced to 300 rpm and 60 g of the 4000 nol. wt.

pol yoxypropyl ene diol 15 The mxture is stirred for 5 mn.
and is filtered as descri befxasples 16-2]ang cCidtlatid s cgympie Ped in tert- butyI

al cohol (1000 nL) and stirred at 900 rpmfor 2 h. The stirring rate is

reduced to 300 rpm and 30%10f the 20 4000 ol . wt. pol yoxypropyl ene
diol is added. The mixt RRLYREL(POI¥ALS oRTS PrEPArsdd ins & igqntinious

descri bed above pries®suini egchobadeCém@D.b?hngS g aiial SOOI Ay

2 tine. ary powks Bzt WUABLE s SRR oo Moo ditiease

spec- tral, %nal M@i hhéfsslslt@rcaﬂaﬂysetbhbenepobcy.de antb. Bsomeizing
tert-butyl al Cohﬁllxe mAléatd JAs£ORRAtionOd Phmitate in the presence of

morpholine. The preparation of the preformed stabilizer
is in accordance with Example 1 of U.S.

5,268,418, herein inéorporatedby reference.

Patent No.

10 A continuous polymerization system was used,

employing a tank reactor fitted with baffles and an

impeller. The feed components were pumped into the
reactor continuously after going through an inline mixer
to asgure complete mixing of the feed components before

15 entering the reactor. The internal temperature of the
reactor was controlled to within + 1°C at 115°C. The
contents of the reactor were well mixed. The product
flowed out the top of the reactor and into a second
unagitated reactc;r also controlled within 1°C. The

20 product then flowed out the top of the second reactor
continuously through a back pressure regulator adjusted
to give about 45 psig pressure on both reactors. The
crude product then flowed through a cooler into a
collection vessel. Percent by weight polymer in the

25 polymer” polyol was determined from analysis of the
amount of unreacted monomers present in the crude
product. The crude product was vacuum stripped to
remove volatiles before testing. All of the polymer
polyols were stable compositions. In each Example, the

30 feed rates in parts per hour were as follows: polyol,
236.2; preformed stabilizer 25.2; catalyst (AIBN), 1.5;
acrylonitrile, 60.9; styrene, 142.1.



The catal yst exhibits a propyl ene oxide polynerization rate of 6.69 g
propyl ene oxide/g Co/mn., and exhibited 30 the sanme | ack of sharp peaks
in the XRD spectrum as the catal ysts of Exanples 1-3. -32 - Exanple 5
The procedure of Exanple 3 is followed, except that the 4000 nol. w.

pol yoxypropyl ene diol is replaced with a 2000 nol. wt. pol yoxypropyl ene
diol also made 5 . using double netal cyanide catalysis. Elenental,

t hernogravi nmetric, and nass spec- tral anal yses of the solid catal yst show
polyol = 26.5 wt.% tert-butyl alcohol = 3.2 wt.% cobalt = 11.0 w.% The
catal yst exhibited a propyl ene oxi de pol ynerization 10 rate of 2.34 Kg
propyl-ene oxide/g Co/mn., and exhibited the sanme |ack of sharp peaks in
the XRD spectrum as the catal ysts of Exanpl'es 1-4. Exanple 6 Exanple 4 is
repeat ed, except that a 4000 Da 15 di ol end-capped with isobutyl ene

axhi bit e i gher activi Ly CREY Soa oA A St D PP AEeY, pharEeblc™ V!
Exanple 1 20 <ance with fhe; Eoxpgrdngendratpless t hBopyepyrdkydensf a
non- encapsul at teatdagh! eﬁfﬁt derdvali deot9nPholresid- nhbbrs? Sakubiyag of
e P o o hoBel® Hralyst edibdnt fatfor al#fng pdlyol Freparhiicn ¥ '°
5 are presented in Table'II, as are the polymer solids of
the resulting polymer polyols, the initial 2Zn/Co concen-
trations in the polyocl used to prepare the polymer
polyol,  the 2n/Co concentrations in the polymer polyol
(continuous plﬁs dispersed phases) and the 2Zn/Co concen-

10 trations in the polyol (continuous) phase alone.



