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Techni cal Field ¢ The present invention pertains to -fpbt-
viscosity- - ¢ stable isocyanate- t er mjnat ed prepolyners and to pol yoxy-
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of pol yur et hane produ€h€ BEREFAF| JNNEUELQThRGT tRigifortd oniscosivy-
propyl ene oxi de- Q@éb!é%WM&%@rrﬁ@i@éé&%réﬂﬁy%@rs And e&%f& -
conventional ly b% base cataleed | ati on of a sui BY
functional initi&tky aWﬁRﬂ1l&?rBVGHyFEHEaQFy%B?blb+§%é*h%ﬁﬁ

tri met hyl ol pr opaney be usé@ct@wepmré heudh ksrepo Tfife P PpWErE ﬁttdﬂ:wsed
e angrene” S A RO LR RS pe s P Y sy
stable isocyanate-terminated prepolymers prepared from
a polyoxyalkylene polyether polyol component comprising
a polyol'contéining a stabilizing amount of a double
10 metal cyanide complex or residue thereof. '

Background Art

Polyether polyols useful in the production of
polyurethane products generally have a high proportion
of propylene oxide-derived oxypropylene moieties, and

15 " are prepared conventionally by the base catalyzed oxy-
alkylation of a suitably functional initiator molecule
such as propylene glycol, glycerine, trimethylolpropane,

sucrose, or the 1like. The propylene oxide used to
prepare such polyols is subject to a competing
20 rearrangement to allyl alcochol wunder the reaction

conditions, as discussed in detail in BpLock AND GRAFT
POLYMERIZATION, Ceresa, Ed., John Wiley and Sons, New York,
pp. 17-21. The monofunctional allyl alcohol species
generated by the rearfangement competes with the desired
25 initiator molecule and its oxyalkylated oligomers for
propylene oxide, resulting in the presence of polyoxy-
alkylene monols in addition to the desired di-, tri-~, or
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conditions, as discussed in detail in BLOCK AND GRAFT ~ POLYMERI ZATI ON,

Ceresa, Ed., John WIley and Sons, New York, pp. 17-21. The

nonof uncti onal allyl al cohol species generated by the .rearrangenent
conpetes with the desired 25 initiator nolecule and its oxyal kyl at ed

ol i gonmers for propyl ene oxide, resulting in the presence of pol yoxy-
al kyl ene nonols in addition to the desired_gj-, tri-, or

- 2- hi gher-functionality, initiator-derived pol yoxyal kyl ene
polyols. As the allyl al cohol species continues to be generated as

the reaction progegisr- E@@cﬂpbﬁapﬁtyeniﬁﬂ@lator A@ilmcﬂo G JMUes &

I ncrease, and as alpr ctical g g? H % é equlvalenk wei ght's greater
than c.a. 2000 Y0 aréde Pi 8Ll Lt GL5ORPEY SPCCERSN S HEHESE efuivRl ent
wei ghts, the nolgepersesdage oifie bewd t Dy Wm She mole MHr d@’fﬁﬂﬁ
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pr od- uct anal ﬁgls each nonol contalns a poi nt

of ethylenic uns"é?%ﬂ}é%/"f’ onth?l ﬁetpreﬁf:q{’é'éﬁ?r éHenfopplmay approach S0
unsaturation is gehepattentecagdi zbd aheaoebtdetilvEunctionality lowered

from the nominal value of 2, in the case of a polyoxy-

10 propylene diol, to average functionalities approaching

1.5. The monofunctionality may be determined from

measuring the unsaturation content of the polyol prod-

_uct, or by GPC analysis. As each monol contains a point

of ethylenic unsaturation, titrametric measurement of

15 the unsaturation is generally recognized as reflective
of monol content.

Despite the drawbacks associated with base
catalyzed oxypropylation, catalysts such as sodium and
potassium hydroxide, and to a lesser extent the corre-

20 sponding lower alkoxides, continue to be used commer-
cially. At present, base-catalyzed polyols constitute
the vast majority of commercially available polyether
polyols for urethane applications. In addition to the
previously described problems, basic catalyst residues

25 must be removed from the polyol product. Both neutral-
ization with acids, as well as use of solid adsorbents
such as magnesium silicate have been used in the latter
respect. However, the nature of the polyurethane
reaction makes it in general very sensitive to catalyst

30 residues, and many cases have been documented where the
substitution of a neutralized polyol for one purified by
use of an adsorbent or vice versa has caussd pol/mEY

system failure.
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- 3- I n e decades of_the, ' 60s an £ar
5 These cata ysts were found to enable

higher molecular weight polyoxypropylene polyols having

much lower levels of unsaturation than base-catalyzed

p¥eparatlon of

analogs. See, for example, "Hexacyanometalate Salt
Complexes As Catalysts For Epoxide Polymerizations",
10 R.J. Herold et al., ADVANCES IN CHEMISTRY SERIES, No. 128,
© 1973, BAmerican Chemical Society and Herold, U.S.
Patent No. 3,829,505, which disclose unsaturation in the
range of 0.015 to 0.020 meq/g polyol achieved through
the use of double metal cyanide complex catalyzed
15 oxyalkylation. These references further disclose
polyurethane foam 'preparation from freshly prepéred
pquether triols containing 240 ppm catalyst residues.

Although the presence of such large amounts of

residual double metal cyanide catalyst residues in

20 polyether polyols may not influence foam properties when
used shortly after preparation, the storage stability of

such products has been questioned due to production of
volatile components over time. As polyether polyols
destined for use in polyurethanes are often stored for

25 extended periods, storage stability represents a signif-
icant commercial problem. See, e.g., J.L. Schuchardt et

al., "Preparation of High Molecular Weight Polyols Using
Double Metal Cyanide Catalysts", 32ND ANNULAR POLYURETHANE
TECHNICAL MARKETING CONFERENCE, October 1-4, 1989; and Herold

30 et al., U.S. Patent No. 4,355,188. Moreover, the
presence of double metal cyanide catalyst residues has

been stated to result in increases in isocyanate pre-
polymer viscosity during storage, perhaps due to



new cl ass of oxyal kyl ati on catal ysts based on doubl e met al cyani de
conpl exes such as the non-stoichionetric gl yme conpl ex of zinc
hexacyanocobal t ate were devel oped. 5 These catal ysts were found to
enabl e preparation of hi gher nol ecul ar wei ght pol yoxypr opyl ene

pol yol s havi ng . much | ower |evels of unsaturation than base-catal yzed
anal ogs. See, for exanple, "Fbxacyanoneialate Salt Conpl exes As
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references further djscl ﬁ gurethane reparat on from
freshly prepared?ave B%??et %Yl??¢olg coﬁ?%?%?ndg Pprietd y%xanlde
re3|(djueis doubl catalysts Aﬂﬁdmuglpotllyexgladj@rleaeof pdmiﬂetlhége IBLFS Bs f)f
resi dual doubl e anj yst oly ol s
may not i nf uenc Lan% lg&f %S&L\Ahen E%§J ggéﬁlmﬁdrtpy éftlg? ?tépg‘#%tlon,
t he storage stabBLéZ?,b56 dlssmoheprode@t$1ha$lbaenvquést|ahnnnghmba52

Sreg?:ﬂr:lteljopo(r)f USG I n pO?()&/UI’gt Q%P iéa? St OI’ tg%ké/ ext é)l’.gg:ldy& >
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Mol ecul ar Wi ght. Pol oIs Doubl e Met al Cyanlde Catal ysts™, 32ND
ANNULAR PG\EE}URET?W\I ost L?’E@TNI RERIRPRKETPRRY ®ENFERENCE, COct ober 1- 4,
1989; and Herold 30 et al., US  Patent No. 4, 355, 188. Mor eover,
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stated to result in increa dte p
during storage, ¢geshbpsesiudoulple metal cyanide complex catalyst removal

by combining the crude polyol with a C,; aliphatic
alcohol and a chelating agent such as ethylene diamine
15 tetraacetic acid (EDTA) to form an insoluble complex,
which is then removed via filtration. Heating the crude
polyol with alkali metals or alkali metal hydroxides to
remove double metal cyanide compléx residues is dis~
closed in U.S. Patent No. 4,355,188 and 4,721,818. . Such
20 chemical treatment processes generally destroy or
"denature" the catalyst complex. U.S. Patent No.
5,010,047 discloses dilution of crude polyol with a
large amount of non-polar solvent such as hexane or
toluene followed by filtration and removal of solvent.
25 . U.S. Patent No. 4,987,271 discloses heating the crude
| polyol with a pH buffer solution, optionally adding a
chelating agent, adding an adsorbent or ion exchange
resin, and filtering. All these methods are time
consuming, utilize considerable quantities of often
30 expensive reagents, adsorbents, or ion-exchange resins,
and are generally energy intensive.
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- 4- al |l ophanate formation. See, e.g., Schuchardt, op. cit.,

and Herold '188 op. cit. As a result, numerous nethods have been
devi sed to renove doubl e netal cyanide catal ysts from

pol yoxyal kyl ene pol yet her polyols 5 prepared therefrom For
exanple, U S. Patent No. 3,427,256 discloses deactivation with
strong base followed by reprecipitatgng, or by treating the product
with water or aqueous amoni a and centri fugi ng. The centrifugation
and filtration steps add considerably to 10 the cost of the product,

however . | H QR 8ty OP The TRMRRALIIP. 5. 248, 833
_di scl oses doubl e netal cyani de conplex catalyst renova by conbi ni ng
the crude polyol with a (ferr] aliphatic al cohol and a chel ati ng agent
such as et hyl ene di am ne éﬁ t et raacetic aci an.i Lubl e
conpl ex, which is thel P@ToEY e?l??e%élon é%éa? %%5?%eg% ggg”
pol yol with alkabhbdetMesaarcabhaHe aetmpll ebregr owheasoresent ireapoendsubl e
metal cyanide c e 09| fgged, i nild SnPatepti1 g,
4, 355,188 and 4%¥B 'QT@ §b %% %% b?ﬁenlcaﬁ Sﬁreatnent rocesses
general |y Sdest p@;lyomyalkyler@enﬁ@hlf%th?ﬁe p@é&%%’stanéon% eRX0 1lny ghe
Pat ent No. range of 10-250 ppm and higher when used in conjunction
with conventional antioxidants. These findings are
believed to be statistically valid and reproducible, and
allow for significant cost-reduction in double metal
10 cyanide complex catalyzed polyether polyols and polyure-
thane products prepared therefrom. It has been furcher
surprisingly discovered that increases in viscosity of
isocyanate-terminated prepolymers p;epared from- such
" polyols occurs more slowly than when no double mef'a“I
15 cyanide complex is present contrary to the teachl 1gs of
the art.

