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| MPROVED PCLYMER/ POLYOL AN ) . 1 RSTEM

of .the I nvention The prese ' n ‘ . T prdved pol yner/ pol yol
cohposi- 5 tions ?J?B?:‘é‘?se%ag?r'" RPASIeem| hi gh potency
preformed stabilizers used|oCHEHE t hePasst %F?Bﬁg"?m ~cqnposi t i onp.jend
processes for making them Qn@’%“’%ﬁvd@%& yurePitde-prdduct s nade from the
pol ymer/ pol yol s conposi ti offd ABiiaef Beragest ofindo Fesefhe -I-jvent i on Seyrnour,

Pol ymers for Engi neering Aij'E‘EaBF(mBCEESMJ .t.ernati.onal; 10 .
(1987), Cowariker et al nmer Science, John WTeéy & Sons Inc. (1986)
and Barrett (Ed.), Di smmmmhmmomm Medi a, John Wley &
Sons Inc. (1975) are r PREFORMED STABYNYZER SYSTEMS' | al .

Pol ymer/ pol yol conpositions suitable for use in producing polyurethane
foans, elastoners and the like, and the pol yurethanes, are 15

commerci al products. The t emescrmt}msomhﬂmtpuyuret hane foans are

termed sl abstock and nol ded. Sl abstock foans are used in the carpet, furni-

Brief Background To The Invention '

, Seymour, Polymers for Engineering Applications, ASM\Ihte \abion
10 (1987), Gowariker et al., olmer Science, John Wiley & Sons Inc. (1986) and
Barrett (Ed.), Dispersion Polymerization in Organic Media, John Wiley & Sons
Inc. (1975) are recommended background reading material.
. Polymer/polyol compositions suitable for use in producing
polyurethane foams, elastomers and the like, and the polyurethanes, are
15 commercial products. The two major types of these polyurethane foams are
termed slabstock and molded. Slabstock foams are used in the carpet, furni-
ture and bedding industries. Primary uses of slabstock foam are as carpet
underlay and furniture padding, In the molded foam area, high resiliency (HR)
molded foam is the foam type generally made. HIR molded foams are used in
20 the automotive industry for a breadth of apphcatlons ranging from molded
seats to energy-absorbing padding and the like.

The basic patents relating to such polymeér/polyol compositions are
Stamberger Re, 28,715 (reissue of U.S. 3,383,351) and Re. 29,118 (reissue of
U.S. 3,304,273). A stable dispersion of polymer particles in a polyol can be
25 produced by polymerizing one or more ethylenically unsaturated monomer
dissolved or dispersed in a polyol in the presence of a free radical catalyst.
These polymer/polyol compositions produce polyurethane foams and elas-
tomers having higher load-bearing capacities than those produced from
unmodified polyols.

30 Initially, the primary polymer/polyol compositions accepted commer-
cially used acrylonitrile in its manufacture. Many of these compositions

-1-
Sheet Has Been Reﬁaced

R



ture and bedding industries. Primary uses of slabstock foam are as carpet
underlay and furniture padding. In the nolded foam area, high resiliency
(FFO mol ded foamis the foamtype generally nmade. HR nol ded foans are used
in 20 the autonotive industry for a breadth of applicati ®%8443
rangi ng from nol ded seats to energy-absorbi ng padding and the |ike. The
basic patents relating to such polyner/polyol conpositions are Stanberger
Re. 28,715 (reissue of U S. 3,383,351) and Re. 29,118 (reissue of U.S.
3,304, 273). A stable di spersion of polymer particles in a ponoI can be 25
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cat al yst. Thexybord mgm@om@@umdme enlysed ermpercialiytempkans and

el as- toner ghé rikbgpenenrtosftholyrnert pelyolspaci ti es t han those produced from
unnodi fied pol yol's. 30 Initially, the primary
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5 product needs and this has spawned additional advances in technology. For
example, a market demand has evolved for "virtually” scorch-free slabstock
foams, i.e., white foam products. Virtually scorch-free foams possessing
satisfactory load-bearing and other foam properties, even at ever-decreasing
densities (viz. - 1.5 pounds per cubic foot or less), are available without substan-
10 tial economic penalty.

Virtually scorch-free foams are achieved by using relatively high
styrene contents (e.g., - about 65 to 70 percent styrene) in the acrylonitrile-
styrene monomer mixture. .In addition, such hlgh styrene monomer mixtures
are used broadly in the molded foam area.

15 Still, polymer/polyols derived from such high styrene monomer
mixtures appear incapable of satisfying ever-increasing market needs, which
include rigorous stability requirements and increased load-bearing characteris-
tics. This is particularly prevalent in the slabstock area where many formula-
tions require the use of "neat” polymer/polyols, i.e., polymer/polyol undeluted

20 by conventional polyols. Though neat polymer/polyols are not usually
employed in the molded foam area, there is a need for polymer/polyols which
can impart higher load-bearing characteristics to such foams.

Polymer/polyols with increased load-bearing characteristics can be
obtained by increasing their polymer or solid contents. Solid contents of 30 to
25 60 weight percent, or higher, are desired. Yet, the art has not been capable of
increasing solid contents without reducing the stability of the polymer/polyol
and undesirably increasing its viscosity..

Employment of high styrene monomer mixtures and high solid

contents’ polymer/polyols, by prior practices, generally resulted in undesirably

30 high viscosity polymer/polyols. The viscosity of a polymer/polyol should be
sufficiently low for ease of handling during its manufacture. In addition, the

viscosity should facilitate transport, handling and, ultimately, adequate
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possessed undesirably high viscosities for certain applications. Mre
recently, acrylonitrile-styrene nononer m xtures have been used
cormmercially to nake the pol ymer conponent of polynmer/polyols. The
expandi ng demand for pol yner/polyols has highlighted several 5 D-18443
product needs and this has spawned additional advances in technol ogy. For
exanpl e, a market demand has evol ved for "virtually" scorch-free sl abstock

foams, i.e., white foamproducts. Virtually scorch-free foanms possessing
sati sfactory | oad-bearing and ‘ot her foam properties, even at
ever-decreasing densities . (viz. - 1.5 pounds per cubic foot or less), are

5
avai | abl e wikraeRssability ¢ i theemployed foam proeassingneguipments Becguse 0f | v
scor ch- f r ee ihamasedansage: bf eophisticated imiyingesyatems| suchi gphimpingement spd-ent s
(e.g., - abqidinsdexbessie RSS! of ltheCpalymer/polfol " Bémihp| 4 Yigmifivdatne
ronomer  m xt éﬁr%* g% gﬂggﬁa&& aredC PTH HBefhor 1606 VRERSE pdlikbipsiyol & Used

brgadly in t ar ea.
8 y apparent to satisf?r %eseeigcreased demands in the art.

As indicated, polymer/polyol stability is a concern to makers of
polyurethanes. Once, seediness or filterability, a measure of stability of
polymer /polyols, was not a major issue in commercial practices. With advances
in the state of the art of polyurethane production, polymer/polylol stability

10 criteria were revised, especially in the molded foam area . '

With commercial de'velop;nents in sophisticated, high-speed and
large-volume equipment and systems for handling, mixing and reacting
polyurethane-forming ingredients have evolved the need for highly stable and
low viscosity polymer/polyols. Polymer/polycls have certain minimum

15 requirements for satisfactory processing in such sophisticated foam equip-
ment. Typically, the prime requirement is that the polymer/polyols possess
sufficiently small particles so that filters, pumps and the like do not become
plugged or fouled in relatively short periods of time.

Though there have been advances in reduction in viscosity and
20 increase in solids of polymer/polyols, there is a need for improvement in
viscosity reduction and increase in solids content. Greater reductions in
viscosity are needed to meet market demands and greater effective increases
in solids content are also needed by the market. More importantly, there is a
need for technology in polymer/polyol that maximizes viscosity reduction
25 while also providing a viable mechanism to higher solids content.

Priest et al, U.S. Patent No. 4,208,314 describe low viscosity
polymer/polyols made from acrylonitrile-styrene monomer mixtures. These
polymer/polyocls are convertible to low density, water-blown polyurethane
foams having reduced scorch, especially with relatively low acrylonitrile-to-

30 styrene ratios, The Priest et al. patent also provides a process for making
polymer/polyols with reduced particulates.
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15 : Still, polymer/polyols derived fromsuch high styrene
mononer m xtures appear incapable of satisfying ever-increasing narket
needs, which include rigorous stability requirenments and increased

load- bearing characteris- tics. This is particularly prevalent in®

sl abst ock area where many formnul-a- tions require the use of "neat"

pol ymer/ pol yols, i.e., polymner/polyol undeluted 20 by conventiona
pol yol s. Though neat pol yner/polyols are not usually enployed in the nol ded
foam area, there is a need for polyner/polyols whi ch can inpart higher
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pol ymer / pol ybiesto ammcve@sémgméfofanpddwmrm olypasr ss,ah;hmr ¢xpected to be
formed. U.S. Patent Nos. 3,652,639, 3,823,201, and 3,850,861, British Patent
No. 1,126,025 and Japanese Patent Nos. 52-80919 and 48,101494 utilize this

10 approach. This use of "stabilizer precursors,” also termed a "macromer” that

contains a particular level of reactive unsaturation, is based on the belief that
during polymerization, in the preparation of the polymer/polyol, adequate
amounts of stabilizer will be formed by the addition polymerization of the
precursor stabilizer with a growing polymer chain.

15 The general -concept of using stabilizer precursors in polymerization
is discussed in Barrett (1975), supra. U.S. Patent Nos. 4,454,255 and 4,458,038
illustrate this technique. The macromer in the ‘255 and ‘038 patents may be
obtained by reacting a polyol with a compound having reactive ethylenic
unsaturation such as, for example, maleic anhydride or fumaric acid. A further

20 example of the use of this technique is U.S. Patent No. 4,460,715. The reactive
unsaturation in the “715 stabilizer is provxded by an acrylate or methacrylate
moiety.

Van Cleve et al, US. Patent 4,242,249 disclose improved

polymer/polyols prepared by utilizing certain preformed dispersants or

25 stabilizers. These polymer/polyols provide stability satisfactory for commercial
production, and use of one or more of the following: (1) higher amounts of

styrene or other comonomer when acrylonitrile copolymer polymer/polyols are

being prepared, (2) higher polymer contents or (3) the use of lower molecular

weight polyols. The particular dispersant employed and the concentration

30 utilized vary with respect to the monomer system used in preparing the

polymer/polyols.

U.S. Patent No. 4,550,194 prepares a polyol by reacting a conventional
polyether polyol with an organic compound having ethylenic unsaturation and
an anhydride group forming a half ester and subsequently reacting that
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sufficiently low for ease of handling during its manufacture. In addition,
the viscosity should facilitate transport, handling and, ultimately,
adequate - 2 - processability, i.n the enployed foam processing
equi pment . Because of increased usage of sophisticated nixing sysPdsss such
as 1 npingenent sys- tens, excessive viscosity of the pol ynmer/polyol is
becom ng a significant problemin the nolded area. The need for | ower
viscosity polynmer/polyols is 5 apparent to satisfy these increased
demands in the art. As indicated, polyner/polyol stability is a concern to

makers of poI ur et Once ness or Li Iterabl I e of
stability of "é %ﬂ??ﬂ%ﬂ‘& % é{ﬁ?ﬁ&ﬁﬁ?
practi ces. ple 6hef§zeanaée@&uaenpeaﬁaermnw yur et hane

producti on, polyner/polylol stability 10 criteria were revised,
especi ally in the giphgdetf S8"UX. Fatent No. 4,652,589, patented March 24, 1987,
describe stabilizer precursors for polymer/polyols. Stabilizer A is made by
b reacting a 34 hydroxyl number, 15 weight percent ethylene oxide capped
polyoxyproxylene triol with maleic anhydride and subsequently with ethylene
oxide, The stabilizer precursor has a hydroxyl number of 32, an unsaturation of
0.1 meq/gm, with the unsaturation being 30/70 maleate/fumarate. The
retained unsaturation is 50 percent of the unsaturation provided by the maleic
10 anhydride. Stabilizer B is made by reacting a 28 hydroxyl number sorbitol
started polyol, containing 10% mternal ethylene oxide, with maleic anhydride,
and subsequently with propylene oxide. The precursor stabilizer has a hyd-
roxyl number of 28 and an ungaturation of approximately 0.07 meq/g, with the
unsaturation being of the fumarate type. The retained unsaturation is 70
15 percent of the unsaturation provided by the maleic anhydride.

European Patent Application 87114233.7 (EPO Publication No.
), based on copending U.S. Application Serial No. 913,328, filed
September 30, 1986, is directed to stabilizers having four key features: (1) they
are prepared from a starting polyol having a functionality greater than 4; (2)
20 they have at least 60% retained unsaturation; (3) they have viscosities greater
than 2000 centipoises at 25°C.; and (4) the starting polyol is capped with
ethylene oxide and/or the adduct formed between the starting polyol and the a
reactive unsaturated compound is capped with ethylene oxide.

Other prior art of interest include Simroth et al., U.S. Re. 32,733,
25 patented August 16, 1988, Ramlow et al., U.S. 3,931,092, patented January 6,
1976, Ramlow et al., U.S. 4,014,846, patented March 29, 1977, Ramlow et al.,
U.S. 4,093,573, patented June 6, 1978, Shah, U.S. 4,148,840, patented April 10,
1979, Shook et al., U.S. 4,172,825, patented October 30, 1979, Kozawa et al.,
_ U.S. 4,342,840, patented August 3, 1982, Hoffman et al., U.S. 4,390,645, June
30 28, 1983, Hoffman, U.S. 4,394,491, July 19, 1983, Ramlow et al., U.S. 4,454,255,
patented June 12, 1984, Ramlow et al., U.S. 4,458,038, July 3, 1984, and
Hoffman, U.S. 4,745,153, patented May 17, 1988.
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Wth commercial devel opments in sophisticated, high-speed and | arge-vol ume
equipnent and systens for handling, m xing and reacting '

pol yur et hane-form ng i ngredi ents have evol ved the need for highly stable
and:l ow vi scosity polymer/polyols. Polyner/polyols have certain m-fdsgsm 15
requirenents for satisfactory processing in such sophisticated foam equip-
ment. Typically, the prine requirenent is that the pol yner/pol yols possess
sufficiently small particles so that filters, punps and the |ike do not
beconme plugged or fouled in relatively short periods of tine. Though there

have been advances in reduction in viscosity and 20 _increase in
sol i ds of pol yner Apaised hereindhe followingderns shall hpve therfollowing ynearssi t y
reduction .increase in solids content. Geater reductions in viscosity

are needed to neet market demands and greater effective increases in solids
content are also needed by the market. Mre inportantly, there is a need
for technol ogy in polyner/polyol that nmaximzes viscosity reduction 25

whil e al so pr owi "sionpmeryi-athiec simpls unpolymerizedgfarm of ichemicad compoungy j est et
al ., U'S. PatenthiNeng 4reblliveBA dowectnldcalar! weight,segsi dqtylonitrile, styrene,
5 methyl methacrylate, and the like.

" b *free radically polymerizable ethylenically unsaturated monomer” - a
monomer containing ethylenic unsaturation (>C=C<) that is capable
of undergoing free radically induced addition polymerization reactions.

> "stability” - the ability of a material to maintain a stable form such as
10 the ability to stay in solution.or in suspension. :
> "polymer polyol” - Such compositions can be produced by polymerizing
one or more ethylenically unsaturated monomers dissolved or dis-
persed in a polyol in the presence of a free radical catalyst to form a
stable disperéion of polymer particles in the polyol. These
15 polymer/polyol compositions have the valuable property of imparting
to, for example, polyurethane foams and elastomers produced there--
from, higher load-bearing properties than are provided by the corres-
ponding unmodified polyols.
> "viscosity” - in centistokes (cSt) measured at 25°C. on a Cannon Fenske
20 viscometer.
> "organic polyisocyanate" - organic compounds that contain at least two
isocyanato groups and include the hydrocarbon diisocyanates (e.g., the
alkylene diisocyanates and the arylene diisocyanates), as well as known
triisocyanates and polymethylene poly(phenylene isocyanates). II-

25 lustrative polyisocyanates are: R
BT




pol ymer/ pol yol s made from acrylonitrile-styrene nononmer mixtures. These
pol.ymer/pol yols are convertible to | ow density, water-blown pol yurethane
f oans havi ng reduced scorch, especially with relatively | ow
acrylonitrile-to- 30 styrene ratios. The Priest et al. pa-msusal so
provi des a process for making polynmer/polyols with reduced particul ates.
Enhanced stability of polyner/polyols is believed to be provided by the
presence of a minor anount of a graft or addition copolymer formed in situ
from grow ng pol ymer chains and pol yol nol ecul es. Some prior approaches
I ncor porate spall anount s of unsaturation_ into the ponoI in addition to
that 5 2.4 - PtV pr esent |n t he O “»””’ ge pol yols typically
used in forrrJr POl YIER F@' jsacyamat®)s a5 af OAPEa38| i ef that inproved
stabi lity wiP]=les ' Bdltlon copol ymer

bi I'i zer gXbgc 39 3, 823, 201,

and 3, 850, 8 eiifde 1 7-dnsocyanatoheptane
1 5-dnsocyanato—2,2-dlmethylpentane 1,6-diisocyanato-3-methoxyhexane
1,8-diisocyanatooctane 1,5-diisocyanato-2,2,4-trimethypentane
1,9-diisocyanatononane 1,10-disocyanatopropyl)ether

10 ' of 1,4-butylene glycol

1,11-diisocyanatoundecane 1,12-diisocyanatododecane
bis(isocyanatohexyl) suifide

1,4-diisocyanatobenzene 2,4-diisocyanatotolylene

2,8-diisocyanatotolylene _ 1,3-diisocyanato-o-xylene

15 1,3-diisocyanato-m-xylene . 1,3-diisocyanato-p-xylene

2,4-diisocyanato-1-chlorobenzene . 2,4-diisocyanato-1-nitrobenzene
2,5-diisocyanato-1-nitrobenzene . 4,4-diphenylmethylene diisocyanate
3,3-diphenyl-methylene dnsocyanate polymethylene poly (phenyleneisocyanates)
and mixtures thereof,

20 The preferred polyisocyanates are a mixture of 80% 2,4-tolylene
diisocyanate and 20% 2,6-tolylene diisocyanate and polymethylene poly
(phenyleneisocyanates).

The Invention

This invention is directed to a novel high potency preformed stabi-
25 lizer composition and to the manufacture of polymer/polyols therewith which
possesses a combination of
o higher polymer content, greater than 30 weight percent and up to
about 60 weight percent,
o lower viscosities, typically less than about 20,000 cSt, preferably less
30 than about 15,000 cSt, most preferably below 10,000 cSt,
o excellent product stability such that 100% passes through a 150
mesh screen,
O exceptionally high amounts of the high polymer content
polymer/polyol, up to 100% thereof, pass through a 700 mesh
35 screen test,
and improved polyurethanes made therewith.
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No. 1,126,025 and Japanese Patent hbs. 52-80919 and 48, 101494 utilize this
10_ approach. This use of "stabilizer precursors,” also terned a
nacroner that contains a particular |evel of reactive unsaturation, is
based on the belief that during pol ynerization, in the preparati om-18448 he
pol yner/ pol yol , adequate amounts of stabilizer will be forned by the
addi tion polynerization of the precursor stabilizer with a grow ng pol yner
chain. 15 The general -concept of using stabilizer
precursors in polynmerization is discussed in Barrett (1975), supra. U. S

Pat ent Nos. 4, 454, 5 and 4, 458, 038 |Ilustrate hi s tfngfu e .macr oner
in the '255 and 'O H‘!"éﬁf“gnrfﬁfnbgnwm’%‘? i, the arf y&‘qﬁSZP‘QHS‘P Whth a
conpound hathag) it gecegnizesc cerphionimpredictable aelatronships aseompomtma

mal ei ¢ anhy dchiéves refnarbible raductiond ihuhhélﬁitxe%%f pol poyclsitkig ahe use

of thlstec t S ation
i n_the 715'%2%% l&fsss()hg? L@dee ﬁ)@%:@ﬁ?gg metﬁhac ylﬁgtﬂé lety.
Vah O eve et®S3f cﬁﬁ’ {9!‘299 8l yol s
prepared by manufactine of éhe aplymer ghasendhathenetofore geb tbssolved in the polyol

phase, and undesirably increases its viscosity at the sacrifice of the solids
content of the polymer/polyol.

This invention overcomes the dissadvantages discovered in prior art
10 stabilized polymer/polyols that in their manufacture, stabilizer components of
high viscosity are not sufficiently incorporated into the polymer phase.
Because they can be solubilized by the polyol phase, they increase its viscosity.
This invention further recognizes an important relationship in the manner of
the stabilizer’s formation and its composition to the ultlmate solids content
15 and viscosity of the palymer/polyol.

This invention relates to:
a composition for forming high potency preformed stabilizer.
the novel process for making high potency preformed stabilizer;
the high potency preformed stabilizer;
a novel composition for making an enhanced polymer/polyol composi-
tion;
a novel process for making polymer/polyols;
+ anovel polymer/polyol composition; and
+ unique polyurethanes having high modulus or load-bearing capacity.

* & & o

20

>

25 A significant advantage of the invention is the ability to consistently
make commercially acceptable polymer/polyols having higher polymer con-
tents and lower viscosities with smaller amounts of free radical catalyst in the
formulation.

This invention achieves a polymer/polyol composition which pos-

30 sesses a polymer content of about 30 to about 60 weight percent, based on total
weight, a viscosity in centistokes less than about 20,000 cSt over the range of

said polymer content, product stability such that essentially 100% passes

through a 150 mesh screen and significant amounts of the high polymer
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25 stabilizers. These pol yner/polyols provide stability
satisfactory for comrercial production, and use of one or nore of the
followi ng: (1) higher anounts of styrene or other conononer when
acrylonitrile copol yner polyner/polyols are being prepared, (2) hhﬂgﬁ&a
pol ymer contents or (3) the use of |ower nol ecul ar wei ght polyols. e
particul ar di spersant enpl oyed and the concentration 30 ~utilized
vary with respect to the nononer systemused in preparing the

pol ymer/ polyols. U S. Patent No. 4,550,194 prepares a polyol by reacting a
conventional polyether polyol.wth an organic conpound having ethylenic

unsaturatio Wshmlmbym igdeed) updo m&n&a aba%ttﬁ&ﬁofqms M&ghue ntly

L) 100 ekl i e ol LR

pent aer yt hr oXyl number of t 180 pre sent in the composition in
amount of from about 40 to about 70 weight percent of the composition, (II) a
5 particulate polymer portion dispersed in the liquid base polyol (I) having an

average particle size less than about 10 microns and being stable to settling,
comprising free radically polymerizable ethylenically unsaturated monomer,
such as, (i) acrylonitrile and/or (ii) at least one other ethylenically unsaturated
monomer copolymerizable with acrylonitrile, in the presence of (III) the free

10 radical polymerization product of (A) a free radically polymerizable ethylenical-
ly unsaturated monomer, such as, acrylonitrile and/or at least one other
ethylenically unsaturated coménomer polymerizable with acrylonitrile, and (B)
an adduct of a polyhydric alcohol having the average formula

_A(OROX)53

15 wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), and hydrogen, about one of such X is the
organic moiety containing reactive unsaturation and the remaining X’s are

20 hydrogen, (C) optionally adducted with an organic polyisocyanate, wherein the
amount of (B) or reaction product of (B), unreacted with (A), that is contained
in the liquid polyol (I) is less than about 2 weight percent of the weight of the

liquid polyol (I).

In a preferred embodiment of the invention in polymer/polyol
25 -composition, (B) is an adduct of a polyhydric alcohol having the average
formula

A(OROX) >4

wherein A is a polyvalent organic moiety, the free valence of which is =24, or has
an average value of 24, R is the divalent residue comprising an alkylene oxide
30 moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), preferably a fumaric compound, and hydrogen,
about one of such X is the organic moiety containing reactive unsaturation and
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Sinroth et al., U S. Patent No. 4,652,589, patented March 24, 1987,
describe stabilizer precursors for polyner/polyols Stabilizer Ais nmade by
5 reacting a 34 hydroxyl number, 15 weight percent ethylene oxide
capped pol yoxyproxylene triol with maleic anhydride and subsequen®if4#i t h
et hyl ene oxide. The stabilizer precursor has a hydroxyl nunmber of 32, an
unsaturation of 0.1 neqg/gm wth the unsaturation being 30/70

mal eat e/ fumarate. The retained unsaturation is 50 percent of the

unsat uration provided by the nmaleic 10 anhydride Stabilizer Bis

1096 i ot er nafhe dnpRiDe 50 hRipRes nbere‘?lor?mia’hvaéfe nehe' i v
propyl ene oﬂeé@ of the hydroxytgmminated alkylene pxide mm;ws efi Bt comr 28 and

an unsat ur atprises .2 wﬁpmghte;ieehgntooﬁ)ivemg# of the weéightiof thegairticles () bei ng of
the funarate type. The retained unsaturation is 70 15 per cent of

t he unsaturation %ggé}) cgethﬁﬁi ofiti ﬁgty rﬂ*@ygﬂ‘ﬁpﬁ%@ Pat.ent
R e e oo G i e O
st abi | i zer s tisavpregutb of (A)sy ﬁ-eatmdmelly(pﬁymmble ethylenically unsaturated

monomer and (B) an adduct of a polyhydric alcohol having the average formula

A(OROX) 3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
10 an average value of >3, R is the divalent residue comprising an alkylene oxide

moiety and X is one or more of an organic moiety containing reactive unsatura-

tion, copolymerizable with (A), preferably a fumaric compound, and hydrogen,

about one of such X is'the organic moiety containing reactive unsaturation and

the remaining X’s are hydrogen, in which the adduct may be further adducted
15 with an organic polyisocyanate.

