
;e3e^6Tn.o9"=,s.,  _ MOLDED AND SLAB POLYURETHANE FOAM PREPARED FROM DOUBLE
METAL CYANIDE COMPLEX-CATALYZED POLYOXYALKYLENE POLYOLS AND POLYOLS
SUITABLE 5 FOR THE PREPARATION THEREOF Technological Field The present
invention pertains to polyurethane 10 molded and slab foam prepared from
double metal cyanide complex-catalyzed polyether polyols exhibiting
increased processing latitude. The present invention further pertains to
polyoxyalkylene polyols prepared by the double metal cyanide. complex (DMC)
catalyzed 1~ polymerization of alkylene oxide mixtures to form
polyoxypropylene polyether polyols having processing latitude - increasing
properties suitable for use in preparing polyurethane, molded and slab
foam. 2o Description of Related Art Polyurethane polymers are prepared by
reacting a di- or polyisocyanate with a polyfunctional, isocyanate-reactive
compound, in particular, hydroxyl 25 functional polyether polyols. Numerous
art-recognized classes of polyurethane polymers exist, for example cast
elastomers, polyurethane RIM, microcellular elastomers, and polyurethane
molded and slab foam. Each o. these varieties of polyurethanes present
unique problems in 30 formulation and processing. Two of the highest volume
categories of polyurethane polymers are polyurethane molded and slab foam.
In molded foam, the reactive ingredients are  SUBSTITU'T'E SHEET (RULE 26)
WO 99/51661 _2_ PCT/EP99/02230 - 2 0~~ ~ supplied to a closed mold and
foamed, while ~n slab fcam, the reactive ingredients are supplied onto a '
moving conveyor, or optionally into a discontinuous open mold, and allowed
to rise freely. The resulting foam 5 slab, often 6 to 6 feet (2 to 2.6 m)
wide and high, may be sliced into thinner sections for use as seat
cushions, carpet underlay, and other applications. Molded foam may be used
for contoured foam parts, for example, cushions for automotive seating. l0
In the past, the polyoxypropylene poiyether polyols useful for slab and
molded foam applications have been prepared by the base-catalyzed
oxypropylation of suitably hydric ~.nitiators such as propylene glycol,
glycerine, sorbitol, etc., producing the respective 



15 polyoxypropylene diols, triols, and hexols. ?~s is now well documented,
a rearrangement of propylene oxide to allyl alcohol occurs during
base-catalyzed oxvpropylation. The monofunctional, unsaturated ailyl
alcohol bears an oxyalkvlatable hydroxyl group, and its 20 continued
generation and oxypropyiation produces ~r.creasingiy large amount of
unsaturateQ Colyoxypropylene monols having a broad molecular weight d:.stri
bution. As a result, the actual functionality c. the polyether polyols
produced is lowered significantly from 25 the "nominGl " or "t'.^.eoretical
" functionalitv. Mor_over, the monol generation places a relatively low
oract~cal limit on the molecular weight obtainable. For example, a base
catalyzed a000 Da (Dalton) molecular weight (2000 Da equivalent weight)
diol may have a measured 30 unsaturation of 0.0S meq/g, and will thus
contain 30 mol percent unsaturated polyoxypropylene monol species. The
resulting actual functionality will be only 1.7 rather than the "nominal"
functionality of 2 expected for a SUBS'T'ITUTE SHEET (RULE 26)   WO
99I51661 ' PCT/EP99/02230 -3 polyoxypropylene diol. As this problem is
:_eightened as molecular weight increases, preparation of polyoxynropylene
polyols having eau=valent weights higher than about 2200-2300 Da is
impractical using conventional 5 base catalysis. 2 ~ ~ l ?flfl? Many
attempts have been made over the years to reduce the monol content oz
polyoxypropylene polyols. Use oz lower temperatures and pressures results
in some improvement, as illustrated by European published 10 application.
EP 0 677 543 A1. However, monol content is only lowered to the range of
10-15 mot percent, and the reaction rate is decreased to such a degree that
cost rises sharply due to increased reaction time. Use of alternative
catalysts such as calcium r_aphthenate, 15 optionally in conjunction with
tertiary amine cocatalysts) result in polyols :having levels of
unsaturation ef c.a. C.02 to 0.04 meq/g, corresponding, again to 10-20 mol
percent unsaturated monols. Doub~a metal cyanide catalysts such as zinc 20
hexacyanocobaltate CO,T,pleXs were found to be catalysts for oxypropylaticn
i:. the decade of the '60's. However, their high cost, coupled with modest
activity and the difficulty of removing significant quantities o~ catalyst
residues from the polyether product, prevented 25 commercialization.
Unsaturation of polyoxypropylene polyols produced by these catal ysts was
found to be low, however, at c.a. 0.018 meq/g. Improvements in catalytic
activity and catalyst removal methods led to brief commercialization of
DMC-catalyzed polyols in the 30 1980's. F:owever) the economics were
marginal at best, and the improvements expected due to the lower monol
content and unsaturation did not materialize. SUBSTITUTE SHEET (RULE 26)
WO 99I51661 -a PCT/EP99I02230 Recently, as indicated by U.S. patents
S,470,813, S,482,908 and S,545,60') researchers at the A.~CO Chemical
Company have produced DMC catalysts with exceptional activity, which have
also resulted in 