.Brief Description Of The Drawings

FIGURE 1 illustrates measured total volatiles

after storage of polyether polyols containing various

20 levels of double metal cyanide complexes for 7 days at
100¢°¢C;

FIGURE 2 illustrates the effect of double
metal cyanide complex concentration on polyol acid
number after storage at 100°C for 7 days:

25 FIGURE 3 illustrates the effect of double
metal cyanide complex on carbonyl content after storage
at 100°C for 7 days; and
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conventional ant At8: These findings are believed to be
statistically valid and reproduci ble, and all ow for significant
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The polyoxyalkylene polyether polyols of the

subject invention are advantageously prepared by oxy-
alkylation of a suitably functional hydric initiator in

the presence of a catalytically effective amount of a

10 . double metal cyanide complex catalyst. Suitable initia-
tor molecules include, but are not limited to, monohy-

dric to octahydric and higher functional initiators as

are commonly used in the preparation of polyvoxyalkylene

_ polyether polyols. Examples include aliphatic glféols
15 and glycol ethers such as ethylene glycol, diethylene
glycol, propylene glycol, dipropylene glycecl, tripropyl-

ene glycol, 1,4-butanediol, and 1,6-hexanediol; cyclo-
aliphatic diols such as the cyclopentane diols and
cyclohexane diols, particularly 1,4-cyclohexane diol;

20 aliphatic/cycloaliphatic diols such as cyclohexane-
dimethanol; aromatic diols such as catechol, hydroquin-

one, and resorcinol; aliphatic triols such as glycerine

and trimethylolpropane; aliphatic tetrols such as penta-
erythritol; and higher functionality, hydroxyl-function-

25 al initiators such as dipentaerythritol, tripentaeryth-
ritol, polyglycerol, sorbitol, mannitol, mannose, fruc-

tose, sucrose, a-methylglucoside, a-hydroxyethylgluco-

side, and the like.

Direct oxyalkylation of Ehe foregoing low

30 molecular weight'initiators with double metal cyanicGe
complex catalysts- is generally inefficient and may



thane products prepared therefrom It has been further surprisingly

di scovered that increases in viscosity of i socyanat e-t er i nat ed
prepol yners prepared from such pol yol s occurs nore slowy than when
no double nmetal 15 cyanide conplex is present, contrary to the teachings
of the art. Brief Description O The Draw ngs
FIGURE 1 illustrates neasured total volatilges | after storage of

pol yet her polyols containing various 20 “Tevels of double netal cyanide
conpl exes for 7 days at 100[err] G FI GURE 2
illustrates the effect of_ double . nmetal cyani de conpl ex concentration
on polyol acid 2dditippdlely HYBHLL it lé’cd“fé@[% AEYPS 7 FQfs theses

FIGURE 3 illustrsdssond heuskl et oligombrec oxyalistlalt iyranpdedeens! &€ on
car bony| Contentségﬁ(¥hf¥fggg¥%, prepa%%dlgg[ggﬁJéhéfgngi(EQQ% égﬁélyzed
-oxyalkylation of the initiator to an equivalent weight
5 of from 100 to about 700, is generally desired. As
conventional basic catalyst residues may inactivate
double metal cyanide complex catalysts, removal or
neutralization of' residual catalyst in the oligomeric

initiator is preferred.

10 , The oxyalkylation is performed with one or
more alkylene oxides and/or oxetane, preferably with
propylene oxide or mixtures of propylene oxide and
ethylene oxide. Other alkylene oxides may be used as
well, either solely or in admixture. Additional

15 alkylene oxides include, but are not limited to 1,2—'ahd
2,3-butylene oxide, styrene oxide, and a-alkylene oxides
having from about 6 to about 30 carbon atoms in the
alkylene residue.

) The oxyalkylation catalyst is preferably a

20 double metal cyanide complex catalyst, more preferably

a zinc hexacyanocobalt complex catalyst. Suitable

catalysts may be prepared as disclosed in U.S. Patent

Nos. 5,158,922 and 5,248,833, and EP-A-0654302 and EP-A-
0700849, which are herein incorporated by reference.

25 Complexing agents suitable for use in catalyst
preparation include water-miscible, heteroatom-contain-
ing organic ligands such as those disclosed in U.S.
Patent No. 5,158;922,'herein incorporated by reference.
Preferred ligands are isopropyl alcohol, glyme, diglyme,
30 and t-butylalcohol, particularly the latter, as well as



-6¥ FIGURE 4 illustrates change of carbonyl cont ent

of a conventionally catal yzed pol yol and pol yol s containing various
| evel s of double netal cyanide cat al ysts. 5

Description of the Preferred Enbodi nents The

pol yoxyal kyl ene pol yet her polyols of the subj ect invention are
advant ageously prepared by oxy- al kyl ation of a suitably functional
hydric initiator in t he presence of % catalytically effective anpunt

of a 10 doubl e netal cyanide conplex catalyst. Suitable initia-

tor nol ecul es i u nQ dtag, n ohy dric t
oct ahydric and hrblclg#g&“?rglnctl )%fnl }{na]t% z?Ol" ar B S TSy G'S“egc? in
t he preparation pﬁefmﬁl;&ﬁ(y‘didryhsed in conpehyeiderwpdt yoisity Ibedoohed .

i nclude al i phatify oh0b 81 19caca ey tghgeehsefofferémw% rﬁtpxl 888 Popeo!
di et hyl ene gl ycol, pro | ycol', dipropylene trip opyl

ene glycol, 1, 4%%&3‘1 dhe aﬁagbtaoﬁe%ﬂe@wsh @QLYOol prodyqtppatior
diols suchsas the WMW& dthSvainthre prefdetahexane diol s,

particularly 1,4-cycl ohexane diol; 20 allphatlc/cycloallphatlc di ol s
such as cyclohexane- dlnethanol; aromatic diols such as catechol,
hydr oqui n- one, and Tmmmyaldwlrmm polypilel-shsuczbrangwmer.ihe
and 11 et hyl ol paRane, gaaweccatlet: gheq8UCnBEeR W talysts o ighlid Ol
and hi gher functlona |ty, r oxyl c I on- {Tafor's suc

di pent aeryt hri tdnetaﬂn@eam yidplex catgkysts pﬁﬂ%ﬂgi-ﬁ%rd{n asrm%ttsmm

manni t ol , mannosf td U0 ppm, bQéQerébQﬁfOﬁ@t GraBt By gha 050 &pm, and

a- hydroxyet hy! 9'#Ocr°e preferably

1n thg1range of 50 to 250 ppm. When
used in conjunction with an effective, stabilizing
amount of a conventional antioxidant, double metal
cyanide complex catalysts or residues thereof may
advantageously range from 10 ppm to 250 ppm, more
15 preferably 25 ppm to 250 ppm.

The amount of catalyst or catalyst residue is
determined by measuring analytically the amount of
transition metals in the polyol, and back-calculating to
the amount of double metal cyanide complex catalyst

20 based on the stoichiometry of the particular catalyst
used. For example, the zinc hexacyanocobaltate complex
catalyst of Example 3 contains 6.9 weight percent
cobalt. 1In a polyol containing 15 ppm cobalt prepared
from such a catalyst, the back-calculation would result

25 in a zinc hexacyanocobaltate complex content of 217 ppm
(15/0.069) .

The double metal cyanide complex catalyst
and/or residue may be present in heterogenous form, or
in solution. For example, with prior art catalysts

30 prepared conventionally using glyme as the complexing
ligand, although the catalyst is initially present as a



D rect oxyal kyl ati on of the foregoing | ow 30 nmol ecul ar weight initiators

Wi th double nmetal cyanide conpl ex catalysts is generally inefficient
and may -7- additional ly
require long induction periods. For these reasons, use of oligoneric
oxyal kyl ati on products of such initiators, prepared by conventional
base catal yzed . oxyal kyl ation of the initiator to an equival ent wei ght
5 of from 100 to about 700, is generall ySdesired. As conventi onal
basi c catal yst residues nmay inactivate doubl e netal cyani de conpl ex
catal ysts, renoval or neutralization of residual catalyst in the

ol i goneric sqliid i (xederogenossdr iBdthe pgaction mixcuren,dUgdydl kyFat i on

is perforned witdhGn& Y the JYA G LaHiRE Q%bd%%ld@dkeﬁaQ»%tah%comea
preferably mnth pfﬁf ene i de or n1xt gggpyjene OXId and
ethyl ene oxi de. SCURH 1 e8%xFRE ﬁﬁvnﬁ% u 56 B5ACE Y et 1O S0 tHer
solely or in EMMﬂnduMdn PmdprlonaarﬁSprodukyEeneucml6@34D&ela@a@—but
are not Ilrglted ]:[yostl’ %es?ﬁﬁes, which may still exhibit some, albeit
reduced, catalytic activity, have been .removed Dby
denaturing, e.g., by chemically reacting to £form a
filterable precipitate. It has now been surprisingly
discovered that such solubilized catalysts or catalyst
10 residues may be retained in the polyol product without
denaturing or otherwise removing the catalyst.