A desirable composition, according to this invention, for forming a
high potency preformed stabilizer {designated as stabilizer (II) herein] for use
in making polymer/polyols contains:

(A) a precursor to the stabilizer [designated as precursor (I) herein} compris-
20 ing an esterified product of reaction of:

(i) a hydroxy-terminated alkylene oxide adduct of a polyol of the formula
A(CH)>3
wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, and preferably is an organic moiety in which the OH
25 bonded thereto comprise about 20 to about 50 weight percent of the combined
molecular weight of A(OH}>3;
(ii) a mono or polycarbonyloxy compound comprising the moiety
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are prepared froma starting polyol having a functionality greater than 4,
(2). 20 they have at | east 60% retained unsaturation; (3) they have
vi scosities greater than 2000 centipoises at 25[err]C; and (4) the
starting polyol is capped wth ethyl ene oxide and/or the adduct formed
between the starting polyol and the a reactive unsaturated corrpounﬂ"?‘:,43
capped with ethylene oxide. Other prior art of .interest include Sinroth et
al., US Re. 32,733, 25 pat ented August 16, 1988, Ramlow et al.
U.S. 3,931,092, patented January 6, 1976, Ramlow et al., U S. 4,014, 846,
patented March 29, 1977, Ramlow et al., U S. 4,093,573, patent ed June 6,
1978, Shah, U.S. 4,148,840, patented April 10, 1979, Shook et al., U S
4,172,825, patented Cctober 30, 1979, Kgzawa et al, U S. 4, 342, 840,

pat ent ed August 3, 1982, Hoffnman et al us. 4, 390 645, June 30

28, 1983, Hoffman, U.S. 4,394,491, Jul yl 19 1983 Ram ow et al., U S
4,454,255, patented June 12 1984, Rap-pwgLl al., U S. 4,458,038, July 3,
1984, and Hof frman, U.S. 4,745,153, patented May 17, 1988.

5 (iii) optionally adducted with an organic polyisocyanate;

(B) one or more ethylenically unsaturated monomers, at least one of which
copolymerizes with the precursor (I) to the stabilizer; :

(C) a free radical polymerization mmator; and

(D) a liquid diluent in whicb'(A), (B), and (C) are soluble, but in which the
10 resulting high potency preformed stabilizer is essentmlly insoluble.

The novel process for making the lngh potency preformed stabilizer
(II) comprises providing (A), (B), (C), and (D), above, in a reaction zone main-
tained at a temperature sufficient to initiate a free radical reaction, and under
sufficient pressure to maintain only liquid phases in the reaction zone, for a
15 period of time sufficient to react essentially all or all of (A); and recovering a
heterogenous mixture containing the high potency preformed stabilizer
dispersed in the diluent, and unreacted monomer to the extent present.

A novel enhanced polymer/polyol forming composition, according to
this invention, comprises:
20 (i) high potency preformed stabilizer (II);
(ii) a free radically polymerizable ethylenically unsaturated monomer;
and
(iii) a polyol having a hydroxyl number of less than about 180; and
(iv) a free radical polymerization initiator.

25 A novel process for making the enhanced polymer/polyol composi-
tions of the invention involves:

(1) providing a heterogenous mixture of the high potency preformed stabilizer
(II) and, optionally, liquid diluent (D) above, in combination with

=i



As used herein, the followng terns shall have the follow ng nmean- ings:
[err] "nonomer" - the sinple unpolynerized formof chem cal conpound having
relatively | ow nol ecul ar wei ght, e.g., acryl onitrile, styrene, 5

met hyl nethacrylate, and the like. [err] "free radi cally polyneri zzbigs

et hyl eni cal | y unsaturated nononer” - a nononer containing ethylenic
unsaturation (>C = C <) that is capable of undergoing free radically

i nduced addition polynerization reactions. [err] "stability" - the ability
of a material to maintain a stable formsuch as 10 t he
ability to stay in solution or.in suspension. [err] "polymer polyol" - Such

conposi tions cda) pelypl haiinga biyiraxyl puraberzofiigssthan abowto1s8d, et hyl eni cal | y

unsat urat ed nononers di ssolved or dis- persed in a polyol in the presence

o oo o i b Y AR BB P

val uabl e property of | nparting .
(c) a free radical polymerization initiator,

(2) in a reaction zone maintained at a temperature sufficient to initiate a free
5 radical reaction, and under sufficient pressure to maintain only liquid
phases in the reaction zone, for a period of time sufficient to react at least
a major portion of (b) to form & heterogenous mixture containing the
enhanced polymer polyol, unreacted monomers and diluent, and

stripping the unreacted n}bnomers and diluent from the enhanced
10 polymer/polyol to recover thesame.

A preferred embodiment of the invention inéiucies the use of an acyl
peroxide of the following formula as the free radical polymerization initiator in

the polymer/polyol process:

15 0 0

wherein R is an organic moiety free of substituents or heteroatoms, capable of
forming free radical ions in the course of free radical polymerization, which

20 adversely affect the physical properties of the resultant enhanced
polymer/polyol

The invention relates to the manufacture of high solids, white
polymer/polyols possessing lower viscosities without sacrificing stability. A
feature of the invention includes polymer/polyol compositions containing at

25 least 30 weight % polymer, the remainder comprising liquid polyol. This
product possesses excellent product stability and requires less free radical
catalyst in its manufacture.

The invention is ultimately employable in compositions for the
manufacture of a polymer/polyol polyurethane foams, and the resultant

-12- This Sheet Has Been R
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to, for exanple, polyurethane foans and el astoners produced there- from
hi gher | oad-bearing properties than are provided by the corres- ponding

unnmodi fied polyols. [err] "viscosity" - in centistokes (cSt) measured at
25[err]C. on a Cannon Fenske 20 visconmeter. [err] "@Liaase C
pol yi socyanate" - organic conpounds that contain at |east two isocyanato

groups and include the hydrocarbon diisocyanates (e.g., the alkylene
di i socyanates and the aryl ene diisocyanates), as well as known
triisocyanates and pol ynet hyl ene poly(phenylene | socyanates). I1- 25
| ustrative pol socyanat es are: 2, 4' -dii socyanat ot ol uene
2, 6- di i socyapelyuretbanec foamhywhereini :ﬂlﬂ!&:ylél emplgyed; svcpelymez)polyol, a
1, 2- di i socyapalyucéthane chtayst| af Gryaiiatpobyisusdite, a silicone surfactant, and a
1,2-di i socyayfyyiRy YBBRE The improvement involves the use as the polymer/polyol in
making the polyurethane foam, the polymer/polyol composition of this
5 invention, as described herein.

Detailed Description Of Invention

This invention is an improvement on the compositions and processes
described in US. Patent No. 4,242,249 and European Patent Application
87114233.7, described above. This invention meets the market needs for
10 polymer/polyol compositions containing more than 30 weight percent polymer,
preferably more than about 40 weight percent polymer, more preferably more
than about 45 weight percenf: polymer, most preferably, at least about 50, and
as high as 60 weight percent polymer, and even higher, while at the same time
. possessing lower viscosities, as correlated to the choice of base polyol, than
15 heretofore was believed possible. These polymer/polyol compositions possess
exceptional performance stability and employ lower concentrations of free
radical catalyst. The unique advantages are most significantly realized with
polymer/polyols containing more than 45 weight percent polymer, or more

than 50 weight percent polymer, up to about 60 weight percent polymer.

20 Precursors (I)

Stabilizer precursors (I) are used to make the novel high potency
preformed stabilizers (II) of the invention. Stabilizers (II), in turn, are used to
make the polymer/polyols of this invention, functioning to assist in imparting

-a desired stability to the resulting polymer/polyols. Suitable precursors (I) are,
25 in general, prepared by the reaction of the selected reactive unsaturated
compound with an alkoxylated polyol adduct.

Precursor (I) comprises an adduct of a polyhydric alcohol having the
average formula

A(OROX) >3
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socyanat obut ane 1, 5-di i socyanat opent ane 5

socyanat ooct ane

socyanat o- 2, 2, 4-ti met hypent ane 1, 9-di i socyanat ononane
O-disocyanatopropyl)ether 10

butyl ene glycol 1,11-diisocyanatoundecane

2- dllsocyanatododecane b|s(lsocyanatohexyl)sulflde

| | socy awiedreinch iscmpolyvalent organic moxety,Zhdftéelvahuy:anﬂwhidhl ig|>3ror has

gggy%%ﬁ ey\l'ﬁ&@of >3, R is the divalenfl rekidlid SRENIIRE . nat éﬁ@@n&é
socﬁ%@%&@ (K B grg of en °rg2*°4m§;. b o éﬁﬁé“;fcﬁ TEPARREE
i socy b Gonel 8 76 (A), preferdbly & piSempP gen,
c yanat eb8uteni pharchl X isthieydrganic sndietywpntaining reaqtuleymtqrhbna apd| y
yl enei gheramairifg Xa8 dréthydroges, infwHidothe adduct may be further adducted
with an organic polyisocyanate,.

P01 O1Tn, o b,

,4-dii .
, 6-di i socyanat ohexane ' bi s( 3-i socyanat opr opyl ) et her
i s(3-isocyanat opropyl) sulfide 1, 7-di i socyanat ohept ane
-di i socyanat o- 2, 2-di net hyl pent ane 1, 6- di i socyanat o- 3- met hoxyfgysne
dii
dii

S
e

SO NNRPRNRRORRRPRRORR
D
X3

S5 O Q.Q.Q.D.Q.

In a preferred embodiment, precursor (D) is an adduct of a polyhydric
alcohol having the average formula

10 : A(OROX)>4

wherein A is a polyvalent orgsnic moiety, the free valence of which is 24, or has
an average value of 24, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), preferably a fumaric compound, and hydrogen,

15 ' about one of such X is the organic moiety containing reactive unsaturation and
the remaining X’s are hydrogen.

In more preferred embodiments of the invention, the adduct has the
average formula A(OROX)>g, most preferably A(OROX)>g, where A is a polyvalent
organic moiety, the free valence of which is 25 or 6, or has an average value of

20 25 or 6, as the case may be, R and X having the meanings set forth above.

The term “reactive unsaturated compound,” that forms X above,
means any compound having a carbon-to-carbon double bond which is ade-
quately reactive with the particular monomer system being utilized. It is

_ different from the particular monomer system being used. It is capable of
25 adducting with the alkoxylated polyol adduct, either directly or indirectly, via
one or more of a variety of mechanisms ranging from esterification, Michaels
Addition, free radical addition, isocyanate adducting, Williamson synthesis, and
the like. More specifically, compounds containing alpha, beta unsaturation are
preferred, e.g., those conjugated carbonyloxy compounds embraced by the
30 formula:

is Shee ¢ Has BemRef‘laced -14 -
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20 The preferred polyi socyanates are a m xture of 80%
2,4-tolylene diisocyanate and 20% 2, 6-tol yl ene dii socyanate and

pol ynmet hyl ene poly (phenyl enei socyanates). The Invention This invention is
directed to a novel high potency prefornmed stabi- 25 | | 216443
conposition and to the manufacture of polyner/polyols therewith which
possesses a conbination of [err] higher polynmer content, greater than 30
wei ght percent and up to about 60 weight percent, [err] |ower viscosities,
typically | ess than about 20,000 cSt, preferably |less 30

t han about 15,000 cSt, nost preferably bel ow 10,000 cSt, [err] excellent
product stability such that 100% passes through a 150 nesh screen, 0
exceptionally high amounts of the high ¥ol yner content pol ynmer/polyol, up

to 100% t hereof, pass through a 700 ne 35 screen
test, -0-C-C=C-
b Suitable compounds satisfying this criteria include the maleates, fumarates,

acrylates, and methacrylates. While not alpha, beta unsaturated compounds,

polyol adducts formed from substituted vinyl benzenes such as

chloromethylstyrene may likewise be utilized (adducting with the polyol

adduct via a Williamson synthesis, and the like), preferably in combination

10 with a conjugated carbonyloxy compounds. Iustrative examples of suitable

alpha, beta unsaturated carbonyloxy compounds which may be employed to

form the stabilizer precursor include maleic anhydride, fumaric acid, dialkyl

fumarates, dialkyl maleates, glycol maleates, glycol fumarates, isocyanatoethyl

_ methacrylate, methyl methaerylate, hydroxyethyl methacrylate, acrylic and

15 methacrylic acid and their anhydride, methacryl chloride and glyczdyl
methacrylate.

The reactive unsaturated compound may be the reaction product of

one or more molecules resulting in a structure with the desired qualities of a

reactive unsaturated compound. For example, hydroxymethyl or hydroxyethyl

20 methacrylate can be reacted with a polyol by way of coupling through use of an

organic polyisocyanate (see U.S. 4,521,546) or by reaction with unsaturated
monoisocyanate, such as 1,1-dimethyl-m-isopropenylbenzylisocyanate.

However, in the practice of this invention, it is preferred that a major
molar amount, up to 100 percent, of the alpha, beta carbonyloxy unsaturated
25 compounds used as the reactive unsaturated compound, have fumarate-type
unsaturation ("fumarics"), or are unsaturated compounds which, under the
reaction conditions used in adducting with the alkoxylated polyol adduct, form
a high proportion of fumarate-type unsaturation. Ilustrative fumarics are
fumaric acid and the fumarates, or one or more of maleic acid, maleic anhyd-
30 ride and maleates which are isomerized to the fumaric structure on or after
adduct formation. Preferably, the fumarate structure is provided by the
incorporation of maleic anhydride and the isomerization of the ester to
fumarate by known treatment with morpholine.

eet Has Been Reilaced \ -15- ~ -
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and inproved pol yurethanes nade therewith. -7 - D- 16443 This invention
is an inprovenent in the art of polymer/polyols in that it recognizes
certain unpredi ctabl e rel ationships in conposition that achieves remarkable
reductions in viscosities of polyner/polyols tracking a broad rangg_of
solids content. The pol yner/polyols are notable by being 5 16443
essentially free of certain high viscosity bypr.oduct conponents fromthe
manuf acture of the polyner phase, that heretofore got dissolved in the
pol yol phase, and undesirably increases its viscosity at the sacrifice of
the solids content of the polyner/polyol This i nvention overcones the
di ssadvant ages diso?y
a

polymer/pol ygfkg’léngo fead;' 'rTgrygr rﬁd{ﬁym wm}‘iﬁ

A{OH)>3

and preferably a "starter” tetraol and higher hydroxylated alcohols, of the
5 formula:

A(OH) 24

wherein A is a polyvalent organic moiety, the free valence of which is >3 or 24, or
an average value equal thereto, as the case may be.

Hlustrative of suitable compounds embraced by the "starter” A{OH)>4
10 alcohol are the following: pentaerythritol, sorbitol, diether of sorbitol, man-
nitol, diether of mannitol, arabitol, diether or arabitol, sucrose, oligomer of
polyvinyl alcohol or glycidol, connected branched chain polyols, mixtures
thereof, and the like.

In more preferred embodiments of the invention, the starter alcohol
15 has the average formula A(OH)>5, most preferably A(OH)-g, where A is a
polyvalent organic moiety, the free valence of which is 25 or 6, or has an
average value of 25 or 6, as the case may be.

The starter A(OH)>3 or =4 or 25 or 26 is first reacted with 1,2-
alkylene oxide in an amount and under conditions sufficient to convert its
20 hydroxyl groups to hydroxyalkyl groups. The amount of 1,2-slkylene oxide
reacted is sufficient to achieve the ultimate molecular weight of the alkoxy-
lated polyol adduct that is to be reacted with the fumaric component to form
precursor (I). The molecular weight of the alkoxylated polyol adduct should be
relatively high, preferably above about 4000 (number average) and, more
25 preferably, above about 5000. The minimum molecular weight of the alkoxy-
lated polyol adduct may be about 3000. The preferred 1,2-alkylene oxides are
lower 1,2-alkylene oxides, such as ethylene oxide, 1,2-propylene oxide, 1,2-
butylene oxide, and the like. In the preferred practice of the invention, the
starter A{OH) > 4 is reacted with 1,2-propylene oxide in an amount sufficiently to

30 create the desired polyol molecular weight. Then, the resulting polyol may be
This*Sheﬁet,Has Beéﬁ! ‘llt;keflliged -16-




hi gh viscosity are not sufficiently incorporated into the pol yner phase.
Because they can be solubilized by the polyol phase, they increase its
viscosity. This invention further recognizes an inportant relationship in
t he manner of the stabilizer's formation and its conposition to'th
ultimate solids content 15 and viscosity of the polyner/polyéﬁ
This invention relates to: [err] a conposition for form ng high potency
preformed stabilizer. [er] the novel process for naking high potency
prefornmed stabilizer; [err] the high potency preforned stabilizer, 20
[err] a novel conposition for mmaking an enhanced pol yner/pol yol conposi -

tion; [err] & mn:yéthgl e@mﬂ ﬁpm&nn@ﬂpmmhyllensloxmesm provide agsuxanee

pol ymer/ pol y MW h
nodul us or -bear i ‘iég}xe%lﬂﬂ'%s i?ttﬂg\m#?&#&lwog
advant age of ﬁ % cotipled, t§‘°fopemr€zfént% A OLRRMCcially
accept abl e pppmmosg alkowylatiophreackions, with consequent adduct forma- -
b tion, is well known in the art, and forms no part of this invention. Adduct

reactions may be base or acid catalyzed, with base catalyzation preferred.

The alkoxylated polyol adduct is then reacted with a reactive un-
saturated compound to introduce the desired degree of unsaturation. In the
preferred practice of the invention, the reactive unsaturation is introduced

10 through esterification with the hydroxyl groups of the alkoxylated polyol
adduct by reaction with an alpha, beta carbonyloxy unsaturated compound in
which the carbonyloxy is part of a carboxylic acid, anhydride or ester group.
For example, one mole of a.polyol may be reacted with one mole of maleic
anhydride to form a half ester of maleic acid. The free carboxylic acid group is

15 typically not further reacted with polyol, but rather, is reacted with -1,2-
alkylene oxide such as 1,2-ethylene oxide so as to cap the free carboxyl groups
in the esterified product. Thereafter, as an optional feature, the alkoxylated
polyol adduct ester may be coupled, not polymerized, with organic
polyisocyanate. Such combination of reactions produce the stabilizer precursor

20 {D.

The amount of ethylenic unsaturation in the stabilizer precursor (I)
‘may vary to a significantly extent. The minimum and maximum levels of
unsaturation are dictated by the dispersion stability that the precursor (I)
imparts through the subsequently formed preformed stabilizer (Il), and hence
25 to the polymer/polyol composition. .

The minimum amount of unsaturation is that amount which impacts
on the dispersion stability of the polymer/polyol. Typically, the lower limit of
unsaturation is about 0.5 moles of the reactive unsaturated compound per
mole of the alkoxylated polyol adduct ester. The maximum amount of un-

30 saturation is that amount which causes an undesirable amount of cross-linking
of the stabilizer precursor (I). When higher amounts of unsaturation are
present during preparation of the stabilizer precursor (I), there is a greater

" probability that species will be formed having more than one double bond per
molecule. An undue population of cross-linking could adversely affect the
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tents and |l ower viscosities with snmaller amounts of free radical

cat al yst

in the formulation. This invention achieves a pol yner/pol yol conposition

whi ch pos- 30

wei ght percent, based on total weight, a viscosity in centistokes J?'
about 20,000 cSt over the range of said polynmer content, product sta
such that essentially 100% passes through a 150 nmesh screen and significant
anounts of the high polyner - 8 D- 16443 content pol yner/ pol yol, i ndeed,
up to essentially 100%t hereof, pass through a 700 nesh screen. The
conposition conprises (1) a liquid base polyol having a hydroxyl nunber of

about 10 to aiaBillizerS AT L to providealifuention stability eBhaicehiglitindphs welln about
40 to about (0, 06! g'havies &gﬂfﬁ&auwﬁafemmw Abdokdingly, the maximum

10

15,

20

25

30

amount of unsaturation provided should be below that at which significant
cross-linkingocm

The desired amount of reactive unsaturated compound to be used in
making precursor (I) will depend on the molecular weight of the alkoxylated
pdlyol adduct. Typically, it will be desirable to employ about 0.5 to about 1.5
moles of the reactive unsaturated compound for each mole of the alkoxylated
polyol adduct. Preferably, about 0.7 to about 1.1 moles of the reactive un-
saturated compound for each mole of the alkoxylated polyol adduct, are
employed to make precursor (I). Less of the reactive unsaturated compound
may be used, but if lesser amounts are used, one should contemplate the need
for using larger amounts of the thus made precursor () in making stabilizer
(I). It is preferred to prepare the precursor (I) in such a fashion that the
unsaturation is retained to the maximum extent possible. .

Loss of unsaturation may occur in stabilizer precursor (I) preparation
with any of the alpha, beta unsaturated compounds. For example, it has been
recognized that when maleic anhydride is employed anywhere from about 25
percent to essentially all of the unsaturation may be lost. Loss in unsaturation
appears to be generally accompanied by an increase in viscosity of precursor (I).
Accordingly, it is desirable to utilize an efficient process in the preparation of

" the precursor such that at least one-quarter (1/4) of the added unsaturation is

retained.

Precursor (I) preparation is preferably carried out in the presence of a

.catalytic amount of a strong base. Suitable bases include inorganic bases such

as alkali and alkaline earth metal hydroxides and the weak acid salts of alkali
and alkaline earth metals, and organic bases such as quaternary ammonium
hydroxides, 4-dimethylaminopyridine, 4-pyrrolidinopyridine, and imidazole.
Potassium hydroxide has been found to be useful. The amount of catalyst is
not critical; and may, for example, be as low as about 10 ppm. or even less when
potassium hydroxide is used.

For exémple, in esterifying the alkoxylated polyol adduct to introduce
the fumarate structure, stabilizer precursor (I) having an adequate viscosity

This Sheet Has Been R, -18- T
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5 particul ate pol yner portion dispersed in the |liquid base polyol
(1) having an average particle size |ess than about 10 nmicrons and being
stable to settling, conprising free radically polynerizable ethylenically
unsat urated nmononer, such as, (i) acrylonitrile and/or (ii) at |egsigse®e
ot her ethylenically unsaturated nononer copolynerizable with acrylonitrile,
in the presence of (Ill) the free 10 radi cal pol ynerization product
of (A) a free radically polynerizable ethylenical- |y unsaturated nononer,
such as, acrylonitrile and/or at |east one other ethylenically unsaturated
cononomrer pol ynerizable with acrylonitrile, and (B) an adduct of a

pol yhydri c anapheobtainedysing ebout:20:parts penoiliomo iwdydroxide. This
wherein A i stypidally \elletvs TetedtipAndfcabdt 60 Yerdeht ot&aewmsﬁo@fmmughol s >3,

o kyhano. ox) SioaiCrd Hekerk ' of fhe F‘)’r‘l‘léﬁ%fr’m"‘g' e ‘%‘?S Qﬁﬁﬁﬁm ni ng
reactive uns‘&?ﬁ‘?"é&’ RRFoPHg JP?%E‘H ‘gf?’?fh@%‘s’ ut one

of 8such X i scStheemeﬂl}'@rmded.y cont ai n| ng reactive unsaturation and the
remaining X s are 20 hydrogen, (C) optionally adducted with an

organi ¢ polyi socyangfighle'iéictiol felifperatures may vary from about 100 to about
125°C. up to about 180°C., or higher. Desirably, the reaction should be carried
out in a reactor capable of agitation and subsequent pressurization. Alkylene
oxide, preferably ethylene or propylene oxide, either with the other reactants
10 or subsequently, may be added to the reactor to the extent it may be necessary
to reduce the acid number of the alkoxylated polyol adduct. The acid number
of the alkoxylated polyo! adduct should preferably be below about 3.0, most
preferably below about 1.0, but not so low as to cause a viscosity increase with
accompanying loss of unsaturation. The product may then be cooled and
15 stripped to remove excess alkylene oxide. It is then ready for use in preparing
the preformed stabilizer (I). If the fumaric structure is provided by the use of
maleic anhydride or acid or ester, then the esterification product is treated
with morpholine to convert the maleate units in the precursor structure to

fumarate units in the desired concentration.

20 In the usual case, the maximum viscosity of useful precursor (I) will
be dictated by practical considerations, such as: the viscosity of precursor (I)
should not be so high that it cannot be conveniently handled. Viscosities up to
about 10,000 ¢St to about 15,000 cSt may be satisfactorily handled but it is
preferred that the viscosity be less than about 8,000 cSt.

25 Accordingly, precursor (I) may be made by reactmg a sorbitol-initiated
polyol with maleic anhydride in the presence of potassium hydroxide catalyst.
This may be accomplished by using a temperature of about 125°C. to preserve
a high proportion of the charged (i.e. added) unsaturation. The maleate
unsaturation may then be isomerized to fumarate using morpholine at some

30 lower temperature, such as 80°C. Alternatively, higher temperatures (e.g.
about 175° to about 180°C. or so) may be utilized to achieve relatively high
levels of fumarate-type unsaturation directly. The techniques involved are
well known and may be used as desired.
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anount of (B) or reaction product of (B), unreacted with (A), that is
contained in the liquid polyol (I) is |less than about 2 weight percent of
the weight of the liquid polyol (lI). In a preferred enbodi ment of the

i nvention in polymer/polyol 25 conposition, (B) is an addggkemf a
pol yhydri c al cohol having the average fornmula A(OROX)[err] wherein AiIs a
pol yval ent organic noiety, the free valence of which is [err]4, or has an
average value of [err]4, Ris the divalent residue conprising an al kyl ene

oxi de 30 noiety and X is one or nore of an organic noiety
containing reactive unsatura- .tion, copolynerizable with (A), preferably a
fumari c conpound, aVidcdejtyraljestmenbeat bereffentedsby teatting thiecfumayate estewi et y

contai ni ng r grdducl SwithSad WrdnieNsé¥dnate9such as an organic polyisocyanate at
moderate temperatures, e.g., ahout 60 to about 80°C. In such cases, the
amount of reaction is intended to achieve a relative minor amount of viscosity

5 increase, therefore amall amounts of the isocyanate are employed.