sol ution of potassi um hexacyanocobaltate (13.00 g 0.0391 25 mol) in
wat er (263.35 g). The potassium hexacyanocobal - tate solution is

mai ntai ned at 40[err] C during addition of the zinc chloride solution. A
white precipitate of zinc hexacyanocobaltate particles forns i mredi ately
Upon -33- addition. After stirring37r 15 mnutes at 40[err]C,

di et hoxyet hane (gl yrre) (84. 00 g; O. 9321 ncl.) is added to the aqueous
catal yst slurry. 0 )

an_addi tignal 30
m nutes and the z t at ef di et hoxyjet hang waer Bonpl ex
cata- |yst recove ) a hprizoptal pask cef® riBugal
filter and a ligh ) bt ef emed| s (The flfltr rate
was relatively faf i ngof | the p&fesi & the fiflte
medi um 10 Af t ier Shinly wit 0 nL{di me{hoxygt hang andjdryighg &nh air
at anbi ent tenper tur"e andpres , the filyer cake optaingd |3=oqwgbe sof t
‘and can be easily crushed..o a powder. The catalypt €x i bi t8 ag
propyl ene oxide 1} g p@l& eri zgdtiqn ratle of {3.501g prepyl efpe o§deiﬁn’ n.
Exanpl es 7-15 and Ceng Blive Exam:lgs 2 :;r Pclyox a;‘ky ape ol ye&herd Pol yol
Synthesis A two- gl BoF Bte#r&d readtgr ijsgcharged|wit hppl yhxyprdpylgne
triol (700 nol. : @%‘%r_g (685 ) 20 and zi nc hexacyapoco Itzﬁ
catalyst (1.63 gj. el xturle ifs stijrred{and Heated to OS[e«sr]CE and
i's stripped under jvacyum t endve ftracqs of |waterf frofmthe trlois
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starter. Propylene oxide (102 g) is fed to the reactor, initially under a
vacuumof 30 in. (Hg), and the reactor 25 pressure is nonitored
carefully. Additional propylene oxide is not added until an accel erated
pressure drop occurs in the reactor; the pressure drop is evidence that the
catal yst has becone activated. Wen catalyst activation is verified, the
remai ni ng propyl ene oxi de 30 (5713 g) is added gradually over about 2 h
while main- taining a reactor pressure less than 40 psi. After propylene
oxide addition is conplete, the mxture is -34- held at 105[err]C until
a constant pressure is observed. Residual aﬁfeacted nononer i s then
stripped under vacuum fromthe pol yol product. When catal yst renoval is

desired, the hot polyol prREuginisefidderobmirA0Q ey
filter cartridgqof(o.gﬁ tQ 1.21n%£r0 at - tac@gg'to %ﬁ%é%é?F§%§%#9?ﬁ§
reactor to remove t K& A4 yRPHYReE; m 7Rhagf RY YRS RERPAFREd URANG r ay
anal ysi s. Pol yetpeiodi art @oubrhepatgtabpyyanide!gtyhe 18atalykelt & ,nod50

encapsul al i ve angl LoRouEaELPe ke e o ERaRTACAURELYSt AobataY e,
The pol yol nsat®xawpde 8) shewpd Jdrslsr sedustion dneZaniGal donthait éid . 15
TABLE | Pol yol E¢hePigolymer $81pbYSsicont iludhaxVbhib@baespi tnS@a@iipn
with a relatively low 2Zn/Co content for this type of
catalyzed polyol (2n/Co = 30/13). However, when polymer
polyols were prepared using encapsulative double metal
10 cyanide catalysts (Examples 16-21), in each case,

' substantial reductions of Zn/Co content, generally to
levels below the level of detection of c.a. 1 ppm, were
obtained, even in the case of high initial transition
metal content as is the case for Example 16. Such

15 polyols are useful in numerous applications where
polyols with higher Zn/Co content are unsuitable.

Examples 22-23: Polymer-Modified Polyol Synthesis

Example 22

To 900 g of a trifunctional polyoxyalkylene

20 polyol having 'a hydroxyl number of 35, a primary
hydroxyl content of 13 percent, and an unsaturation of

c.a. 0.0062 meq/g, prepared by the encapsulative double
metal cyanide complex catalyzed oxyalkylation of a
glycerine-initiated ocligomer containing residual double

25 metal cyanide ca’calyét residues is added 48.7 g trietha-
nolamine at a temperature‘ of c.a. 25°C. Following
thorough mixing, the agitator is turned up to high speed

and 51.7 g toluene diisocyanate is added over a period

of approximately S seconds under a nitrogen blanket. To

30 the mixture is then added 0.3 g T-12 tin catalyst
dissolved in a minor amount of additional polyol. The
temperature rises to c.a. 40°C, following which the



and Functionality (meg/g) Conparative Exam Conparative 54 (Triol)

0.016 ples 2, 3 & 4 Exanple 1 27 (Triol) 0.017 15 (Triol)

0.019 Example 7 27 (Triol) 0. 005 20 Exanpl e 8
Example 1 56 (Diol) 0. 004 Exanple 9 27
(Diol) 0. 005 Exanple 10 14 (Diol) 0. 004
Exanple 11 Exanple 3 30 (Triol) -0. 006 Exanple 12

Exanpl e 4 29 (Triol) 0.004 25 Exanpl e 13 Exanpl e 5

31 (Triol) 0. 004 Example 14 Exanpl e 6 14 (Diol) 0. 005
Exanpl e 15 Exanpl e 6 28 (Trioljg- 0. 004 -35 - Exanples