When the preferred, substantially amorphous
double metal cyanide complex catalysts such as those of
Examples 1 and 3 herein are used for oxyalkylation,'the

15 bulk of the catalyst may remain in substantially heter-
ogenous (solid) form. Such catalysts may be removed oy
filtration, and the solid catalyst so separated retains
substantial catalytic activity. For relatively complets
catalyst removal, however, the. filtration must be

20 through a relatively fine-pored filter, and in view of
the polyol viscosity, such filtration is time-consuming.
According to the present invention, such residual
catalysts may be left in the polyol product, or alterna-
tively, a coarse-pored filter may be used to remove a

25 substantial portion of catalyst, leaving from 50 to 1000
ppm of catalyst or catalyst re;idue in the polyol, or 10
ppm to preferably 250 ppm if the polyol is to be stabi-
lized with an antioxidant stabilizer package. Use_of a
coarse filter speeds up the filtration, resulting in

30 lower overall process time and thus reduced cost,
without detracting from the stability of the psl. 2>

product, but rather enhancing polyol storage stabi iz,



2, 3-butyl ene oxi de, styrene oxide, and a-al kyl ene oxi des havi ng from

about 6 to about 30 carbon atons in the al kyl ene resi due.

The oxyal kyl ation catalyst is preferably a 20 doubl e metal cyani de
conpl ex catal yst, nore preferably a zinc hexacyanocobalt conplex
catal yst. Sui t abl e catal ysts may be prepared as disclosed in U.S.
Pat ent Nos.. 5,158,922 and 5, 248, 833, _apd EP- A-0654302 and EP-A-
0700949, which are herein incorporated by reference. 25

Conpl exi ng agents suitable for use in catalyst preparation include

wat er - m sci bl e, heteroatonTH@n 8ihs1 g Qegpnngcli d ose
disclosed in U S Pat %b 90 storhg ereln |ncg?go§§fgﬁﬂﬁé%éaq

ref er ence. by ’F?d-”qe t@&ﬁd’éq&teé RS OPROPY I Paf ATt LN Save, BHEfigfite, 30
and t-butyl al cohghly b@r hieadl aidayd ad attitdmattsgy®bhy a8ue to the ease

p?eferred \/\/ntca)lnI gaSrg%“ ; jgcgjnﬁy ﬁ%ﬁ%%&ﬁlﬁ?}pﬁ% S!t f/r}al\é\?fhm:f’nho“faarye bae! S“Oadleh ge‘neer al ,
catal yst | ével s sfofagen sGapphity H®ygin be greater, as indicated by
total volatiles and/or acid number or carbonyl content,
than an otherwise similar polyol prepared by oxyalkyla-
ting with a double metal cyanide complex catalyst'from
which catalyst and catalyst residues have been removed
10 by one or more of the treatments previously described
such that the polyol contains between 0-5 ppm residual
catalyst or catalyst residue.

It is particularly preferred that the ‘double

metal cyanide complex-containing polyoxyalkylene poly-

15 ether polyols further contain an effective, stabilizing
amount of one or more antioxidants. Such antioxidants
include, for example, hindered phenolic antioxidants

such as butylated hydroxytoluene (BHT) and the hindered
phenols disclosed in U.S. Patent No. 4,156,759, hereiﬁ
20 incorporated by reference; 2,6—dialkyl—6—sec—alkyl'
phenols such as those disclosed in U.S. Patent No.
5,356,976, herein incorporated by reference; secondary

amine antioxidants such as octyldiphenylamine and those
disclosed in the aforementioned U.S. Patent No.

25 4,156,759; organophosphites such as tris-(nonylphenyl) -
phosphite, hindered phenol phosphites, esters of thio-
propionic acid such as dilaurylthiodipropionate, thio-

carbonates, phenothiazine, and the like. The various
cinnamic acid esters are further useful. Additional
30 antioxidants include those disclosed in U.S. Patent No.

'5,132,387. The amount of antioxidant may vary, for each
antioxidant, from about 10 ppm to about 10,000 ppm,
preferably 50 ppm to 800 ppm, and particularly about 309



based on the weight of the finished polyol product prior 5 to any

catal yst renoval are preferred, The pol yoxyal kyl ene

pol yol s thus preoared w | contai n doubl e nmetal cyani de conpl ex

catal ysts or double . met al cyani de conpl ex catal ysts residues, in
amount s of up to 1000 ppm preferably not greater than 500 ppm and 10
nore preferably in the range of 50 to 250 gpnl When used in
conjunction with an effective, stabilizin anount of a conventi onal
anti oxi dant, doubl e netal cyani de conpl ex catal ysts or residues

t her eof may nt ageousl f 1 £ P e 15
preferably 25 pBRWtog g 4P P pdlydl Weidrt™ &}ORT%Pn for %9?‘§?k%§?ér9§l or
cat al yst resi duentsoxidandet ere peefleyresasuring analytlcally t he amount of
transition netals in the polyol, and back- calculating to t he amount of
doubl e metal cyani de conpl ex catal yst 20 sed on the stoichionetr

t he particular catal yst The uyéécoﬁéryeﬁéﬁﬁﬁé' tHEOEYﬁEah§REE§§ﬁ8€Bé8Itate

conpl ex F%b %Hy&%r%xaﬂp|ehalﬁﬂﬁfﬁd§ fn9eneight aper qerdpared bebal t.
~In a polyol con

ainin m caobal t PLEl ared fro such_a_cat st,
t he back- cﬁlculéﬁ@&ﬁﬁ%ﬁﬂ%l$t%fﬁ nS&“%PRc hexag%anocobgﬁiaggg
conpl ex cont ent cgbnaté ppnh a poleﬁY@lbﬁD@na polyol containingrfgogodl e
metal cyani de ngﬁ!%é i%b%lﬁﬁh or Fo?%dBQrdbﬁ%U@Uﬁe%ﬁﬂ B apli82e Rbmbl ex

het er ogenous fo For exanple with prior art
catal ysts 30 pm@barladecronmrﬁﬁﬁiﬁéﬂlyy 255 PR Oy 92 Va &P e MOF Fp PERIERG &~

ligand, although t,hesCahal Ysind SadvdhtydouPIesentpps 8o 100 ppm. The
10 prepolymer may be prepared conventionally by reacting
the components neat or in non-reactive solvent, with or
without the use of urethane promoting catalysts such as,

but not limited to, the various tin salts such as
dibutyltin diacetate and dibutyltin dilaﬁrate. The

15 isocyanate-terminated prepolymers may advantageously
contain from 1 to about 25 weight percent NCO groups,
preferably 4 to 22 weight percent, and more preferab.y

about 5 to about 15 weight percent. Methods of prepoly-

mer preparation may be found in the POLYURETHANE HANDBOOK ,

20 Gunter OQertel, Ed., Hanser Publishers, Munich, © 1985,
and POLYURETHANES: CHEMISTRY AND TECHNoLOGY, J.H. Saunders and

K.C. Frisch, Interscience Publishers, New York, 1963.

Most surprisingly, despite the admonitions of the prior

art, isocyanate—terminated.prepolymers containing double

25 metal cyanide complexes exhibit no greater increase in
.viscosity than those prepared using polyols from which
double metal cyanide complex catalyst residues have been
removed. Moreover, as the concentration of double metal
cyanide complex in the polyether polyol used to prepare

30 the prepolymer increases to 250 ppm or more, the storage
stability, as reflected by change in viscosity, appears

to increase as well.. By the term "viscosity-stable” is

meant that the prepolymer viscosity increases no more



-9 - solid (heterogenous) in the reaction m xture, during t he
tourse of the oxyal kylation, the solid catal yst becones ~sol ubilized,
and thus cannot be readily renoved by filtration. In prior art

products, such soluble cata- 5 | yst residues, which may still exhibit
sone, al bei- reduced, catalytic activity, have been renoved by
denaturing, e.g., by chemcally reacting to forma filterable
precipitate. It has now been surprisinglylz‘ di scovered that such

sol ubilized catalysts or catalyst 10 residues may be retained in the
pol yol product w.thou enaturing_or_otherw se_renovi e _catal yst.
Wen the pref er ret §%ﬁ§¥h&é|alF9 aﬁﬁgpﬁoﬁg*f iwgd%ﬁb1 né?g cyaﬁlﬁé—y
conpl ex cat al ystfsmstmhe asorittoser F0°C. Exanples 1 and 3 herein are used
for oxyal kyl ation, the 15 bul k of the catalyst may remain in
substantially heter- ogenous (solid) form Such catalysts may be
renoved by filtrati dpukel fesadol ¢RI §5§F‘P§@"se‘b‘éﬁ'%%‘éﬂ“? et?dihs

substanti al cat yafdLa PG} i VaiYiafDy iﬁk@luméylﬁombetsearcev n@ﬂteaw%:
renmoval , - however, the filtratian relatively

fine- poredfiflltéifr1 éﬂdQQW%E%ﬁN Ciacd® Fﬁ§c66P§OPr gg%céuty SUc J, as
filtration is tiswerLglatgn proceeds, in many if not most cases, the

catalyst becomes solubilized, perhaps due to either the
different solubility parameters of the higher weight
polyether polyol as compared to those of the starter
10 and/or lower molecular weight oligomers, or perhaps due
to changes in catalyst chemical makeup and/or morpholo-
gy. In the case of catalysts such as those of Example
1, the catalyst residues may be recovered and still

exhibit catalytic activity. However, other catalysts
15 are difficult to remove due to their being solubilized
in the product. By the term "double metal cyaniae

complex catalyst residue" and like terms is meant the
catalysts per se, or their degradation and/or reaction
products as may be found in the crude, filtered, or
20 chemically treated product. The presence of residues
may be ascertained by measuring residual metal concen-
trations. The concentration of catalyst or catalyst
residues expressed in parts per million (ppm) herein are
relative to total polyol weight and expressed as fpm, as
25 described previously.

Having generally described this invention, a
further understanding can be obtained by reference to
certain specific examples which are provided herein for
purposes of illustration only and are not intended -o b=

30 limiting unless otherwise specified.