S lowering the unsaturation to unprecedented levels in the range of 0.002
to 0.007 mecx/g. The polyoxvpropylene polyols thus prepared were found to
react in a r auantitatively different manner from prior "low" unsaturation
polyols in certain applications, notably 10 cast elastomers and
microcellular foams. Despite their perceived advantages, substitution of
such polyols for their base-catalyzed analogs in molded and slab foam
formulations often led to catastrophic failure. In molded foams, for
example, 15 foam tigz~ress increased to such an extent that the necessary
crushing of the foams following molding proved difficult if not impossible.
In both molded foams and slab roams, foam cool 1 apse often occurred,
renders n g such foams incapable of production. These effects occ'u- even
20 when the i:igh actual functionality of suc:~: polyols is purposefully
lowered by addition of lower funct;onality polyols to achieve an actual
functionality similar to that of base-catalyzed polyols. DMC-catalyzed
polyoxypropyiene polyols have 25 exceptionally narrow molecular weight
distribution, as can be seen from viewing gel permeation chromatograms of
polyol samples. The molecular weight distribution is often rar more narrow
than analogous base-catalyzed polyols, particularly in the higher
ecruivalent weight 30 range. Polydispersities less than 1.5 are generally
obtained, and polydispersities in the range of 1.05 to 1.1S are common. In
view of the low levels of SUBSTITUTE SHEET (RULE 26)   ~ ~flf,T 1D02 WO
99I51661 ~ ' PCT/EP99/02230 -5 unsaturation and low polydispersity, it was
surpr~.sing that DMC-catalyzed polyols did not prove tc be "drop-in"
replacements for base-catalyzed polyols in polyurethane foam applications.
Because oxypropylation with modern 5 DMC catalysts is h=ghly efficient, it
would be very desirable to provide DMC-catalyzed polyoxvpropylene polyols
which can directly replace conventional polyols in slab and molded
polyurethane foam applications. A comparison of gel permeation
chromatcgrams 10 of base-catalyzed and DMC-catalyzed polyols discloses
differences which have not heretofore been recognized as result-dependent
in polyol performance. For example, as shown in Curve A of Figure 1, a
base-catalyzed polyol exhibits a significant "lead" portion of low
molecular 15 weight oligomers and polyoxypropylene morols prior to the main
molecul ar ~.~ei~ght peak. Past the peak, the weight percentage c. higher
molecular weight species fall s of f r apidiy. I:~ Cur-.~e B of F figure 1
, a s i milar chromatogram of a DMC-catalyzed poiyol reveals a tightly 20
centered peak ~r~th very little low molecular weight "lead" portion, but
with a small port_on of :~gher molecular weight species, which may be
termed "high molecular weigh tail". Due to the low co^centration of the
high molecular w~~ght tail portion, Generally less 25 than 2-3 weight
pe=cent of the total, the polydispersity remains low. Both curves are
idealized fo= purposes of illustration. Summary Of The Invention It has now
been surprisingly discovered that 30 DMC-catalyzed polyoxvpropylene polyols
which mimic the behavior of base-catalyzed analogs may be obtained if,
SUBSTITUTE SHEET (R.ULE 26) 



WO 99/5l661 ~ PCT/EP99/OZZ30 -6 during oxypropylation, small but effective
amounts of ethylene oxide or ether suitable alkylene cxide as defined
herein, are copolymerized during the most substantial cart of
oxypropylation, resulting in a S random copolymer polyol, preferably a
random polyoxwropyienejpolyoxyethyiene copolymer polycl. Such polyols have
beer. found suitable for userin both molded and slab foam applications, and
display processing latitude similar to their base-catalyzed analogs. to
Brief Description Of The Drawings FIGiJf?E 1 illustrates hvDOthetical
molecular weight distribu:.ior. c~.:rves Lor a conventional, basecatalyzed
polyol (Curve A) and a DMC-catalyzed polyol (curve B). SUBSTITUTE SHEET
(RULE 26)   ~2l;T WO 99!5t661  PCT/EP99J02230 Detailed Description of the
Invention intensive research r:as revealed that the higher molecular weight
species unavoidably obtained during DMC-catalyzed oxypropylation, despite
their low S concentration, are largely responsible for the abnormal
behavior of DMC-catalyzed polyols in urethane molded and slab foam
applications. It is surmised that these high molecular weight species exert
a surfactant-like e=fect which alters the solubility and hence the
phase-out of 10 the growing polyurethane polymers during the
isocyanate-polyol reaction. Thus far, no completely effective methods of
avoiding production of high molecular weight compor_ents during
polyoxypropylation employing DMC catalysts have 15 been found. The present
inventors have surmised that the dissimilar processability of conventional
polyols and DMC-catalyzed pclyols may reside in the d_fTerences ex.^ib~.ted
by these pol yols with respect to their content or lower and higher
molecular weigra species. Since the 20 complex phase-out of hard and sort
segments which occurs during polyurethane polymerization is known to be
affected by polyp! molecular weight, this phase-out was one aspect which
was identified as a possible cause of processability differences. It has
been su~risirgly 25 discovered that preparation of polyoxypropylene polyols
from mixtures containing a minimum effective amount of cocolymerizable
monomers, preferably ethylene oxide, throughout the substantial majority of
DMC-catalyzed oxyalkylation, produces polyols which are useful in the 30
same manner as their base-catalyzed polyoxvpropylene counterparts in molded
and slab foam applications while maintaining molecular weight distribution
substantially SUBSTITUTE SHEET (RULE 26)   



- 2 D CT ~~i~ WO 99/5I661 _g_ PCT/EP99/02230 the same as DMC-catalyzed,
hcmoao_vmeric polyoxypropylene polyols. It ~s hypothesized t:,at the
incorporate on of ethylene oxide alters t:-~e cempatibi 1 i ty of the high
molecular weight fractions of the subject 5 polyols during polyurethane pol
~~ eri zatic.^., thus changing also the chase-out cf hard and soft
se~,ents. r It is most surprising that foam, collapse in DMC-catalyzed
polyol-based slab foam formulations (destabilization) is experienced, while
at the same 10 time, tightness (excessive stabilization) is experienced in
molded foam. The inventors hare surpr'_singly found that the ir~corporation
of the previously discussed random internal ethylene oxide in EMC-catalyzed
polyoxypropylene polyols cures bcth excessive tightness 15 in molded foam
as well as foam collapse in slab foam. That these very different processing
difficulties can be cured by the same solution. is most surprising. Even
thcugh excessive foam tightness and roam collapse may be avoided by the
orecaration of DMC 20 catalyzed pol yoxwronylene pol yol s as defined
!:erein, the amount of high molecular weight ta~1 is not believed to be
signi`icantl y altered, and thus the un excected and mer;tor~ous effects
exhibited by copolymerized products must be due to some other cause. It is
believed that 25 the high molecular weight species generated are also
copolymers, and that the presence of ti:e more hydrophilic oxyethylene
moieties) or of stereochemically different rr,oieties such as butylene
oxides, etc., in these fractions alters the compatibilitv of these 30
species with the hard and soft segments of the growing polymer chains
during polyurethane polymerization. The mechanism fen this change is not
known. It may result, SUBSTITUTE SHEET (RULE 26)   - 2 0~~ ~ WO 99/51661 --
~ PCT/EP99/02230 _ 9 _ for example, from a change in the
hydrophile/lipophile balance (HLB) of the high molecular weight fractions,
may create the poiyether eauivalent of polyurethane hard and soft segments,
or may alter the crystailinity or 5 stereoreguiarity, which in any case,
may be defined as a change in "surfactancy" of the high molecular weight
tail, since the effects are believed to be surfacerel ated. It has been
found that the minimum amount of 10 ethylene oxide or other copolymeriz~ble
monomer copolymerized with propylene oxide must be about 1.5 weight percent
relative to the total monomer feed. For example, amounts of 1 weight
percent or less of ethylene oxide exhibit substantially the same properties
as DMC 15 catalyzed homopolyoxypropylene polyols. Monomers other than
ethylene oxide which may be used to achieve the meritorious effects of the
subject invention include those monomers copolymerizable with propylene
oxide or copolymerizable with mixtures of propylene oxide and 20 ethylene
oxide under DMC catalysis. Suez monomers include, but are not limited to,
subst_tuted, for example halo-substituted, or unsubstituted CS to C,o,
especially C~ to C1,, olefin oxides such as 1,2-butylene oxide,
2,3-butylene oxide, (with ~. - olefir_s being 