High Potency Preformed Stabilizers (1)

The high potency preformed stabilizer for use in making
polymer/polyols comprising the free radical polymerization product of (A) a
free radically polymerizable ethylenically unsaturated monomer and (B) an
10 adduct of a polyhydric alcohol Lhaving the average formula

A(OROX}>3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value equal thereto, R is the divalent residue comprising an al-
kylene oxide moiety and X is one or more of an organic moiety containing

15 reactive unsaturation, copolymerizable with (A), preferably a fumaric com-
pound, and hydrogen, about one of such X is the organic moiety containing
reactive unsaturation and the remaining X’s are hydrogen, in which the
adduct may be further adducted with an organic polyisocyanate.

The high potency preformed stabilizer (II) of the invention is derived
20 from the following composition, comprising:

(A) precursor (I);

(B) a free radically polymerizable ethylenically unsaturated monomer, pre-
ferably acrylonitrile and at least one other ethylenically unsaturated
comonomer copolymerizable therewith,

25 (C) a free radical polymerization initiator; and

(D) a liquid diluent in which (A), (B), and (C) are soluble, but in which the

resulting high potency preformed stabilizer (II) is essentially insoluble.

In another embodiment, the invention relates to a novel process for

making the high potency preformed stabilizer (II) which comprises providing

30 (A), (B), (C), and (D), above, in a reaction zone maintained at a temperature
sufficient to initiate a free radical reaction, and under sufficient pressure to

This Sheet Has B -20-

[ Tn



the remaining X s are hydrogen. In a further preferred enbodi nent, the

wei ght ratio of the hydroxy-term nated al kyl ene oxide noieties of (B) com
prises 0.2 to 20 wei ght percent, on average, of the weight of the particles
(I'l').  Anot her aspect of this invention is a high potency prefornedpsgaBi -
lizer for use in making polymer/polyols conprising the free radi cal

pol yneri za- tion product of (A a free radically polynerizable

et hyl eni cal ly unsaturated nononer and (B) an adduct of a pol yhydric al cohol
having the average fornula A(OROX) >[err] wherein A is a polyval ent organic

noi ety, the free valence of which is >3, or has 10 an aver age
val ue of >3, MMWMMMF&MMFMAQWMﬁMMd&&m ety
and X i s onetgofeatd galr ﬁﬁlillcoﬂ@)?h&dﬁ'éai!@nﬂgmhéﬁ@@gdﬁbﬁsw a-

tion, copol yméﬁ% dJEpeﬁ-Q{@ﬂ
hydr ogen, about on I?S@ncg% e?%‘rggam glzl’%gl ety ‘contal lrjll]iilng reactlve

unsaturation and the remal ning X s are hydrogen, in which the adduct may be
further adducted 19tem (B) abovei meayahe Jhgaforementioned resctive unsatigetedabl e

coposi t i on, compoundis/particulablysthiose tluiti are frdeqdicallyrpolymnserizable. Preferab-
ly, (B) is acrylonitrile and at least one other ethylenically unsaturated com-
onomer copolymerizable with acrylonitrile. Ilustrations of ethylenically
unsaturated comonomer copolymerizable with acrylonitrile include styrene
and its derivatives, acrylates, methacrylates such as methyl methacrylate,
10 vinylidene chloride, and the like,

It is preferred to utilize acrylonitrile with a comonomer and to
maintain 8 minimum of about 5 to 15 percent by weight acrylonitrile in the
system. Styrene will generally be preferred as the comonomer, but methyl
methacrylate or other monomers may be employed in place of part or all of the

15 styrene. The preferred monomer mixture (B) used to make the stabilizer (II)
composition comprises mixtures of acrylonitrile and styreme. The weight
proportion of acrylonitrile can range from about 20 to 80 weight percent of the
comonomer mixture, more typically from about 30 to about 40 weight percent,
and styrene can accordingly vary from about 80 to about 20 weight percent of

20 the mixture. An acrylonitrile to styrene ratio in the monomer mixture of from
about 25:75 to 45:55 is particularly preferred, even more particularly about
30:70 to 40:60.

The free radical polymerization initiator useful with respect to item
(C) encompasses any free radical catalyst suitable for grafting of an ethylenical-
25 ly unsaturated polymer to a polyol. Useful catalysts include catalysts having a
satisfactory half-life within the temperature ranges used in forming the
stabilizer (II), i.e.-the half-life should be about 25 percent or less of the re-
sidence time in the reactor at a given temperature. Representative examples of
useful catalyst species include t-butyl peroxy-2-ethylhexanoate, t-
30 butylperpivalate, t-amyl peroctoate, 2,5-dimethyl-hexane-2,5-di-per-2-ethyl
hexoate, t-butylperneodecanoate, and t-butylperbenzoate. Useful also are the
azo catalysts such as  azobis-isobutyronmitrile, 2,2-azo  bis-(2-
methylbutyronitrile), and mixtures thereof. The preferred free radical
catalysts are peroxides such as tertiary butyl peroctoate.
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hi gh potency preformed stabilizer [designated as stabilizer (11) herein]
for .use in making polyner/polyols contains: (A) a precursor to then_mMa
stabilizer [designated as precursor (l) herein] conpris- 20 i ng
an esterified product of reaction of: (i) a hydroxy-term nated al kyl ene

oxi de adduct of a polyol of the fornmula A(OH) >[err] wherein Ais a

pol yval ent organic noiety, the free valence of which is >3, or has an
average value of >3, and preferably is an organic noiety in which the OH 25

bonded thereto conpTheaatdlpst colehi@afifiv it tHO foyhlition & £6t/dritdal lah8 @abi ned

mol ecul ar weigly, A&%&%ﬁ ' An 8 B8t 08 A, B Yol RTR AR

conprising the m&[ety- - ]
vary from “about 0.01 to about 2.0 weight percent or even more, preferably
about 0.05 to about 0.10 weight percent, based upon the total feed to the

5 reactor. Up to a certain point, increases in the catalyst concentration result in
increased monomer conversion and grafting; but further increases do not
substantially increase conversion. Catalyst concentrations which are too high
can cause cross-linking in the preformed stabilizer (I). The particular catalyst
concentration selected will usually be an optimum value considering all factors,
10 including costs. '

The liquid diluent (D) in which (A), (B), and (C) are soluble, but in
which the resulting high potency preformed stabilizer (II) is essentially
insoluble, comprises either a single diluent or a mixture of diluents. Such
diluents can be mono-ols (monchydroxy alcohols), polyols, hydrocarbons,

15 ethers, and the like liquids.” As long as the diluent does not adversely affect
the performance of the preformed stabilizer (IF), it is suitable for use in the
practice of the invention. Preferred are the mono-ols because of their ease of
stripping from the final polymer/polyol composition. Mixtures of mono-ol and
polyol may be used as diluents. In that case, the polyol need not be stripped

20 off. The choice of mono-ol is not narrowly critical. It should not form two
phases at reaction conditions and should be readily stripped from the final

polymer/polyol

The selection of mono-ol is typically an alcobol containing at least one
carbon atoms, such as methanol, ethanol, n-propanol, i-propanol, n-butanol,
25 sec.-butanol, t-butanol, n-pentanol, 2-pentanol, 3-pentanol, and the like, and
mixtures of the same. The preferred mono-ol is isopropanol. The concentra-
tion of polyol in the diluent composition (D) if used, is limited to an amount
" below that at which gelling occurs in preformed stabilizer (1I1).

The polyol component of diluent (D) is typically the alkylene oxide
30 adduct of A{OH)>4 describe above. Though the polyol used in diluent (D) can
encompass the variety of polyols described above, including the broader class of
polyols described in U.S. Patent No. 4,242,249, patented December 30, 1980, at
column 7, line 39 through column 9, line 10, which disclosure is incorporated

e -22-

A

This Sheet Has Been Re’placed o



[err] 5 (1) optionally adducted with an organic

pol yi socyanate; (B) one or nore ethylenically unsaturated nononers, at

| east one of which copolynmerizes with the precursor (1) to the stabilizer;
(C© a free radical polynerization initiator; and (D) a liquid dil ugjksdgn
which (A), (B), and (C) are soluble, but in which the 10

resulting high potency preformed stabilizer is essentially insoluble. The
novel process for nmaking the high potency preforned stabilizer (11)
conprises providing (A, (B), (C, and (D), above, in a reaction zone main-
tained at a tenperature sufficient to initiate a free radical reaction, and
under suf fi cherein pyaeference; # ispreferxed thatl thelpolyal domposest ofrdﬂnbntﬂb)dm i on

zone, for a fife same as or eqiivalét t9thé pblyobukiediifithe fornhtichTlp %)3' ly all
e

or all of (%A) and r eco?/er ing a heter ogenou?] m xlt ure cont a| ning t hi gh
Tononer Lo the oxt dba BHESER! S0l 25 hRobe 38 Sad o8 JoIsa S it
conposi ti on, desirableithat the nolyol comprise tbmmmpmpyat; y weight of diluent (D)
5 and the mono-ol the major amount. In the usual case, the polyol will comprise
less than about 30 weight percent of the weight of diluent (D). Preferably, the
polyol comprises less than about 20 weight percent of diluent (D), most
preferably less than about 15 weight percent. In any case, the polyol portion
will be below that concentration at which gelling occurs in preparing the
10 preformed stabilizer (I).

Because of the number of components, the variability of their
concentration in the feed, and the variability of the operating conditions of
temperature, pressure, and residence or reaction times, a substantial choice of
them are possible and still achieve the benefits of the invention. Therefore, it

15° is prudent to test particular combinations to confirm the most suitable operat-
ing mode for producing a particular final polymer /polyol product.

In general, the amount of the components in the formulation, on a
weight percent of the total formulation for forming stabilizer (Il), is as follows:

Component of Amount, weight %
20 Formulation
A about 10 to 40
B about 10 to 30
25
C about 0.01t0 2
D about 30 to 80
30 The process for producing the high potency preformed stabilizer (II)

is similar to the process for making the polymer/polyol. The temperature
range is not critical and may vary from about 80°C. to about 150°C. or perhaps
greater, the preferred range being from 115°C. to 125°C. The catalyst and
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[
radical |y polynerizable ethylenically unsaturated nononer; and (iii
pol yol having a hydroxyl nunber of |ess than about 180; and (iv) a

(i) high potency preforned stabilizer (11); (ii)
|

radi cal polynerization initiator. 25 A novel proqgesesasor
maki ng the enhanced pol yner/pol yol conposi- tions of the invention

i nvol ves:

(1) providing a heterogenous m xture .of the high potency

preformed stabilizer (l11) and, optionally, liquid diluent (D) above,

conbination with -11 - (a) polyol having a hydroxyl nunber of |ess than
(b) a free raeig al Ly pol.ymeri zabl e etla%/l eni cally unsaturated

(c)be

about 180,

nononer,

(=}

10

15

20

25

30

be, seloctedspthpt the catalyst Jas a reasonable rate of
decomposxtxon with respect to the hold-up time in the reactor for a continuous

flow reactor or the feed time for a semi-batch reactor.

The mixing conditions employed are those obtained using a back
mixed reactor (e.g.-a stirred flask or stirred autoclave). The reactors of this
type keep the reaction mixture relatively homogeneous and so prevent local-
ized high monomer to precursor (I) ratios such as occur in tubular reactors,
where all of the monomer is added at the beginning of the reactor.

The preformed stabilizer (II)' of the present invention comprise
dispersions in the diluent and any unsaturated monomer in which the pre-
formed stabilizer (II) is probably present as individual molecules or as groups of
molecules in "micelles," or on the surface of small polymer particles.

The combination of conditions selectéd should not lead to cross-
linking or gel formation in the preformed stabilizer (II) which can adversely
affect the ultimate performance in making the polymer/polyol composition.
Combinations of too low a diluent concentration, too high a precursor (I)
and/or monomer concentration, too high a catalyst concentration, too long of a
reaction time, and too much unsaturation in precursor (I) can result in ineffec-
tive preformed stabilizer (I) from cross-linking or gelling.

Novel Polymer/Polyols (I1I)

As pointed out above, the invention relates to the manufacture of
high solids, white polymer/polyols possessing lower viscosities without sacrific-
ing stability. The invention relates to polymer/polyol compositions containing
‘at least 30 weight % polymer, the remainder comprising liquid polyol. This
product possesses excellent product stability and uses less free radical catalyst
in its manufacture.

This invention achieves a polymer/polyol composition which pos-
sesses a polymer content of about 30, preferably about 40, more preferably
about 45, and most preferably about 50, to about 60 weight percent. Over the
range of solids content, it can have a viscosity in centistokes less than about
20,000 cSt, such that the lower solids containing polymer/polyols can have a
viscosity in the range of about 2,000 to about 5,000 (solids of about 30-45
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(2) in a reaction zone maintained at a tenperature sufficient to initiate a

free 5 radi cal reaction, and under sufficient pressure to
maintain only liquid phases in the reaction zone, for a period of tine
sufficient to react at |east -a major portion of (b) to forma hetgy ous

m xture containing the enhanced pol yner pol yol, unreacted nononers an

di luent, and stripping the unreacted nononers and diluent fromthe enhanced
10 pol ynmer/polyol to recover the same. A preferred enbodi nent of
the invention includes the use of an acyl peroxide of the follow ng formula
as the free radical polymerization initiator in the polymer/polyol process:
15 wexght %). ngmﬁcantly, these polymer/lidydﬁ exheibiei Gniques produrt gani c

noi ety f{ﬁe ft te%s@% %@g t% &geéx{ gfq ' adi cal
ions in eco e,0 | gmsrl a
adver sel y . ﬁgm&\% églf &%‘p&ﬁ fie #1 R° VP o seeen-
pol yner / pol Jiskly Iﬂ‘?@ thexeat,i pass actAPrehW Méhesﬂ'l ds,
whdte amples, polymer/polyols having a sohds eontent of 50%, with a viscosity of
about 5,900, passed essentially 100% through a 700 mesh screen, and a
polymer/polyols having a solids content of 55.3%, with a viscosity of about
10,107, passed essentially 40% through a 700 mesh screen. A truly remarkable
illustration of the invention is shown in example 8 where a polymer/polyol
10 containing 59.9 weight % polymer had a viscosity of 13,176 and 19% passed
through a 700 mesh screen. In table IV, infra, example 199 taken from U.S.
4,242,249, by comparison, dramatizes the advantages of the invention.

The composition cox_:{'zprises (@) a liquid base polyol having a hydroxyl
number of about 10 to about 180 present in the composition in an amount of
15 from about 40 to about 70 weight percent of the composition, (II) a particulate
polymer portion dispersed in the liquid base polyol (I) having an average
particle size less than about 10 microns and being stable to settling, comprising
a free radically polymerizable ethylenically unsaturated monomer, such as, (i)
free radical polymerized acrylonitrile and (ii) at least one other ethylenically
20 unsaturated comonomer copolymerizable with acrylonitrile, in the presence of
(III) the free radical polymerization product of (A) a free radically
polymerizable ethylenically unsaturated monomer, such as, acrylonitrile and at
least one other ethylenically unsaturated comonomer copolymerizable with
acrylonitrile, and (B) an adduct of a polyhydric alcohol having the average
25 formula

A(OROX)>3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
30 tion copolymerizable with (A), and hydrogen, about one of such X is the organic
moiety containing reactive unsaturation and the remaining X’s are hydrogen,
(C) optionally adducted with an organic polyisocyanate, wherein the amount of
(B) or reaction product of (B), unreacted with (A), that is contained in the
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pol ymer./ pol yol s possessing | ower viscosities without sacrificing stability.
A feature of the invention includes polyner/polyol conpositions containing
at 25 | east 30 wei ght % pol yner, the renai nder conprising liquid
polyol. This product possesses excellent product stability and req#5£5§

| ess free radical catalyst in its manufacture. The invention is ul ely
enpl oyabl e in conpositions for the manufacture.of a pol yner/polyol

pol yuret hane foans, and the resultant - 12 - pol yur et hane foam wherein
there is enployed a pol ymer/polyol, a polyurethane catal yst, an organic

pol yi socyanate, a silicone surfactant and a bl ow ng agent. The i nprovenent

i nvol ves t heligifi@ pelyol (B i®lesy thsid Bbdmml weightperdefit bi'thePwbight of bk lighidam t he
pol yrer/ pol . Iy(ﬁQﬂpos' tion of this 5 i nvention, as described

her ei n.

In a preferred embodiment of the invention in polymer/polyol
composition, (B) is an adduct of a polyhydric alcohol having the average
5 formula

A(OROX) >4

wherein A is a polyvalent organic moiety, the free valence of which is =4, or has
an average value of =4, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
10 * tion copolymerizable with (A), preferably a fumaric compound, and hydrogen,
about one of such X is the o;g’:‘mic moiety containing reactive unsaturation and
the remaining X’s are hydrogen. In a further preferred embodiment, the
weight ratio of the hydroxy-terminated alkylene oxide moieties of (B) com-
prises 0.2 to 20 weight percent, on average, of the weight of the particles (II).

15 The novel enhanced polymer/polyol (III) forming composition of this
invention comprises:
(i) the high potency preformed stabilizer (II);
(ii) a free radically polymerizable ethylenically unsaturated monomer, such as,
acrylonitrile and at least one other ethylenically unsaturated comonomer
20 copolymerizable therewith;
(iii) a polyol having a hydroxyl number of less than about 180;
(iv) a free radical polymerization initiator; and
(v) optionally, diluent (D) characterized above.

The process for making these novel enhanced polymer/polyol (III)
25 compositions comprises:
(1) providing a heterogenous mixture of the high potency preformed stabilizer
(II) and, optionally, the diluent (D) in combination with
(a) a polyol having a hydroxyl number of less than about 180,
(b) a free radically polymerizable ethylenically unsaturated monomer, such
30 as, acrylonitrile and at least one other ethylenically unsaturated com-
onomer copolymerizable therewith, and
(c) a free radical polymerization initiator,
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Detail ed Description O Invention This invention is an inprovenent on the
conposi tions and processes described in U S. Patent No. 4,242,249 and

Eur opean Patent Application 87114233.7, described above. This invention
meets the market needs for 10 pol ymer/ pol yol conpositionsp jg44s
containing nore than 30 wei ght percent polyner, preferably nore than about
40 wei ght percent polyner, nore preferably nore than about 45 wei ght
percent polyner, nost preferably, at |east about 50, and as high as 60

wei ght percent polymer, and even higher, while at the same tine possessing
| ower viscosities, as correlated to the choice of base polyol, than 15

her et of ore was abrﬂahﬁmdonemmedrwmmmbmm«ién&wm&w a'fBed0SSESS
excepti onal ,ﬁm %hﬁtiiﬂdg}hﬁﬂ’exﬁ %g %,?%m g free
radi cal cata T un| chug. a S ar}et?m si_gnl |}c§ rea |fzed

wi th pol yrrerf‘% ?

nmore than 50%% mpér mﬂﬁ efh poky elr %I yIer .
205 unreacted monomers and diluent, and®stxripping tke ahyeastesdombhamersaral ur sor s

(1) are usedgfifeRPHEmithe eabifted PdlymEYp6lyol () to recover the same.

The process of the invention is notable for, over time, not being
subject to fluctuations in polymer particle average size and polymer/polyol
product viscosity. This is an advantage over processes which directly feed the

10 precursor (I) to reaction with the polyol in directly forming the polymer/polyol.

In a preferred process, the free radical polymerization initiator is an
azo compound or an acyl peroxide of the formula:

0 0
15 (.
R C-0-0-C-R
wherein R is an organic moiety free of substituents or hetercatoms capable of
forming free radical ions in the course of free radical polymerization which
adversely affect the physical properties of the resultant enhanced
20 polymer/polyol. Of the azo initiators, azo-bis(isobutyronitrile), 2,2'-azo
bis-(2-methylbutyronitrile), and mixtures thereof, are preferred. Preferred
acyl peroxides are the diacyl peroxides in which the acyl moieties are alkanoyl
containing about 8 to about 14 carbon atoms, preferably from about 9 to about
18 carhon atoms. Particularly preferred diacyl peroxides are didecanoyl
25 peroxide and dilauroyl peroxide.

The polyols having a hydroxyl number of less than about 180 com-
prises poly(oxypropylene) glycols, triols and higher functionality polyols. Such
polyols include poly(oxypropylene-oxyethylene) polyols: however, desirably,

. the oxyethylene content should comprise less than about 50 percent of the

30 total and, preferably, less than about 20 percent. The ethylene oxide can be
incorporated in any fashion along the polymer chain. Stated another way, the

ethylene oxide can be either incorporated in internal blocks, as terminal

blocks, or may be randomly distributed along the polymer chain. As is well
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preformed stabilizers (I1) of the invention. Stabilizers (Il), in turn, are

used to make the polynmer/polyols of this invention,

functioning to assi st

in inparting a desired stability to the resulting polyner/polyols. Suitable
precursors () are, 25 in general, prepared by the reacti fathe
sel ected reactive unsaturated conpound wi th an al koxyl ated pol yol "adduct .

Precursor (1) conprises an adduct of a pol yhydric al cohol having the

average formula A(OROX)>[err] .
the free valence of which is >3 or

di val ent residue conprising an al kyl ene oxide noiety and X is one or

of an organiknowai i the art] Glxélpféfemdqiolyo& héreii 46 dontai®

with (A,
of such X i

10

15

20

25

30

wherein A is a polyval ent organic noiety,
has an average value of >3, Ris the

nor e

Gtsi ofabl e

Raryiary
S‘ﬁ;sﬁ ation? THY Btk m&n@m%@mﬁf B¥6ived Hoes not affect iUt One

5 or anlctﬁrokr&h%%ng A ngrmer polyo 1%%%@01‘ ce Wi %ﬁe
present mvent.wn.

For the purposes of this invention, useful polyols should have a
number average molecular weight of about 600 or greater, the number average
being used herein being the theoretical, hydroxyl number derived value. The
true number average molecular weight may be somewhat less, depending upon
the extent to which the true molecular functionality is below the starting or
theoretical functionality.

The polyols employed can have hydroxyl numbers which vary over a
wide range. In general, the hiydroxyl numbers of the polyols employed in the
invention can range from about 10 and lower, to about 180, preferably, to about
150, more preferably, to about 100, most preferably, to about 75. The hydroxyl
number is defined as the number of milligrams of potassium hydroxide
required for the complete hydrolysis of the fully phthalylated derivative
prepared from 1 gram of polyol. The hydroxyl number can also be defined by
the equation:

OH = (56.1 x 1000 x f)/m.w.
where

OH = hydroxyl number of the polyol

f = functionality, i.e., average number of hydroxyl
groups per molecule of polyol”

m.w. = molecular weight of the polyol.

The exact polyol employed depends upon the end use of the
polyurethane product to be produced. The molecular weight or the hydroxyl
number is selected properly to result in flexible or semi-flexible foams or
elastomers when the polymer/polyol produced from the polyol is converted to
a polyurethane. The polyols preferably possess a hydroxyl number of from
about 50 to about 150 for semi-flexible foams and from about 10 to about 70 for
flexible foams. Such limits are not intended to be restrictive, but are merely
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the remaining X' s are hydrogen, in which the adduct may be further adducted
Wi th an organi c polyisocyanate,. In a preferred enbodi ment, precursor (1)

i s an adduct of a pol yhydric al cohol having the average fornula 10
A(OROX)[err] wherein Ais a polyvalent organic noiety, the free vabasess of
which is [err]4, or has an average value of [err]4, R is the divalent

resi due conprising an al kyl ene oxide noiety and X is one or nore of an
organi c noi ety containing reactive unsatura- tion, copolynerizable W th
(A), preferably a fumaric compound, and hydrogen, about one of

such X is th C ont ai ni ctiv sat ur, op and §h

remai ni ng X' Ql‘ﬁ{‘g%ﬁﬁ(?fgggﬁ”}/ﬁerp‘ﬁﬂsg Bfg?%ﬁ?%wlgﬁ% ﬁ%ﬁf@ I‘BPYRePP‘tWEnt i on,
t he adduct heereadtantsver age fornula A(OROX)[err], nost preferably
A(OROX)[err], where A is a pol yval ent organic rmi ety, the free vaI ence of

whi ch i rr r V, r
i o e R e
"reactive uns o miore Polyois lrom
5 fo owmg classes of composltlons, known to those skilled in the polyurethane
art:
(a) Alkylene oxide adducts of non-reducing sugars and sugar derivatives;
(b) Alkylene oxide adducts of phosphorus and polyphosphorus acids;
(c) Alkylene oxide adducts of polyphenols;
10 (d) The polyols from natural oils such as castor oil, and the like;
(e) Alkylene oxide adducts of polyhydroxyalkanes other than those already
described herein.

Miustrative alkylene oxide adducts of polyhydroxyalkanes include,
among others, the alkylene oxide adducts of 1,3-diiydroxypropane, 1,3-
15 dihydroxybutane, 1,4-dihydroxybutane, 1,4-, 1,5- and 1,6-dihydroxyhexane,
1,2-, 1,3-, 1,4-, 1,6-, and 1,8-dihydroxyoctane, 1,10-dihydroxydecane, glycerol,
1,2 4-trihydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1-trimethylolethane,
1,1,1-trimethylolpropane, pentaerythritol, caprolactone, polycaprolactone,

xylitol, arabitol, sorbitol, mannitol, and the like.

20 A further class of polyols which can be employed are the 1,2-alkylene
oxide adducts of the non-reducing sugars, wherein the alkylene oxides have
from 2 to 4 carbon atoms. Among the non-reducing sugars and sugar deriva-
tives contemplated are sucrose, alkyl glycosides such as methyl glucoside, ethyl
glucoside, and the like, glycol glycosides such as ethylene glycol glucoside,

25 propylene glycol glucoside, glycerol glucoside, 1,2,6-hexanetriol glucoside, and
the like, as well as the alkylene oxide adducts of the alkyl glycosides as set
forth in U.S, Pat. No. 3,073,788.