According to the present invention, such residual catal ysts may be
left in the polyol product, or alterna- tively, a coarse-pored filter
may be used to renove a 25 substantial portion of catalyst, |eaving from
50 to 1000 ppm of catalyst or catalyst residue in the polyol, or 10
ppmto. preferably 250 ppmif the polyol is to be stabi- lized with an
antioxi dant stabilizer package. Use of a -13- coarse filter speeds up the
filtration, resulting in 30 | ower overall process tinme and thus
reduced cost, wi t hout detracting fromthe stability of the polyo
product, but rather enhandxsppdats ol -4t dAdystspaki Iptgparation of pre-

- 10- | t tahig i
ferred dibIRP!INdla St ARSI ANdidy dBda s @ssessed
by standard techrﬁrqruees as dlescr%baed Cﬁferei nafterg% preferaE s ably by head

space gas chronatography due to the ease and rapidity with which such
anal ysis may be gRggple The 5 storage stability should be greater, as

I ndi cat ed by total volatiles and/or acid nunber or carbonyl content,
than an otherw se simlar polyol prepared by oxyal kyl a- ting with a

doubl e netal cyani de conplgy £ Blay Hexfalc@@nocoba M (8atad y stasirdided

catal yst residues have been, renove .one or_npre of .the tr.eatnents
previ ousl y descrid lonlze‘%&’@ﬁetrhjll%ghgmggl"?o? %%‘?’l}t(%?hsarb%ttvq\-éeeﬁuﬁi 5 Ppm

resi dual blended with a homogenizer until the solids dissolved.
In a second beaker, zinc chloride (20 g) was dissolved

in deionized water (30 mL). The aqueous zinc chloride
solution was 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-butylalcohol (100 mL) and deionized
water (100 mL) was added slowly to the suspension .of

zinc hexacyanocobaltate, and the mixture homogenized: for

15 10 min. The solids were isolated by centrifugation, and
were then homogenized for 10 minutes with 250 mL of a

70/30 (v:v) mixture of t-butylalcohol and deionized
water. The solids are again isolated by centrifugation)

. and finally homogenized for 10 minutes with 250 mL of t-
20 butylalcohol. The catalyst was isolated by centrifuga-
. tion, and dried in a vacuum oven at 50°C and 30 in. (Hg)

to constant weight.

Example 2

The procedure of Japanese patent application

25 Kokai No. 4-145123 was generally followed. Potassium
hexacyanocobaltate (4.0 g) was added to deionized water

(75 mL) in a beaker, and the mixture stirred until the
solids dissolved. In a second beaker, zinc chloride (10

g) was dissolved in deionized water:’ {13 mLj. o

®

-

{8

30 aqueous zinc chloride solution was combined with



catal yst or catal yst residue. It is particularly

preferred that the double nmet al cyani de conpl ex-cont ai ni ng
pol-yoxyal kyl ene poly- 15 et her polyols further contain an effective,
stabilizing anount of one or nore antioxidants. Such antioxidants

I ncl ude, for exanple, hindered phenolic antioxidants such as
but yl at ed hydr oxytol uene (BHT) and the hindered phenol s disclosed in
U.S. Patent No. 4,156,759, herein 20 i nérporated by reference;

2, 6-di al kyl -6-sec-al kyl phenol s such as those disclosed in U S. Patent
hb 5,356,976, herein_incorporated by reference secondary am ne

anti oxi dant s sucSrP]a}étb%rﬂyPgl Shenychdilie St t¥RLRI 2 magneciesed 4oy e

af ore?ent | Fnﬁd W& Bat ﬁﬂi:hbhehQEIutlén§56 Iﬁﬁedaejgerlﬁpfacr&@ﬁh t@ﬁnﬁuﬁmg’ﬁf
tris-(nonyl phenyl osphi_te nder ol p! ifes, eeters 0
t hi o- pr opi ?csgéyﬁggﬁéh &s T f@l?ﬁ g grSBE6g3E8°P°th gy mbi

car bonat es, pheraidi deipaizadd Wattee:d i kB0 nlfHe wasi edsled slaylhnanbc tHcd d

esters are d urt%ﬁ{ﬁgﬁé%wf/@%&'gaﬁégggmaﬁhu%t@amﬁd U HRLNASE ay

di sclosed in U e anmount of anti OXi

vary, for each convenioradHanttirremn tpoukl TOLpHET 0 dERuts A0 B0V
preferably 50 ppedats® BRM cametr PRidAELDRS | andbotheRO0Gtirred for 10

minutes with 100 mL of a 70/30 (v:v) mixture of ¢&-
butylalcohol and deionized water. The solids were again

10 isolated by centrifugation, and finally stirred for 10
minutes with 100 mL of a t-butylalcohol. The cetalyst
was isolated by centrifugation, and dried in a wvacuum
oven at 50°C and 30 in. (Hg) to constant weight.

Example 3

15 A one-gallon glass pressure reactor was
charged with a solution of potassium hexacyanocobaltate
(40 g) in DI water (700 mL) (Solution 1). Zinc chloride
(125 g) was dissolved in a beaker with DI water (200 mL)
(Solution 2). T-butylalcohol (500 mL) was dissolved in

20 a beaker with D1 water (500 mL) (Solution 3). A fourth
mixture (Solution 4) was pfepared by suspending a 4000
mol. wt. poly(oxypropylene) diol (60 g), in DI water
(1000 mL) and t-butylalcohol (10 mL).

Solutions 1 and 2 were combined with stirring

25 at 300 rpm followed immediately by slow addition ot
Solution 3 to the resulting zinc hexacyanocobaltate
mixture. The stirring rate was increased to 900 rpm,

and the mixture stirred for 2 h at room temperature.

The stirring rate was then reduced to 300 rpm, and

30 Solution 4 added. The product was mixed for 5 min., and



ppm based on polyol weight. Non am no-group-concai ni ng ant i oxi dants

are preferred. The vi scosity-stable, )

i socyanat e-t er m nat ed prepol yners of the subject invention are
prepared by 5 reacting a stoichionetric excess of a di- or polyiso-
cyanate with a pol yoxyal kyl ene pol yol containing from 10 ppmto 1000
ppmor nore of double netal cyanide conplexs._ stabilizer, preferably 25
ppmto 250 ppm nore prefera- bly 25 ppm and advantageously 50 ppmto

100 ppm The 10 prepol yner may be prepared conventlonally by reacting

the conponents ngalterednNuABBr! paekkyeesebvarblate Y solig. A, the
use of urethane pronpting catal ysts such as, but not Iimted to, the

various tin salts such as di butyltin di acetate and di butyltin
di | aur at e. The 15 i soThanaitss Tearead nabeddspr@@ﬂéyrferﬂurrﬂ)éd in =-

advant ageousl y B&tﬁéggﬁ%ﬁ%ergen€1%%hdaﬁgoyi g; g?@opggfggngCI)gloups

preferably 4 to nor e pre era
about 15 wei ght @er88At romvifiorods fof pFepobyirring rase pﬁemamﬂduanu.may be

found in t POL (= N [S] S -
Publlshersr@NUnlj(?\BJ %MW%%%&YU%EQHANES%& K Y"JA%% en

TECHNOLOGY, J . ]Saéﬁgéfﬂs anthe MiXCRre wWas; S-riqsi efQEi enddrPublarder s,
New Yor k, 1963. fllteré@st surprisingly, despite the adnonitions of the
pri or art, isocyanate-term nated prepol yners contai ning double 25
metal cyani de conpl exes exhibit no greater increase in viscosity than
those prepared using pol yoTsef solidai whre reaimnmﬂednﬁmﬂtfhunykhimmm@lex

catal yst resi due{sl@@yem £ethg tlffé@ %g pé\?y °f pg? # he FONC tl[@lljlin of

doubl e net al cyani de conp ex In yol used 10 prep
30 t he ¥t epol e Wﬂ%ré@@é@efiotgséoﬁpwm gade 30t e ot drheryed 000 ol

wt. poly(oxypropylene) diol added. The mixture was

stirred for S5 min., and filtered. 'The resulting solid

catalyst was dried under vacuum at 50°C (20 in. Hg) :o

constant weight. The catalyst was easily crushed ko a
15 fine, dry powder.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyol = 45.8
wt.%; tert-butylalcohol = 7.4 wt.%; cobalt = 6.9 wt.3%.

Example 4

20 A solution of zinc chloride (26.65 g; 0.1956
' mole) in water (26.65 g) was added rapidly to an agitat-
ed solution of potassium hexacyanocobaltate (13.00 g,
0.0391 mole) in water (263.35 g). The potassium hexa-
cyanoCobaitate solution was maintained at 40°C during
25 addition of the zinc chloride solution. A colorless
precipate of zinc hexacyanocobaltate particles formed
immediately upon addition. Afcter stirring for 15
minutes at 40°C, dimethoxyethane (84.00 g; 0.9321 mo:&i
was added to the aqueous catalyst slurry. The resulting



stability, as reflected by change in viscosity, appears to increase

as well. By the term"viscosity-scable" is nmeant that the

prepol yner viscosity increases no nore

-12- t han about 15% and preferably 10% or | ess after storage

for one nonth at 50[err]C Doubl e netal cyani de conpl ex
catal ysts are generally initially ingpftuble in the starter nolecules 5
and oligoneric inedi ate reaction products. However, as oxyal kyl ati on
proceeds, in many if not nost cases, the cat al yst becones sol ubili zed,

perhaps due to gitA&Ird hRs stireldl ebenhnsohablbhy1 PRs aBl &S Ynd hee

hi gher wei ght ) o#gether Bolgog as conpared go tgose,of the starter 10
and/ or | ower m)lzéélfl aRSRErYRNOEPPHORRFE, N DeFRapELdte dimetroxyethdnges in
cat a: yst Chemhcwadﬁ?(mg?l@i%am)lml pecoveredQpy Edlthaccaseuvefing a
catal ysts suc s t.hos e . t t.alyst residues may be
recovered and st qx{lzonetaol G%SF}%’HI}{ SRS lyftui]gcalar(;ttq'l l\clclaet@%& I9|0\ei\L/e‘\?é‘r“, 'V&lﬁéTt
catal ysts 55  andafi ffalrde folreroveddue. t oAfhekr wbehaggseliubi Ri0PedL

in the product. g; ByHNG dEdRe %Qﬁb%y%bakncé@f“éi@ ambient® QERRY &3 YSt

residue" and like ternms i s nean . . ) )
and pressure, the filter cake obtained was guite soft

and could be easily crushed to a fine powder.