16-21 and Conparative Exanple 5 Polyner polyols are prepared in a
continuous process, in each case enploying a prefornmed stabilizer prepared
by cappi ng a nmkeaictiasmhyuikdatpol yoxwgriomddenanlder meyols@@éd Qﬁ‘i&iﬂ, with

hyl d h h
br ctence of nﬁr%ﬁgﬁﬁgmﬁé'ﬂ% ﬁ’a{‘i? a0 bftpREa B IRShRa { | °

accor dance wi t Ropi&kgice PP 1U°911 nad 6 Eprpe 48l hed @pm iGeor Por at ed
by reference. {hite dispersion S.deﬁwlﬁécp%yﬁfﬁgzébtaﬂ S48 iifediSed,
errploylngatankreator f tted W|t fle nd an| er. Thefeed
corrponenté wer & ‘?ﬁﬁé | P t‘ié?miﬁﬂ HRAEIRRRIgh an

inline mxer t@fasamramtotnqnl Enethexcogtdxhubhe i srodo mimaeEn tise fyef osrely
0.5 ppm and < 0.2 ppm, respectively.

Example 23

The process of Example 22 is repeated, but

10 with the reactor charges being 1000 g polyol, 230 g
triethanolamine, and 0.03 g T-12 tin caialyst. Follow~

ing thorough mixing and heating to 54°C, the agitation
speed is increased to high and 271.0 g toluene diiso-
cyanate added over a period of 5 seconds. The tempera-

15 ture rapidly rises and reaches a maximum of about 105°C.
Approximately 10 seconds after isocyanate addition, 50

g DEOCA-LF (diethanolamine low freezing) is added,
following which the reaction is allowed to cool with

slow agitation. A white, high solids PIPA polymer-

20 modified polyol dispersion is obtained with transition

metal content concentrated in the dispersed polymer
phase.

Co rative Example 6

A polymer-modified polyol was prepared as in
25 Example 22, using the same proportions of reactants, but
employing a conventional base-catalyzed base polyol

having a hydroxyl number of 35 and a level of unsatur-
ation of 0.027 meq/g. ‘



15 entering the reactor. The internal tenperature of the reactor was
controlled to within 1[err]C at 115[err]C. The contents of the reactor
were well m xed. The product flowed out the top of the reactor and into a
second unagitated reactor also controlled within 1[err]C The 20

product then flowed out the top of the second reactor continuously through
a back pressure regul ator adjusted to give about 45 psig pressure on both
reactors. The crude product then flowed through a cooler into a

col l ection vessel. Percent by weight polymer in the 25 pol yner pol yol
was determ ned from anal ysis of the anmount of unreacted nononmers present in
t he crude product. The crude product was vacuum stripped to renove

vol atil es before testing. Al'l of the polgner polyols were stable
conpositions. In each Exanple, the 30 feed rates in parts per hour were
as follows: polyol, 236.2; prefornmed stabilizer 25.2; catalyst (A BN),
1.5; acrylonitrile, 60. ®xmuapless?d25 sad Comparative Epainples 7 and 8i zed wer e
prepared in accor- dance w th tPRelyhrerieme FonrvrPregdration Pol yoxyal kyl ene
content, type (triol, diol), hydroxyl nunmbers, catalyst type, catalyst
concentration during polyol preparation 5 are presented in Table Il, as
are the polyner solids ofAtderiesdf ald pakgreblpehypdbiyutréehanet feaman/ Co
concen- tratio j o] e 0 I e

Zn/ Co concentr2??%%sb?§pgﬁé&p§F§§egh%bgﬁﬁygggiﬁéﬁ%égiéﬁfﬁgfﬁ#%%é?%% 3
phases) arfl t hef¥ed (@olyatensynthesizedt ienéccﬂrdancpovgbh Exanpleacd?)

phase alone. and 23 and a conventional polymer-modified polyol
synthesized in accordance with Comparative Example 6.
The formulations and foam quality are indicated in Table
III below.



-37 - [err] -38- As can be seen from T Table I, the preparation of

pol ynmer pol yols from base pol yol s prepared using prior art double netal
cyani de glynme catal yst, a non- encapsul ati ve doubl e netal cyani de catal yst
(Gonparative 5 Exanpl e 5) showed little reduction in Zn/Co content in

t he pol yner polyol continuous phase despite starting with a relatively |ow
Zn/ Co content for this type of catat4ked polyol (Zn/Co = 30/13). However,
when pol yner pol yols were prepared using encapsul ati ve double netal 10

cyani de catalysts (Exanmpl es 16-21), in each case, substantlal
reductions of ST eR T o Iyt O Fevie T S e oWt e ey e