2~ preferred); oxetane, methyioxetane suc:~ as 3methyloxetane,
caprolactone, malefic anhydride, phthalic anhydride, halogenated propylene
and butyler_e oxides, and a-olefin oxides. The effective amounts of such
monomers in preparation of polyols which are suitable 30 for use in slab
foam may be readily ascertained by synthesis of a target polyol and
evaluation of its performance in the supercritical foam test, as
hereinafter described. In general, the amounts employed will be similar to
the amounts of ethvlene oxide 3~ employed, on a mole-to-mole basis.
However, copolymermizable monomers which cause greater alteration of the
polyol structure of the high SUBSTTTL1TE SHEET (RULE 26)   ` 2 ~~~~f ~ WO
99/51661 ~  PCT/EP99102230 -10 molecular weight fractions can be used in
lesser amounts. Mixtures of such monomers are also useful, particularly in
conjunction with ethylene oxide. Such monomers are referred to herein as
stabilization 5 modifying comonomers. While ethylene oxide is used in the
discussions which follow, these discussions apply as well to
stabilization-modifying como~omers, unless indicated otherwise. The maximum
amount of ethylene oxide which can 10 be successfully utilized depends upon
the end use contemplated. As the amount of ethylene oxide increases, the
poiyol becomes increasingly hydrophilic, and the primary hydrcxyl content
rises. When amounts in excess of 10 weight percent ethylene oxide are
contained 15 in the outermost portion of the polyol, the resulting polyols
are significantly less processable en free rise foam mac:~ines. Hither
levels of primary hydroxyl content are possible when ethylene oxide (~O)
capped polyols are to be subsecruently prepared, or when a high 20 SO/PO
ratio is to be used ~n the final stage of polvmer~GaL.~or., `or example to
purposefully _: crease primary hydroxyl conte.^.t for use i n one-shot
molded foam and high resilience slab foam. In such cases, larger amounts of
internal oxyethylene moieties, e.g. up to 15 2S 20 weight percent of the
total feed, may be used. ~:owever, when low primary hydroxyl content,
polyoxvpropylene homopolymer mimics are contemplated, the total oxyethylene
content should be less than 10 weight percent, more preferably less than 9
weight 30 percent, yet more preferably less than 8 weight percent, and most
preferably in the range of about 2 weight percent to about 7 weight
percent. When a copolymerizable monomer other than ethylene oxide is
SUBSTFTL1TE SHEET (RULE 26)   - 2 OCT 2002 WO 99!5166L ~ ~ PCT/EP99/02230
-lI utilized in conjunction with ethylene oxide, the polyol may contain
amounts of ethylene oxide substantially greater than 8-100. Thus, t he
polyols of the subject =nvention are S substantially polyoxypropylene
polyols containing minimally about 1.5 weight percent oxyet~hylene or other
stabilization-modifying comonomer moieties, these polyols produced in such
a fashion that not more than 5 0 of the total oxypropylation is conducted
with propylene 



10 oxide alone. These polyols may be termed "spread EO polyols", as
oxyethylene moieties, the preferred comonomers, are "spread", or randomly
dist~;buted throughout the portion of the polyol prepared by DMCcatalyzed
oxyalkyiation. The polyols c~ tie sabject 15 invention further i nclude
capped spread EO polyois which have been capped with an alkylene oxide or
mixture of alkylene oxides in the presence of a capp~:.g-effective
catalyst, or a non-DMC catalyst in ~he case of polyoxyprooylene caps. The
spread EO polyols and capped 20 spread EO polyols also include sucr.
aolyols prepared, as described here rafter , by addi tional ly oxya 1
cylati:~g, i:: the presence of a DMC catalyst, a poiyoxyprcpylene oligomer
prepared by cxyalkylation employing a non-DMC catalyst. 25 Surprisingly, it
is not the total oxyethylene content which is most important. Rather, ~t is
important that the most substantial aar~ oz the polyoxyalkylation taking
place in the presence o~ DMC catalysts be conducted in the presence of
ethylene 30 oxide. While the ethylene oxide feed to the polyoxyalkylation
reactor may be occasionally interrupted, ethylene oxide wil 1 still be
present _n mi nor but SUBSTTTLJTE SHEET (RULE 26)   - 2 ocr ~~~ WO 99/S1661
~  PCT/EP99102230 - 12  decreasing amounts during such interruption. By the
term "most substantial part" in this regard is meant that ethylene oxide
will be absent, i.e. will have a concentration in the polyoxyalkylation
reactor of 0 5 weight percent, during not more than 5% of the total
oxyalkylation period when propylene oxide is fed to the reactor during DMC
catalysis, preferably not more than 3% of this period, and in particular
not more than. 1% of this period. Thus, at least 9S% of the polyoxyalkylene
10 portion of the resulting polyol will conrtain randomly distributed
oxyethylene moieties, with the minimum total oxyethylene content being
about 1.5 weight percent. Any homopolyoxypropylene "cap" will thus also
constitute less than 5% by weight of the copolymer, preferably less  15
than 3%, and most preferably, 1% or less. The ethylene oxide content of the
feed may be cycled from 0 to higher values during oxyalkylation. Such
cycling down to zero for brief intervals, even 20 though repeated, will
riot defeat the object of the invention, as the ethylene oxide content in
the reactor will remain fir~ite despite the ethylene oxide feed being zero
for a brief time. In assessing the scope of the claims, it is the principle
of the invention which 2~ should be stressed, i.e. minimization of periods
of oxyalkylation with substantially a11 propylene oxide; Indeed, ~.t is
preferred that the oxyalkylation mixture comprises at least 1 wt% ethvlene
oxide at a11 times. 30 The oxyalkylation periods discussed above reflect
only the portion of oxyalkylation performed in the presence of DMC
catalysts, and preferably include the activation period (induction period)
as will, where the DMC catalyst is being activated. Generally, DMC 35
catalysts exhibit an initial induction period where the rate of
oxyalkylation is small or zero. This is most SUBSTITIrTE SHEET (RULE 26)
- z ocr zoos WO 99/51661 ~ ~ PCT/EP99/02230 -13 