Example 5 illustrates polyol preparation using
10 double metal cyanide complex catalysts.

Example 5

A two-gallon stirred reactor is charged wich

a 450 Da polyoxypropylene diol starter and the inc
hexacyanocobaltate catalyst of'Example 1 at a level

15' corresponding to 250 ppm in the finished polyol. The
mixture is stirred and heated to 105°C, and is strippegd
under vacuum to remove traces of water from the starter.

A minor amount of propylene oxide is fed to the reactor,
initially under a vacuum of 30 in. (Hg), and the reactor

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

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

25 result in a 4000 Da polyoxypropylene diol product is
added gradually over about 2 h while maintaining a
reactor pressure less than 40 psi. After propylene

oxide addition is complete, the mixture is held at 105°C

until a constant pressure is observed. Residual unreac-

30 ted monomer 1is then stripped under vacuum £from the

polyol product. The hot polyol product is filtered ac



patalysts per se, or their degradation and/or reaction products as
may be found in the crude, filtered, or 20 chemcally treated product.
The presence of residues may be ascertai ned by neasuring residual
nmetal concen- trations. The concentration of catalyst or catal yst
resi dues expressed in parts per mllion (ppm herein are relative to
total polyol weight and expressed as ppmjas 25 descri bed previously.
Havi ng generally described this invention, a further understandi ng
can be obtained by reference to certain speci fic exanpl es which are

provided herein {®foc throRdthPYS | ongo nd ar
i ntended to be 30 |r§?|%g nggégégthggﬁfggés gglﬂbyb% 1.20 &ikons)

- 13- attaChe@kéﬁp 1 QtFPmuéﬁ?aE%epF@SSPQFldﬁ’oFeBPge the
ferred doubl e me¢#tarysoi derrenpkedueat pbygbs. has a hyBtengile dumber of

c.a. 27 and a measured unsaturation of about 0.005 meq/g
5 ‘unsaturation per gram of polyol.

Polyoxyalkylene polyether polyols are believed
to autooxidize by a free radical mechanism in which
oxygen is absorbed and reacts to form hydroperoxides.
At elevated temperatures, the hydroperoxides readily

10 decompose to form a variety of carbonyl species and
water. Among the carbonyl species which may be identi-
fied are aldehydes, ketones, organic acids, and esters.
See, e.g., "The Autoxidation of Poly(propylene oxide)s"
P.J.F. Griffiths et al., Eur. PoryM. J., Vol. 29, No. 213,

15 pp. 437-442 (1993). ) k

Various known methods may be utilized to
assess polyol stability. These include headspace gas
chromatography where area counts of the various volatile
species which accumulate over stared polyol are indica-

20 tive of total volatiles; and conventional wet chemical
methods for measuring acid number and carbonyl content.
The wet chemical methods have the advantage of detecting
non-volatile as well as volatile species.

Figure 1 illustrates the improvement in polyol

25 stability which occurs at a double metal cyanide complex
concentration between about 10 ppm and extending to
greater than 250 ppm as indicated by total volatiles
measured by headspace gas chromatography. The catalyst
residues are from oxypropylation conducted with the

30 catalyst of Example 1 to a molecular weight of c.a. 436¢C

Da. The data points represent refined polyol (= 0 pom;:



Pot assi um hexacyanocobaltate (8.0 g) was added 5 to deioni zed water (150

m.) in a beaker, and the nixture bl ended wi th a honogeni zer until the
sol i ds di ssol ved. In a second beaker, zinc chloride (20 g) was

di ssol ved in deionized water (30 nL). The aqueous zinc chloride
solution was conbined with the solution of the cobalt 10 salt using a
honogeni zer to intimately mx the solu- -18-tions. |Immediately after
conbining the solutions, a m xture of tert-butylal cohol (100 nmL) and
dei oni zed water (100 nlL) was added slowy to the suspension of

zi nc hexacyanocoffalltered gedyoie (25xppme ;horodenprégofion 258 ppm10 and.a The
solids were isol gg @Ob%ﬂﬁnf)iéﬁag%tof/% ci’é'd?nd £ RIS %etdq%l%ﬁ enhﬁgd sfor

10 m nutes with m Xt ure of t- al co and
dei oni zed wapey - Th&hso| padvate Cé@fafr%\lfl%olSQtoedPW @éﬂrsﬁagawéﬁr

and finally honoggriled fedkd® aEifRekes; WihDs22F ndcotade 3@ 130 c Mere

but yl al coho The catalyst wa ol ated by centr
dried in a bacuu 83 Q¥°§Oﬁe?Ff%l§n§? ﬁlgFﬁg?BHg Gas 8h58ﬂ§FaﬁFa°n
wei ght . bBsdmpl eo@ch DB-wax HewllttQFEckaniednnewak)Jan&hesa 1

patent applicati 3Re§§ RERKA]) 'é%lu§u&%451%§mg§§sgﬁgg%alth§gﬁl8gkg\gggd for

Pot assi um exacyanocobal't ate 1 onl z
(75 nL) in a beaRér mlamtetsneatﬁn x00f @mpre&%rﬁampltlmg headspag¢ ds The

di ssol ved. In alﬁg@@rﬁ@rbeahar de@é&&m eeingerbtires weBd p¥h dpssotved
in deionized water: (1§ ). The 30 . aguegus 7415 cll gride solutign es
minutes followed by a 10°C/min ramp to 220°C with a hold
time of 15 minutes. As can be seen, both columns gave
nearly identical results. The increase in polyol
stability is striking, and clearly contrary to the
15 direction predicted by the art.

Figures 2 and 3 illustrate change in acid
number and carbonyl content after storage, respectively,
of the same polyols and polyol blends as illustrated in
Figure 1. Increase in stability as measured by the

20 latter parallels that indicated by total volatiles and,
again 1is quite striking. Acid nﬁmber also shows a
decrease from the value exhibited in the absence of

double metal cyanide complex.

Figure 4 illustrates the effect of various

25 concentrations of residual double metal cyanide:glyme
catalyst on a BHT stabilized polyol. The polyols of
Figure 4 were a refined 4000 Da polyol prepared using a
double metal cyanide-glyme complex catalyst (= 0 ppm);

a filtered polyol (25 ppm); a 50:50 blend of refined and

30 filtered polyols (12.5 ppm); a crude, unrefined polyol
(250 ppm); a 75:25 w/w blend of filtered and crude
polyols (81.25 ppm); and a 50:50 w/w blend of crude and



-14- solution of the cobalt salt using a nmagnetic stirri ng

bar to mx the solutions. Imediately after conbining t he sol utions,

a mxture of tert-butylal cohol (50 ni) and dei oni zed water (50 ni)

was added slowly to the 5 suspensi on of zinc hexacyanocobal tate, and the

m xture conventionally stirred for 10 m nut es The solids were

I sol ated by centrifugation, and then Stll’l’? gl_for m nutes with 100

m. of a 70/30 (v:v) mxture of t- yI al cohol and dei oni zed wat er.

The solids were again 10 i sol ated by centrifugation, and finally stirred
- for 10 m rﬂ,j_t]_&_seﬂgd hpd PPo1d Qfi32 &- iyl al cehal oFhegatal yst - -5

was isol ated by c(fprbt gitlo and.dried in a vacuum oven, at’

50[err]C and 30% h%gﬁ“ BCUSAS Rt IRk girnventionalky safad vzed {§OH)

A one-gal lon gdsoxypregsiene rghsd®l. Wasrked imphaveednwi 'Eh %oS.Q'oUt Ion

f t i h 4 Dl (7 ( Sol ut
0 P e ohl or IP LRSS even (4 B2 5"t "Seelaldbl cReb ot or "
(200 m) 5 WSditut apRroXimatelyy|Sd cobol PEBYUdHNg wasr diassol aed 106320
a beaker w th DlietRfer(er}0 1) s(:§B!L!H§.t9na§) mea%Jr%H thS/ carbghiﬁu 8n-

(Solution 4) was prepared by suspending a
pol y(oxypr opyl el®Ptiol (60 g), in D« vvater

Example 6
A series of 6% NCO terminated prepolymers were
10 = prepared by reacting 4,4'-methylene diphenylene diisocy-

anate (Mondur® M, available from Miles, Inc.) with a
4000 Da molecular weight polyoxypropylene diol prepared
using double metal cyanide complex catalysts such as
those prepared in Examples 1, 3 and 4. The prepolymérs,

15 - containing various levels of residual catalyst, were
stored under nitrogen at 50°C. The viscosity was
measured after one month of storage. The results,,

reported in percent viscosity change relative to initial
viscosity, are reported in Table 1. As can be seen, the

20 viscosity change was less for prepolymers containing
residual catalyst as compared to the prepolymer £from
which all residual catalyst had been removed.

TABLE 1

| 7% Change in Viscosity After 1 Month @ 50-C
Catalyst Level | Catalyst of Example 1 Catalyst of Example 3 Catalyst of Example 4
25 0 ppm 9.5 9.3 _ B7
25 ppm 7.8 88 A8
137 ppm _ 8.7
250 ppm .82 B S



(1000 nL) and t-butylal cohol (10 niL). Solutions 1 and 2
twere conbined with stirring 25 at 300 rpmfollowed i medi ately by sl ow

addi ti on of Solution 3 to the resulting zinc hexacyanocobaltate

m xture. The stirring rate was increased to 900 rpm and the m xture
stirred for 2 h at room tenperature. The stirring rate was then
reduced to 300 rpm and 30 Solution 4 agiged. The product was m xed for
5 mn and -15 -

filtered under pressure to isolate the solid catalyst The
isolated solids were reslurried in - butyl al cohol (700 nlL) and D
water (300 nL) and stirred at 900 rpmfor 2 h. The stirring race was

reduced to 5 300 rpm mRd kP rpwf Fuliey 488cnbed Wehe pohyexypoapyliene
di ol added. The mixture was stirred for SEHEQdinggg ski1l fidtered. .