= of
detection of .a® ai ned, even jinitia
transition nejal g4ntent] as is the case for BExanple 16. Suc ]
polyols are fusddl in numerogs applications wher e pol yol ‘ t h hi gher
Zn/ Co content }ar ¢ finsuj tlablg. Ex3qnpl g, 32- 23: r - Nodi ed yol
Synt hesi s Exafpl 2T§900§g&aﬁat$|$uﬂ@|b1al %g ? 0
pol yol havin g% dr Oxlyl <nunbe pri mary roxyI tent of
13 percent, amd unsatpration df c.a. 0.006Q neq/g, prepared t he
encapsul ati ve Jldouglle
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nmetal cyani de conpl ex catal yzed oxyal kyl ation of a glycerine-initiated

ol i goner containing residual double 25 netal cyani de catal yst residues
is added 48.7 g trietha- nolanine at a tenperature of c.a. 25[err]C
Fol | owi ng thorough m xing, the agitator is turned up to high speed and 51.7
g toluene diisocyanate is added over a period of ~approximtely 5 seconds
under a nitrogen bl anket. To 30 the mxture 1is then added 0.3 g T-12
tin catal yst dissolved in a mnor anmount of additional polyol. The
tenperature rises to c.a. 40[err]C, foll owiger which the -39- reaction

m xture is stirred under slow speed until cool ed. The base polyol used to
prepare the polyner- nodified polyol contained 6.7 ppmZn and 2.8 ppm Co. A
white dispersion is obtai nd8 heamndecasabPpst pethdide Spolyverncmodifiied in
the dispersed phgsgyolBe oORIRNNM IS Diverit 261 Prdf ERSmEPELI BEOURd

pol yol phase belgg onlg 0.5 §g¥1and < 0.2 ggnbdreﬁgectlv l'y.” Exanp| e The
process of ExanpFa’ 29 PLoyiBdatew-upgatypation; hase molyald o faamedyweilei ng
1000 ﬂ pol yol , 2a@ g.mﬂi@Hvﬁnﬂuﬂhrnata&y?@.@@rglﬁeiﬁatts paleblst whidlel ow
I ng thorougR m X - I I 0] I

i ncreased t% hi ghgg'xg‘g%?‘ggkglt%&t é%g%[lés ?eygar???eﬁgéa%egoggg?'qm%angd of

§é@ OVEer ~a perl
5 seconds. The t€as@ryzedsbase; podyods difyrom pae tiaec Faamp Len ) nddof

about 105[ err] C. n@RPpddiRiee! s/ JaSEE Op6sm aht cEhbs 8aHaN3he a2 Jdit! ic¥hce?d O
DEQA-LF (dlethan%gg@fg%,l%ﬁéf%ggélggﬂibitgggegéllapse, and produced only
a poor quality, very porous foam even at a tin catalyst
10 level higher by a factor of almost four. These results

are totally unexpected.

Having now fﬁlly described the invention, it
will be apparent to one of ordinary skill in the art
that many changes and modifications can be made thereto

15 without departing from the spirit or scope of the
invention as set forth herein.



followi ng which the reaction is allowed to cool with slow agitation. A
whi te, high solids PIPA polyner- 20 nodi fi ed pol yol dispersion is
obtained with transition netal content concentrated in the dispersed

pol ymer phase. Conparative Exanple 6 A polyner-nodified polyol was prepared

as in 25 Exanpl e 22, using the sanme proportions of reactants, but
enpl-oyi ng a conventi onal base-cat al yze_dd)gse pol yol having a hydroxyl
nunber of 35 and a | evel of unsatur- ation of 0.027 meqg/g. -40- Exanpl es

24- 25 andCLAIMS ati ve Exanples 7 and 8 Pol yuret hane Foam Preparation A
series of all water-blown polyurethane foans were prepared fromthe subject
i nvention polyner-nodi- fied polyols synthesized in accordance with

Exanpl es 22 angd 23 Rigliibdi3unstiniapbiin Bﬁﬁgﬁax{m hiné hged

i n accordance with. Conparative Exla e g‘ e o{ril%unll1 a@icg%%gh f%té’t%ﬁ‘gdﬁ ity

ar e i ndi cpitaselof a pélybl poliyinkr Jispersion preparell- by eheri} situ polymerization of one or more
polymerizable monomers in a base polyol comprising one or more double metal cyanide
complex—catalyzed polyoxyalkylene polyether polyols, said base polyol containing transition

metals derived from said double metal cyanide complex catalyst, said method comprising:

a) selecting as said base polyol a base polyol comprising one or more
polyoxyalkylene polyether polyols prepared by the oxyalkylation of one or more oxyalkylation
initiator molecules with one or more alkylene oxides in the presence of an encapsulative
double metal cyanide complex catalyst, said base polyol containing transition metals derived
from' said encapsulative double metal c;'anidc complex catalyst;

b) polymerizing one or more polymerizable monomers in said base polyol to form
a polyol polymer dispersion having a continuous polyol phase and a dispersed phase
comprising polymer particles associated with said heavy metals; and

) Tecovering a polyol polymer dispersion having transition metals substantially

removed from said continuous polyol phase.