evident in batch-type processes, where following addition of catalyst to
the initiator (s) , alkylene oxide is added to pressurize the reactor and
the pressure monitored. The induction period is considered over when S the
propylene oxide pressure drops. This pressure drop is often rather rapid,
and the activated catalyst then exhibits a high oxyalkylation rate.
EtY~ylene oxide or other modifying copolymer is preferably present during
the induction period as well. powever, the induction 10 period is not taken
into account when determining the portion of DMC-catalyzed oxyalkylation
during which the presence of ethylene oxide is rewired. It is sometimes
necessary to produce capped polyoxyalkylene polyols. With base-catalyzed
polyols, 15 capping is generally performed by ceasing the feed of propylene
oxide or propylene oxide/ethyiene oxide mixtures and contir_uing with
ethylene oxide only. This procedure produces polyols with a poiyoxyethylene
cap, resulting in a high primary hydroxyl content which 20 increases polyol
reactivity. For some base-catalyzed copolymer polyois, a "finish" with all
pre~ylene oxide may be used to produce polyols with higZ secondary hydroxyl
content, i.e. a primary hydroxyl content less than about 3 mol percent.
With DMC-catalyzed polyols, 25 capping may be performed to produce polyols
with both lower as well as higher primary hydroxyl content, but ethylene
oxide capping may generally not be performed using DMC catalysts. While the
latter catalysts may be used to prepare a polyoxypropylene cap, this cap
must be 30 less than S weight percent, and is preferably absent when the
cap is prepared using DMC catalysts. when more than a 5 weight percent
DMC-catalyzed polyoxypropylene cap is employed, the polyols are unsuitable
in molded SUBSTTTUTE SHEET (RULE Z6)   - 2 ~.C~~ WO 99I51661 ~ ,
PCT/EP99/0?230 -14 and slab form formulations, causing foam collapse. If
the primary hydroxyl content of DMC-catalyzed polyols is desired to be
lowered, capping with propy~ene oxide may be performed with a non-DMC
catalyst, `or example a S traditional basic catalyst such as potassium
hydroxide, or a catalyst such as calcium naphthenate. r In general,
however, an increase _n the primary hydroxyl content may be desired. In
such cases, a polyoxyethylene cap may be prepared by cxyet!:ylating 10 in
the presence of a catalyst which is effec~ive in capping but does not
generate large crsanti_ies of substantially homopolvmeric polyoxyethylene
polymers. At the present time, non-DMC catalysts must be '.:sed for this
purpose . DMC-catalyzed oxyethylation has ~:-:us far 15 been impractical,
as oxyalkylation with ethyler.` cxide alone or with alky'~.ene oxide mi
xtures con tai :~ ~ng more than about 70 weigclt percent ethy 1 ene oxide
Qe.^.erally rSUltS 1I1 the fCrrlatiOn OL SiG :'_i=.Cant a~:~0'~'_:lts C'
111def' ned polymers bel ieved t0 be 5tlbsta= tlally 20 homopolYmerlC Or
riecr-hOfaODCIV'iler iC DO_ :'O?:'vC~^Vl_ne glycols, as ~:ldlCat2d
DreVlOLlSly. ny the t~=t;~ "C aODlng effective catalyst" is mear_t a
catalyst which efficiently caps the DMC-catalyzed po~yol without production
of s~gr.i~~cant amounts of nolyoxyethylene 25 glycols and/or other
polyoxyethylene pol~rmers. With respect to propylene oxide, a
"capp~..g-effective" catalyst is one which allows oxyalkylatio: with
propylene oxide without generation of h=g:l molecular weight tail. Basic
catalysts such as NaO~:, KOr, barium 30 and stront!um hydroxides and
oxides, and amine catalysts are suitable as "capping-errective" catalysts,
for example. It is most surprising that even ~olyols with high
polyoxyethylene caps still exhibit processability SUBSTITUTE SHEET (RULE
26) 



' 2 0 C T 2002 WO 99l51661 ~ ' PCT/EP99/02230 _i5_ difficulties unless the
base polyol contains random internal oxyethylene moieties. To cap a
DMC-Catalyzed polyoi with either propylene oxide or ethylene oxide, the
DhtC catalyst must 5 first be removed) destroyed, or inactivated. This is
most conveniently done by adding ammonia, an organic amine, or preferably
an alkali metal hydroxide. When the latter, e.g. KOH, is added in excess,
the catalytic activity of the DMC catalyst is destroyed, and the 10 excess
KOH serves as a conventional base catalyst for capping. A "capped polyol"
as that term is used herein is inclusive of DMC-catalyzed polyols which are
further oxyalkylated in the presence of a non-DMC catalyst or a
"capping-effective" catalyst. This term does not 15 include DMC-catalyzed
t?O/EO random copolymers which are subsecruently reacted with all propylene
oxide in the presence of a DMC catalyst; such polyols must meet the
limitation disclosed earlier that the total can not include more than S% o~
solely oolyoxypropyiation, most 20 oreferabiv : oc acre than. 1%. While the
spread EO ool vol s thus far described are suitable for slab foam and for
some molded foam formulations, many of the latter may conveniently utilize
a higher oxyethylene content, i.e. a random, 25 internal oxyethylene
content in the range of 12 weight percent to about 35 weight percent,
preferably 15 to 35 weight percent, exclusive of any cap prepared by
oxyalkylating with a major amount of ethylene oxide. Capped polyols
containing the internal blocks previously 30 described and then
polyoxyethyiene capped with mixtures containing in excess of 70 weight
percent ethylene oxide, and most preferably in excess o~ 80-90 weight
SUBSTTTLJTE SHEET (RULE 26)   - 2 OCT Z002 WO 99I51661 . PCT/EP99/02230 -
16  percent ethylene oxide in catalyst are highly useful. the presence of a
non-DMC Synthesis of the spread EO polyols and capped 5 spread EO polyols
may be accomplished using the cata lysts and by the methods generally set
forth in U.S. patents 5,470,813, S,482,908, 5,545,601, and 5,689,012 and
copending application Serial No. 08/597,781, herein incorporated by
reference. In general, any DMC catalyst 10 may be used for the
oxyalkylation catalyst, including those disclosed in the foregoing U.S.
patents and patent applications and in addition U.S. patents 5,100,997,
5,158,922, and 4,472,560. Activation of the DMC catalysts is performed by
addition of propylene oxide, 