The solids were “esi FFi BHPARSEE b Py 1% % ohbl

that many changes and modifications can be macde thereto

ry-

without departing from the spirit or scope of <che

5 invention as set forth herein.



(L1000 nL) and stirred at 900 rpmfor 2 h. The stirring 10 rate was
reduced to 300_rpm and 30 g of the 4000 nol . mﬂ-nngg P L) ﬁﬁ%i ne)
di ol added. THEQETYTIW??TﬁET“‘——- stirred for 5 mn. EfLA%ﬁ% The

o to ﬂlﬂﬂl“ UFRRIEHE oot o7 vt " vacuum o ué‘ﬁéé' Toais

fine, dry powd - El enmentgal , thernngraV|nEtr|c and nass

spec- traI analyses of the solid cata yst shomr ponoI 45. 8

wt . % tert-butylgﬁcphol = 7.4 m.% cobalt = 6.9 w. ' Exanpl e 4

20 tion of zinc chloride (26 65 g, 0.1956 nmole) in
wat er (26.65 g) was added rapidly to an agitat- ed sol ution of

pot assi um hexacyanocobaltate (13.00 g, 0.0391 nole) in water (263.35

g). The potassiumhexa- 1. chmnocabaryanatesiterimdmakes,mi ritisomsl ty
40[err] C during £p bleae %gggm€ ?P@Bé¥ggcﬁglg%b@%fﬂ§‘Qﬂ‘@kcesé“é%” I ess

precipate of zine hexac for med di ately
upon addition. org@pi¢ diti of mpl¥igocyanate wighnagt @elaolyoiampquent

di met hoxyetfane ¢&fipPPsfhgbriB3dk iBKe) polyoxyddky28H80pb Dy fife AGEBHS] s
catalyst slurry. hTyfnéeSQnéﬁ{Egl functionality of two or more, at least
one of said one or more polyoxyalkylene polyether
polyols prepared by the oxyalkylation of a suitably
functional initiator molecule in the presence 'of a
10 double metal cyanide complex catalyst and containing
double metal cyanide complex catalyst or double metal
cyanide complex caialyst residues;
wherein said prepolymer contains from about 10
to about 1000 ppm double metal -cyanide complex catalyst

15 or double metal cyanide complex catalyst residues. .

_ 2. A prepolymer as claimed in claim 1
characterised in that said polyoxyalkylene polyol
~containing double metal cyanide complex catalys%
residues contains from about 25 to about 250 ppm double

20 metal cyanide complex résidues.

3. A prepolymer as claimed in claim 2.
characterised in that said polyoxyalkylene polyol
containing double metal c¢yanide complex catalyst
residues contains from about 50 to about 150 ppm double

25 metal cyanide complex residues.

4. A prepolymer as claimed in any one of the
preceding claims characterised in that it has an
isocyanate group content of from 1 to about 25 weight
percent based on the weight of said prepolymer.

K
This Sheet Has Been R

A



-16- m xture was stirred for an additional 30 mnutes and the

zi nc hexacyaneecobaltate. 7inc chl ori de di net hoxyet hane wat er conpl ex
catal yst re ﬂ. |tration using a hori zoft 'ﬂ?s%ﬁﬁéﬁhASBEEN
centrlfugal " , l t weight 5 nyl on fabri E¥LN@E I um
After mashln di-met hoxyet hane and dmty-Ag—r—arr—at

anbi ent tenperature and pressure, theofilter cake obtained was cuite
soft and could be easily crushed to a'fine powder.

Exanple 5 illustrates polygl pr pargpéfymg§lggiJ{glméHNHﬂ mgﬁtgkléﬁagé?rréd

conpl ex catal ysts.
reactor is char gpdemdmng clamﬂSO‘:mmm@@ oyl erdadi osasdarpelyahd

t he zinc ohkal (Eyﬁ? e

correspondi ng to%@éxﬁ IBHEI %ﬁfiﬁiell%?l ni's ré ‘Jl%ﬁrmg tb %o?ﬁéx%(fdeol
stirred and heat based QGSFéﬁrFngéﬁdoﬁss§ﬁﬁ|ﬂﬂ%¥?l COMRARRIIL \QUE LRBE t T
renove traces of pwekeankionilihgestarter. - A mnor anmount of propylene
oxide is fed to the reactor, initially -under a vacuum of 30 in. (Hg),
and the reactor 20 pressure is nonitored carefully. Additional propylene
oxide is not added until ag.accrl eppépdlphessuas deDpimed iRCCHI&imN §he

h h h h b
et ivated. e SataRgeprised S ERGET p, leestobe &F B 1ale gRoRS) ne

oxide to antioxidants comprises a hindered phenol antioxidant.
7. A prepolymer as claimed in claim 6
10 characterised in that said hindered polyol antioxidant

comprises butylated hydroxytoluene.

8. A prepolymer as claimed in any one of the
preceding claims characterised in that said double metal
cyanide complex catalyst comprises a 'substantiélly

15 amorphous zinc hexacyanocobaltate complex catalyst.

9. A prepolymer as claimed in claim 8
characterised in that said =zinc hexacyanocobaltate
complex catalyst includes a complexing agent or agents
selected from t-butyl alcohol, glyme and t-butylalcohol

20 with polyoxypropylene polyol.

10. A storage stable polyoxyalkylene polyol
component having a nominal calculated functionality of
between 1.5 and 8, prepared by oxyalkylating one or more
polyhydric initiators with one or more alkylene oxides

25 in the presence of one or more double metal cyanide
complex catalysts, said polyoxyalkylene component
containing from 10 to about 1000 ppm, of double metal
cyanide complex catalysts and/or double metal cyanide
complex catalyst residues, and . a ;tabilizing effective

30 amount of one or more antioxidants;

This Sheet Has Been Replaced




25 result in a 4000 Da pol yoxypropyl ene di ol product is added
gradual |y qver about 2 h while maintaining a r eRGHY SIERISHAS BEERS

t han 40 psi.

After propyl ene oxi de addition is fonpl eigpLACER

mxture is himllmul 'ﬂ"ﬁi“"ﬂlL until a constant pre$sureT5 observed.
Resi dual unr oner

I's then stripped under vacuum fromthe

ponoI product

‘“The nbt onoI product isphiltered at

100C through a filter cartridge (0.45 to 1.2 ntcrons)
attached to the bottom of r
&ﬁ\?zéﬁ@gﬁd Fgl%ﬁpc‘megBﬁS?t e:ah 2 rrea L e &:Ele

product polyol

has a hydrox

numb

unsat uration of SHRIAID. (R}@h#éq/tg’ 5thagnsapurathervpee oF b bar paaigiol

Pol yoxyal kyl ene Qqhyeh dvee F&Bry&tfnﬁtge t&iﬁsﬁy&ﬁ:lally trio aWcupiiddi ZRdar a

free radical nmechanismin which i,s _absorhed and reacts to form
hydr oper oxi des. c¥anidey c@t“@@&f‘ec?ﬁ*?rﬁi’e?%t GPQé PF@’ oBeFBLi F¥enidsyi|y
10 deconp®se tebmpldk ccattal sty ©ds tdud®nyl species and wat er. Anong
t he carbonyl species which may be identi - fied are al dehydes, ketones,

or gani ¢ aci ds,

and esters. See, e.g., "The Autoxidation of

“Pol y(propyl ene oxide)s", 11. A polyoxyalkylene polyol component as

10

15

20

25

30

claimed in 10 characterised in that said antioxidant is

a non-amino group-containing antioxidant.

12. A polyoxyalkylene polyol component as
claimed in claim 10 or claim 11 characterised in that
said antioxidant comprises an antioxidant as specified

in claim 6 or claim 7.

13. A storage stable polyoxyélkylenelpolyol
comprising from greater than 25 ppm to about 1000 pph of
one or more double metal cyanide complexes or a residue
thereof, based on the weight of said polyol, said polyol
exhibiting a storage stability greater than an otherwise
similar polyol containing substantially none of said
double metal cyanide complex or residue thereof.

14. A polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyol as
claimed in claim 13 characterised in that said double
metal cyanide complex' catalyst and/or double metal
cyanide complex catalyst residue is present in an amount
of from 25 to about 500 ppm based on the weight of said
polyol component.

15. A polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyocl as
claimed in claim 13 characterised in that said double
metal cyanide complex catalyst and/or double metal
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R.J F..C?iffiths et al., EUR POLYM J., Vol. 29, No. 213, 15 pp. 437-442

(1993). Vari ous known net hods nay be utt UHEST HAS BEEN
assess pol g mese i ncl ude headspace gas ﬁ@irﬁﬁk@gﬁapﬁy
where ar eaﬂi]‘"ﬂﬂ“ﬂc‘llmm] Iu ious vol atile speci es Whi-eh—aeetrttate
oves stored polYyolt afe Bndfca- 20 tive of total volatiles; and
conventional wet chem cal met hods fory measuring acid nunber and

car bonyl content. The wet chenical néthods have the advantage of
detecting non- v

latile as | 1,.as volatjle.species. . .
Flgure 1111 ustrSY88LERCHIBIEY STRIALYTE faivelicod™ BYEBRBY 1P, 0™ Becur s
at a doubl e net abfcfaomnd25coopiieout 250 mpmdessedtonntietwebghtabolitsaid ppm

and extending to han 250 ppm as indicated by total volatiles
measur ed by headg%%%%lggéﬁééﬁéﬁ{éf ography. The catal yst resi dues are

from oxypropyl ati on conducted with the 30 catalyst of Exanple 1 to a
nol ecul ar wei ght of c.a. 4990 A mefiRod ThEoEat BndRbaM Sng eprisenitdidded
18

pol yol ([erg] 0 ggggility of a double metal cyanide complex cétaiyzed
polyoxyalkylene polyol, comprising:

a) adjusting the amount of double metal
cyanide complex catalyst and/or double metal cyanide
complex cataiyst residues to between 10 ppm and 250 ppm

10 based on the weight of said polyol;

b) adding an effective stabilizing amount of
one or more antioxidants to said polyol, wherein the
storage stability of said polyol containing both said
double metal cyanide complex catalyst and/or double

15 metal cyanide complex catalyst residues and said antiox-
idant is greater than an otherwise similar polyol'not
containing double metal cyanide complex catalyst and/or
double metal cyanide complex catalyst residues.