2. A method as claimed in claim 1 characterised in that said continuous polyol
phase contains less than 4 ppm of total transition metals calculated on the basis of a

hypothetical transition metal atomic weight of 62..

3. A method as claimed in claim 1 or claim 2 characterised in that each transition
metal contained in said continuous polyol phase is present in an amount less than or equal

to 2 ppm.

4. A method as claimed in any one of claims 1 to 3 characterised in that said base

polyol contains about 20 ppm or more of transition metals.

5. A method as claimed in any one of the preceding claims characterized in that

said encapsulative double metal cyanide complex catalyst is an encapsulative zinc

A, A



-42- As can be seen, both the polyner-nodified polyols of the subject

I nvention (from Exanples 22 and 23) enpl oyi ng | ow unsaturati on base

pol yol s, foaned well at 0.07 parts tin catalyst per 100 parts polyol, while
5 pol ymer - nodi fi ed polyols prepared fromconventionally catal yzed base
pol yol s (from Conparative Exanple 6) did not produce a stable foam at the
same catal yst concen-. tration, the foam gxhibiting collapse, and produced
only a poor quality, very porous foameven at a tin catal yst 10 | evel

hi gher by a factor of alnobst four. These results are totally unexpected.
Having now fully described the inpvention, it wll be apparent to one of
ordi nary S*K’F‘F‘Fyaf\'i Altate, complex Calalyst, changes and nodificati ons can be nmade
thereto 15 wi t hout departing fromthe spirit or scope of the invention
as set forth herein. - 43 - CLAIMS 1. A nmet hod of substantially
elimnating transitidnorethad asordamedi in t¢laincoft charatierisstiade thht asaib| ziot
pol ymer di,spersi ared, by e.in situ polynerizatio f,one qQr nore
pol ymer i zal}ﬁg% yﬁﬁﬁ%r?gﬁgtgicﬂmgl%a?éﬁﬁ%l‘ﬁf g pl%ﬁ% a%?\"tés 8%13%%4 g‘%ﬁm FHRt al
cyani de caopkigting of a+bit&sbl,Pehd/ e>0edns) kettehep hitte b hwilydghik9lesie podjietheP PoE/0l
pol yol containing transition netals derived fromsaid double netal cyanide
conpl ex catayimgsan equiyalentyaigh of grestsrdhany200Pa.  sel ecting as sai d base

pol yol a base pol yol conprising one or nore pol yoxyal kyl ene pol yet her

pol yol s prepared by the oxyal kyl ati on of one or nore oxyal kyl ati on

initiator nol ecll es Aimdthahas clainredrie any oy¢ efithe precddmgicinimb ehqracierdzeddn diat an

encapsul ative - . . . .
P at {east about 75% of the total transition metal content of said base polyol is associated with

said dispersed phase.

8. A method as claimed in any one of the preceding claims characterized in that
said encapsulative double metal cyanide complex—catalyzed polyoxyalkylene polyether polyols
are not treated to remove catalyst residues prior to in situ polymerization of polymerizable

monomers.

9. A method as claimed in any one of claims 1 to 7 characterised in that said
encapsulative double metal cyanide~catalyzed polyoxyalkylene polyether polyol is filtered
prior to in situ polymerization of polymerizable monomers, said filtered polyo! yet containing

greater than 2 ppm transition metal content.

10. A method as claimed in any one of claims 1 to 7 characterised in that, a
portion of transition metals are removed from said encapsulative double metal cyanide
complex catalyzed polyoxyalkylene polyether polyol by allowing catalyst or catalyst residues

, to sediment from stored polyoxyalkylene polyether polyol and selecting as a portion of said

base polyol a supernatant of said stored polyoxyalkylene polyether polyol.

11. A method as claimed in any one of the preceding claims characterized in that

the base polyol further comprises a non-encapsulative double metal cyanide complex-