A still further useful class of polyol is the polyphenols, and preferably

the alkylene oxide adducts thereof wherein the alkylene oxides have from 2 to

30 4 carbon atoms. Among the polyphenols which are contemplated are, for
example, bisphenol A, bisphenol F, condensation products of phenol and
formaldehyde, the novalac resins; condensation products of various phenolic

compounds and acrolein; the simplest members of this class being the 1,1,3-
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means any conpound having a carbon-to-carbon doubl e bond which is ade-
quately reactive with the particul ar nononer systembeing utilized. It is
different fromthe particular nononer system being used. It is capable of
25 ' adducting with the al koxyl ated pol yol adduct, either dpregds y
or indirectly, via one or nore of a variety of mechanisns ranging from
esterification, Mchaels Addition, free radical. addi tion, isocyanate
adducting, WIlianmson synthesis, and the Iike. Mre specifically, conpounds
cont ai ni ng al pha, beta unsaturation are preferred, e.g., those conj ugat ed
car bonyl oxy conpounds enbr.aced. by the 30 f or mul a" [err]

Sui tabl e co oxypheny)) (pyopanes, (ondensation nprodusts; 1of various @benohc

funmar at es, acaypatimis, amh glyoral) ghrinteddelryde\¥nid ethertdialdehgdes)the simplestir at ed

conpounds,  PaleY¥ters Of ¥hisSclisa BNy thE T 152/Rtétrikih CRydtbRyphenoNetilnRs St as
the like.

5 The alkylene oxide adducts of phosphorus and polyphosphorus acids
are another useful class of polyols. Ethylene oxide, 1,2-epoxypropane, the
epoxybutanes, 3-chloro-1,2-epoxypropane, and the like are preferred alkylene
oxides. Phosphoric acid, phosphorus acid, the polyphosphoric acids such as
tripolyphosphoric acid, the polymetaphosphoric acids, and the like are

10 desirable for use in this connection.

It should be appreciated that blends or mixtures of various useful
polyols may be used if desired. With polyols other than the preferred type,
useful monomer contents #ind monomer or monomers may vary somewhat.
Similarly, it may be desirable or even necessary to modify the stabilizer of this

15 invention when such other polyols are used. This can be accomplished by
following the criteria discussed hereinafter in connection with the stabilizers
used for the preferred polyols.

The monomer for making the polymer component may be is an
ethylenically unsaturated monomer, preferably acrylonitrile alone or acrylonit-
20 rile and at least one other ethylenically unsaturated comonomer
copolymerizable with acrylonitrile. Illustrative comonomers are styrene and
its derivatives, acrylates, methacrylates such as methyl methacrylate,
vinylidene chloride, and the like.

It is preferred to utilize acrylonitrile rmxtures with a comonomer,
25 typxcally with a minimum of about 5 to 15 percent by weight acrylonitrile in
| the system. Styrene will generally be preferred as the comonomer, but methyl
methacrylate, vinylidene chloride, or other monomers may be employed in
place of part or all of the styrene. Overall, in terms of the final polymer/polyol
composition, to provide polymer/polyols for use in applications where minimal
30 scorch is desired, the acrylonitrile content of the monomer mixture used
should be less than about 40 percent by weight, preferably less than about 35

percent.
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chl oronet hyl styrene may |ikew se be utilized (adducting with the polyol
adduct via a WIlianson synthesis, and the like), preferably in conbination
10 ° wi th a conjugated carbonyl oxy conmpounds. Illustrative exanpl es
of suitabl e al pha, beta unsaturated carbonyl oxy conpounds which ”Q¥-Pﬁa
enployed to formthe stabilizer precursor include maleic anhydride, maric
acid, dialkyl fumarates, dialkyl naleates, glycol maleates, glycol
fumarat es, isocyanatoethyl nethacrylate, nmethyl nethacrylate, hydroxyethyl
nmet hacryl ate, acrylic and 15 ° met hacrylic acid and their anhydride,
met hacryl chloride and glycidyl nethacrylate. The reactive unsaturated

conpound nay be thél'heeamée aadiesh Gedimerization dnitiatore usefub Cinl esakifg UtHe Ng i n

a structure
e ﬁ g;ﬁ’ﬂ?&ﬁ@%’#‘%’;ﬁ’%g‘f g
reacted with erg yﬂ? %‘? W’ﬂa"‘dﬁf% g&ﬂ""&g
pol yi socyana ~life Swithiny ecienwmf@aetmewwduns forming ckhe
noBoi socyanagtabilizer Killhs.el-tlie dhulfﬂifbyihou}d be abonk 25 | geecetit | orsless/ of \ the re-
However, in khendy1imbiifi ¢hetedcbirsatiapivel] tePiperhturk SRéPresditatieb dxatiplés o) OF
useful catalyst species include acyl peroxides such as didecanoyl peroxide and
dilauroyl peroxide, alkyl peroxides such as t-butyl peroxy-2-ethylhexanoate,
t-butylperpivalate, t-amyl peroctoate, 2,5-dimethyl-hexane-2,5-di-per-2-ethyl
10 hexoate, t-butylperneodecanoate, t-butylperbenzoate and 1,1-dimethyl-3-
hydroxybutyl peroxy-2-ethylhexanoate, and azo catalysts such as azo-
bis(isobutyronitrile), 2,2’-azo bis-(2-methylbutyronitrile), and mixtures thereof.
. Most preferred are the acyl peroxides of the above formula and the azo
catalysts.

15 The catalyst. concentration employed is not critical and can be varied
considerably. As a representative range,'the concentration can vary from about
0.1 to about 5.0 weight percent or even more, based upon the total feed to the
reactor. Up to a certain point, increases in the catalyst concentration result in
increased monomer conversion; but further increases do not substantiaily

20 increase conversion. The particular catalyst concentration selected will usually
be an optimum value considering all factors, including costs. It has been
determined that lower concentrations can be used in conjunction with the high
potency preformed stabilizer (IT) and still achieve stable polymer/polyols.

Particularly preferred in the practice of the invention, are the use of
25 azo catalysts and the aforementioned acyl peroxides of the above formula.
.Such acyl peroxides have the unique advantage of effecting the desired degree
of polymerization essentially without raising the viscosity of the
polymer/polyol over that obtained with the azo catalyst. This enhances ones
ability to achieve higher solids polymer/polyols with good product stability
30 without raising product viscosity. Such acyl peroxides can be used in molar
amounts substantially less than the amounts required when using other free

radical catalysts in forming the polymer/polyols.

The polymer/polyols are preferably produced by utilizing a low
monomer to polyol ratio is maintained throughout the reaction mixture during
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nmol ar. anount, up to 100 percent, of the al pha, beta carbonyl oxy unsaturated

25 conpounds used as the reactive unsaturated conpound, have

funmarate-type unsaturation ("fumarics"), or are unsaturated conpounds

whi ch, under the reaction conditions used in adducting with the alpk@jyd ated

pol yol adduct, forma high proportion of fumarate-type unsaturation.

[llustrative furrarlcs are fumaric acid and the . fumarates, or one or nore of

mal ei ¢ aci d, nal eic anhyd- 30 "~ ride and mal eates which are

i somerized to the fumaric striacture on or after adduct formation.

Preferably, the fumarate structure is provided by the incorporation of

mal ei ¢ anhydhéom'om t Thisi isoschievedt bprenqﬂoymg cosiditioniso thatnproxide bgpx&nown

treat ment Wichhy B*’tﬂ"xh@ﬁomerto-r )ﬂrﬁéﬁ‘& B2wh tﬁﬂt‘i’é&oﬁoﬂd‘fydi tipably a

hydr oxy- t er g oy %8,@3,%&% ;| g&nﬁw& 2 cothio'cpe M iSEy LHbdlef! 2 o0
the temperature and mixing conditions and, in the case of semibatch opera-

5 tion, also by slowly adding the monomers to the polyol.

The temperature range is not critical and may vary from about 100°C,
to about 140°C. or perhaps greater, the preferred range being from 115°C. to
125°C. As has been noted herein, the catalyst and temperature should be
selected so that the catalyst has a reasonable rate of decomposition with

10 respect to the hold-up time in the reactor for a continuous flow reactor or the
feed time for a semi-batch reactor.

The mixing conditions employed are those obtained using a back
mixed reactor (e.g.-a stirred flask or stirred autoclave). The reactors of this
type keep the reaction mixture relatively homogeneous and so prevent local-

15 ized high monomer to polyol ratios such as occur in tubular reactors when such
reactors are operated with all the monomer added to the beginning of the
reactor.

The polymer/polyols of the present invention comprise dispersions in
which the polymer particles (the same being either individual particles or
20 agglomerates of individual particles) are relatively small in size and, in the
preferred embodiment, have a weight average size less than about ten microns.
However, when high contents of styrene are used, the particles will tend to be
larger; but the resulting polymer/polyols are highly useful, particularly where
the end use application requires as little scorch as possible.

25 In the preferred embodiment, all of the product (viz. 100%) will pass
through the filter employed in the 150 mesh filtration hinderance (fil-
terability) test that will be described in conjunction with the Examples. This
insures that the polymer/polyol products can be successfully processed in all
types of the relatively sophisticated machine systems now in use for large

30 volume production of polyurethane products, including those employing
impingement-type mixing which necessitate the use of filters that cannot
tolerate any significant amount of relatively large particles. In addition, a
significant amount of the polymer/polyol passes the 700 mesh filtration
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and preferably a "starter" tetraol and higher hydroxylated al cohols, of the
5 forml a: A(CH)[err] wherein Ais a polyvalent organic noiety, the
free val ence of which is >3 or [err]4, or an average val ue equal thereto,
as the case may be. Illustrative of suitable conmpounds enbraced by.igiss
"starter” A(OH)[err] 10 al cohol are the foll ow ng:

pentaerythritol, sorbitol, diether of sorbitol, man- nitol, diether of
mannitol, arabitol, diether or arabitol, sucrose, oligoner of polyvinyl

al cohol or glycidol, connected branched chain polyols, nixtures thereof,

and the like. In nore preferred enbodi nents of the invention, the starter

al cohol 15 hmdranee tests aschazadterived more fully ApCkel exariplesndt shouldebebl v

A(OH)[err], téu lthaﬁtﬂ@lmahﬁah filtrgtioh Chintradicd testhprdsents thid eiust Of
which is [e %Hﬁ% 3@ value of [err]5 or 6, as the case
may be. The arter A /?B err|4 or [err]5 or [err]6 is first

reacted wth 1,2- alkylene oxide in an anpbunt and under conditions
sufficient to convert its
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20

hydr oxyl

groups to hydroxyal kyl

groups. The anount of

1, 2-al kyl ene oxide reacted is sufficient to achieve the ultinmate nol ecul ar

wei'ght of the al koxy-
fumari ¢ conponent to form precursor (I).

al koxyl at ed pol yol

4000 (nunber average) and, nore 25
The m ni num nol ecul ar melght of the al koxy-
about 3000. The preferred 1, 2-al kyl ene oxi des are | ower

oxi des, su
and the [ i

(OH) [err]
30
pag yol

oxide to pr
10
15
20
25
30
36
40
45
50
55

60

65

| at ed pol yol adduct that is to be reacted with

preferably,
| at ed pol yol

may [Pbe

ovi de as

S%Filt et

ur ghept 28.

t he

The nol ecul ar wei ght of Dhs4ss
adduct should be rel atively high, preferably above about
above about
adduct may
1, 2- al kyl ene

5000.
be

sul ting
ene

A polyol made by reacting propylene oxide and ethylene oxide with sorbitol in the

Polyol B resence of potassium hydroxide catalyst and to remove catalyst. The polyol
gontamn about 8 weight percent ethylene oxide as an internal block and has a hydroxyl
"number of about 28.

' A polyol made by reacting propylene oxide and ethylene oxide with glycerol in the

Polyol C presence of potassium hydroxide catalyst and refining to remove catalyst. The
containg about 10 weight percent internal ethylene oxide and has a hydroxyl n ol'
about 52.
Apolyolmadebymactmgpmpyleneondemdeﬂwlenemdemveb'mthgbu

Polyol D in the presence of um hydroxide catalyst and refining to remove catalyst. The
polycl contains about 19 wexght percent ethylene oxide as a cap and has hydroxyl number
of shout 35.

Azp catalyst Azo-bxs(wobutyromtnle)

Catalyst A A palyurethane fmmmﬁneahbstnoldu'NIAXCatalyutA-l‘byUnmnCarbme
Corporation.

Catalyst B A polyureﬂmne tin catalyst sold as “T-9".

Surfactant A A silicone surfactant sold for use in foam by Union Carbide Corporation as "Silicone
Surfactant 1-6202".

Isocyanate A Modified liquid form of 4,4’-diphenylmethane dhsocyanate (MDI) having an equivalent

' weight of 143 sold as "Isonate 143L" by the Dow Chemical Company.

TDI A mixture of 80 weight percent 2,4-diisocyanatotoluene and 20 we:ght percent 2,8-
diisocyanatotoluene.

Density Density in pounds per cubic foot (ASTM D-3574, Test A).

Porosity Porosity in CFM (ASTM D-3574, Test G).

IFD 25% Indentation Force Deflection 25% (ASTM D-3574, Test B1 and Test B2).

IFD 66% Indentation Force Deflection, 65% (ASTM D-3574, Test B1 and Test B2).

IFD 85/26 Indentation Force Deflection, 65% divided by Indentation Force Deflection, 26% (ASTM
D-3574, Test B1 and Test B2).

Tensile Tensile in psi (ASTM D-3574, Test E).

Elongation Elongation in percent (ASTM D-3574, Test E).

Tear Tear Resistance in pounds per inch (ASTM D-3574, Test F)

Viscosity Viscosities were measured by Cannon Fenske viscometer (cSt).
Filterability is determined by diluting one part by weight sample (e.g., 200 grams) of
polymer/p?{yol with two parts by weight isopropanol (e.g, 400 grams) to

Filtration ve any viscosity-imposed limitations and using a fixed quantity of material in

gz:;dr:bce nlnf.mn to a fixed cross-sectional area of screen (e.g., 1-1/8 in. diameter), such that all ol'

ilterability)

the polymer/pohml and isopropanol solution passes by gravity through a 150-mesh or
700-mesh screen. The 150-mesh screen has & square mesh with average mesh opening
of 105 microns, and lt is & "Standard Tyler" 150 square-mesh screen. The 700-mesh
screen is made with a Dutch twill weave, The actual screen used had a nominal opening

of 30 microns. The amount of sample which through the screen within 1200

passes
seconds is reported in percent, a value of 100 percent indicates that over 99 weight |

percent passes through the screen.
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of primary hydroxyl content in the polyol especially if the al koxyl ated
pol yol adduct is subsequently coupl ed, not polynerized, with an organic
pol yi socyanate. Such al koxyl ation reactions, w th consequent adduct forna-
5 tion, is well known in the art, and forns no part of tbiisss

I nventi on Adduct reactions may be base or acid catal yzed, with base

catal yzation preferred. The al koxyl ated pol yol. adduct is then reacted with
a reactive un- saturated conpound to introduce the desired degree of
unsaturation. In the preferred practice of the invention, the reactive
unsaturation is introduced 10 t hr ough esterification with the

hydr oxyl gr BugRarationg a| koxyl at ed pol yol adduct by reaction with an al pha,
bet a carbonyl oxy unsaturated conpound in which the carbonyloxy is part of a
car boxyl i ¢ AcPiepamationof Breqursar{ller group. For exanple, one nole of a

pol yol may be reacted with one nole of maleic anhydride to forma half

ester of maleic acTke follvihg néﬂ%&&e&ﬁs@oﬂbﬁé&fbﬁ%ple 1. The
typu cal l'y nﬁa b1dd Qlark EPE £ kittled PedtBby Plirgel With Aithien. The'mAataRAwll LN 1, 2-

8 Fedt®b
5Kyl ene ox gﬁ ﬁf)tﬁ@ntnﬁ a&hbﬁg r oxyl
ofoups i tg@é‘%&ﬁéiﬁ ﬁ@ﬁf iklnon b e e it u%@ﬁﬁﬁg the

al koxyl ate dture and ethylene oxide was added by pumping. After the reaction was
completed, the excess oxide was removed by stripping under vacuum. The
results are summarized in Table I below. The acid number reported was the
10 final acid number (in mg KOH per gram of sample) after the product was

stripped.
B. ling of Pre

The following general procedure was used in Example 2 for the
reaction of Isocyanate A with the macromonomer formed in Example 1. The
15 sample from Example 1 was placed in a stirred reactor and heated to 80°C.
The indicated amount of Isocyanate A was added slowly, The mixture was
maintained at 80°C. for one hour after the addition was complete. The results
of these experiments are summarized in Table IL

C. Preparation of High Potency Preformed Stabilizer (1)

20 ' The preformed dispersion stabilizers were prepared in a continuous
polymerization system employing a tank reactor fitted with baffles and an
impeller, The feed components were pumped into the reactor continuously
after going through an inline mixer to assure complete mixing of the feed
components before entering the reactor. The contents of the reactor were well

25 mixed. The internal temperature of the reactor was controlled to within 1°C.
The product then flowed out the top of the second reactor continuously
through a back pressure regulator that had been adjusted to maintain at least
65 psig pressure on both reactors. The preformed dispersion stabilizer then
flowed through a cooler into a collection container. About 25 ppm of tertiary

30 butyl catechol was added to the product container to prevent any polymeriza-
tion during storage or transfer. '

D. Enhanced Polymer Polyols Preparations

A continuous polymerizations sysf.em was used, employing a tank
reactor fitted with baffles and an impeller. The feed components were pumped
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pol yol adduct ester may be coupl ed, not polynerized, with qgrganic
pol yi socyanate. Such conbi nation of reactions produce the stabilizer
precursor 20 (I'). The armount of ethylenic unsaturation in the
stabilizer precursor (1) nmay vary to a significantly extent. The r-é4am
and maxi mum | evel s of unsaturation are dictated by the dispersion stability
that the precursor (1) inparts through the subsequently formed preforned
stabilizer (I1), and hence 25 to the pol ynmer/pol yol conposition.
The m ni num armunt of unsaturation is that anount whi ch |rrpacts on the
di spersi on s} abi of the oJe] r[.pol icall the.lo limt of
unsat ur at i oniite B soptipg ‘YBKYE . g% Mﬁg!b {TFKeL per
nol e of the ¢ kgem eWmf mpwpéﬁ befoze rtvhamphorofl’hm 30
sat uration iintemal tempemtummf@he ceactarswascontrolled to withim A% nThe fontents
cr 0ss- | i nki nef tlie reletos twadre welleamixed e Ahegurodigdt)flowiitdeoutithettep of the néaxtarf
ungat ur at i onaxal éhtprLsctohd ubgitated reactor hlso Ronfrollod withihi1°Cz Thepsroduéts or
(1), there ighen ﬂaﬁaa%t&hethaﬁldﬂm gebaid SEREre sontindously ﬂﬁbﬁgﬁ‘ a"Badkng nore
than one doublaesRQNthglfitor that had been adjusted to give about 45 psig pressure on
both reactors. The crude product then flowed through a cooler into a collec-
tion vessel. Percent by weight polymer in the polymer polyol was determined
10 from analysis of the amount of unreacted monomers present in the crude
product. The crude product was vacuum stripped to remove volatiles before
testing. All of the polymer polyols in the Examples were stable compositions.

E. Free-rise Foam Preparations

Examples 11 through 17 are free-rise foams prepared from the
15 polymer/polyols as identified in the examples by the following procedure using
the proportion of components shown in Table V, infra. The polymer/polyol,
amine catalyst, and silicone surfactant were charged to a one-half gallon paper
container equipped with a baffle assembly, and mixed at 2400 rpm for 60
seconds with a dual turbine stirrer placed about one inch above the bottom of
20 the container. The mixture was allowed to set for 15 seconds to degas. The tin
catalyst was added after degassing and mixed at 2400 rpm’s for 10 seconds.
With the mixer still running, tolylene diisocyanate isomeric mixture was
added, and the components were mixed for 5 seconds. The mixture was poured
after it started to cream into a 14 x 14 x 6 inch carboard cake box. The foam
25 ' mixture was allowed to react and subsequently to rise freely in the box until
the reaction was complete. The foam was then placed in a conventional oven
preheated to 225°C. for 5 minutes. Foam properties were determined pur-
suant to ASTM Standard D-3574-77. All of the foams were prepared using TDI
at an index of 115,
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nmol ecul e, An undue popul ation of cross-linking could adversely affect the
stabilizer's (Il1) ability to provide dispersion stability enhancenent and,

as ‘well, cause it to have a significantly increased viscosity. Accordingly,
t he maxi num amount of unsaturation provided shoul d be bel ow t hat j ch
significant cross-linking occurs. 5 The desired anount of

reactive unsaturated conpound to be used in making precursor (1) wll
depend on the nol ecul ar wei ght of the al koxyl ated pol yol adduct. Typically,
it will be desirable to enploy about 0.5 to about 1.5 noles of the reactive
unsat urated conpound for each.nole of the al koxyl ated pol yol adduct.
Preferably, about 0.7 to about 1.1 rExsfipkfithe reactive un- 10

saturated conpound for each nole of the aI koxyl at ed pol yol adduct are

enpl oyed to nake pgecursor I) the reacti v unsat ur at ound
may be used, but i ﬁ@ﬁn s%rtf,pa{f;% & BrEURR, %ee
need fumerate type unsaturatio e process use e same as
previously set forth and the parameters are set forth in Table 1 below.
5 TableI
Example Number 1
Polyol ‘ A
10 Maleic
Anhydride
Weight % 1.07
meq/g 0.11
15 KOH ppm : - 60
Moles Ethylene 15
Oxide per mole
maleic anhydride
20
Reaction Temp.,
°C. 110
Reaction 27
25 Time hours)
Acid No. 0.39
Isomerized Yes
30 with morpholine .
Unsat'ur?ﬁoni 1 0.090 (measured
mequiv./g-polyo. . meas
as fumarate)
35
Viscosity 2452
Retained 82
Unsaturation (%)
40
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for using |larger amounts of the thus nmade precursor (1) in making .
stabilizer (11). It is preferred to prepare the precursor (I) in such a
fashion that the 15. unsaturation is retained to the maxi mum
extent possible. Loss of unsaturation may occur in stabilizer precursor (I)
preparation with any of the al pha, beta unsaturated conpounds. Fop-m¢a81pl €,
It has been recogni zed that when nal ei c anhydride is enpl oyed anywhere from
about 25 percent to essentially all of the unsaturation nmay be lost. Loss

I n unsaturation 20 appears to be generally acconpani ed by an .

I ncrease in viscosity of precursor (l). Accordingly, it is desirable to
utilize an efficient process in the grep ation of the precursor such that
at | east one-quarter (1/4) of the a turation is retained. Precursor
(1) preparation is preferably carried out in the presence of a 25

catal ytic amount oOThis Ekaple fildastratésithadotpling &f & pibeifigod () @ithi n bases
such as al k&g%a@adnadcyauta%% higheFRisabsiti T pFiRese fisbd! whs 1P karaéladl Sal t's

argroni um hy s degs PrepRaly E%%%%???W%%yngft%pyr.%@w%&y

aqynnlun1hy
I m dazol e.
Table II
Wt % , Viscosity
Isocyanate A cSt at 25°C,
10 0.64 6310
' Example 3

This Example illustrates the preparation of a stabilizer (II) as pre-
viously described. The specific parameters are set forth in Table III below.

15 Table Il
Stabilizer (II) Preparation

Feed Composition:

20 Diluent Type Isopropanol/Polyol B
Diluent Concentration, Wt.% in Total Feed 60%/3.99%
Precursor (I) Type From Ex. 2
Precursor Concentration, Wt. % in Total Feed 19.95%
Monomers (30/70 A/S) 15.96%

25 Cat. conc. wt.%* 0.10%

‘Reaction Conditions:

30 Temperature, °C, 120
Pressure, psig 65
Residence Time in each stage, min. 40

*Solution of 50% tertiary butyl peroctoate in dioctyl phthalate.

- -
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Pot assi um hydr oxi de has been found to be useful. The anobunt of catalyst is
30 not critical; and may, for exanple, be as | ow as about 10 ppm
or even | ess when potassium hydroxide is used. For exanple, in esterifying
t he al koxyl at ed pol yol adduct to introduce the fumarate structure,p.igus
stabilizer precursor (1) having an adequate viscosity may be obt ai ned
usi ng about 20 parts per mllion of potassium hydroxide. This typically
allows retention of about 50 percent of the unsaturation, with up to about
70 percent of the unsaturation being of the fumarate type, under reasonably
appropriate reaction tines and conditions. Viscosities of about 3000 5
cSt are typically provided. SuitabEzamples#ocd® enperatures may vary from
about 100 to about Thib[fellowifg exaniplesablow thad[palymhé: polyolshn@derby Ehisi r abl y,
the reacti oninvBesibsl diepélfiner ednbetits idf dboutuE Percendadehipherdidvalhdth and
subsequent  pi&gptable’ Hitrfon MikdtaRd8 and viscosity as compared to the prior art

5 Example 199 of U.S. Patent No. 4,242,249 (*249").

Table IV

Polymer Polyol Examples

Example No. 4 B 6 7 8 9 10 199
€*249)
10
Polyol Type c c Cc c C D C V of ‘249
Preparation Conditions: -
15 Reaction Temperature, °C. S5 1mE 15 118 14 118 116 126
AZO conc., wt.% in total feed - 0.5 0.5 05 - 05 -05 045 (1) 13
Stabilizer (I0), .
20 wt% in total feed 5.2 8.2 59 89 72 51 51 44
Stabilizer (I)
of Example 3 3 3 3 3 3 3
25 Tsopropanol, wt.% in total feed 40 31 35 35 43 80 40
Monomer, wt.% in total feed 432 437 481 B30 671 428 432 471
Ratio of Acrylonitrile to 30/70 30/70 30/70 30/70 30/70 40/60 30/70 40/60
30 Styrene, wt.%
Residusl Acrylonitrile, wt.% ’ 04 0.4 0.5 04 0.8 12 0.6 1.03
35 Residual Styrene, m wt.% 08 10 0.9 09 15 0.4 12 0.95
Total Polymer in Product, 452 481 502 BB3 599 450 449 452
by cale. wt.% .
Product rties:
40
Viscosity 3792 4214 5923 10107 13176 6716 3937 35,500
Filtration Hindrance: 100 100 100 100 300 100 100 5.8
45 % thru 150 mesh screen
ppm on 150 mesh screen 14 8 9 9 20 7 12 2374
% thru 700 mesh screen 100 100 100 40 19 100 100 0.335
50 (1) 0.70 weight % didecanoyl peroxide.
) T_h’is, lSIIlliﬂt,Ii,ai Been Reﬂlaced -39- - -



oxi de, preferably ethylene or propylene oxide, either with the other
reactants 10 or subsequently, may be added to the reactor to the
extent it may be necessary to reduce the acid nunber of the al koxyl ated
pol yol adduct. The acid nunmber of the al koxyl ated pol yol adduct shg
preferably be bel ow about 3.0, nost preferably bel ow about 1.0, but not so
| ow as to cause a viscosity increase with acconpanying |oss of
unsaturation. The product may then be cool ed and 15 stripped to
renove excess al kylene oxide. It is then ready for use in preparing the
prefornmed stabilizer (Il1). If_the fumaric structure is provided by the use
of mal eic anhydride or acid or esESAMPRES 1hd7esterification product is
treated with norpholine to convert the naleate units in the precursor

structure to fUTar el Yrnipled (LéETﬂﬁéiV)E‘sﬁoﬁ%%E{l atioeﬁ, ﬁ%{ﬁﬁedb | be
di ctated by th(réa glgth c.ors %st\(ﬂéﬁgfi %cﬁ{gggﬁit e éﬁ%@os‘f‘?&"o' ggggursor
(1) should M@%g‘t’?ﬁ PRt liok’grgﬁﬁhot be conveniently handl ed.