17. A method as claimed in claim 16

20 characterised in that said double metal cyanide complex

catalyst or residue thereof is a substantially amorphous

zinc hexacyanocobaltate complex catalyst or residue
thereof.

18. A method as claimed in claim 16 or claim

25 17 characterised in that an organic complexing agent

selected from the group consisting of isopropanol, t-

butylalcohol, glyme, and mixtures of isopropanol, t-

butylalcohol and/or glyme with a polyoxypropylene polyol

comprises a complex portion of said double metal cyanide

30 complex .catalyst and/or said double metal cyanide
complex catalyst residue.

—_—
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filtered polyol (25 ppm); crude polyol (250 ppm; and a | 50: 50 w w

bl end of cru
cont ai ns

storage at
Chr omat ogr aph
(Restek RTX-1) colunns Sanples wer e thern§§tatted for

yols (137.5 p

DB-wax (Hew itt-Packard |Innowax) and DB-1

100[err]C prior to sanpling headspace. Th€ i njector and detector
tenperatures were both 25

C
with a hold time of 10 qff”‘*nd‘?é@‘%lﬁsov%naﬂeo e‘?’bte R irﬁ}%{sgl

220[err]Cwth almoltb
col utms gave

stability is stri
by the art.
nunber and carbonyl content after storage, respectively of the sane

Cf(l ng, ahd%qf&llda{rﬁ?‘uags spec: rS‘_f'j‘sed ngﬁeacﬁlea in NP

and clearTy contrary to I'rection pre

18 tharaotetbsednuins. thstcamahd semk;dxmdant

claim 7. Figures 2 and 3 illustrate change in acid

20 m nutes at

pol yol s and pol yol blends as illustrated in gure 1. Increase in

stability as neasured by t4f&
volatiles and,

cyani de conpl ex.

vari ous 25

cat al yst
refined
conpl ex catalyst ([err] O ppm;

bl end of rgfined and 30 2ﬁi|§@r3?b YetRahd2. D d§ &98rednr ki ned
pol yol (250 QP a 75;25 | end of flltered an criude
rea tlng an isocyanate reactive component with the

on a B il d I yol . The pol yol s of
4000 Dalz[gcﬁ%{;?ﬁb 1d 3% B

15

reactidgl priogueti t@fstd i lding. or Aﬁbﬂyﬂﬁ@@?&néﬂzéo §thO\é§1 a
decr ease fronlthe val ue .exhj Ated kn t he agsenc

isocyanate index o FFﬁﬂWe
c @odayrtlr ad:ompeneﬁtr efi cdhalyaobubke ol medyani deygl gne of

Ot &sq R e%b?‘t% g? #’ e&’lltbf a

prepared using a doubl e netal cyanide glyne

isocyanate-terminated prepolymer of any one of claims 1
to 9 at an index of from 90 to 110. '

22. A moisture-cured one component polyﬁre—

thane elastomer prepared by curing an isocyanate-termi-

~nated prepolymer as claimed in any one of claims 1 to 9

containing from 1 to about 3 weight percent free NCO
groups in the presence of atmospheric moisture.

a filtered ponoI (25 ppm; a 50:50

ude andfittered-—pol opm) . Wgﬁm T _
5Tﬂmmﬂmﬂiﬁ I “anat yzed on & perkin & at (b Gaymackd |
I uo anal yzed on a Per ki n-El ner . |

cted

2R Polyursthsne;) P@Fgmﬁﬁatc?fi‘ﬁffﬁ%f&i Bhe ot al

Figure 4 were a
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polyols (81.25 ppm; and a 50:50 w w bl end of crude and

-19 - filtered polyols (137.5 ppnm). The control is a c.a

4000 Da nol ecul ar wei ght, conventionally catal yzed (KOH)

pol yoxypropyl ene glycol. Marked inproved®nt in pol yol stability
occurs even at 12.5 ppmresidual catalyst, 5 . with approximately 50 ppm

providing for a c.a.  $A&ECOSITY-STABIE TBUC YA NATE-TERVANAEED-' ed by

carbonyl con- REPOLYMER: gg”ﬂ)iﬁom KYLEN .POL%‘%T_E s of
oo N cerm nat o0 oF O AL SoA Rt T i ene

wth a 4000 Da nol ecul ar wei ght pol yoxypropyl ene di ol prepared
usi ng doubl e nmetal cyani de conplex catal ysts such as t hose prepared
in Exanples 1, 3 and 4. The prepol yners, AlBtractont ai ni ng various |evels of
resi dual catalyst, were stored under nitrogen at 50[err]C. The
Vi scosity was nmeasured after one nonth of storage. The results.

5 . . Polyoxyalkylene polyols containing double

metal cyanide complexes or residues thereof as are
produced during the preparation of polyoxyalkylene
polyols by the double metal cyanide compléx catalyzed
oxyalkylation of a suitably functional hydric initiator

10 are stable without catalyst removal. Isocyanate-termi-
nated prepolymers prepared from such polyols are sur-
prisingly viscosity-stable relative to similar pre-
polymers prepared from polyols not containing double
metal cyanide complexes or residues thereof.



reported in percent viscosity change relative to initial Vi scosity,

are reported in Table 1. As can be seen, -the 20 viscosity change was
| ess for prepolynmers containing resi dual catalyst as conpared to the
prepol yner from whi ch all residual catalyst had been renoved.
TABLE 1 % Change in Viscosity Ajygr 1 Month @ 50C
Catal yst Level Catalyst of Exanple 1 Catalyst of Exanple 3 Catalyst of
Exanple 1 25 00000. ppm 9.5 93 87
25 ppm 7.259 _ 88 68 ' 1: 37 ppm 8.7
250ppm 82 80 - 20-
Havi ng now fully descriibed the invention, it w il be rent, to one of
ordinary skill in the t ﬁa;
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t hat many changes and nodifications can be nade thereto wi t hout

departing fromthe spirit or scope of fine 5 I nvention as set forth

her ei n. -21-  dains: 1. An
| socyanat e-t er m nat ed, vi scosity stabl e prepolyner prepared by reacting
an excess of an organic di- or polyisocyaﬁste wi th a pol yol conponent

conprising one or nore pol yoxyal kyl ene pol yet her pol yol s having a nom nal
functionality of two or nore, at |east one of said one or nore
pol yoxyal kyl ene SQﬁLyether pol yol s prepared by the oxyal kyl ati on of a
suitably functional initiator nolecule in the presence of a double netal
cyani de conpl ex cat gl yst and contai ni ng doubl e netal cyani de conpl ex
catal yst or double tal cyani de conpl ex catal yst residues;
wherei n said prepal yter contains from about 10 ;Eiﬁgﬁpt 7 ppm doubl e
met al cyani de co P catal yst or double netal e npl ex cat al yst

Q.

resi dues. a 2. A prepolyner as claimed in claim 1
- L _ _
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= 3m)j
S
o b
>._1_ -
> u
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m b
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) . .- - ) mmuﬂ el
. characterlsed in that sald pol yoxy- pntalnlng double met-al
cyani de, conpl ex catal yst residues cBHe aH ﬁng%ﬁﬁﬂﬁﬁogt 25 to about 100 ppm
doubl e resi gues. REPLACED pr.epolyrer
cl ai med terised in that said polyoxyalk I@ﬁéL$ﬁﬂNﬁ@ﬂ SHEET
“containin l@!g'ﬂ“&“ﬂmﬁmm de conpl ex catal yst residues do TS Tfom
fabout 50 t0« oubl e netal cyapnide conpl ex resi S
A prepolymer as clainmed in any one of ‘the preceding cl aj 26 JAN 1999
,characterlsed |E!that it has an isocyanate group content of}f
25 wei ght perc ed on the weight of said prepol yner.
-22- 5. A prepolyner as clained in any one-ef—the

precedi ng clains characterised in that said polyol conmponent further
- conprises from 10 to about. 3008n ppnisocyanddeedeamimtateadsi ght vbscesaity

pol yol Conpomygtéglé"fkéﬁolémeranEpQEEhO£§d§%%%ting'an excess of an

organic di- or polyisocyanate with a polyol component

5 comprising one or more polyoxyalkylene polyether polyols
having a nominal functionality of two or more, at least
one of said one or more polyoxyalkylene polyether
polyols prepared by the oxyalkylation of a suitably
functional initiator molecule in the presence of a

10  double metal cyanide complex catalyst and containing

| double metal cyanide complex catalyst or double metal
cyanide complex catalyst residues;

wherein said prepolymer contains from about 10

to about 100 ppm double metal cyanide complex catalyst

15 or double metal cyanide complex catalyst residues. -

2. A prepolymer as claimed in claim 1
characterised in that said polyoxyalkylene polyol
containing double metal cyanide complex catalyst
residues contains from about 25 to about 100 ppm double

20 metal cyanide complex residues.

3. A prepolymer as claimed in claim 2
characterised in that said polyoxyalkylene polyol
containing double metal c¢yanide complex catalyst
residues contains from about 50 to about 100 ppm double

25 metal cyanide complex residues.