15 as disclosed, preferably with minor amounts of ethylene oxide or other
stabilization modifying copolymerizable monomer. , In conventional batch
processing, Di~IC catalyst 20 is introduced into the reactor together with
the desired auantity or initiator, which is generally an oligomer having an
ecruivalent weight in the range of 200 to 700 Da. The one or more
initiators used may have an average functionality of at least 1.5,
preferably 2 to 8, 25 oxyalkylatabl~ hydrogen atoms. Significant auan~ities
of monomeric starters such as propylene glyco:. and glycerine tend to delay
catalyst activation and may prevent activation altogether, or may
deactivate the catalyst as the reaction proceeds. The oligomeric 30 starter
may be prepared by base-catalyzed oxypropylation, or by DMC catalysis. In
the latter case, all but the induction period should be conducted in the
presence of about 1.5 weight percent or more of ethylene oxide. The
induction period during which 35 catalyst is activated preferably includes
ethylene oxide as well. SUBSTITUTE SHEET (RULE 26)   ' 2 OCT ZOD2 WO
99I51661 ~ ~ PCT/EP99/02230 -17 The reactor is heated, for example to
_.0'C, anti propylene oxide, or a mixture of propylene oxide co::tain~ng a
minor amount of ethylene oxide ~s added to pressurize the reactor,
generally to about .0 psig. A S rapid decrease in pressure indicates that
the induction period is over, and the catalyst is active. A Nixed feed of
propylene oxide and ethylene oxide is then added until the desired
molecular weight is obtained. The PO/EO ratio may be changed during the
reaction, if 10 desired. In the conventional continuous process, a
previously activated starter/catalyst mixture is continuously fed into a
continuous reactor such as a continuously stirred tank reactor (CSTR) or
tubular 15 reactor. The same catalyst/initiator constraints as described in
the batch process apply. A coreed of propylene oxide and ethylene oxide is
introduced into the reactor, and oreduct continuouslv removed. In the
co:.tinuous addition of star ter process, 20 e' t:^er batc'.-i oaerat_on or
continuous operat'_o:: may be practiced. I:~ the batch process, catalyst
and DMC catalvst are activated as in the convent~on.'_ batch process.
However, a smaller molar amount of oligomeric initiator relative to the
moles of product is used. The 2~ molar deLiciency oz starter is supplied
gradually, preferably in the PO/~O feed, as low molecular weight starter
such as propylene glycol, dipropylene glycol, glycerine, etc. In the
continuous, continuous addition of 30 starter process, the initial
activation is performed as with the conventional batch process, or as in
the SUBSTITUTE SHEET (RULE Z6)   - 2 ~~~' '~~n~'~ 



WO 99/5l661 ._  PCT/EP99/02230 -18 conventional cont1i1L10uS prOCeSS
employing p reactivated starter. However, =cllowing activation, cent~nuous
addition o. monomer_c starter accompanies ?O/EO feed. Product takeoff is
continuous. Preferably, a takeoff S stream from the reactor is used to
activate further DMC catalyst. In t:~is manner, following initial line out,
products may be obtained which are enti rely composed of random PO/E0, with
EO spread throughout the molecule. The starter molecules useful to prepare
spread 10 EO polyols are dener_dent upon the nature of the process. In
batch processes, oligomeric starters are preferred. These include
homopolymeric and heteropolymeric PO/EO polyols prepared by base catalysis,
preTerably having ecruivalent weights ~n the range of 200 Da to 700 Da, or
15 DMC-catalyzed PO/EO copolymer polyols which have been prepared using
cofed propylene oxide and ethylene oxide for the most substa::tial part of
the oxyalkylaticn other than the ~nduct~on period. It should be ;_oted that
mOleCUI a?" welghtS anC erlllval ent We'_gnLS 1^ Da (LaltOIlS~ 20 are
number average .;;olecular and equival~n~ weights unless indicated
ot:~ermse. Ir, the cor.~inuous addition: o~ starter processes, both batch
and continuous, the starter may be the same as those previously described;
may be a lower 25 molecular weight oligomer; a monomeric initiator molecule
such as, =n G non-limiting sense propylene glycol, dipropylene Glycol,
glycerine, sorbitol, or mixtures of such monomeric initiators; o. may
comprise a mixture of monomeric and oligomeric initiators, 30 optionally in
conjunct=on with a recycle strum from the process itself) this recycle
stream containing polyols of target weight, or preTerably polyols which are
SUBSTITUTE SHEET (RULE 26)   - 2 0 C t 200T WO 99/51661 ~ ~ PCT/E P99/02230
-19 oligomeric relative to the target weight. Unlike batch processes, _n
continuous addition of starter processes, the initiator feed may comprise a
minor portion, i.e. less than. 20 mol percent of total initiator molecules,
S and preferably less than 10 mol percent, of DMCcatalyzed. oiigomeric
starters which are homopolymeric polyoxypropylene oligomeric polyols.
Fyurther, details regarding spread EO polyol preparation may be had by
reference to the actual examples presented herein. 10 The polyols of the
subject invention have unctionalities, molecular weights and hydroxyl
numbers suitable for use in molded and slab foams. Nominal functionalities
range generally from 2 to e. In general, the average functionality of
poiyol blends 15 ranges from about 2.S to 4.0. The polyol equivalent
weights generally range from somewhat lower th an 1000 Da to about 5000 Da
when the unsaturation of the polvol is below 0.02 meq/g. Unsaturation is
prererabiy 0.015 meq/g or lower, and more preferably in the range of 20
0.002 to about 0.008 mer~/g. Hydroxyl numbers may range from 10 to about
60, with hydroxyl numbers '_.! the range of 24 to 56 being more preferred.
Blends may, of course, contain polyols of both lower and higher
functionality, eauivalent weight, anti hydroxyl number. 25 Any blend should
preferably not contain more than 20 weight percent of non-spread EO
polyols, for example DMC-catalyzed homopolymeric polyoxypropylene polyols
or DMC-catalyzed polyoxypropylene/polyoxyethylenecopolymer polyols having
more than a S weight percent internal 30 all-oxypropylene block or a 5
weight percent DMCcatalyzed polyoxypropylene cap. SUBSTITUTE SHEET (RUL,E
26) 