W



doubl e nmetal cyani de conpl ex catal yst, said base pol yol containing
transition netals derived fromsaid encapsul ati ve doubl e netal cyanide
conpl ex catal yst; b) pol ymeri zi ng one or nore pol ynerizabl e nononers in
sai d base polyol to forma pol yol polyner dispersion having a continuous
pol yol phase and a di spersed phase conprising polynmer particles associated
with said heavy netals; and c) recovefd ng a polyol polyner dispersion
having transition netals substantially renmoved from said continuous pol yol
phase. 2. A method as clainmed in claim1l characterised in that said
cont i nuous,_pol yol ., phase ,cont ai | ess t han 4 m o otal.transiti tals
cal cul at dataed oo BAGRENER bk diher RATot ol i, R sty Shftains 200 et Rt “of
62. 3.  pph &hhedngtor nfetale derived | foonn shid hofitshicapsdlativedvabR! ineedl dyanidbat
each transition nmetal contained in said continuous polyol phase is present
in an anvomplexceatalyfian or equal to 2 ppm 4. A met hod as clained in any
one of claimse 1 to 3 characterised in that said base pol yol contains about
20 ppmor nore of transition netals. 5. A nmethod as clainmed in any one
of the precedil?y clAnrthodsrdamed iz eny bne ofihe pseveding widins chahétedzeddn hha
metal cyanjde conplex catalyst is an encapsulative zinc . - 44 - )

hox acy anGEBLEIRERAEH Y A5l Telplavpue cBmpleR Syt it ULRangPLlY ABMIUE PigFm 6
char act erjegféyahbcobliidte Ol B&al?ﬁxé}ﬂx‘i’ﬁﬂ@% QuBdtirtfaRy demaeg{ peak 3h Yot x—ray
contai ns conpl exi ng agents selected fromthe %roup consi sting of t-butanol,
and t - butdifiFAction gattera @t aid—Hpasingorfappyerirptebhelpol yet her pol yol having an
equi val ent wei ght of greater than 200 Da. 7. A nethod as clained in any
one of the preceding clains characterized in that at |east about 75% of the
total transitii® neAatethmhiscclaime is ahyl ohesfthepryrelingcl4ms eharattezed inhthaai d
di spersed phase. 8. A nethod as,  clainmed in any one of the preceding

clai ms cHRhPIl¥metizable FORAKETS COMPris, OBS OF MOFS wﬂyj@e}a@@eﬁet al cyani de

conpl ex-cat al yzed pol yoxyal kyl ene pol yet her pol yol s

14. A method as claimed in claim 13 characterised in that said one or more vinyl

monomers comprise acrylonitrile, styrene, or mixtures thereof.

15. A polymer polyol prepared by the in situ polymerization of one or more vinyl
monomers in a base polyol comprising a double metal cyanide complex-catalyzed
polyoxyalkylene polyether polyol, said polymer polyol having a continuous phase containing
said double metal cyanide complex—catalyzed polyether polyol and a dispersed phase
comprising vinyl polymer solids,‘ said polyﬁér polyol. containing about 4 ppm-or more of
transition metals derived from said double metal cyanide complex catalyst, at least about 60%

of said transition metals associated with said vinyl polymer solids dispersed phase.

16. A polymer polyol as claimed in claim 15 characterised in that said vinyl
polymer solid dispersed phase constitutes from about 20 weight per cent to about 60 weight
per cent vinyl polymer solids comprising polymerized acrylonitrile and/or styrene, and

wherein sajd transition metals comprise zinc and cobalt.

L



are not treated to renove catalyst residues prior to in situ polynerization
of pol ynerizabl e nononers. 9. A nethod as clained in any one of clains 1
to 7 characterised in that said encapsul ati ve doubl e net al

cyani de-cat al yzed pol yoxyal kyl ene pol yether polyol is filtered prior to in
situ polynerization of polynerizable nononers, said filtered pol yol yet
contai ning greater than 2 ppmtransitioggnetal content. 10. A net hod as
claimed in any one of claims 1 to 7 characterised in that, a portion of
transition netals are renoved from sai d encapsul ati ve.doubl e netal cyanide

cat bl yat root ot 4 ROIRCIOIRRS R By 0 By Rl RR b ok o

and sel ecinbrgliasr polyisotyamates withaind obame: isodynniteareactive nivaoaits iafa bagd gblgélor ed

pol yoxyal kyl ene pol her polyp]. 11 A nmethod as clainmed in any one of
t he pr ecctATRFISNEA ﬁ%ﬁiﬂrﬂFta@fyamdf&ampkxwﬂ;elmﬁl@ogymai{sﬂmolymrmeﬁml, said

conpri ses +E06G ' : . '.Eﬁ otelise , - - .