Vi scosities up to about 10,000 cSt to gbgu{, 15,000 cSt nmay be
saPi sfactori | y handl ed but it is pref that the viscosity be |less than
about 8,000 cSt.

Example Number u 12 13 1 15 16 17
POLYMER POLYOL
10 Polymer Polyol from Ex4 Ex4 Ex5 Ex6 Ex6 Ex7 Ex8
FOAM FORMULATIONS
(parts per hundred parts polyol)
15 Polymer Polyal of Ex. 27100 100 100 100 100 100 100
' Water ~ 23 23 23 23 23 23 23
Catalyst A ) 003 003 003 003 003 003 003
20 Catalyst B o1 eI o1l ol o6 01l QL1
Surfactant A 070 070 070 070 070 070 070
25 FOAMDATA
Properties
Density 23¢ 238 243 238 234 237 238
30 Porosity 347 347 401 320 374 158 212
IFD, 25% 1445 140 1539 185 1603 2129 2199
35
85% 3093 301 3368 3783 3648 5423 5723
65/25 214 215 219 230 228 255 260
40 Tensile 343 320 327 363 351 299 372
Elongation 1134 1158 947 962 932 477 564
45 Tear 207 234 210 239 263 20 204
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25 Accordi ngly, precursor (lI) may be nade by reacting a
sorbitol-initiated polyol with maleic anhydride in the presence of

pot assi um hydr oxi de catal yst. This may be acconplished by using a
tenperature of about 125[err]C. to preserve a high proportion of pligsss
charged (i.e. added) unsaturation. The mal eate unsaturation may then be

| sonerized to fumarate using norpholine at sone 30 | ower
tenperature, such as 80[err]C Alternatively, higher tenperatures (e.g.
about 175[err] to about 180[err]C. or so) may be utilized to achieve
relatively high levels of funarate-type unsaturation directly. The

t echni ques i nvol vdtrexionsly ayailghig polyraerpolyels havngapolymer: eentents pf 16443
Vi scosity ashoutt4(epercent daa bé foonverted yntocfoatn nginghthel abeveafornmaditdén pr oduct

Wi th an or ggRich haveAbadBbsri E&ba%&xe’érbf%&?t”i% m@‘%‘&@%@&‘ birdyder ate
{Der a1 Ut i . 2 ke, L 0000 bl e e s rom
5 polymer/polyols of this mventxon have significantly higher load-beanng
capacities. The patent literature does not appear to disclose foams having 25%
IFD values above 125 lbs. (see for example, U.S. Patents Nos. 4,454,255;
4,458,038; and 4,689,354)
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amount of reaction is intended to achieve a relative mnor anount of
viscosity 5 increase, therefore-syml-l amounts of theisocyanate

are enpl oyed. Hi gh Potency Prefornmed Stabilizers (
preformed stabilizer for use in making pol ynmer/ pol JML"] ,ﬂu""ﬂml'm ﬂﬁe free
radi cal pol ymerization product of (A) a free radically potyntrizable

et hyl eni cal | lafwsat ur at ed nononer and (B) an 10 adduct of a

pol yhydri c al cohol havi ng the_avera%e formula A(OROX)[err] wherein Ais a
pol yval ent organil ndiligh reteacy mrelorsednskebilizdn for juse>in mekirms an
average val ue equal thereto, R is the divalent residue conprisi an al -

kyl ene oxi de PROYRSS/PAkYPLR FamDEHEing: t}f‘ﬁ)rfé‘e%fraéﬁc‘b]r gahmerieatdon st Afngt 15

bound, " and @&‘%%éé%‘e‘@wﬁ?%%% ez%?z% % fbgRaLHI S@?g};u [%?q#%ﬁ‘
ndduct may DA™ (Pthar HRIGCTBI R TIOET & SRt oy ey aoid ey
pot ency pr ef %@E&&EQQ Sorhtias(! I) of the [ nvent ion is derived
Q(OROX)>3
wherein Q is a polyvalent organic moiety, the free valence of which is
>3, or has an average value equal to >3, RO is a divalent residue
comprising an alkylene oxide or polyalkylene oxide moiety and each X is
selected from an organic_goiety containing reactive unsaturation
copolymerizable with (A): and hydrogen, about one of such X being an
organic moiety coﬁtaining reactive unsatufation énd the remaining X's
being hydrogen, said adduct optionally being further adducted with an
organic polyisocyanate.
2. A stabilizer composition as claimed in Claim 1 wherein said
adduct is selected from those having the average formula:
| QoROX), . (D)
wherein Q is a polyvalent organic moiety, the free valence of which is
2n, or has an average value equal to 2n; and n is 4, 5 or 6.
3. A stabilizer composition as claimed in Claim 1 or Claim 2
wherein said organic moiety copolymerizable with (A) is a residue of a
fumaric compound.
4, A stabilizer composition as claimed in Claim 3 wherein said
fumaric compound is esterified maleic anhydride isomerized to a fumaric

structure.
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20 fromthefollovmn nposition, conprising: (A) precursor (1);

(B), a free radi c Jlmmlﬂ“’mmlllﬂmf et hyl enjgcal |y unsaturated nononer, pre-
ferably acryl onit one ot her et hyl eni cal | y unsat ur at ed

conononer copol yrrerl Zable fhetedith, 25 (C) a free radical

pol ynerization initiator; and (D) a liquid diluent in which (A, (B), and
(C are soluble, ﬂautAidompbéﬂiionrns cksisetli 11g ahy ginepof éleymprietordyegherein Q
stabilizer (Il) is essentially insoluble. In another enbodi ment, the

i nvention relat g hydeoxydviteepresidye dfoat rﬂwlabh@mehnoltyhg&rifmamlpfmmolthed

stabilizer (I1) which conprises providing 30 {a# (L3 and
(D), above, iBHOW Iceaeﬁsensméamth?ﬂaﬁq%edswi‘éplt-emlép r @rebitqlsi syarose,

initiate a free radical reaction, and under sufficient pressure to

mai ntai n onl PLEEAEra ofhaekevingl dlcohelyc Pobivingh&lyeiiols, Andi sernscted me

sufficient branched chain polyols.

6. A stabilizer composition as claimed in any one of Claims 1 to 5
wherein Q is the hydroxyl free residue of sorbitol.

7. A composition as claimed in any one of Claims 1 to 6 wherein the
alkylene oxide is a lower alkylene oxide.

8. A composition as claimed in Claim 7 wherein the alkylene oxide
is propylene oxide or etbylene oxide or a mixture thereof.

9. A stabilizer cd;position as claimed in any one of Claims 1 to 8
wherein (A) comprises acrylonitrile or a ﬁixture-thereof with at least
one other ethylenically unsaturated monomer copolymerizable therewith.

10. A stabilizer composition as claimed in any one of Claims 1 to 8
wherein (A) comprises a mixture of acrylonitrile and styrene.

11. A composition for forming a high potency preformed stabilizer as
claimed in any one of Claims 1 to 10, said composition comprising
(1) a precursor to the stabilizer comprising an ester obtainable by

reaction of: 3

(i} a hydroxy-terminated alkylene oxide adduct of a polyol of the
formula
Q(OH)>3
wherein Q is a polyvalent organic moiety, the free valence of

which is >3;

‘This Sheet Has'Been Reﬂl
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to react essentially all or all of (A); and recovering a heterogenous

m xture contaln &“ﬁ“ﬂﬂaﬂ wulency prefogged stabilizer (11) dispersed in
t he dil uent. u!““ be the aforenentioned reactive unsaturated
5 conpounds paPtlcuIarIy those that are free radically

pol ymeri zable. Preferab- ly, (B) is acrylonitrile and at | east one other

et hyl eni cal | y unséiir ahesbneoor pohyrarbomydjps) yoompowsab cemprising dhg|maietyi | e.
Illustrations of ethylenically unsaturated conononer copolynerizable with
acrylonitrile include styrene and its derPvatives, acrylates, nethacryl ates
such as nethyl nethacryl ate, .10 I nylidene chloride, and the I|ike.
It is preferred to utilize acrylonitrile with a conononer and to naintain a
m ni num of about 5 to 15 percent by weight éprylonitrile in the system
Styrene will generally be preferred as THhe ¢ofr $trononer, but met hyl

the 15 7 ¢ " k%&%ﬁ; B?%wcf%aev%%h°¥f§f>rﬁ%e¥=u?§fve§yﬂﬁ oo ke the
Styrene. Thelabi gft® SFoRsA PaN Br Gy khiied mbhi 8t Teel IO 50 1o
80 wei ght per cent wl?:{cht Qgpolymerize_s with the precursor {1) to the stabilizer;
(3) a free radical polymerization initiator; and
4) a liquid diluent D in which (1}, (2) and (3) are soluble, but in
which the resulting high potency preformed stabilizer is
essentially insoluble.
12. A compositionud; claimed in Claim 11 wherein said polyol has the
formula: '
Q(OH)zu

wherein Q is a polyvalent organic moiety, the free valence of which is

24,

13. A composition as claimed in Claim 11 or Claim 12 wherein the
mono or polycarbonyloxy compound is a fumaric or is convertible into a
fumaric.

14. A composition as claimed in any one of Claims 11 to 13 wherein

- the liquid diluent-(D) comprises either a single diluent or a mixture of

diluents.

15. A composition as claimed in Claim 14 wherein the diluent (D) is
one or more of mono-ols, polyols, hydrocarbons, and ethers.

16. A composition as claimed in Claim 15 wherein the diluent (D) is

a mono-ol or a mixture of mono-ol and polyol.
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conononmer m xture, nore tm“ﬁ“g from about 30 to about 40 wei ght percent,

and styrene can ﬁmmm a rom abg 80 to about 20 wei ght percent
of 20 t onnltrl eto styrene ratio in the

nmonomer mi xture of from about 25:75 to 45:55 is particularly preferred,
even nore particularly about 30:70 to 40:60. The free radi cal

pol ymeri zation i ni7t.i Atcinpositioh as thaimedpRCClainm i16ewherbin &REONPMBSEE LAY
free radical catalyst suitable for grafting of an ethylenical- 25

|y unsat ur at éd_paiopalydrtio aloobdlol . Useful catal ysts include catal ysts
having a satisfactory half-life within the tenperature ranges used in
form ng the stabil Zgrco(nwﬁ)i,tipl?e@& chained| in Cléim dRouihdréin sheuondSolpdscenst
or less of the re- sidence tine _in the reactor at a given tenperature.
Repr esent at i P& #&gnpf é@tbmls e?‘ihaneht alrysqmgbc ileBroRfaPLid@-Putsamoy)

per oxy- 2- et hyI hexanoat e, er pi vaI ate t - anyl
per oct oat e, (yh UhER Yy | tﬂgs?gﬁgloznyﬂ}taﬁ%l, é gq hesoRinganol,” and mixtures

t - butyl perne(%gecar}oate and t-butyl perbenzoat e. Useful al so are the azo
catal ysts stch as azobi s-isobutyronitrile, 2,2 -azo bi s- (2-

met hyl butyroni trijge) s RRPodReibiSc1diabd Y c1dfiF 18! A7ChF 48 [h&R1h3HICA

polyol employed in admixture with the mono-ol in the diluent is the same
as the hydroxy-terminated alkylene oxide adduct (i).

20. A composition as claimed in Claim 19 wherein the polyol
comprises the minor amount by weight of diluent (D)} and the mono-ol the
major amount. r

21. A composition as claimed in Claiﬁ 20 whérein the polyol
comprises less than about 30 weight percent of the weight,
preferably less than about 20 weight percent, more preferably less than
about 15 weight percent, of diluent (D).

22, A pfocess for making a high potency preformed stabilizer which
comprises providing a composition as claimed in any one of Claims 11 to
21 in a reaction zone maintained at a temperature sufficient to initiate
a free radical reaction, and under sufficient pressure to maintain only

" liquid phases in the reaction zone, for a period of time sufficient to
react essentially all or all of (1); and recovering a heterogeneous
mixture containing the high potency preformed stabilizer dispersed in the

diluent, and unreacted monomer to the extent present.

TMsﬁmaH%B&mRThmﬂ_
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cat aI ysts are tertiary butyl peroctoate. The cat al yst
concentration i E‘“ﬂiﬁ‘milmmumh is not crygtical and can be varied within
wide limts. As a reepiresentatine range, the concentration can vary from
about 0.01 to about 2.0 wei ght percent or even nore, preferably about 0.05
to about 0.10 wei ght percent, based upon the total feed to the 5

reactor. Up to a28era aﬂoﬂymﬁ/pblydlntomﬁsgscdmposfﬁonactcmbyﬁetmgoncentration
result in increased nononer conversion and grafting; but further increases
do not substanti dHDy i ncrb@ep@mwrme@qrme@asmb}iizmmm dnsamhiooé it e
too high can cause cross-linking in the prefornmed stabilizer (11). The
particul ar catal yst conce?i‘tariaﬁlbr’f%@ €€t 2 ohFadnedshmithy nrecess oft ¢iaim 324 ue
consi dering all fachrs i ncl udi ng costs. The_liquid diluent

(D) in which (A, an%Feecfad&Pel%Pabr“@ri lej athylpriralh® Ynsatyrateg hi gh

pot ency preforned st ab| I |%o%romgll‘;l ) is essentially

(iii) polyol having a hydroxyl number of less than about 180;
and
(iv) free radical polymerization initiator.

24, A composition as claimed in Claim 23 wherein the free radically
polymerizable ethylenically unsaturated monomer (ii)} comprises
acrylonitrile or a mixture of acrylonitrile and at least one other
ethylenically unsaturatéé monomer copolymerizable therewith.

25. A compo;ition as claimed in Claim 24 wﬂerein said at least one
other ethylenically unsaturated monomer comprises styrene.

26. A composition as claimed in any one of Claims 23 to 25 wherein
the polyol (iii) has a hydroxyl number of about 10 to about 180.

27. A composition as claimed in any one of Claims 23 to 26 wherein
the free radical polymerization initiator process for making

polymer/polyol comprises an azo compound or an acyl peroxide of the

"l



I nsol ubl e, n:prsteS either a single diluent or a mxture of diluents. Such

di Luents can Mﬂamhydroxy al_cqﬂoi s), polyols, hydrocarbons, 15
ethers, and t ﬁm@ E As | ong as the diluent does not adversely
affect the pe nce of thé preformed stabilizer (11), it is suitable for
use in the practice of the invention. Preferred are the nono-ols because of
their ease ofherletin {i i 4o ofgdnie ddiesy Mekysk shPsYitobntE08P Aitbredtond! Xt Ur es
of nmono-ol and polyol may be used as diluents. In that case, the polyol
need not be cdpebpped £Orming free rafical Hoeschoitbe cursond- dted sadigialnarr owl y
critical. It should not form.tw phases at reaction conditions and shoul d
be readi |y seqliyppeiratiomwhiich fadversedyl shiferct pdleyphysthel sebeettien off theno- ol
is typically an_al cohol containing at |east one carbon atonms, such as

net hanol , et%&F”%%?ﬁ‘f?&ﬁB‘P”ﬁl propanol , n-but anol 25

sec. - but anol n nt anol nQl ent anol, and the |jke,
and mxtures of gﬂeisﬁ?fg’°s*ﬁje°“pf‘§f"@f’?‘%ﬂlo n‘glaﬂﬂn %sw %?ﬁif’oﬁ%&f:y PRgoxide
concentr a- of _ pal ) t he,dil ue | sed IS
limted to a‘ﬁa %"6 t:ntlsb t%lafcy LPSFRT c%?sge'f Iwgri (‘fgﬁuécgl “ﬁolﬁ BEFRd

stabilizer (élﬁgnoyl containing about 9 to about 13 carbon atoms.

29. A composition as claimed in Claim 28 wherein the diacyl peroxide
is one or more of didecanoyl peroxide and dilauroyl peroxide.

30. A composition as claimed in Claim 27 wherein the azo compound is
one or more of azo-bis{isobutyronitrile) and 2,2'-azo
bis-(2-methy1butyronitri£e).

31. A procesé fqr making & polymer/pslyoi c;mposition which involves
providing a heterogenous mixture comprising a composition as claimed in
any oné of Claims 23 to 30 and, optionally, liquid diluent (D) as
specified in Claim 11, in a reaction zone maintained at a temperature
sufficient to initiate a free radical reaction, and under sufficient
pressure to maintain only liquid phases in the reaction zone, for a
period of time sufficient to react at least a major portion of said free
radically polymerizable ethylenically unsaturated monomer (ii) to form a

" heterogenous mixture containing the enhanced polymer polyol, unreacted
monomers and diluent (where present), and stripping the unreacted
monomers and diluent (where present} from the enhanced polymer/polyol to

recover the same.

T fiii\ﬁiﬁ‘ \‘ifﬁii’ L



The pol yol conponent of diluent (D) is typically the al kyl ene oxide 30

adduct of A(O—Dm ] ve. Though the polyol used in diluent (D)
can enconpass tl " uwuﬂi@“mﬁmfjm S desc??bed above, including the broader
class of polyols désctibed In*U. S. Patent No. 4,242,249, patented Decenber
30, 1980, at colum 7, line 39 through colum 9, line 10, which disclosure

i's incorporated 32, hepSiynebypd19bEIRAFEs1tibn ivhiflh GoBséfdst Holimer ROhyIL
component of diluent (D) be the sane as or equivalent to the polyol used in
the fornmati osf abopt SOUts @bolt )60 wdight npercents, bhsedl pnnmtal waigh®, @ol yol is
used as diluent (D) it is desirable that the polyol conprise the m nor
anount by weiriglebsfy dhlcemtistdResSless than abautd2@/090ncHtoovér tthe remgerof
anount. In the usual case, the polyol will conprise | ess than about 30

wei ght per cesaidopolyimersingemt @hd dedoduet stailipy sfushathal, esseatiellyoll00%
conprises | ess than about 20 wei ght percent of djluent (D),  nost preferaS)Iy
| ess than atRaAssessthrepgh@ 20 @esk scrpeninand fomprisiss ) L3apid, hase prlvol (I

having a hydroxyl number of about 10 to about 180 present in the
composition in an amount of from about 40 to about 70 weight percent of
the composition, and a particulate polymer portion (II) dispersed in the
liquid base polyol (I); said particulate polymer portion having an
average particle size less than about 10 microns and being stable to
settling, and comprising free radically polymerized ethylenically
unsaturated monomer poly;erised in the presence of the free radical
polymerization préduct (III) of a free raﬁically-polymerizable
ethylenically unsaturated monomer {A) and an adduct (B) of a polyhydric
alcohol, said adduct having the average formula
Q(OROX)>3

wherein Q is a polyvalent organic moiety, the free valence of which is
>3, or has an average value equal to >3, R is a divalent residue
comprising an alkylene oxide or polyalkylene oxide moiety and each X is
selected from an organic moiety containing reactive unsaturation

" copolymerizable with {A), and hydrogen, about one of such X is being an
organic moiety containing reactive unsaturation and the remaining X's
being hydrogen, said adduct optionally being further adducted with an
organic polyisocyanate (C); and wherein the amount of (B) or reaction
product of (B), unreacted with (A), that is contained in the liquid
polyol {(I) is less than about 2 weight percent of the weight of the

liquid polyol (I).
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wi |l be below that concentration at which gelling occurs in preparing the

10 prefo [Iﬁl ﬂuﬁim u tuu I1). Bagause of the nunber of conponents,
the variability o tion in"the feed, and the variability of

t he operating conditi 6ns" of terrper ature, pressure, and residence or
reaction tines, a substantial choice of themare possible and still achieve
the benefits of 38her ipoVurini/pollyol hesupbat teioni 4s . tDaimed in Cliafm [J2udiedteiho t est
particul ar conmbinations to confirmthe nost suitable operat- ing node for
produci ng a{peit nsLﬂ@,ectemﬁronpsltybm#pnlqpmbomchmas t¢lmiged enabny tohe afhrount
of the conponents in the formulation, on a weight percent of the total

f or mul at | onClagmst brie 49 mdammnoaétiopm9bta¢5e<h§yf@|mgms s glodued ipfClaim

Anmount , gh % 20 Formul ati on A
about 10 t 024 about 10 to 30 25 C about
0.01 to 2

34. A polymer/polyol composition as claimed in Claim 32 or Claim 33
wherein (B) units abound the surface of the solid polymer particles
(11).

35. A polymer/polyol composition as claimed in any one of Claims 32,
33 and 34 wherein the weight ratio of the hydroxy-terminated alkylene
oxide moieties of (B) comprises 0.2 to 20 weight percent, on average, of
the weight of the particles {I1).

36. A polymer/polyol composition as clalmed in any one of Claims 32
to 35 wherein the lower viscosity is less than about 15,000 cSt, and
preferably less than about 10,000 cSt.

37. A polymer/polyol composition obtained from a composition as
claimed in any one of Claims 23 to 30 or by the method of Claim 31.

38. A composition for the manufacture of a polyurethane foam wherein
there is employed a polymer/polyol, a pol&urethane catalyst, an organic
polyisocyanate, a silicone surfactant, and a blowing agent, characterised
in that the polymer/polyol comprises polymer/polyol as claimed in any one

" of Claims 32 to 37.
39, A polyurethane foam made from a composition as claimed in Claim

38 or from a polymer/polyol as claimed in any one of Claims 32 to 37.

eet Has Been Repllaced
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D about 30 to 80 30 The process for
produci ng the high potency preformed stabilizer (Il) is simlar to the
process for making the pol yner/polyol. The tenperature range i s not
critical anduPROVENAPOLYMER/POLRON IANBOPIHFORMED bPArNISUER K9STaMg ] C. or perhaps
greater, thé preferred range berng from II5[érr]C. 1o 125[err]C The
catal yst and tenperature should be selected so that the catal yst has a
reasonabl e rate of deconposition with respect to the hold-up tine in the
reactor for a continuous flow reactor or the feed tinme for a sem -batch
reactor. The m xing conditions enployed are those obtained using a back 5
m xed reactor (dmgrovedpolymed/valack avmpesitiprsl ofurebiced e)iscasityr emtt or s of
this type keep the reaction mxture relatively honbgeneous and so prevent
| ocal - i zed IRFERRSAB rRE RS (EPnpeRlc GPURALSE| § Pagtigd ate @elumeropertionn t ubul ar

reactors, where all of the mopnoner is add?p at the beginning of the
react or . dispersed in a liquid base polyol, the particulate polymer portion

having been prepared by polymerising ethylenically unsaturated monomer
material in the presence of a stabilizer obtained by the
polymerisation of ethylenically unsaturated monomer in the presence of
the product of partially esterifying an alkoxylated polyol with an
unsaturated acid or ester-~forming derivative thereof. The invention
also claims the stabilizer per se, its production and the production

of polymer/polyol compositions using it.

: (k() 280~

..50_
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The preforned stabilizer (I1) of the pre
+di spersions in the diluent and any unsat
formed stabilizer (I1) is probably presen
groups of nolecules in "mcelles,” or on
particles. The conbination of conditions
linking or gel formation in the preforned
adversely 15 af fect the urtdimatp
pol ymer/ pol yol conposition. Conbinations

$ ggp%ﬁ%?ﬂl W%TS: h 196 prle-

concentration, too high a precursor (1)
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STABILIZER SYSTEM

Pol ymer/ Polyols (I1) As pointed out above,

. O#?ﬁa#ﬁg

t he invention rel ates
ﬁ? possessi ng | ower
h

t oo
ch

to

pol ymer / pol yol

tion relates to

conposi tions cont ai n| ng at | east 30 wei ght % pol yner.,

remai nder conpri sifhg hicdehelifntidn relabtes to: improved polymer/polyol composi-

tions and processes for making them; high potency preformed stabilizers used
to make the polymer/polyol compositions and processes for making them; and
improved polyurethane products made from the polymer/polyols compositions.

Brief Background To The Invention

Seymour, P ers for Engi lications, ASM International
(1987), Gowariker et al.. M@ John Wiley & Sons Inc. (1986) and
Barrett (Ed.), Dispersion Polmenzatlon in Organic Media, John Wiley & Sons
Inc. (1975) are recommended background reading material.

Polymer/polyol compositions suitable for use in producing
polyurethane foams, elastomers and the like, and the polyurethanes, are
commercial products. The two msjor types of these polyurethane foams are
termed slabstock and molded. Slabstock foams are used in the carpet, furni-
ture and bedding industries, Primary uses of slabstock foam are as carpet
underlay and furniture padding. In the molded foam area, high resiliency (HR)
molded foam is the foam type generally made. HR molded foams are used in
the automotive industry for a breadth of applications ranging from molded
seats to energy-absorbing padding and the like.