- 2 o c r 2oa2 WO 99/S1661 ~ . PCT/EP99/02230 -20 The perio~ance or spread
F,O colyol s and capped spread EO polyols destined fc= slab foam
formulations may be assessed by testing tress polyols in the "Supercritical
=oam Test" (SCFT), a test expressly 5 designed to magnify differences '_n
polyol behavior. Polyols whic:-: pass this test have beer. fou :d tc
perform well in commercial applications, withoutt foam collapse. =n
contrast, whey polyols are tested with conventional formulations, bench
tests frecruently fail to indicate 10 any difference between polyols,
whereas 'n commercial production, such differences are readily apparent. In
the SCFT, a foam prepared _rom a given polyol is reported as "settled" if
the =oam surface appears convex after blow-off and is =sported as 15
collapsed if the foam surface is concave af~er Slow-off. The amount of
collapselcan be reported in a relatively auantitative manner by calculating
the percentage change in a cross-secti onal area taken across t:^.e fcarn.
The foam formulation is as follows: polyol, 100 parts; 20 water, 5 . 5
parts ; met.~:ylene chloride , 15 pa= is ; W axe A1 amine-t~rpe catalyst,
0.10 parts; T- ~=:~ catalyst, 0.34 parts; L-S50 silicone surfactant, 0...
parts. The foam is reacted wit: a mixture of 80/20 2,4- and 2,6toluene
diisocyanate at an index of i10. ~'he foam may 25 be conveniently poured
into a standard 1 cubic foot cake box, or a standard ~ gallon ice cream
container. In this formulation, conventionally prepared, ~~.e. base
catalyzed pelyols cause the foam to settle anprox~mately 15s + 3%, whereas
polyols prepared from DMC catalysts ' 30 having homopolyoxvpropylene blocks
in excess of 5 weight percent of total polyol weight cause ~'.he foam to
collapse by aporoxic^.ately 35-70%. Subject invention SUBSTITUTE SHEET
(RULE 26)   2 0 C t 2002 WO 99/S1661 -- ~ PCT/EP99/02230 -21 polyols with
no homopolyoxypropyiene blocks behave substantially similarly to
KOH-catalyzed poiyols. Having generally described this invention, a further
understanding can be obtained by reference to 5 certain specific examples
which are provided herein for puraoses of illustration only and are note
intended to be limiting unless otherwise specified. Examples I-S and
Comparative Examples CI-C3 These examples illustrate the significant and 10
surprising differences between base-catalyzed, DMC 



catalyzed homopolyoxypropylene polyols, and spread EO polyols. The
base-catalyzed polyol is ARCOL~ 5o'03, a 56 hydroxyl number,
glycerine-initiated homopolymeric polyoxypropylene polyol whose preparation
was 15 conventionally catalyzed using KOH. The relatively low equivalent
weight resulted ~n a monol content o~ c.a. 8.2 mol percent, and an actual
functionality of 2.83. The DMC-catalyzed polyols were prepared from
initiators containing glycerine and propylene glycol in order to 20 obtain
actual functionalities close to the actual functionality of the
base-catalyzed control, so as to render the comparisons of polyol
processing as accurate as possible. Both batch and continuous addition of
starter processes were employed in making the DMC 25 catalyzed polyols, the
latter process indicated in Table 1 as "continuous". The polyols were
employed in the SCFT previously described and compared to the control in
terms of aercent settle. Since the SCFT is sensitive to ambient conditions,
control foams were run on the same 30 day. The data is summarized in Table
1. SUBSTITUTE SHEET (RULE 26)   hr1 N o~ 'I'AI3l.E 1 Emmplc:'Ct ~C2 `t'J
`C4 ICS '12 `3 I~5polyol TypeKOH CatalyzedDMC DutchDhIC ContinuousDMC
DutchDhiC DutchDhtC DutchDMC ContinuousDhIC I3atchDMC i3atchDh1C
Cunlrnu~ns.ollueadl()UU0US)Ul7524SU606~I lydruxyl NoS7 556 656 S56'SG'S6
S56 JSb'SG'SG'Unsatrrratiun (mcq/g)0 0290 00S0 U050 005U OUS0 U050 0050
00S0 0050 005I'unctiunalrty2 HJ2 782 87NANA2 762 88NANANASCt T (% Sellle)~I
S * J %J2%J6 %4 J%40,ro19%12%20.014/I S ' Examples with a preceding "C",
e.g. "CI" are Comparative L:xantples i KOI!-catalyzed controls repeatedly
provide settle of IS t 3% ' NA = not available. ' Nominal UI~ !I. O ~o ~o w
ro~ .. I N N r b n 0 N W O nJ O   -29CT . WO 99I51661 ._ ~ PCT/EP99/02230 



-23 The foregoing Examples and Comparative Examples illustrate both the
importance of preparing polycxyalkylene polyols containing spread EO as
well as the criticality of the minimum amount required to S produce a
polyol suitable for foam production without colt apse In Comparative
Example C1, the KO:~I-catalyzed polyol performed well in the SCFT, with
atsettle of 13%. Polyols exhibiting no more than 15-20% settle have been
found to run flawlessly in full scale trials. Foams 10 exhibiting settle
greater than 35% almost always experience collapse. Foams with SCFT settle
greater than 25% are not suitable for low density foam, but may be suitable
for some higher density applications. Comparative Examples C2 and C3 are
bath and 15 continuous DMC-catalyzed polyols prepared analogously to the
Comparative Example C1 polyol, i.e. fro a11 propylene oxide. These foams
exhibited considerable settle, 32o and 36%, some three times higher than
the control KOH-catalyzed polyol. In Comparative Examples 20 C4 and C5,
DMC-catalyzed batch polyols, very small amounts of ethylene oxide, O.So and
1.0% by weig:~!~ were opted with propylene oxide) generating random
copolymers. However, foams prepared from these ~olyols also exhibited
severe settle, even more, at 43% and 40% 25 respectively, than the a11
propylene oxide, DMCcatalyzed polyols of Comparative Examples C2 and C3. In
Example 1, however, a DMC-catalyzed batch polyol containing 1.7S weight
percent copolvmerized ethylene oxide yielded foams with a degree of settle
3o virtually the same as the KOH-catalyzed control. Similar excellent
per~ormance was achieved at 2.~ to 6.4 SUBSTITUTE SHEET (RULE 26)   ` 2 ~~C
~ 1~ WO 99I51661 ~  PCT/EP99102230 -24 weight Dercen~ in the DMC-catalyzed
polyols of Examples 2-5. Comparative Examples C6 and C7 urther ~oam trials
of KOH-catalyzed and DMC5 catalyzed polyois were made. The KOHrpoiyol in
this case (Comparative Example C6) is a 56 hydroxyl number,
polyoxypropylene-capped polyoxypropylene/polyoxyethylene copolymer polyol.
The commercial polyol is prepared by oxyalkylating glycerine with a mixture
of propylene l0 oxide containi ng suffi cient ethylene oxide to provide an
oxyethylene content cf 8.5 weight percent, using KOH as th basic catalyst.
'.'he PO/EO cofeed is then terr,,inated and replaced with a ?0-only feed to
cap the polyol with a polyoxypropylene block to reduce the primary hydroxyl
15 content to lass than 30. Attempts to produce a 'DMCcatalyzed analog
(Comparative Example C7) suitable for use in polyuretr.ane roam production
failed. TABLE 2 20 25  