cat al yzedp%%lpg%xyai Ey| gﬁ?‘p’é&ﬁﬁtg&ﬁtﬁlggkhﬁ?&?al %a‘sg@gg ’50‘1““@%“ ag}dﬁs
not nore ¢dmplext-gatalyzedpalyethenpalioliapd adispeised phast omdaihing pagizles comprising an

non- encapsyl.ative double nmetal cyankde conplex. catalyst. 12. A net hod as
1 e med | SRR Bfengrhe T Eies BY S50 R bR Gy Sasyees andeldiny ot
encapsul ajoweiseyabhte rBRARE nfotRiE saiaPolyenercmbaifivs polydl SormAilmaBbutd bym
anor phous zi nc hexacyanocobal tate conpl ex catal yst exhibiting substantially
no sharp prmrreaf teasiion metals derivad foghsaid dewhiematal ayanidgsauipkry cafalyst, at least
appr oXi MLy 6B%'of i trandiidiPnBQ ASocidid WRHl bt BPErRB DAL oéfagﬁcl&r.eced' ng
clainms characterized 1n that sard polynmerizable nononers c rirse one or
nore vinyl nononers. 14.. A nethod as clainmed in claim 13 characterised in

that said one nor.e_yi nyl r onpr. se.agryl onitrile tyren or
m xtures ther egé'. 1§.P°nyﬁ¥f581r@ﬂ€eﬁ%8§1°§%ﬁna?}%§é‘? éﬁ%bg‘?fkﬁéaﬁtwsg P{filat & least
pol yneri zghd 6fsad 0fd16r MordIBOHEYanAte Yeactie HitRoMers s seldReLiriR! tHo broupiBhdiftingy a

doubl e netal -cyani de conpl ex-catal yzed pol yoxyal kyl ene pol yether pol yol,
sai d pol ygeaminss yad alkapelaminescont i nuous phase contai ni ng

19. A polymer-modified polyol as claimed in claim 18 characterised in that said
amine is selected from the group consisting of hydrazine and alkylenediamines,

polyalkylenepolyamines.

200 A polymer—mbdified polyol as claimed in claim 19 characterised in that said
alkanolamine is selecied from the group consisting of the mono-, di~, and trialkanolamines

having from 2 to 8 carbons in the alkanol residues thereof.

21. A polymer-modified polyol as claimed in claim 20 characterised in that said

alkanolamine is selected from the group consisting of diethanolamine and triethanolamine.
22. A polymer polyol or polymer~modified polyol as claimed in any one of claims

16 to 21 which contains in excess of about S ppm of transition metals and the total amount

of each transition metal in said continuous phase is less than or equal to about 1 ppm.
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sai d doubl e netal cyani de conpl ex-catal yzed pol yet her polyol and a

di spersed phase conprising vinyl polyner solids, said polyner polyol
contai ni ng about 4 ppmor nore of transition netals derived fromsaid
doubl e nmetal cyanide conplex catal yst, at |east about 60% of said
transition netals associated with said vinyl polynmer solids dispersed
phase. 16. A pol ynmer polyol as clained7i-n claim 15 characterised in that
said vinyl polynmer solid dispersed phase constitutes from about 20 wei ght
per cent to about 60 weight per cent vinyl polynmer solids conprising

pol ymeri zed acky!l onigt 1} 1€ ' gt L 1.k Q0:
netal s conpri s%él'zi n}é Fgolln}dﬁ %rgg’gjfdt%r E 6%&2%%0@&1% gc;lgg?lﬁrtgérdjlﬁoaé'?% ;ﬁ%gt %g rr§/so_l
prepared b§td 2E wihichseontaiysoinyxeess 2dtabaut 16f ppam of transirionemelils and the total amount
pol yi socyapates with one or npye i.socyanate:reactive nononers in a base
pol yol cofthf? itﬁd‘s’é"’adﬁ‘ﬁ‘i’lemr?éé‘l“’“@?‘é S %MF@%E‘%P%?%EEP 3Ry &8PH-ky | ene
pol yet her polyol, said pol yner-nodified polyol having a continuous phase
cont ai ning said double netal cyani de conpl ex-catal yzed pol yet her pol yol and
a di spersed ph3ade cérpaymerpplyelior pelyser-aoedified pelyolaas clainied incamy one of claims

pol yneri zati o noduct . of sai n r. more di- or polyisac at es id
e or " otk 2h i Heests B0 S 18 nePL ki Bliel Fonveen B8 AR RRFY %
cont ai ni ngf adi@ ttansdtiGwMetil coMent i6 fassotiated wilp saiddispéSedieinyVeslyhe0sol s ipHase.
doubl e metal cyani de conplex catal yst, at |east about 60% of said
transition netals associated wth said dispersed phase particles. 18. A
pol yner - modi f i pol it ' 1.ai [ R Lkl '
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t he gr oup 16402l swhicly cortainsiimexceshot 3 ppmdransition seetdlocontent) the tontimuowsophiabe ed
pol yol as c¢laiwed in cl 3 m ]bB (t:garac eri.sed in,that said amne is sel ected
from the GPUAMIERYPE ba‘b? G ArBER HANSIHP BF¥Y| enedi ani nes,

pol yal kyl enepol yam nes. 20. A pol yner-nodi fied polyol as clainmed in claim

19 characterised in that said al kanolam ne is selected fromthe group . .
consi sting of tRe néhgolymgr polyghas claimed mnnyseRerRisclaimsi kgtor 23 phazagierisgd in
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clainmed in clal aracterise
average nominal hydroxyl functionality of said polymet polyol is from about 2 to about 8.
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27. . A polyurcthane foam prepared by reaction of one or more di~ or
polyisocyanates with a polyol component comprising a polyol polymer dispersion as claimed
in any one of claims 15 to 26 or obtained by a method as claimed in any one of claims 1 to

14, in the presence of an effective amount of a blowing agent.