The basic patents relating to such polymér/polyol compositions are
Stamberger Re. 28,715 (reissue of U.S. 3,383,351) and Re. 29,118 (reissue of
U.S. 38,304,273). A stable dispersion of polymer particles in a polyol can be

t he

produced by polymerizing one or more ethylenically unsaturated monomer

dissolved or dispersed in a polyol in the presence of a free radical catalyst.
These polymer/polyol compositions produce polyurethane foams and elas-

tomers having higher load-bearing capacities than those produced from
unmodified polyols.

- Initially, the pnmary polymer/polyol composxtxons accepted commer-
cxally used  acrylonitrilé in its manufacture. Many of these compositions

t= Ut
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pol ymer/ pol yol

product possesses excellent product stability and uses | ess
free radical catalyst in its manufacture.

This invention achieves a
conposition which pos- sesses a polyner content of about 30,

preferably about 40, nore preferably about 45, and nost preferably about

50, to about 60 wei ght percent. Over the 30

content,

range of solids

It can have a viscosity in centistokes | ess than about 20, 000 cSt

such that the | ower solids containing p6lymer/polyols can have a viscosi ty’

in the range of about 2,000 to about 5,000 (solids of about 30-45

wei ght

% . Significantly, these pol yner/polyols exhibit unique product stability

amount s of 1 ﬁ{;ﬁlﬁ%‘ﬁﬁ Agklgaags 'i&ﬁg?’“%%%?@%ﬁ%%ﬁ%@és‘i@e e, "

100% t her eof ,#
anpl es, poly

Rae DYORSTRRRT

nidve/ palymet component of polyrnde/polyolent of 50% with a vi scosMy of

The expanding demand for polymer/polyols has highlighted several
product needs and this has spawned additional advances in technology. For
example, a market demand has evolved for “virtually" scorch-free slabstock
foams, ie., white foam products. Virtually scorch-free foams possessing
satisfactory load-bearing and other foam properties, even at ever-decreasing

densities (viz. - 1.5 pounds per cubic foot or less), are available without substan-
tial economic penalty. |

Virtually scorch-free' foams are achieved by using relatively high
styrene contents (e.g., - about 65 to 70 percent styrene) in the acrylonitrile-
styrene monomer mixture. -In addition, such high styrene monomer mixtures
are used broadly in the molded foam area.

Still, polymer/polyols derived from such high styrene monomer
mixtures appear incapable of satisfying ever-increasing market needs, which
include rigorous stability requirements and increased load-bearing characteris-
tics. This is particularly prevalent in the slabstock area where many formula-
tions require the use of "neat® polymer/polyols, i.e., polymer/polyol undeluted
by conventional polyols. Though neat polymer/polyols are not usually
employed in the molded foam area, there is a need for polymer/polyols which
can impart higher load-bearing characteristics to such foams,

Polymer/polyols with increased load-bearing characteristics can be
obtained by increasing their polymer or solid contents. Solid contents of 30 to
60 weight percent, or higher, are desired. Yet, the art has not been capable of
increasing solid contents without reducing the stability of the polymer/polyol
and undesirably increasing its viscosity..

Employment of high styrene monomer mixtures and high solid
contents’ polymer/polyols, by prior practices, generally resulted in undesirably
high viscosity polymer/polyols. The viscosity of a polymer/polyol should be
sufficiently low for ease of handling during its manufacture, In addition, the
viscosity should facilitate transport, handling and, ultimately, adequate
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about 5,900, passed essentially 100% through a 700 mesh screen,

and a
*pol yner/ pol yol s having a solids content of 55.3% wth a viscosity of about
10,107, passed essentially 40%through a 700 nmesh screen. A truly
remarkabl e illustration of the invention is shown in exanple 8 where a

pol ymer/ pol yol 10 containing 59.9 weight % polymer had a viscosity
of 13,176 and 19% passed through a 700 nesh screen. In table IV, infra,

exanpl e 199 taken from U. S. 4,242,249, 4y conparison, dramatizes the
advant ages of the invention. The conposition conprises (I) a liquid base

pol yol having a hydroxyl nunber of about 10 to about 180 present in the
conposition in

an fromabout 40 to about 70 wei ght
percent of . mecwhiﬁgf-t%rthe( empleyeda fears upercessing yequippenti dBeauspeofsed i n

the liquid hmma;nd ysage bf sophistigated mindngiggsws, istich & iﬂpingeﬁzehb%?a-abom
lgl mng;f)g:bi%e eal%liéoh S&twé Qﬁewgcﬁea gg e radl cal
Bol %nem zed B8 flfy#i‘gﬁ’ﬁ%k l}eg over, Yiseosily; bok &ﬂ?
unsat ur at ed"é’é‘ ﬁ%ﬂciﬁﬁe dsintheprt:rile, in the presence
of (11l) the free rad| cal polynerization product of (A a free radically
As indicated, polymer/polyol stability is a concern to makers of
polyurethanes. Once, seediness or filterability, a measure of stability of
polymer/polyols, was not a major issue in commercial practices. With advances
in the state of the art of polyurethane production, polymer/polylol stablhty
criteria were revised, especially in the molded foam area .

With commercial developments in sophisticated, high-speed and
large-volume equipment and systems for handling, mixing and reacting
polyurethane-forming ingredients have evolved the need for highly stable and
low viscosity polymer/polyols. Polymer/polyols have certain minimum
requirements for satisfactory processing in such sophisticated foam equip-
ment. Typically, the prime requirement is that the polymer/polyols possess

sufficiently small particles so that filters, pumps and the like do not become
plugged or fouled in relatively short periods of time.

Though there have been advances in reduction in viscosity and
increase in solids of polymer/polyols, there is a need for improvement in
viscosity reduction and increase in solids content. Greater reductions in
viscosity are needed to meet market demands and greater effective increases
in solids content are also needed by the market. More importantly, there is a

need for technology in polymer/polyol that maximizes viscosity reduction
while also providing a viable mechanism to higher solids content.

Priest et al, U.S. Patent No. 4,208,314 describe low viscosity
polymer/polyols made from acrylonitrile-styrene monomer mixtures. These
polymer/polyols are convertible to low density, water-blown polyurethane
foams having reduced scorch, especially with relatively low acrylonitrile-to-

styrene ratios. The Priest et al. patent also provides a process for making
polymer/polyols with reduced particulates.
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pol yneri zabl e et hyl eni cal |l y unsaturated nononer, such as, acrylonitrile and
‘at | east one other ethylenically unsaturated conononer copol ynerizable with
acrylonitrile, and (B) an adduct of a polyhydric al cohol having the average
25 formula A(OROX) [err] wherein Ais a polyval ent organic noiety,

the free valence of which is >3, or has an average value of >3, Ris the
di val ent residue conprising an al kyl ene oxide noiety and X is one or
of an organic noiety containing reactiveggunsatura- 30 tion

copol yneri zable with (A), and hydrogen, about one of such X is the organic
noi ety containing reactive unsaturation and the remaining X s are hydrogen,

C) optionally addycted with an organic polyisocyanate, wherein the anount
(()f ) ( BI)o or rea%:/t [ onﬁ?’bﬂ&eﬁ @P&é’@/ ,ogmlm&/eélm% ‘Qﬁée,"étlﬁatbei pravifledabyied in
t he | i qui thepmepence(df a minéranotntof el oradditigh icopalynes forhed Hesinei ght
of the |iquiffom growing polymer chains and polyol molecules. Some prior approaches

incorporate small amounts of unsaturation into the polyol in addition to that
inherently present in the polyoxyalkylene polyols typically used in forming
polymer/polyocls. This was done in the belief that improved stability will result
due to an increased amount of an addition copolymer stabilizer expected to be
formed. U.S. Patent Nos. 3,652,639, 3,823,201, and 3,850,861, British Patent
No. 1,126,025 and Japanese Patent Nos. 52-80919 and 48,101494 utilize this
approach. This use of "stabilizer precursors,” also termed a "macromer" that
contains a particular level of reactive unsaturation, is based on the belief that
during polymerization, in the preparation of the polymer/polyol, adequate
amounts of stabilizer will be formed by the addition polymerization of the
precursor stabilizer with a growing polymer chain.

nore

The general -concept of using stabilizer precursors in polymerization
is discussed in Barrett (1976), supra. U.S. Patent Nos. 4,454,255 and 4,458,038
illustrate this technique. The macromer in the ‘255 and ‘038 patents may be
obtained by reacting a polyol with a compound having reactive ethylenic
unsaturation such as, for example, meleic anhydride or fumaric acid. A further
example of the use of this technique is U.S. Patent No. 4,460,715, The reactive

unsaturation in the ‘715 stabilizer is provided by an acrylate or methacrylate
moiety. '

Van Cleve et al, U.S. Patent 4,242,249 disclose improved
polymer/polyols prepared by utilizing certain preformed dispersants or
stabilizers. These polymer/polyols provide stability satisfactory for commercial
production, and use of one or more of the following: (1) higher amounts of
styrene or other comonomer when acrylonitrile copolymer polymer/polyols are
being prepared, (2) higher polymer contents or (3) the use of lower molecular
weight polyols. The particular dispersant employed and the concentration
utilized vary with respect to the monomer system used in preparing the
polymer/polyols.

U.S. Patent No. 4,650,194 prepares & polyol by reacting a conventional
polyether polyol with an organic compound having ethylenic unsaturation and
an anhydride group forming a half ester and subsequently reacting that
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pol‘yol (). I'na preferred enbodi nent of the invention in polyner/polyol

.conposition, (B) is an adduct of a polyhydric al cohol having the average 5
formula A(OROX)[err] wherein Ais a polyvalent organic noiety, the free

val ence of which is [err]4, or has an average value of [err]4, Ris the

di val ent residue conprising an al kyl ene oxide noiety and X is one or nore
of an organic noiety containing reactiye unsatura- 10 tion

copol yneri zable with (A), preferably a“fumaric conpound, and hydrogen,
about one of such X is the organic noiety containing reactive unsaturation
and the remaining X' s are hydrogen In a further preferred enbodi ment, the

wei ght ratio of t he term nated al kyl ene oxj de nojeties of (B). com
prises 0.2 tRroduckwi tg‘l—ﬂ(]&ﬁ Axide iy %G%&“Sf%%@h@%@ﬁé%ﬂr cles
(11). 15 naphthenate. Exa'ﬂqﬂer&l@therﬂabentaﬂeppémdthnitybl (111) formng
conposition of this invention conprises: (i) the high potency preforned
stabilizer (11);

Simroth et al.,, U.S. Patent No. 4,652,589, patented March 24, 1987,
describe stabilizer precursors for polymer/polyols. Stabilizer A is made by
reacting a 34 hydroxyl number, 15 weight percent ethylene oxide capped
polyoxyproxylene triol with maleic anhydride and subsequently with ethylene
oxide. The stabilizer precursor has a hydroxyl number of 32, an unsaturation of
0.1 meq/gm, with the unsaturation being 30/70 maleate/fumarate. The
retained unsaturation is 50 percent of the unsaturation provided by the maleic
anhydride. Stabilizer B is made by reacting a 28 hydroxyl number sorbitol
started polyol, containing 10% ijnternal ethylene oxide, with maleic anhydride,
and subsequently with propylene oxide. The precursor stabilizer has a hyd-
roxyl number of 28 and an unsaturatxon of approximately 0.07 meq/g, with the
unsaturation being of the fumarate type. The retained unsaturation is 70
percent of the unsaturation provided by the maleic anhydride.

European Patent Application 87114233.7 (EPO Publication No.

), based on copending U.S. Application Serial No. 913,328, filed

September 30, 1986, is directed to stabilizers having four key features: (1) they

are prepared from a starting polyol having a functionality greater than 4; (2)

they have at least 60% retained unsaturation; (8) they have viscosities greater

than 2000 centipoises at 25°C.; and (4) the starting polyol is capped with

ethylene oxide and/or the adduct formed between the starting polyol and the a
reactive unsaturated compound is capped with ethylene oxide.

Other prior art of interest include Simroth et al, U.S. Re. 32,733,
patented August 16, 1988, Ramlow et al., US. 8,931,092, patented January 6,
'1976. Ramlow et al., U.S. 4,014,846, patented March 29, 1977, Ramlow et al,,
U.S. 4,093,678, patented June 6, 1978, Shah, U.S. 4,148,840, patented April 10,
1979, Shook et al,, U.S. 4,172,825, patented October 30, 1979, Kozawa et al.,
U.S. 4,342,840, patented August 3, 1982, Hoffman et al., U.S. 4,390,645, June
28, 1983, Hoffman, U.S. 4,394,491, July 19, 1083, Ramlow et al., U.S. 4,454,255,
patented June 12, 1984, Ramlow et al, US. 4,458,038, July 8, 1984, and
Hoffman, U.S. 4,745,153, patented May 17, 1988.
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(i1) a free radically polynerizable ethylenically unsaturated nononmer, such
+as, acrylonitrile and at |east one other ethylenically unsaturated

conononer 20 copol ynmeri zabl e therewith; (iii) a polyol having a
hydr oxyl nunber of |ess than about 180; (iv) a free radical polynerization

initiator; and (v) optionally, diluent (D) characterized above. The process
for maki ng these novel enhanced pol ynereépol yol (I111) 25

conpositions conprises: (1) providing a heterogenous m xture of the high
potency preforned stabilizer (I11) and, optionally, the diluent (D) in

conbination with (a) a polyol having a hydroxyl nunber of |ess than about
180, (b) a free radically polynerizable ethylenically unsaturated nononer,

such 30 As used, herein;| thiei followingtednmst sallbaveotise féllowing mean-

et hyl eni cal | Xn%kf?sat urated com onomer copol ynerizable therewith, and (c) a
free radical polynerization initiator,

> "monomer” - the simple unpolymerized form of chemical compound
having relatively low molecular weight, e.g., acrylonitrile, styrene,
methyl methacrylate, and the like.

> “free radically polymerizable ethylenically unsaturated monomer” - a
monomer containing ethylenic unsaturation (>C=C<) that is capable
of undergoing free radically induced addition polymerization reactions.

> “stability” - the ability of a material to maintain a stable form such as
the ability to stay in solution or in suspension.

> "polymer polyol” - Such compositions can be produced by polymerizing
one or more ethyleqical!y unsaturated monomers dissolved or dis-
persed in a polyol in the presence of a free radical catalyst to form a
stable disperéion of polymer particles in the polyol. These
polymer/polyol compositions have the valuable property of imparting
to, for example, polyurethane foams and elastomers produced there-
from, higher load-bearing properties than are provided by the corres-
ponding unmodified polyols.

> “viscosity”" - in centistokes (cSt) measured at 25°C. on a Cannon Fenske
viscometer.

> “organic polyisocyanate” - organic compounds that contain at least two
isocyanato groups and include the hydrocarbon diisocyanates (e.g., the
alkylene diisocyanates and the arylene diisocyanates), as well as known
triisocyanates and polymethylene poly(phenylene isocyanates). II-
lustrative polyisocyanates are:



in a reaction zone nmaintained at a tenperature sufficient to initiate a
.free radical reaction, and under sufficient pressure to maintain only

|l i quid phases in the reaction zone, for a period of tinme sufficient to
react a high proportion of (b) to forma di spersion containing the enhanced
pol ymer polyol (I1l) and 5 unreact ed nononers and diluent, and
stripping the unreacted nononers and diluent fromthe enhanced

pol ymer/polyol (Il1l) to recover the sane. The process of the invention is
notable for, over tine, not being subj€tt to fluctuations in polyner
particle average size and pol ynmer/pol yol product viscosity. This is an
advant age over processes which directly feed the 10 precursor (1)
to reacti on 2i'tdiisdcpengtatiolnede i N direct|y forg-dilsotyanatotalyener / pol yol . In a

pref erred prmethylene bist4-dyrlobexybisocgaiata)ol ynerl,2difsognatoethased or i s an azo
conpound or h3-disogyanstopvopiate of the fornmul &

Bpropane
1,4-diisocyanatobutane mﬁ

pentane
1,6-diisocyanatohexane bis(3-isocyanatopropyl)ether
bis(3-isocyanatopropyl) sulfide 1,7-diisocyanatoheptane
1,5-diisocyanato-2,2-dimethylpentane 1,6-diisocyanato-3-methoxyhexane
1,8-diisocyanatooctane 1,5-diisocyanato-2,2,4-trimethypentane
1,9-diisocyanatononane 1,10-disocyanatopropyl)ether
of 1,4-butylene glycol
1,11-diisocyanatoundecane 1,12-diisocyanatododecane
bis(isocyanatohexyl) sulfide
1,4-diisocyanatobenzene 2,4-diisocyanatotolylene
2,6-diisocyanatotolylene 1,3-diisocyanato-o-xylene
1,3-diisocyanato-m-xylene 1,3-diisocyanato-p-xylene
2,4-diisocyanato-1-chlorobenzene 2,4-diisocyanato-1-nitrobenzene
2,5-diisocyanato-1-nitrobenzene . " 4,4-diphenylmethylene diisocyanate
3,3-diphenyl-methylene dusocyanate polymethylene poly (phenyleneisocyanates)
and mixtures thereof.

The preferred polyisocyanates are a mixture of 80% 2,4-tolylene
diisocyanate and 20% 2,6-tolylene diisocyanate and polymethylene poly
(phenyleneisocyanates).

The Invention

This invention is directed to a novel high potency preformed stabi-
lizer composition and to the manufacture of polymer/polyols therewith which
possesses a combination of

o higher polymer content, greater than 30 weight percent and up to
about 60 weight percent,

o lower viscosities, typically less than about 20,000 cSt, preferably less
than about 15,000 cSt, most preferably below 10,000 cSt,

o excellent product stability such that 100% passes through a 160
mesh screen,

0 exceptionally high amounts of the high polymer content

polymer/polyol, up to 100% thereof, pass through a 700 mesh
screen test,

and improved polyurethanes made therewith. 3 ENT 5
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wherein Ris an organic noiety free of substituents or heteroatons capable
.of formng free radical ions in the course of free radical polynerization
whi ch adversely affect the physical properties of the resultant enhanced 20
pol ymer/polyol. O the azo initiators, azo-bis(isobutyronitrile), 2,2'-azo
bi s-(2-nethyl butyronitrile), and m xtures thereof, are preferred. Preferred
acyl peroxides are the diacyl peroxides in which the acyl npieties are

al kanoyl containing about 8 to about 14gcarbon atons, preferably from about
9 to about 13 carbon atoms. Particularly preferred diacyl peroxides are

di decanoyl 25 peroxi de and dil auroyl peroxide. The pol yols having

a hydroxyl nunber of Iess t han about 180 com prises poly(oxypropylene)
glycols, triols and

ni YvdReMOLS thebet oP bum
ro oy ey A bt e

and, prefer amep;emssmmbhbmducmnpéncwmmse%pnm&dyﬂa dracking & otal

i ncor por at ed Broadvangesof eolidé eogtente Tiod \polymerypolyolsSinae arbtablet bye beingy

the ethyl ene gxidefAFrbE ¢F bdithin BEA RiNCBAIES biyProduct! SothpéHditk FromSthe

term nal manufacture of the polymer phase, that heretofore got dissolved in the polyol
phase, and undesirably increases its viscosity at the sacrifice of the solids
content of the polymer/polyol.

This invention overcomes the dissadvantages discovered in prior art
stabilized polymer/polyols that in their manufacture, stabilizer components of
high viscosity are not sufficiently incorporated into the polymer phase.
Because they can be solubilized by the polyol phase, they increase its viscosity.
This invention further recogmzes an important relationship in the manner of
the stabilizer’s formation and its composition to the ultimate solids content

~ and viscosity of the polymer/polyol.

This invention relates to:
a composition for forming high potency preformed stabilizer.
the novel process for making high potency preformed stabilizer;
the high potency preformed stabilizer;
a novel composition for making an enhanced polymer/polyol composi-
tion;
+ anovel process for making polymer/polyols;
¢+ anovel polymer/polyol composition; and
¢+ unique polyurethanes having high modulus or load-bearing capacity.

> & @ o

A gignificant advantage of the invention is the ability to consistently

‘make commercially acceptable polymer/polyols having higher polymer con-
tents and lower viscosities with smaller amounts of free radical catalyst in the
formulation.

This invention achieves a polymer/polyol composition which pos-
sesses a polymer content of about 30 to about 60 weight percent, based on total
weight, a viscosity in centistokes less than about 20,000 cSt over the range of
said polymer content, product stability such that essentially 100% passes
through a 150 mesh screen and significant amounts of the high polymer

REPLACEMENT SHEET

06 .1K% 1997




bl ocks, or may be randomy distributed along the polyner chain. As is well
known in the art, the preferred polyols herein do contain varying anounts
of unsaturation. The extent of unsaturation typically involved does not
affect in any adverse way the formation of the polyner/polyols in
accordance with the present invention. 5 For the purposes

of this invention, useful polyols should have a nunber average nol ecul ar
wei ght of about 600 or greater, the nurgper average being used herein being
the theoretical, hydroxyl nunber derived value. The true nunber average
nol ecul ar wei ght may be sonmewhat | ess, dependi ng upon the extent to which
the true nol ecular functionality is below the starting or 10

ohL ! A A Lo LR R L A o

pol yol s enpl (3mesh scrpen. The composition comprises (I) a liquid base polyol having a
hydroxyl number of about 10 to sbout 180 present in the composition in an
amount of from about 40 to about 70 weight percent of the composition, (II) a
particulate polymer portion dispersed in the liquid base polyol (I) having an
average particle size less than about 10 microns and being stable to settling,
comprising free radically polymerizable ethylenically unsaturated monomer,
such as, (i) acrylonitrile and/or (ii) at least one other ethylenically unsaturated
monomer copolymerizable with acrylonitrile, in the presence of (II) the free
radical polymerization product of (A) a free radically polymerizable ethylenical-
ly unsaturated monomer, such as, acrylonitrile and/or at least one other
ethylenically unsaturated comonomer polymerizable with acrylonitrile, and (B)
an adduct of a polyhydric alcohol having the average formula

A(OROX)53

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), and hydrogen, sbout one of such X is the
organic moiety containing reactive unsaturation and the remaining X‘s are
hydrogen, (C) optionally adducted with an organic polyisocyanate, wherein the
amount of (B) or reaction product of (B), unreacted with (A), that is contained

in the liquid polyol (I) is less than about 2 weight percent of the weight of the
liquid polyol (D).

In a preferred embodiment of the invention in polymer/polyol

-composition, (B) is an adduct of a polyhydric alcohol having the average
formula .

A(OROX) 24

wherein A is a polyvalent organic moiety, the free valence of which is =4, or has
an average value of =4, R is the divalent residue comprising an alkylene oxide

moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), preferably a fumaric compound, and hydrogen,
about one of such X is the organic moiety containing reactive unsaturation and
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I nvention can range from about 10 and | ower, to about 180, preferably, to
-about 150, nore preferably, to about 100, nost preferably, to about 75. The
hydr oxyl 15 nunber is defined as the nunber of mlligranms of

pot assi um hydroxi de required for the conplete hydrolysis of the fully

pht hal yl at ed derivative prepared from 1l gram of polyol. The hydroxyl nunber
can al so be defined by the equation: OH - (56.1 x 1000 x f)/mw. 20 where
OH = hydroxyl number of the polyol f =-l&wtionality, i.e., average number

of hydroxyl 25 groups per nol ecule of polyol mw -
nol ecul ar wei ght of the polyol. The exact pol yol enpl oyed depends upon the
end use of the pol yurethane product to be produced. The nvol ecul ar wei ght or

the hydroxyl the meaminiagsk!sarehydroge. | In taofurtherd préferredcembodintent, the
sem -l exi bl el AR EatfY of the hydroxy-terminated alkylene oxide moieties of (B) com-

prises 0.2 to 20 weight percent, on average, of the weight of the particles (II).

Another aspect of this invention is a high potency preformed stabi-
lizer for use in making polymer/polyols comprising the free radical polymeriza-
tion product of (A) a free radically polymerizable ethylenically unsaturated
monomer and (B) an adduct of a polyhydric alcohol having the average formula

A(OROX)>3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatusa-
tion, copolymerizable with (Af). preferably a fumaric compound, and hydrogen,
about one of such X is'the organic moiety containing reactive unsaturation and
the remaining X’s are hydrogen, in which the adduct may be further adducted
with an organic polyisocyanate.

A desirable composition, according to this invention,. for forming a
high potency preformed stabilizer [designated as stabilizer (I} herein] for use
in making polymer/polyols contains:

(A) a- precursor to the stabilizer {designated as precursor (I) herein] compris-
- ing an esterified product of reaction of: '

(i) a hydroxy-terminated alkylene oxide adduct éfa poljrol of the formula
A(OH)>3
wherein A is & polyvalent organic moiety, the free valence of which is >3, or has |
an average value of >3, and preferably is an organic moiety in which the OH

bonded thereto comprise about 20 to about 50 weight percent of the combined
molecular weight of A(0H) s 3;

(ii) a mono or polycarbonyloxy compound comprising the moiety
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30 el astonmers when the pol yner/pol yol produced fromthe polyol is
converted to a pol yurethane. The polyols preferably possess a hydroxyl
nunber of from about 50 to about 150 for sem -flexible foams and from about
10 to about 70 for flexible foans. Such limts are not intended to be

restrictive, but are nerely illustrative of the |arge nunber of possible
conbi nati ons of the above polyol coreactants. Wiile not preferred, any

ot her type of known polyol nay al so be used. Anong the polyols which can be
enpl oyed are one or nmore polyols fromkhe 5 foll ow ng cl asses of
conposi tions, known to those skilled in the polyurethane art: (a) Al kylene
oxi de adducts of non-reduci ng sugars and sugar derivatives; (b) Al kylene

oxi de adducts of phosphorus and pol yphosphorus acids; (c) Al kyl ene oxide
adduct s of pol yphenol s;

0
I

-0-C-C=C-
(iii) optionally adducted with an organic polyisocyanate;

(B) one or more ethylenically unsaturated monomers, at least one of which
copolymerizes with the precursor (I) to the stabilizer;

(C) a free radical polymerization initiator; and

(D) a liquid diluent in which (A), (B), and (C) are soluble, but in which the
resulting high potency preformed stabilizer is essentially insoluble.