_ 4. A prepolymer as claimed in any one of the
preceding claims characterised in that it has an
isocyanate group content of from 1 to about 25 weight
percent based on the Weight of said prepolymer.

eet Has Been Replaced
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6. A prepofyner as clainmed in cIa|n1 5 | char a
| east oné of said one or nore anti oxi dants conpris sRaPhAGEMﬁMQdSHEET
phenol antioxidapt——— 7. A prepol yner S Llalnﬁu '

comprt ses- but [T mmgﬁﬂ Hmteﬂit sard ndered polyol s 8o 35@.4993
0 I s characteriqed in. that

clainmed in any *one pr ecedi ng C|2
doubl e net al cyani de conplex cat al yst onprlses a substantially 15

anor phous zi nc hexacyanocopal tate co ex cata st,
prepol yner as cl ai med iﬁ‘ iBne é&’@ﬁ%é‘& PRY: RBE 25 %Ih‘il nc
hexacyanocobal ta@mecedlng:orqilaa‘ms:aWa)tsatcﬂemlsmlbsm cbhptexsagdagsmly@l

S 1 ey A Fpbebih ehitbestl 240 o oDubthl oA

pol yoxyal kyl ene ased|on thecmgh'enofhaamgp@lw@rh mmmem:l &fepne or

- functionaligy ofgore afieidefiants, @and 8, prepared by oxyal kyl ating one or
nor e pol yhydric initiators wth one or nore al kyl ene oxi des 25 in
the presence of one or nore double metal cyanide conpl ex catal ysts,

sai d pol yoxyal kyl ene conpogent p pré&gdlyhdt Ndad r AN dlndéd® awutcidOnppsn of

doubl e net al anlde c | ex cat al and/or d uble t al ani de
conpl ex cat al ystCI}%‘é o) EIE%BI?%/ rt" sgf Peet lﬂ‘ﬁ(/ H*Bne

or nore antioxicknﬁbeLdants comprises a hlndered phenol antioxidant.

7. A prepolymer as claimed in claim 6
10 characterised in that said hindered polyol antioxidant
comprises butylated hydroxytoluene.

8. A prepolymer as claimed in any one of the
preceding claims characterised in that said double metal
cyanide complex catalyst comprises a substantiélly

15 amorphous zinc hexacyanocobaltate complex catalyst.

9. A prepolymer as claimed in claim 8
characterised in that said 2zinc hexacyanocobaltate
complex catalyst includes a complexing agent or agents
selected from t-butyl alcohol, glyme and t-butylalcohol

20 with polyoxypropylene polyol.

10. A storage stable polyoxyalkylene polyol
component having a nominal calculated functionality of
between 1.5 and 8, prepared by oxyalkylating one or more
polyhydric initiators with one or more alkylene oxides

25 in the presence of one or more double metal cyanide
complex catalysts, said polyoxyalkyiene component
containing from 10 to about 100° ppm, of double metal
cyanide complex catalysts and/or double metal cyanide
complex catalyst residues, and a stabilizing effective

30 amount of one or more antioxidants;



. 23-

wherei n said pol yol conponeht exhibits gr

a-ep—at-or
stability than an otherw se sima: Nt coptREPLABKMENT SHEET
substanti al | no dou I TES SHBET Hé?qﬂ%k’ Fat alys a7 or _doubl e
netal cyani ﬁmm t {esi duREFLACED ) 11. } A p@gwl‘?y
pol yol conporerm ,Igmﬂglﬂn 10 characterised in that $ald“anti oxi dan

e
t

he
i

a non-ami no group- éontai fi ng antioxi dant. o3 12 pelyrexyrat-ky

pol yol conponent as claimed in claim 10 or claim 11 char
sai d anti oxi dant conpri se t i .OX} i ed Laaedd ['al m

n8Pa 01408 o0ty HRRE T TTTDREESE o1 7
Sspprage apoakilty pfhast @ ot d-Ss¢ouBimidaral peyaaild

7.
greater than 2

cterised in that

en

v

13. A storage stable yal ene po np

e

conpl exes or a_é&ﬁ%@ﬂén{:heééﬁéaiﬁ?iﬁgd SEbELENVERIN, OhoSaliduBPLY Ohetadi d

pol yol exhibiting

st orage _st abi

pol yol cont&1ﬂ¢¥ﬁ§b@%téﬁ@ﬁ%ﬁ%/?ﬁﬁ@iﬁFtSQQ9/°r double metal cyanide

5

10

15

20

25

30

complex catalyst residues.

11. A polyoxyalkylene polyol component as
claimed in 10 characterised in that said antioxidant is
a non-amino group-containing antioxidant.

12. A polyoxyalkylene polyol component as
claimed in cléim 10 or claim 11 characterised in that
said antioxidant comprises an antioxidant as specified
in claim 6 or claim 7.-

13. A storage stable polyoxyélkylene polyol
comprising from greater than 25 ppm to about 100: pph of
one or more double metal cyanide complexes or a residue
thereof, based on the weight of said polyol, said polyol
exhibiting a storage stability greater than an otherwise
simila: polyol containing substantially none of said
double metal cyanide complex or residue thereof.

14. A. polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyol as
claimed in claim 13 characterised in that said double
metal cyanide complex catalyst and/or double metal
cyanide complex catalyst residue is present in an amount
of from 25 to about 100 ppm based on the weight of said
polyol component.

15. A polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyol as
claimed in claim 13 characterised in that said double
metal cyanide complex catalyst and/or double metal

greater, than”an_otherwi se sim/lar
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doubl e met al cyani de conp]ex or. resi due thereof, and ﬁkppﬁdgMQNﬁgSHEET

ef fective anount of one or .nore antioxidants. 14

pol yoxyal kyl ene ol conponent as clained in any ‘one Jof} cl ai 0 |12
i Thachebrs

or a polyol as l""i'ﬂj”ﬂ' 13 characterised in thaf sal® d t a
cyani de conple doubl e netal cyani de copp] ex catal.yst
residue is present |n an"anbunt of from 254t 0o about 100{ ppm based on the

wei ght of said pol yol conponent. 15. A pol ybxyalkylepe—potyo

conmponent as cl [ f 0:12 ol yo med
component |25 o\ dfthd AN AR a1l T8eHRe0 17 P8egnlCliohn Speld
cat al yst and/ orofidinsre Zfettp about 100- ppm based on the weight of said. 24-

cyani de conpl e@él?@]'. YmpRdgie is present in an anmpunt of from 25
to about 100- ppm based on t he wei ght of said pol yol conponent.

16. A nmethod for increasing the storage
16. A method for increasing the storage

S stability of a double metal cyanide complex catalyzed
polyoxyalkylene polyol, comprising:

a) adjusting the amount of double metal
cyanide complex catalyst and/or double metal cyanide
complex catalyst residues to between 10'ppm and 100 ppm

10 based on the weight of said polyol;

b) adding an effective stabilizing amount of
one or more antioxidants to said polyol, wherein the
storage stability of said polyol containing both said
double metal cyanide complex catalyst and/or double

15 metal cyanide complex catalyst residues and said antiox-
idant is greater than an otherwise similar polyol.not
containing double metal cyanide complex catalyst and/or
double metal cyanide complex catalyst residues.

17. A method as <claimed in claim 16

20 characterised in that said double metal cyanide complex

catalyst or residue thereof is a substantially amorphous

zinc hexacyahocobaltate complex catalyst or residue
thereof.

18. A method as claimed in claim 16 or claim

25 17 characterised in that an ofganic complexing agent

selected from the group consisting of isopropanol, t-

butylalcohol, glyme, and mixtures of isopropanol, ¢t-

butylalcohol and/or glyme with a polyoxypropylene polyol

comprises a complex portion of said double metal cyanide

30 complex catalyst and/or said double metal cyanide
. complex catalyst residue.



5 stability of a doubl npl ex catalyzed
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double metal cyanide complex catalyst and containing

U

double metal cyanide complex catalyst or double metal
cyanide complex catalyst residues;

_ wherein said prepolymer contains from about 10
to about 137 ppm double metal cyanide complex catalyst or
double metal cyanide complex catalyst residues.

2. A prepolymer as claimed in claim 1
characterised in that said polyoxyalkylene polyol
containing double metal cyanide complex catalyst
residues contains from about 25 to about 100 ppm double
metal cyanide complex residues.

3. A prepolymer as claimed in claim 2
characterised in that said polyoxyalkylene polyol
containing double metal cyanide complex catalyst
residues contains from about 50 to about 100 ppm double
metal cyanide complex residues.

4, A prepolymer as claimed in any one of the
preceding claims characterised in that it has an
isocyanate group content of from 1 to about 25 weight
percent based on the weight of said prepolymer.
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complex catalyst residues.

11. A polyoxyalkylene polyol component as
claimed in 10 characterised in that said antioxidant is
a non-amino group-containing antioxidant.

12. A polyoxyalkylene polyol component as
claimed in claim 10 or claim 11 characterised in that
said antioxidant comprises an antioxidant as specified
in claim 6 or claim 7.

13. A storage stable polyoxyélkylene polyol
comprising from greater than 25 ppm to about 100 ppﬁ of
one or more double metal cyanide complexes or a residue
thereof, based on the weight of said polyol, said polyol
exhibiting a storadge stability greater than an otherwise

similar polyol containing substantially none of said
double metal cyanide complex or residue thereof, and a
stabilizing effective amount of one or more antioxidants.

14. A polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyol as
claimed in claim 13 characterised in that said double
metal cyanide complex catalyst and/or double metal
cyanide complex catalyst residue is present in an amount

of from 25 to about 100 ppm based on the weight of said

polyol component.

15. A polyoxyalkylene polyol component as
claimed in any one of claims 10 to 12 or a polyol as
claimed in claim 13 characterised in that said double
metal cyanide complex catalyst and/or double metal
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19. A method as claimed in any one of claims
16 to 18 characterised in that said antioxidant
comprises an antioxidant as specified in claim 6 or

claim 7.

20. A polyurethane polymer comprising the
reaction product of a di- or polyisocyanate at an
isocyanate index of from about 70 to about 130 with a
polyol component of polyol as claimed in any one of
claims 10 to 15.

21. A polyurethane polymer prepared by
reacting an isocyanate reactive component with the
isocyanate-terminated prepolymer of any one of claims 1
-to 9 at an index of from 90 to 110.

22. A moisture-cured one component polyﬁre-
thane elastomer prepared by curing an isocyanate-termi-
nated prepolymer as claimed in any one of claims 1 to 9
containing from 1 to about 3 weight percent free NCO
groups in the presence of atmospheric moisture.

23. Use of 25 to 1000 ppm of double metal
cyanide complexs, or residue thereof, based on the weight
of a polyoxyalkylene polyocl, to improve the storage
stability of the polyol.