28. A polyurethane foam as claimed in claim 27 characterised in that the
continuous polyoxyalkylene polyol phase of said polyol polymer dispersion contains less than
4 ppm of transition metals calculated on the basis of a hypothetical transition metal atomic
weight of 62.

29. A polyurethane as claimed in claim 27 characterised in that the continuous

polyoxyalkylene polyol phase of said polyol polymer dispersion contains less than 2 ppm of
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al kanolam ne is selected fromthe group consisting of diethanol am ne and
tri et hanol am ne. 22. A pol ynmer polyol or polyner-nodified polyol as
claiyred in any one of clainms 16 to 21 which contains in excess of about 5
ppm of transition netals and the total amount of each transition netal in
sai d, conti nuous phase is |ess than or equal  to about 1 ppm -47- 23. A
pol ymer pol yol or polyner-nodified pol yokgas clainmed in any one of clains
16 to 21 which contains in excess of about 10 ppmof transition netals and
the total anmount of each transition nmetal in said continuous phase is |ess
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10 ppmtragxsition nmetal content and at | east about 75% of said transition
metal content is associated with said dispersed vinyl polynmer solids phase.
25. A pol yner polyol or polyner-nodified polyol as clainmed in any one of
clainms 16 to 21 iC { { w&* I 4o al g
content, the co%%nu%t?ss %ﬁtgg&cfgﬁgigﬁﬁﬁg%tﬁ%& t %%ﬁ?biguéﬁ&feg%%d in that
transi ti onthedotal traisition meétab cbntens rof |saikdypwl yod polyinzer eiispeisionds greatez thén 10 ppms 15
to 25 characterised in that the hydroxyl nunber of said polymer polyol is
fromabout 5 to 70 and wherein the average nom nal hydroxyl functionality
of said pol ynmer3pol yalpdiguréthasd amis claitRddh @by offe of Claim# 2P 30/ cRiAa&BRsd10am
prepared by reaction of one or nore di- or polyisocyanates with a polyol
conponent ot §aid refyal pRlymer dlﬁ?ﬁ@ﬁ%ﬁo’apgifér%?%ﬁ palyelt ai ned in any one of -
clains 15 to 26 or obtained by a nethod as clained in any one of clains 1
to 14, in the presence of an effective anmount of a bl ow ng agent. 28. A
pol yur et hane f 032n asAc nxitimeld fom redwing 2be GEnsuattofr caalgsti requirad toh@repare a

conti nuous_pol yaxyalkyl en ol yol ase of said polyol .pol yner di spersi.on
Cont ai ns. | BATUEREE foam by S epdtife of whiSoryengte comparelyirh alyg} comabnet if
hypot het i cle fre®6d bf o effeétile At of %1%ﬁ%%cxﬁ2and?&e or o UrAHAR! RaGRRAS
clainmed in claim?27 characterised in that the continuous pol yoxyal kyl ene

pol yol phap@msting gatalysts, yeid mIhodepmprising pmplayingoast @idpolyelscomppaenta pplielof
component comprising a polymer~modified polyol as claimed in any one of claims 15 to 25.
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-48 - transition netals cal culated on the basis of a hypotheti cal

transition netal atom c weight of 62. 30. A pol yur et hane foam as cl ai ned
in any of clainms 27 to 29 characterised in that the total transition netal
corit ent of said polyol polyner dispersion is greater than 10 ppm 31. A

polxyur et hane foam as claired in any one of clains 27 to 30 characterised in
that said polyol polynmer dispersion e9prises a PlPA polyol. 32. A net hod
for reducing the anmount of catalyst required to prepare a pol yurethane foam
by the reaction of an isocyanate conponent with a polyol conmponent in the
presence of an effective PRAOASS FORy THEOWMREFARITIONand one or nore urethane
reaction promoting catalysts | SoTMEed DTS PR RS enpl oying as said

pol yol conponent a pol yol" conmponent conprising a polyner-nodified polyol as
clai.med in any one of -clainms 15 to 25. .

Abstract

Polymer polyels and polymer-modified polyols
having substantially no transition metal content in the
polyol continuous phase may be prepared from encapsu-

-5 lative double metal cyanide complex-catalyzed polyoxy-
alkylene polyether base polyols without substantial
removal of double metal cyanide complex catalyst resi-
dues from the base polyol and subsequent in situ poly-
merization of one or more polymerizable monomers.
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