The novel process for making the high potency preformed stabilizer
(II) comprises providing (A), (B), (C), and (D), sbove, in a reaction zone main-
tained at a temperature sufficient to initiate a free radical reaction, and under
sufficient pressure to maintain only liquid phases in the reaction zone, for a
period of time sufficient to react essentially all or all of (A); and recovering a
heterogenous mixture containing the high potency preformed stabilizer
dispersed in the diluent, and unreacted monomer to the extent present.

A novel enhanced polymer/polyol forming composition, according to
this invention, comprises:

(i) high potency preformed stabilizer (II);

(ii) a free radically polymerizable ethylenically unsaturated monomer;
and

(iii) a polyol having a hydroxyl number of less than about 180; and
(iv) a free radical polymerization initiator.

A novel process for making the enhanced polymer/polyol composi-
tions of the invention involves:

(1) providing a heterogenous mixture of the high potency preformed stabilizer
(II) and, optionally, liquid diluent (D) above, in combination with
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10 (d) The polyols fromnatural oils such as castor oil, and the
like; (e) Al kylene oxide adducts of pol yhydroxyal kanes ot her than those

al ready described herein. Illustrative al kyl ene oxi de adducts of
pol yhydr oxyal kanes i nclude, anong others, the al kyl ene oxi de adducts of
1, 3-di hydr oxypropane, 1,3- 15 di hydr oxybut ane,

1, 4-di hydr oxybut ane, 1,4-, 1,5- and 1, 6-djydroxyhexane, 1,2-, 1,3-, 1, 4-,
1,6-, and 1, 8-di hydroxyoctane, 1, 10-di hydroxydecane, glycerol,

1, 2, 4-tri hydroxybut ane, 1, 2, 6-tri hydroxyhexane,

1,1, 1-trinethylolethane, 1,1,1-trinethyl ol propane, pentaerythritol,

caprol actone, polycaprol actone, xylitol, arabitol, sorbitol, mannitol, and
the Iike. 20

. Afurther,cl 0, ol,yO ich can be
enpl oyed are th@l@%mﬁh8%°ﬂiﬁ%&§fﬁfs%%ﬁ#iﬁﬁﬂci ng sugars,
wherein the al kyl ene oxides have from2 to 4 carbon atonms. Anong the

non-reduci ng sufb)sfreedadicgily polymerizable ethylenivallymsatwredted mosomense, al kyl
gl ycosi des such as nethyl glucoside, ethyl glucoside, and the like, glycol

gl ycosi des such . gls s 25 . propyl ene gl ycol
gl ucosi de, dl ycéﬁ?gﬁé%@l%%ﬁé@@ﬁf ol gl ucoside, and

(2) in a reaction zone maintained at a temperature sufficient to initiate a free
radical reaction, and under sufficient pressure to maintain only liquid
phases in the reaction zone, for a period of time sufficient to react at least
a masjor portion of (b) to form a heterogenous mixture containing the
enhanced polymer polyol, unreacted monomers and diluent, and

stripping the unreacted monomers and diluent from the enhanced
polymer/polyol to recover the’same.

A preferred embodiment of the invention includes the use of an acyl
peroxide of the following formula as the free radical polymerization initiator in
the polymer/polyol process:

0 0
R C-0-0-C-R

wherein R is an organic moiety free of substituents or hetercatoms, capable of
forming free radical ions in the course of free radical polymerization, which
adversely affect the physical properties of the resultant enhanced
polymer/polyol.

The invention relates to the manufacture of high solids, white
polymer/polyols possessing lower viscosities without sacrificing stability. A
feature of the invention includes polymer/polyol compositions containing at
least 30 weight % polymer, the remainder comprising liquid polyol. This
product possesses excellent product stability and requires less free radical
catalyst in its manufacture,

The invention is ultimately employable in compositions for the
manufacture of a polymer/polyol polyurethane foams, and the resultant
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the like, as well as the al kyl ene oxi de adducts of the al kyl

.set forth in US. Pat. No. 3,073,788. A still further useful class of
pol yol is the pol yphenols, and preferably the al kyl ene oxi de adducts

t hereof wherein the al kyl ene oxi des have from2 to 30 4 carbon
atons. Anong the pol yphenols which are contenpl ated are,

for exanpl e,
bi sphenol A, bisphenol F, condensation products of phenol and fornmal dehyde,
t he noval ac resins; condensation producis.of various phenolic conpounds and
acrolein; the sinplest nenbers of this class being the 1,1, 3-

tris(hydroxyphenyl) propanes, condensation products of various phenolic

conpounds and gl yoxal glutaraldehyde and ot her di al dehydes, the sinplest
menber s of thls Cc

and the 11 iguetfife PR, el tying ) nal%é%‘ygraﬁfﬁ"?!?ﬁ%?/%ﬁ‘ rls

and pol yphospalpwreshare gatalyst, an organic poyxsocy , & gilicone surfa
blowing agent. The improvement involves the use as the polymer/polyol in

making the polyurethane foam, the polymer/polyol composition of this
invention, as described herein.

gl ycosi des as

Detailed Description Of Invention

This invention is an improvement on the compositions and processes
described in U.S. Patent No. 4,242,249 and European Patent Application
87114233.7, described above. This invention meets the market needs for
polymer/polyol compositions containing more than 80 weight percent polymer,
preferably more than about 40 weight percent polymer, more preferably more
Ehmnahout45vw§ghtpenxm&jmhnnenxnmﬁxmeﬁnmbbnathumtaboutﬁo,and
as high as 60 weight percent polymer, and even higher, while at the same time
possessing lower viscosities, as correlated to the choice of base polyol, than
heretofore was believed possible. These polymer/polyol compositions possess
exceptional performance stability and employ lower concentrations of free
radical catalyst. The unique advantages are most significantly realized with
polymer/polyols containing more than 45 weight percent polymer, or more
than 50 weight percent polymer, up to about 60 weight percent polymer.

Precursors (I)

Stabilizer precursors (I) are used to make the novel high potency
preformed stabilizers () of the invention. Stabilizers (I), in turn, are used to
make the polymer/polyols of this invention, functioning to assist in imparting

-a desired stability to the resulting polymer/polyols. Suitable precursors (I) are,
in general, prepared by the reaction of the selected reactive unsaturated
compound with an alkoxylated polyol adduct.

Precursor (I) comprises an adduct of a polyhydric alcohol having the
average formula

A(OROX) >3
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are anot her useful class of polyols. Ethylene oxide, 1,2-epoxypropane, the
. epoxybut anes, 3-chloro-1, 2-epoxypropane, and the |ike are preferred

al kyl ene oxi des. Phosphoric acid, phosphorus acid, the polyphosphoric acids
such as tripol yphosphoric acid, the pol ynetaphosphoric acids, and the like
are 10 desirable for use in this connection. It should be

appreci ated that blends or m xtures of _ygci ous useful polyols may be used
if desired. Wth polyols other than the preferred type, useful nononer
contents and nononmer or nononers may vary somewhat. Simlarly, it may be
desirabl e or even necessary to nDdify the stabilizer of this 15

;glvfgsM' on \tﬂﬁ@@rﬁ?&s% 3t aei;ve& %emévaaacéo@rmrmbawmsby
stabili zgrsaﬁ 8"18& % g?g'f%ﬁ %&D}%&“}hg %ﬁgﬁ&é %P%%%@e
pol ymer conmpetiettand) isene ar moere of fpOK

preferably Myqulymetmﬁbmwhwmﬁw;ﬁmnc compoun&.ldnd hsah-dgem,t
| east one QLBEE ot B AR X i the orpanid ioitty dontabiing PeEttive AidhtiFatiog aklge Wi th

acryloni trilyg, rLilaHShE X ke RYAPOFUIE i whidh (HeddalEt ﬁﬂgbe further adducted
with an organic polyisocyanate,.

In a preferred embodiment, precuraor (@ is an adduct of a polyhydric
alcohol having the average formula

A{OROX)z4

wherein A is a polyvalent orgsnic moiety, the free valence of which is 24, or has
an average value of 4, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
tion, copolymerizable with (A), preferably a fumaric compound, and hydrogen,
about one of such X is the organic moiety containing reactive unsaturation and
the remaining X’ s are hydrogen.

In more preferred embodiments of the invention, the adduct has the
average formula A(OROX)> 5, most preferably A(OR0OX)x¢, where A is a polyvalent
organic moiety, the free valence of which is 25 or 6, or has an average value of
=5 or 6, as the case may be, R and X having the meanings set forth above.

The term ‘reactive unsaturated compound,” that forms X above,
means any compound having a carbon-to-carbon double bond which is ade-
quately reactive with the particular monomer system being utilized. It is
different from the particular monomer system being used. It is capable of
adducting with the alkoxylated polyol adduct, either directly or indirectly, via
one or more of a variety of mechanisms ranging from esterification, Michaels
Addition, free radical addition, isocyanate adducting, Williamson synthesis, and
the like. More specifically, compounds containing alpha, beta unsaturation are

preferred, e.g., those conjugated carbonyloxy compounds embraced by the
formula:
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Its derivatives, acrylates, nmethacrylates such as nethyl nethacryl ate,
.vinylidene chloride, and the like. It is preferred to utilize acrylonitrile
m xtures with a conmononer, 25 typically with a m ni num of about 5
to 15 percent by weight acrylonitrile in the system Styrene will generally

be preferred as the conononer, but nethyl nethacrylate, vinylidene
chloride, or other nononers nay be enplaoyed in place of part or all of the
styrene. Overall, in ternms of the findﬁﬁﬁblyner/polyol conposition, to
provi de polynmer/polyols for use in applications where mniml 30
scorch is desired, the acrylonitrile content of the nononer

shoul d be | ess than about 40 percent by weight, preferably |ess than about
35 percent. The free radical polynerization initiator useful in nmaking

t he pol yner/ pol yol enconpasses any free@ adi cal catal yst suitable for
pol yneri zi ng

m Xt ure used

-0-C-C=C-

Suitable compounds satisfying this criteria include the maleates, fumarates,
acrylates, and methacrylates. While not alpha, beta unsaturated compounds,
polyol adducts formed from substituted vinyl benzenes such as
chloromethylstyrene may likewise be utilized (adducting with the polyol
adduct via a Williamson synthesis, and the like), preferably in combination
with a conjugated carbonyloxy compounds. Ilustrative examples of suitable
alpha, beta unsaturated carbonyloxy compounds which may be employed to
form the stabilizer precursor include maleic anhydride, fumaric acid, dialkyl
fumarates, dialkyl maleates, glycol maleates, glycol fumarates, isocyanatoethyl
methacrylate, methyl methatrylate, hydroxyethyl methacrylate, acrylic and

methacrylic acid and their anhydride, methacryl chloride and glycidyl
methacrylate. .

The reactive unsaturated compound may be the reaction product of
one or more molecules resulting in a structure with the desired qualities of a
reactive unsaturated compound. For example, hydroxymethyl or hydroxyethyl
methacrylate can be reacted with a polyol by way of coupling through use of an
organic polyisocyanate (see U.S. 4,5621,646) or by reaction with unsaturated
monoisocyanate, such as 1,1-dimethyl-m-isopropenylbenzylisocyanate.

However, in the practice of this invention, it is preferred that a major
molar amount, up to 100 percent, of the alpha, beta carbonyloxy unsaturated
compounds used as the reactive unsaturated compound, have fumarate-type
unsaturation (“fumarics”), or are unsaturated compounds which, under the
reaction conditions used in adducting with the alkoxylated polyol adduct, form
a high proportion of fumarate-type unsaturation. Illustrative fumarics are
fumaric acid and the fumarates, or one or more of maleic acid, maleic anhyd-
ride and maleates which are isomerized to the fumaric structure on or after

" adduct formation. Preferably, the fumarate structure is provided by the
incorporation of maleic anhydride and the isomerization of the ester to
fumarate by known treatment with morpholine.
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the mononers to the pol ymer. Useful catalysts include catalysts having a
.satisfactory half-life within the tenperature ranges used in formng the 5

stabilizer (I1),

the re- sidence tinme in the reactor at a given tenperature.
exanpl es of useful catal yst species include acyl
di decanoyl peroxide and dil auroyl peroxide, al kyl peroxides
per oxy- 2- et hyl hexanoat e, t-butyl perpivakéte, t-anyl
2, 5-di et hyl - hexane- 2, 5-di - per-2-ethyl 10 hexoat e,

t - but yl per neodecanoate, t-butyl perbenzoate and 1, 1-di net hyl -
per oxy- 2- et hyl hexanoate, . a

i.e.-the half-life should be about 25 percent or

| ess of
Representative

per oxi des such as

such as t-butyl

per oct oat e,

3- hydroxybutyl

d azo catalJysts such gs azo- .
bi s(i sobut yroni tri¥hg ﬂ@q{hﬁm - Mﬂ%ﬁ?@yoﬂﬁW?Wxt ures

t her eof . Moslkylenefoxidecdlductofi"starterVhigher hydraxdated alesholsiof

azo catal ysts. 15

foomwla:a and t he

The catal yst concentration enployed is

not critical and can be varkmk)g nsi derably. As a representative range, the

concentration can vary from abod
nore, based upon‘the total feed

0.1 to about 5.0 weight percent or even

1 to the reactor. Up to ertain _point,
i ncreases i andpreferablyy 8 ‘staptes ke t1i‘HHl Fthgqquysabei slcohofs, of the

formula:

A(OH) =4

wherein A is a polyvalent organic moiety, the free valence of which is
an average value equal thereto, as the case may be.

>3 orz4,or

Hlustrative of suitable compounds embraced by the "starter® A(OH)>4
alcohol are the following: pentaerythritol, sorbitol, diether of sorbitol, man-
nitol, diether of mannitol, arabitol, diether or arabitol, sucrose, oligomer of
polyvinyl alcohol or glycidol, ‘connected branched chain polyols, mixtures

thereof, and the like.

- In more preferred embodiments of the invention, the starter alcohol
has the average formula A(OH)>5, most preferably A(OH)»g, where A is a
polyvalent organic moiety, the free valence of which is 25 or 6, or has an

average value of 25 or 6, as the case may be.

The starter A(OH)s3 or 24 or 25 or =6 is first reacted with 1,2-
glkylene oxide in an amount end under conditions sufficient to convert its
hydroxyl groups to hydroxyalkyl groups. The amiount of 1,2-alkylene oxide
reacted is sufficient to achieve the ultimate molecular weight of the alkoxy-
lated polyol adduct that is to be reacted with the fumaric component to form
precursor (I). The molecular weight of the alkoxylated polyol adduct should be
relatively high, prefersbly above sbout 4000 (number average) and, more
preferably, above about 5000. The minimum molecular weight of the alkoxy-
lated polyol adduct may be about 3000. The preferred 1,2-alkylene oxides are
lower 1.2-alkylene oxides, such as ethylene oxide, 1,2-propylene oxide, 1,2-
butylene oxide, and the like, In the preferred practice of the invention, the
starter A(OH) 4 is reacted with 1,2-propylene oxide in an amount sufficiently to
create the desired polyol molecular weight. Then, the resulting polyol may be
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I ncreased nononer conversion; but further increases do not substantially 20
.increase conversion. The particul ar catal yst concentration selected wll
usual ly be an optinum val ue considering all factors, including costs. It
has been determ ned that | ower concentrations can be used in conjunction
wi th the high potency preforned stabilizer (l11) and still achieve stable
pol ymer/ pol yols. Particularly preferred in the practice of the invention,

are the use of 25 azo catal ystys; and the aforementioned acyl
per oxi des of the above formula Such ac]I per oxi des have the uni que

advant age of effecting the desired degree of polymerization essentially

wi thout raising the viscosity of the polyner/polyol over that obtained wth
the azo catalyst. This enhances ones ability to achieve higher solids

pol yrer / pol )hyﬁsomethylgmppeqb bycheattion sith l,ﬂyethylene oxide to provide assuzaneeng
product Vi sgg

subst anti al I I S. h boﬁﬁéh@&h‘iﬁé ey r polyol I cal

catal ysts i %?n r/r%i?ye%] yrrer‘?gj?ﬂ ag?étgfigrﬁg

preferably

mai nt ai ned tthomLig rvoell kmbwnrnabhe @art,nind formaine |mgtme invention. Adduct
reactions may be base or acid catalyzed, with base catalyzation preferred.

The alkoxylated polyol adduct is then reacted with a reactive un-
saturated compound to introduce the desired degree of unsaturation. In the
preferred practice of the invention, the reactive unsaturation is introduced
through esterification with the hydroxyl groups of the alkoxylated polyol
adduct by reaction with an alpha, beta carbonyloxy unsaturated compound in
which the carbonyloxy is part of a carboxylic acid, anhydride or ester group.
For example, one mole of a:polyol may be reacted with one mole of maleic
anhydride to form a half ester of maleic acid. The free carboxylic acid group is
typically not further reacted with polyol, but rather, is reacted with -1,2-
alkylene oxide such as 1,2-ethylene oxide so as to cap the free carboxyl groups
in the esterified product. Thereafter, as an optional feature, the alkoxylated
polyol adduct ester may be coupled, not polymerized, with organic

polyisocyanate. Such combination of reactions produce the stabilizer precursor
.

"The amount of ethylenic unsaturation in the stabilizer precursor (I)

“may vary to a significantly extent. The minimum and maximum levels of

unsaturation are dictated by.the dispersion stability that the precursor (I)

imparts through the subsequently formed preformed stabilizer (I), and hence
to the polymer/polyol composition.

The minimum amount of unsaturation is that amount which impacts
on the dispersion stability of the polymer/polyol. Typically, the lower limit of
unsaturation is about 0.5 moles of the reactive unsaturated compound per
mole of the alkoxylated polyol adduct ester. The maximum amount of un-
saturation is that amount which causes an undesirable amount of cross-linking
of the stabilizer precursor (I). When higher amounts of unsaturation are
present during preparation of the stabilizer precursor (I), there is a greater
probability that species will be formed having more than one double bond per
molecule, An undue population of a-osa-hnkmg could adversely affect the
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the process. This is achieved by enpl oying conditions that provide rapid
‘conversion of nononer to polyner. In practice, a | ow nononer to polyol
ratio is maintained, in the case of sem -batch and conti nuous operation, by
control of the tenperature and m xing conditions and, in the case of

sem batch opera- 5 tion, also by slowy adding the nononmers to the
pol yol. The tenperature range is not critical and may vary from about

100[err]C. to about 140[err]C or perhaﬁs greater, the preferred range
being from 115 err]C to 125[err]C. As has been noted herein, the catalyst
and tenperature should be selected so that the catal yst has a reasonable
rate of deconposition with 10 respect to the hold-up tinme in the
reactor for a continuous flow reactor or the feed tinme for a sem -batch

react or. The stabiliaer'e Ghliabilibhto pravide digpersion stability pphancementiang., as wellk
m xed react orcause it tehave a signifi¢antly incresised visdosityt, akdcordingly tive riaiinans of

this amount of unsaturation provided should be below that at which significant
cross-linking occurs.

The desired amount of reactive unsaturated compound to be used in
making precursor (I) will depend on the molecular weight of the alkoxylated
polyol adduct. Typically, it will be desirable to employ about 0.5 to about 1.5
moles of the reactive unsaturated compound for each mole of the alkoxylated
polyol adduct. Preferably, about 0.7 to about 1.1 moles of the reactive un-
saturated compound for each mole of the alkoxylated polyol adduct, are
employed to make precursor (I). Less of the reactive unsaturated compound
may be used, but if lesser amounts are used, one should contemplate the need
for using larger amounts of fhe thus made precursor (I) in making stabilizer

(). It is preferred to prepare the precursor (I) in such a fashion that the
unsaturation is retained to the maximum extent possible.

'Loss of unsaturation may occur in stabilizer precursor (I) preparation
with any of the alpha, beta unsaturated compounds. For example, it has been
recognized that when maleic anhydride is employed anywhere from sbout 25 -
percent to essentially all of the unsaturation may be lost. Loss in unsaturation
appears to be generally accompanied by an increase in viscosity of precursor (I).
Accordingly, it is desirable to utilize an efficient process in the preparation of
the precursor such that at least one-quarter (1/4) of the added unsaturation is
retained.

Precursor (I) preparation is preferably carried out in the presence of a
.catalytic amount of a strong base. Suitable bases include inorganic bases such
as alkali and alkaline earth metal hydroxides and the weak acid salts of alkali
and alkaline earth metals, and organic bases such as quaternary ammonium
hydroxides, 4-dimethylaminopyridine, 4-pyrrolidinopyridine, and imidazole.
Potassium hydroxide has been found to be useful. The amount of catalyst is

not critical; and may, for example, be as low as about 10 ppm. or even less when
potassium hydroxide is used.

For example, in esterifying the alkoxylated polyol adduct to introduce
the fumarate structure, stabilizer precursor (I) hdving an adequate viscosity
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type keep the reaction mxture relatively honogeneous and so prevent | ocal -
- 15 I zed high nmononer to polyol ratios such as occur in tubular
react ors when such reactors are operated with all the nononmer added to the
begi nning of the reactor. The pol yner/polyols of the present invention
conprise dispersions in which the polymer particles (the sane being either
I ndi vi dual particles or 20 aggl onerates of individual particles)

are relatively small in size and, in the preferred enbodi ment, have a
wei ght average size | ess than about terr mcrons. However, when high

contents of styrene are used, the particles will tend to be larger, but the
resr!ti?g polyner/polyolfl?gf hggglzhuzgfugé pg{éic;garly where the endlﬁse
application requires . as,|i
tﬁg preferré&“ggﬁagm%ﬁ‘i}’%“i@m?ﬂé’aﬁ‘&?g i '%Qfmmk!¢°ﬁé§sm*ough
the filter ectypicallgaliowstiebertidn of aboiti 50 percent ofiithe ammatiratibn) withcumbo | i t y)
test that W dHoule70!qfcktenite df itheCansdtasdtich) bing) of gheERatRIdE

idhh Y VRCOSR

. typl] ndepur es
that th | : | t
o e i e SR i ik

Suitable reaction temperatures may vary from about 100 to about
125°C. up to about 180°C., or higher. Desirably, the reaction should be carried
out in a reactor capable of agitation and subsequent pressurization. Alkylene
oxide, preferably ethylene or propylene oxide, either with the other reactants
or subsequently, may be added to the reactor to the extent it may be necessary
to reduce the acid number of the alkoxylated polyol adduct. The acid number
of the alkoxylated polyol adduct should preferably be below about 3.0, most
preferably below about 1.0, byt not so low as to cause a viscosity increase with
accompanying loss of unsdturation. The product may then be cooled and
stripped to remove excess alkylene oxide. It is then ready for use in preparing
the preformed stabilizer (II). If the fumaric structure is provided by the use of
maleic anhydride or acid or ester, then the esterification product is treated
with morpholine to convert the maleate units in the precursor structure to
fumarate units in the desiréd concentration.

In the usual case, the maximum viscosity- of useful precursor (I) will
be dictated by practical considerations, such as: the viscosity of precursor (I)
should not be so high that it cannot be conveniently handled. Viscosities up to

about 10,000 ¢St to about 15,000 ¢St may be satisfactorily handled but it is
preferred that the viscosity be less than about 8,000 cSt.

. Accordingly, precursor (I) may be made by reacting a sorbitol-initiated
polyol with masleic anhydride in the presence of potassium hydroxide catalyst.
This may be accomplished by using a temperature of about 125°C. to preserve

- a high proportion of the charged (ie. added) unsaturation. The maleate

- unsaturation may then be isomerized to fumarate using morpholine at some
lower temperature, such as 80°C. Alternatively, higher temperatures (e.g.
about 175° to about 180°C. or s0) may be utilized to achieve relatively high
levels of fumarate-type unsaturation directly. The techniques involved are
well known and may be used as desired.
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30 vol une production of pol yurethane products, including those
enpl oyi ng i npi ngenent -type m xi ng which necessitate the use of filters that
cannot tolerate any significant amount of relatively large particles. In

addition, a significant anount of the polyner/polyol passes the 700 nmesh
filtration hi ndrance test, as characterized nore fully in the exanples.
It should be appreciated that the 700 nesh filtration hindrance test

presents the nmost rigorous test of polyggc/ polyol stability. As used in
t he Exanples, the follow ng designations, synbols, terns and abbreviations
have the follow ng A polyol nmade by reacting propyl ene oxi de and et hyl ene
oxide with sorbitol in the Polyol A presence of potassium
hydr oxi de catal yst and refining to renove catalyst. The t?lol ol
Viscosity adjustment can be effected by reacting the te ester
product with an organic isocyanate such as an organic polyisocyanate at
moderate temperatures, e.g., about 60 to about 80°C. In such cases, the
amount of reaction is intended to achieve a relative minor amount of viscosity
increase, therefore small amounts of the isocyanate are employed.

High Potency Preformed Stabilizers (I)

The high potency preformed stabilizer for use in making
polymer/polyols comprising the free radical polymerization product of (A) a
free radically polymerizable ethylenically unsaturated monomer and (B) an
adduct of a polyhydric alcohol having the average formula

A(OROKF>3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has

an average value equal thereto, R is the divalent residue comprising an al-

kylene oxide moiety and X is one or more of an organic moiety containing

reactive unsaturation, copolymerizable with (A), preferably a fumaric com-

pound, and hydrogen, about one of such X is the organic moiety containing

reactive unsaturation and the remsining X’s are hydrogen, in which the
- adduct may be further adducted with an organic polyisocyanate.

The high potency preformed stabilizer (I) of the invention is derived
from the following composition, comprising:
(A) precursor (I); o :

" (B) a free radically polymerizable ethylenically unsaturated monomer, pre-
ferably acrylonitrile and at least one other ethylenically unsaturated
comonomer copolymerizable therewith,

(C) a free radical polymerization initiator; and
(D) a liquid diluent in which (A), (B), and (C) are soluble, but in which the
resulting high potency preformed stabilizer (II) is essentially insoluble.