Ezample: ~L.. C6 I C7Polyol TypeKOH Catalyzed ~DMC Batch,' Random
EO8.58.5PO Cap, ,%6.56.~Hydroxyl No.56 ~~6Unsaturat~on
(meq/g)0.0370.005Functionality2.79NA'SCFT (% Settle)I 11%I 40% Esttmatcd at
2 80 ~- 0.08 SUBSTTTITICE SHEET (RULE 26)   - 2 o c t Zoo2 WO 99/51661 ~ '
PCT/EP99/02230 -25 The results presented in T able 2 i r.di care that while
K0~-catalyzed, propylene oxide-capped polyoxvpropylene/polyoxyethylene
randcm copolymer polyols perform well in flaming tests, their DMC 5
catalyzed analogs exhibit very high degrees of settle. The preparation or a
6.5 weight percent homopolyoxypropylene cap recuires oxypropylation
witthout ethylene oxide copoiymerization for an excessive period, i.e. more
than 5% by weight of total oxyalkylation. 10 Comnararive Examples CB-CIO
Molded =oams were prepared from formulations containing 75 parts base
polycl, 25 parts ARCOL~ 849 polyol, 1.5 parts diethanolamine, O.i parts
NIA.xo A-1 catalyst, 0.3 parts NIAX A-33 catalyst, and 1.0 part 15 DC5043
silicone surfactant, reacted with TDI at 100 index, with 4.25 parts water
as blowing agent. Vent collapse was measured from a similar formulation but
with 20o solids. Three polyols were employed as the base polyol. ;n
Comearat~ve Example C8, the base oolyol 20 ~s a conventionally
base-catalyzed, 28 hydroxy_ rumbe= polyoxyoropylene triol with a 15%
oxyethylene cap to provide high primary hydroxyl content. In Comparative
Example C9, the base polyol is a 28 hydroxyl number DMCcatalyzed
oolyoxypropylene triol capped with ethylene 25 oxide using KOH catalysis.
The polyol contains no internal oxyethylene moieties. The results of the
oneshot molded foam tests are presented below in Table 3. SUBSTITUTE SHEET
(RULE 26)   - 2 D~~ WO 99/5166I ~ . PCT/EP99/02230 -26 



TABLE 3 Example:CS IC9Polyol Type IKON Catalyzed IDMC CatalyzedForce to
Crush'312/92/56 ,107143/34 ~iVem Collapse Il9.1 ITotal The results above
illustrate that EO-capped polyols exhibit foaming problems as do their
nan-capped analogs. The base-catalyzed polyol exhibited typical foam
characteristics. However, the DMC-catalyzed polyol 10 (Comparative
~xarr,ple C9) exhibited total vent collapse. The force to crush for the
DMC-catalyzed polyol is very low, usually a desirable characteristic.
However, this low value is clue to the exceptionally large cells, with cell
sizes on the order of 4-6 mm, far larger than the 15 relatively fire-celled
KOH-Catalyzed polyol-derived foam. Example 6 and Comparative Examples CIO
and Cll A se=ies oz free-rise foams were breoared using ARCOL~ E785 polyol,
a 28 hydroxyl, EO-capped 20 polyol, as the control (Comparative Example
C10). Tested against this control were a 25 hydroxyl number DMC-catalyzed
analog containing no inte_nal EO but a similar EO cap (Comparative Example
C11), and a 2B hydroxyl number polyol of the subject invention, con 25
taining 5% random internal EO and a KOH-catalyzed 15% EO cap (Example 6).
The results are presented in Table 4. Foam densities are 2.90  0.04
pounds/ft'. SUBSTITU'I'lE SHEET (RULE 26)   - 2 0 C T 2U02 WO 99/5166t ~ ~
PCT/EP99/02230 -27 TABLE 4 Example:C10C116Polyol TypeKOH CatalyzedDMC
CatalyzedDMC CatalyzedOH Number282S285EO Content (intemal/cap)O/1S0/1SS/1S
tFoam Resiliency71S871Air Flow2.950.S5l.83Foam Height8.7S7.0 (settle)8.7S
(Some shrinkage)10Cell Appearance ~NormalVery CoarseNormalTensile
Strength21.86 Il2.97l8 S As can be seen from the foregoing, ~:^.~
DMCcatalyzed capped polyol having no internal EO (spread ~O) prod~.:ced a
coarse-celled foam with considerable 15 collapse, poor air flow (excessive
foam tightness), low resiliency, and low tensile strength as compared to
the base-catalyzed cor~tro~. By including S weight percent random EO into
the polyol prior to capping, roam '.::eight is substantially maintained
with only minor s~.r~nkage 20 and identical resilience, with fine cells.
Tensile strength and air =low were only moderately lower than the
KOH-catalyzed control. By the terms "improved processing latitude" and
"processing latitude-increasing" and like terms is 25 meant that the polyol
in-cruestion exhibits perfortt:ar~ce in the supercritical foam test
superior to that ex~ibited by a DMC-catalyzed, homopolyoxypropylene analog,
with a percent settle of less than 350, preferably less than 25%, and most
preferably has the same or lesser degree 30 of settle as a comparative
base-catalyzed polyol, or SUBSTITUTE SHEET (RULE 26) 



- 2 0 C 1 ZOfl2 WO 99/51661 -- ' PCT/EP99/02230 -28 exhibits improved
crushability and/or freedom from vent collapse, ~r: the case of molded
foam. Most prererably, such polyels also exhibit foam porosity, as measured
by air flow, of about the same order as a comparative KOH S catalyzed foam.
By the term "system" is meant a reactive polyurethane-producing
formulation. By the term "intrinsic unsaturation" is meant t~,e
unsaturation produced during oxyalkylation, exclusive of any unsaturation
added purposefully by copolvmerizing unsaturated 10 copolymerizable
monomers or by reacting a polyol with an unsaturated copolymerizable
monomer reactive therewith,_ these latter termed "induced unsaturation".
The polyols of the subj ect i nve.^.t ion can be used to prepare polymer
polyols which do net contribute 15 to foam collapse or to excessive foam
stabilization. Such polymer polyols are prepared by the in situ
polymerization of cne or more vinyl monomers in a base polyol which is a
polyol of the subject invention. The in situ vinyl polymerization is a well
known process, 20 and may, for example, employ preformed stabilizers or
stabilizer precursors. Preferred vinyl monomers are styrene, acrylonitrile,
methylmethacrylate, vinylidine chloride, and the like. Solids contents as
prepared preferably range from 30 weight percent :.0 50 weight 25 percent
or higher. By the terms "major" and "mince" ~f used herein is meant 50a or
more and less than 50%, respective) y, u:~less in di sated otherwise . The
te=-ms "ir.i tiator" and "starter" are used herein interchangeably and 30
have the same meaning unless otherwise specified. By the terms "a" or "an"
in the claims herein is meant one or more ur.iess the language indicates
the contrary. Any SUBSTITUTE SHEET (RULE 26)   - 2 0 C T ~`!"1 WO 99/51661
~ ~ PCT/EP99/02230 -29 embodiment described or claimed herein can be used
to the exc ~ usion of a::y embodiment or feature not disclosed and/or
claimed, provided that the features necessary to the invention are present.
Necessary features of the 5 =nvention include conducting oxypropylation in
the presence of ethyler_e oxide or stabilization modifying monomer for
minimally 95% of DMC-catalyzed oxyalkylation; a minimum oxyethylene or
stabilization modifying monomer content of _ . S weight percent relative to
the 10 weight of the polyol exclusive of any cap added in the presence of a
cappinc-effective catalyst with respect to polyoxyet~.ylene cans and a
non-DMC catalyst with respect to polyoxypropylene caps; and not more than S
weight percent of a polyoxypropylene cap prepared in the 15 presence of a
DMC catalyst. Molecular weights and equivalent weights herein are number
average molecular and eauivalent weights,in Daltons (Da) unless indicated
otehrwise. Having :sow fully descri bed the :. :vent ion, i t 20 will be
apparent to one of ordinary skit= ~r the art that many changes and
modificatior_s can be made t.ereto witout departing frem the spirit er
scope o~ the invention as set north herein. SUBSTITUTE SHEET (RULE 26) 



2 0 C T ?Ofl? 30 C>_AIMS: 1. A Double Metal Cyanide (DMC) catalyzed polyol
comprising oxypropylene units and comonomer units randomly copolymerized
therewith, which polyol is preparable by oxyalkylating one or more
initiators with an oxyalkylation mixture comprising propylene oxide and a
comonomer copolymerizable therewith such that:  at least 95 wt.% of the
polymerized oxypropylene units axe randomly copolymerized with the
comonomer units, the copolymerized comonomer content is at least 1,5 wt.%,
and  the copolymerized ethylene oxide content is less than 10 wt.%. 2. A
capped DMC-catalyzed polyol according to claim 1 which comprises a) a
copolymeric internal block preparable as defined in claim 1, and b) at
least one external block selected from the group consisting of i) a
polyoxyalkylene block comprising oxyethylene moieties, oxypropylene
moieties or a mixture thereof, optionally including additional
copolymerized comonomer, and ii) a substantially all polyoxypropylene block
comprising no more than 5 wt.% of the capped DMC-catalyzed polyol. 3. A
process for the preparation of a DMC-catalyzed polyol according to claim 1,
which process comprises: a) supplying an activated DMC-catalyst/initiator
mixture to a reactor, b) polyoxyalkylating said initiator with an
oxyalkylation mixture containing propylene oxide and a comonomer
copolymerizable therewith and comprising less than 10 wt.% 



ethylene oxide such that the concentration of the comonomer is maintained
at a level of at least 0,5 wt.% during the oxyalkylation.   . , 31 c)
recovering a polyol in which the copolymerized comonomer content in the
internal block is at least 1.5 wt.% 4. A process for the preparation of a
polyoxyalkylene capped polyol according to claim 2, which process
comprises: a) supplying an activated DMC-catalyst/initiator mixture to a
reactor, b) polyoxyalkylating said initiator with an oxyalkylation mixture
containing propylene oxide a comonomer copolymerizable therewith and
comprising less than 10 wt. ethylene oxide such that the concentration of
the comonomer is maintained at a level of at least 0,5 wt.% during the
oxyalkylation. c) capping said polyol by further oxyalkylation with an
alkylene oxide selected from the group consisting of i) ethylene oxide, ii)
a mixture of ethylene oxide and at least one additional alkylene oxide
other than ethylene oxide, and iii) propylene oxide in the presence of a
capping-effective catalyst. d) recovering a polyol in which the
copolymerized comonomer content is at least 1.5 wt. 5. A process for the
preparation of a polyurethane slab or molded foam by the reaction of a di-
or polyisocyanate with a polyether polyol according to claim 1 in the
presence of customary blowing agent(s), catalyst(s), chain extender(s),
crosslinker(s), surfactant(s), additives and auxiliaries. - 2 o C t zooz
t~ '. v - ~ o c r zoa~ 32 



6. A process for the preparation of a polyurethane slab or molded foam by
the reaction of a di- or polyisocyanate with a polyether polyol according
to claim 2 in the presence of customary blowing agent(s), catalyst(s),
chain extender(s), crosslinker(s), surfactant(s), additives and
auxiliaries. .A(_.A [F.Al3L.A3E.A.A3L.Ah,.AAl.A3.AL.Ay.AfL.A,
.ALFY.AA_.A.Ar.Ayn_.AS .A@n3L.ASYA.EL.A@.A&_.AfF.A&_.A,.AHL.A.A.Ar.A4
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