In another embodiment, the invention relates to a novel process for
making the high potency preformed stabilizer (IT) which comprises providing
(A), B), (C), and (D), above, in a reaction zone maintained at a temperature
sufficient to initiate a free radical reaction, and under sufficient pressure to
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contai n about 8 weight percent ethylene oxide as a cap and has a hydroxyl
nunber of about 28. A polyol made by reacting propyl ene oxi de and et hyl ene
oxide with sorbitol in the Polyol B presence or potassium

hydr oxi de catal yst and refining to renove catalyst. The polyol 10
cont ai ns about 8 wei ght percent etylene oxide as an internal block and has

a hydroxyl nunber of about 28. A polyol nade by reacting propyl ene oxide
and et hyl ene oxide with glycerol in the Polyol C presence of
pot assi um hydr oxi de catal yst and refin2dg to renove catal yst. The pol yol
cont ai ns about 10 wei ght percent internal ethylene oxide and has a hydroxyl
nunber of about 52. A polyol nmade by reacting propyl ene oxide and et hyl ene
oxi de successiyvely with glycerol Polyol D in the presence of

pot assi um hipaintaindenly diguid p tdvei nenction Toneg fora:pexied pf/time sufficizot
EOLVO' ;:ont afo1sestd @dientiallycall r Wt of A); &id yewrerif)idiRetrogericus miktubas -
roxyl nu w{ﬁ% ?péfgﬂ ilizAF . e
Czlt al ygt A rTiE“‘ad’mﬂlfiﬁépo y é%%ﬁgy oam a?n&%tgbcata ys@é%@g&%wwlgét ;I yst
A-1* by Uni on Carbide
Item (B) above, may be the aforementioned reactive unsaturated
compounds, particularly those that are free radically polymerizable. Preferab-
ly, (B) is acrylonitrile and at least one other ethylenically unsaturated com-
onomer copolymerizable with acrylonitrile. Ilustrations of ethylenically
unsaturated comonomer copolymerizable with acrylonitrile include styrene

and its derivatives, acrylates, methacrylates such as methyl methacrylate,
vinylidene chloride, and the like.

15

It is preferred to utilize acrylonitrile with a comonomer and to
maintain a minimum of about & to 15 percent by weight acrylonitrile in the
system. Styrene will genefally be preferred as the comonomer, but methyl
methacrylate or other monomers may be employed in place of part or all of the
styrene. The preferred monomer mixture (B) used to make the stabilizer (If)
composition comprises mixtures of acrylonitrile and styrene. The weight
proportion of acrylonitrile can range from about 20 to 80 weight percent of the

' comonomer mixture, more typically from about 80 to about 40 weight percent,
and styrene can accordingly vary from about 80 to about 20 weight percent of
the mixture, An acrylonitrile to styrene ratio in the monomer mixture of from

about 25:75 to 45:65 is particularly preferred, even more particularly about
30:70 to 40:60.

The free radical polymerization initiator useful with respect to item
(C) encompasses any free radical catalyst suitable for grafting of an ethylenical-
ly unsaturated polymer to a polyol. Useful catalysts include catalysts having a
satisfactory half-life within the temperature ranges used in forming the
stabilizer (II), i.e.-the half-life should be about 25 percent or less of the re-
sidence time in the reactor at a given temperature. Representative examples of
useful catalyst species include t-butyl peroxy-2-ethylhexanoate, t-
butylperpivalate, t-amyl peroctoate, 2,6-dimethyl-hexane-2,6-di-per-2-ethyl
hexoate, t-butylperneodecanoate, and t-butylperbenzoate. Useful also are the
azo catalysts such as  azobis-isobutyronitrile, 2,2-azo  bis-(2-
methylbutyronitrile), and mixtures thereof. The preferred free radical
catalysts are peroxides such as tertiary butyl peroctoate.
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Cor poration. Catalyst B A pol yurethane tin catalyst sold as "T-9".

- 30 Surfactant A A silicone surfactant sold for use in
foam by Uni on Carbi de Corporation as Silicone Surfactant L-6202". |socynate
A

Modified liquid formof 4,4'-diphenyl methane diisocyanate (M)
havi ng an equi val ent wei ght or

143 sold as "lIsonate 143L" by the Dow
Chem cal Conpany. 35 TDI

A_.m xture of 80 wei ght percent
2, 4-di i socyanat ot ol uene and 20 wei ght ’Bgf'cent 2,6- diisocynatotol uene. 40
Density

Density in pounds per cubic foot (ASTM D- 3574, Test A).
Porosity The catdlysti concéntrgticiliv the3forrhulationt is @ot cribical’dxiid can

: E([j)e gg 0a/t | ONnpeFerfed ﬁﬂ;ﬁiﬁ%&ﬁ gﬂ%%egkﬁexﬁﬁﬁ% r%@%/tfé%&éh[g%&%’ & éS?SBl
dTisz“.’“EB‘%? U1 (20 WetpE beflint Bp & “’éb i ded b
D ent ot oAtk QST 4o 010 YEURE AT b [asfoab (bt by 0
Tensile  reactor. Upclos artain point, mereave , copgentration result in

increased monomer conversion and grafting; but further increases do not
substantially increase conversion. Catalyst concentrations which are too high

can cause cross-linking in the preformed stabilizer (). The particular catalyst

concentration selected will usually be an optimum value considering all factors,
including costs. .

The liquid diluent (D) in which (A), (B), and (C) are soluble, but in
which the resulting high potency preformed stabilizer (II) is' essentially
insoluble, comprises either a single diluent or a mixture of diluents. Such
diluents can be mono-ols (monchydroxy alcohols), polyols, hydrocarbons,
ethers, and the like liqu.ids.‘~ As long as the diluent does not adversely affect
the performance of the preformed stabilizer (IF), it is suitable for use in the
practice of the invention. Preferred are the mono-ols because of their ease of
stripping from the final polymer/polyol composition. Mixtures of mono-ol and
polyol may be used as diluents. In that case, the polyol need not be stripped
off. The choice of mono-ol is not narrowly critical. It should not form two

phases at reaction conditions and should be readily stripped from the final
polymer/polyol

The selection of mono-ol is typically an alcohol containing at least one
carbon atoms, such as methanol, ethanol, n-propancl, i-propanol, n-butanol,
sec.-butanol, t-butanol, n-pentanol, 2-pentanol, 8-pentanol, and the like, and
mixtures of the same. The preferred mono-ol is isopropanol. The concentra-
tion of polyol in the diluent composition (D) if used, is limited to an amount
below that at which gelling occurs in preformed stabilizer (II}.

The polyol component of diluent (D) is typically the alkylene oxide
adduct of A(OH)»4 describe shove. Though the polyol used in diluent (D) can
encompass the variety of polyols described above, including the broader class of
polyols described in U.S. Patent No. 4,242,249, patented Deceinber 30, 1980, at
column 7, line 39 through column 9, line 10, which disclosure is incorporated
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El ongati on El ongation in percent (ASTM D- 3574, Test E). 55

Tear Tear Resistance in pounds per inch (ATM D-3574 Test F)
Vi scosity Vi scosities were neasured by Cannon Fenske vi sconeter
(Cst). Filterability is determined by diluting one part by wei ght sanple
(e.g. 200 grans) of polymer/polyol with two parts by wei ght anhydrous

| sopropanol (e.g., 400 grans) to 60 Filtration renove
any V|SCOS|ty|rrposedllmtat|ons and_ysing a fixed quantity of material in
Hi ndr ance relation to a fixed corss-sectional area of screen (e.g.,

1.1/8 in. dianeter), such that all of (Filterability) the polymer/polyo
and i sopropanol solution passes by gravity through a 150-nmesh or 700-nesh

screen. The t © ng of
105 mi crons, je%%rﬁsmg% %ﬂ:t‘é& %&%@%ﬁ%@é@ &ﬁﬁ’@
700- resh 65 the same as of equivalen o prgoumsar But ch
twll weave. The actual screen used had a nom nal opening of 30 m crons.

The am)gnt of sanplm awﬁnﬁﬁr@&i'sﬁimlm rahggrmg‘;aagwu:bl@uggg quwdﬁ S
reporte '” Efkk co! & Ghindr Eby Wefdht B diruddt () 9
percent passe%ghr Crgreanmgzg?lntheusudease,thepolyolwﬂleompm

less than about 30 weight percent of the weight of diluent (D). Preferably, the

polyol comprises less than about 20 weight percent of diluent (D), most

preferably less than about 15 weight percent. In any case, the polyol portion

will be below that concentration at which gelling occurs in prepanng the
preformed stabilizer (IT).

Because of the number of components, the variability of their
concentration in the feed, and the varisbility of the operating conditions of
temperature, pressure, and residence or reaction times, a substantial choice of
them are possible and still achieve the benefits of the invention. Therefore, it
is prudent to test particular combinations to confirm the most suitable operat-
ing mode for producing a particular final polymer/polyol product.

In general, the amount of the components in the formulation, on a
weight percent of the total formulation for forming stabilizer (II), is as follows:

Component of Amount, weight %
Formulation
A about 10 to 40
B about 10 to 30
c shout 0.01 to 2
D - about 80 to 80

The process for producing the high potency preformed stabilizer (II)
is similar to the process for making the polymer/polyol. The temperature
range is not critical and may vary from about 80°C. to about 150°C. or perhaps
greater, the preferred range being from 116°C. to 125°C. The catalyst and
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Preparations A Preparation of Precursor (1) The follow ng general procedure

-was followed for Exanple 1. The polyol was charged to a stirred reactor’
purged with nitrogen. The m xture was 5 heated at 80[err]C

foll owed by the addition of the naleic anhydride solid and 50[err]C.

aqueous KOH. The content were then heated to the desired tenpera- ture and

et hyl ene oxi de was added by punping. After the reaction was conpleted, the

excess oxide was renoved by stripping upger vacuum The results are

summari zed in Table | below. The acid nunber reported was the 10

final acid nunber (in ng KOH per gramof sanple) after the product was
stripped. B. Coupling of Precursor (1) The foll ow ng general procedure was

used in Exanpltempefatoré Bhouldobé solected dosRayahal@tdAydt hhs hRadRabR RIS B
formed in ExagRbémpositibh with respect to the hold-up time in the reactor for a continuous
flow reactor or the feed time for a semi-batch reactor.

The mixing conditions employed are those obtsined using a back
mixed reactor (e.g.-a stirred flask or stirred autoclave). The reactors of this
type keep the reaction mixture relatively homogeneous and so prevent local-
izéd high monomer to precursor (I) ratios such as occur in tubular reactors,
where all of the monomer is added at the beginning of the reactor.

The preformed stabilizer ()  of the present invention comprise
dispersions in the diluent and any unsaturated monomer in which the pre-
formed stabilizer (II) is probably present as individual molecules or as groups 6f
molecules in "micelles,” or on‘.ﬁhe surface of small polymer particles.

The combination of conditions selected should not lead to cross-
linking or gel formation in the preformed stabilizer (I) which can adveréely
affect the ultimate performance in making the polymer/polyol composition.
Combinations of too low a diluent concentration, too high a precursor (D)
and/or monomer concentration, too high a catalyst concentration, too Jong of a
reaction time, and too much unsaturation in precursor (I) can result in ineffec-
tive preformed stabilizer (I) from cross-linking or gelling.

Novel Polymer/Polyols (I1II)

As pointed out above, the invention relates to the manufacture of
high solids, white polymer/polyols possessing lower viscosities without sacrific-
ing stability. The invention relates to polymer/poljol compositions containing
‘at least 30 weight % polymer, the remainder comprising liquid polyol. This

product possesses excellent product stability and uses less free radical catalyst
inits manufacture, : '

This invention achieves a polymer/polyol compositioh which pos-
sesges a polymer content of about 30, preferably about 40, more preferably
about 45, and most preferably about 50, to about 60 weight percent. Over the
range of solids content, it can have a viscosity in centistokes less than about
20,000 cSt, such that the lower solids containing polymer/polyols can have a
viscosity in the range of about 2,000 to about 5,000 (solids of about 30-45
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15 sanple from Exanple 1 was placed in a stirred reactor and
-heated to 80[err]C. The indicated anount of |socyanate A was added sl owy.
The m xture was mai ntained at 80[err]C. for one hour after the addition was
conplete. The results of these experinments are summarized in Table Il. C
Preparation of H gh Potency Prefornmed Stabilizer (11) 20

The preformed di spersion stabilizers were prepared in a continuous

pol ymeri zation system enploying a tank v2&ctor fitted with baffles and an
i npel l er. The feed conponents were punped into the reactor continuously
after going through an inline mxer to assure conplete m xing of the feed

conponents before entering the reactor The contents of the reactor were
wel | 25

controlled tﬂem%e @%@“ﬁ’ erat&g@o%f &gﬁ’é{te'g%tqu yﬁéd cond
react or conttﬁﬁbﬂlﬂlﬂ}lchhmm 60nmesh ferenn AN
adj usted to sigt ﬁaﬂiodntaaftﬁé bmersmmbe

r/pdmlpup toibuen
preforned di gag %Agia aFﬁlmod thédtO Hérden. %omfwﬁ
coll ection cont% ner FXZ?

t echol

was added t o8F¥ &@@%P%ﬁ Wt}‘ag' *L‘”%ﬁ& (gq
about 5,900 passedessentlally Oo%thro h screen, and a
polymer/polyols having a solids content of 66.3%, w1th a vxscosxty of about
10,107, passed essentially 40% through a 700 mesh screen. A truly remarkable
illustration of the invention is shown in example 8 where a polymer/polyol
containing 69.9 weight % polymer had a viscosity of 13,176 and 18% passed
through & 700 mesh screen. In table IV, infra, example 199 taken from U.S.
4,242,249, by comparison, dramatizes the advantages of the invention.

The compositioch cox.'npnses (D) a liquid base polyol having a hydroxyl
number of about 10 to about 180 present in the composition in an amount of
from sbout 40 to about 70 weight percent of the composition, (I) a particulate
polymer portion dispersed in the liquid base polyol (I) having an average
particle size less than about 10 microns and being stable to settling, comprising
a free radically polymerizable ethylenically unsaturated monomer, such as, (i)
free radical polymerized acrylonitrile and (ii) at least one other ethylenically
unsaturated comonomer copolymerizable with acrylonitrile, in the presence of
() the free radical polymerization product of (A) a free radically
polymerizable ethylenically unsaturated monomer, such as, acrylonitrile and at
least one other ethylenically unsaturated comonomer copolymerizable with

acrylonitrile, and (B) an adduct of a polyhydric alcohol having the average
formula

A(OROX)»3

wherein A is a polyvalent organic moiety, the free valence of which is >3, or has
an average value of >3, R is the divalent residue comprising an slkylene oxide
moiety and X'is one or more of an organic moiety containing reactive unsatura-
tion copolymerizable with (A), and hydrogen, about one of such X is the organic
moiety containing reactive unsaturation and the remaining X’s are hydrogen,
(C) optionally adducted with an organic polyisocyanate, wherein the amount of
(B) or reaction product of (B), unreacted with (A), that is contained in the
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tion during storage or transfer. D. Enhanced Pol ymer Polyols Preparations A
.continuous pol ynerizations systemwas used, enploying a tank reactor fitted
with baffles and an inpeller. The feed conponents were punped - 35- into

the reactor continuously after going through an inline m xer to assure
conpl ete m xing of the feed conponents before entering the reactor. The

I nternal tenperature of the reactor was controlled to within 1[err]C. The
contents of the reactor were well m xedpgIhe product flowed out the top of
the reactor 5 and into a second unagitated reactor also controlled
within 1[err]C. The product then flowed out the top of the second reactor

continuously through a back pressure regul ator that had been adjusted to
gi ve about 4ﬁ

fllgi;ﬁi ﬁﬁf@ﬁf%&@fégg}tﬁpﬁ%ﬁt@‘%@h’i petdit Of tHE wrigt Wiithlel&fuid | oved
polyol (D). : ‘

t hrough a co0

In a preferred embodiment of the invention in' polymer/polyol

composition, (B) is an adduct of a polyhydric alcohol having the average
formula

A(OROX) 24

wherein A is a polyvalent organic moiety, the free valence of which is =4, or has
an average value of =4, R is the divalent residue comprising an alkylene oxide
moiety and X is one or more of an organic moiety containing reactive unsatura-
tion copolymerizable with (A); preferably a fumaric compound, and hydrogen,
about one of such X is th& o.xjg"imic moiety containing reactive unsaturation and
the remaining X’s are hydrogen. In a further preferred embodiment, the
weight ratio of the hydroxy-terminated alkylene oxide moieties of (B) com-
prises 0.2 to 20 weight percent, on average, of the weight of the particles (ID).

The novel enhanced polymer/polyol (IIT) forming composition of this
invention comprises:
(i) the high potency preformed stabilizer (II);

(ii) a free radically polymerizable ethylenically unsaturated monomer, such as,
acrylonitrile and at least one other ethylenically unsaturated comonomer
copolymerizable therewith; '

(ifi) a polypl having a hydroxyl number of less than about 180;

(iv) a free radical polymerization initiator; and

(v) optionally, diluent (D) characterized above.

The process for making these novel enhanced polymer/polyol (II)
composgitions comprises: .
(1) providing a heterogenous mixture of the high potency preformed stebilizer

(I and, optionally, the diluent (D) in combination with

(a) a polyol having a hydroxyl number of less than about 180,

(b) a free radically polymerizable ethylenically unsaturated monomer, such
as, acrylonitrile and at least one other ethylenically unsaturated com-
onomer copolymerizable therewith, and

(c) a free radical polymerization initiator,
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tion vessel. Percent by weight polynmer in the pol yner polyol was determ-ned
. 10 fromanal ysis of the anmount of unreacted nononers present in the
crude product. The crude product was vacuum stripped to renove vol atil es
before testing. Al of the polyner polyols in the Exanples were stable
conpositions. E. Free-rise Foam Preparations Exanples 11 through 17 are
free-rise foans prepared fromthe 15 pol ymer/ pol yol s as identified
in the exanples by the follow ng procedge using the proportion of
conmponents shown in Table V, infra. The pol yner/pol yol, am ne catal yst, and
silicone surfactant were charged to a one-half gallon paper container

equi pped with a baffle assenbly, and m xed at 2400 rpm for 60 seconds with
a dual turbine stirrer placed.about, ope jnch above the, bottom of 20

the cont ai ned SrREACHAR: gone Mna%‘?mg‘ttf‘gm ore ri@sinitiatect free The
tin catal yst redicabrenstion; and vaden sufficient pressurectocmaintain onlyiliquid phases
seconds. W' linthe réaction sdrie, forra periotof time\suficient torarbaRigh propoitiditof

m xture was gEyey, foid tmggﬁw Wer biBahn rga%’ﬁ& ture
was poured as‘.gﬁgiﬁo stgrte to £a8am I N ?{:1%4. X éﬁ% | % %‘r@r d(ake
box. The fo arhmreacted MONOMErs an uené..ana pping unre monomers an(f

diluent from the enhanced polymer/polyol (III) to recover the same.

The process of the invention is notable for, over time, not being

subject to fluctuations in polymer particle average size and polymer/polyol

" product viscosity. This is an advantage over processes which directly feed the
precursor (I) to reaction with the polyol in directly forming the polymer/polyol.

In a preferred process, the free radical polymerization initiator is an
azo compound or an acyl"peroxide of the formula:

0 0
R C-0-0-C-R

wherein R is an organic moiety free of substituents or heteroatoms capable of
forming free radical ions in the course of free radical polymerization which
adversely affect the physical properties of the resultant enhanced
polymer/polyol. Of the azo initiators, azo-bis(isobutyronitrile), 2,2’-azo
bis-(2-methylbutyronitrile), and mixtures thereof, are preferred. Preferred
acyl peroxides are the diacyl peroxides in which the acyl moieties are alkanoyl
containing about 8 to about 14 carbon atoms, preferably from ahout 9 to about
13 carbon atoins, Particularly preferred diacyl peroxides are didecanoyl
‘peroxide and dilauroyl peroxide.

The polyols having a hydroxyl number of less than about 180 com-
prises poly(oxypropylene) glycols, triols and higher functionality polyols. Such
polyols include poly(oxypropylene-oxyethylene) polyols: however, desirably,
the oxyethylene content should comprise less than about 50 percent of the
total and, preferably, less than about 20 percent. The ethylene oxide can be
incorporated in any fashion along the polymer chain. Stated another way, the
ethylene oxide can be either incorporated in internal blocks, as terminal
blocks, or may be randomly distributed along the polymer chain, As is well

REPLACEMENT SHEET

0 6 JAN 1997




25 m xture was allowed to react and subsequently to rise freely in
-the box until the reaction was conplete. The foamwas then placed in a
conventional oven preheated to 225[err]C. for 5 mnutes. Foam properties
were determ ned pur- suant to ASTM Standard D 3574-77. Al of the foans
were prepared using TDI at an index of 115. Exanple 1 This Exanpl e
illustrates the preparation of a precursar (I') with funerate type
unsaturation. The process used was the Sanme as has been previously set
forth and the parameters are set forth in Table 1 below. 5
Tabl e I Exanpl e Nunmber 1 Pol yol

A 10 Mal ei.c
known in the art, the preferred polyols herein do contain varying amounts of
unsaturation. The extent of unsaturation typically involved does not affect in

any adverse way the formation of the polymer/polyols in accordance with the
present invention. :

For the purposes of this invention, useful polyols should have a
number average molecular weight of about 600 or greater, the number average
being used herein being the theoretical, hydroxyl number derived value. The
true number average molecular weight may be somewhat less, depending upon

the extent to which the true molecular functionality is below tye starting or
theoretical functionality.

The polyols employed can have hydroxyl numbers which vary over a
wide range. In general,*the Kydroxyl numbers of the polyols employed in the
invention can range from ahout 10 and lower, to about 180, preferably, to about
150, more preferably, to about 100, most preferably, to about 75. The hydroxyl
number is defined as the number of milligrams of potassium hydroxide
required for thé complete hydrolysis of the fully phthalylated derivative

prepared from 1 gram of polyol. The hydroxyl number can also be defined by
the equation:

OH = (56.1 x 1000 x f)/m.w.
where

OH = hydroxyl number of the polyol

f = functionality, i.e., average number of hydroxyl
groups per molecule of polyol”

wm.w. = molecular weight of the polyol.

The exact polyol employed depends upon the end use of the
polyurethane product to be produced. The molecular weight or the hydroxyl
number is selected properly to result in flexible or semi-flexible foams or
elastomers when the polymer/polyol produced from the polyol is converted to
a polyurethane. The polyols preferably possees & hydroxyl number of from
about 50 to about 150 for semi-flexible foams and from about 10 to about 70 for
flexible foams. Such limits are not intended to be restrictive, but are merely
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Anhydri de Vi ght %

1.07 neq/g
0.11 15 KOHppm 60 Mol es
Et hyl ene 1.5 Oxide per nole mal eic anhydride 20
Reaction Tenp., [err]C. 110 Reaction
27 25 Time (hours) Acid No.
0.39 Isonerized

-29.Yes 30 W th
nor phol i ne Unsat urati on,

illustrative of the large number of possible combinations of the above polyol
coreactants.

While not preferred, any other type of known polyol may also be used.
Among the polyols which can be employed are one or more polyols from the
following classes of compositions, known to those skilled in the polyurethane
art:
(a) Alkylene oxide adducts of non-reducing sugars and sugar derivatives;
(b) Alkylene oxide adducts of phosphorus and polyphosphorus acids;
{c) Alkylene oxide adducts of polyphenols;
(d) The polyols from natural oils such as castor oil, and the like;

(e) Alkylene oxide adducts of. polyhydroxyalkanes other than those already
described herein.

Nlustrative alkylene oxide adducts of polyhydroxyalkanes include,
among others, the alkylene oxide adducts of 1,3-diliydroxypropane, 1,3-
dihydroxybutane, 1,4-dihydroxybutane, 1,4-, 1,6- and 1,6-dihydroxyhexane,
1,2-, 1,3-, 1,4-, 1,6-, and 1,8-dihydroxyoctane, 1,10-dihydroxydecane, glycerol,
1,2,4-trihydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1-trimethylolethane,

1,1,1-trimethylolpropane, pentaerythritol, caprolactone, polycaprolactone,
xylitol, arabitol, sorbitol, mannitol, and the like.

A further class of polyols which can be employed are the 1,2-alkylene
oxide adducts of the non-reducing sugars, wherein the alkylene oxides have
from 2 to 4 carbon atoms. Among the non-reducing sugars and sugar deriva-
tives contemplated are sucrose, alkyl glycosides such as methyl glucoside, ethyl
glucoside, and the like, glycol glycosides such as_ethylene glycol glucoside,
propylene glycol glucoside, glycerol glucoside, 1,2,6-hexanetriol glucoside, and

the like, as well as the alkylene oxide adducts of the alkyl glycosides as set
forth in U.S, Pat. No. 3,073,788. '

A still further useful class of polyol is the polyphenols, and preferably
the alkylene oxide adducts thereof wherein the alkylene oxides have from 2 to

4 carbon afoms. Among the polyphenols which are contemplated are, for
example, bisphenol A, bisphenol F, condensation products of phenol and
formaldehyde, the novalac resins; condensation products of various phenolic

compounds and acrolein; the simplest members of this class being the 1,1,3-
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rredui v./ g- pol yol

. Viscosity . 2452 Ret ai ned
82 Unsaturation (% 40 -37 - D 16443 Exanple 2 This Exanple illustrates
the coupling of a precursor (I) with an organic diisocyanate to a higher

viscosity. The process used was the sanme as has been previously set forth
and the paraneters are set forth in Table 11

-30-

0.090 (measured as fumarate) 35

tristhydroxyphenyl) propanes, condensation products of various phenolic
compounds and glyoxal, glutaraldehyde, and other disldehydes, the simplest

members of this class being the 1,1,2,2-tetrekis (hydroxyphenol)ethanes, and
the like.

The alkylene oxide adducts of phosphorus and polyphosphorus acids
are another useful class of polyols. Ethylene oxide, 1,2-epoxypropane, the
epoxybutanes, 3-chloro-1,2-epoxypropane, and the like are preferred alkylene
oxides, Phosphoric acid, phosphorus acid, the polyphosphoric acids such as
tripolyphosphoric acid, the polymetaphosphoric acids, and the like are
desirable for use in this connection.

It should be appreciated that blends or mixtures of various useful
polyols may be used if desiréd. With polyols other than the preferred type,
useful monomer contents #nd monomer or monomers may vary somewhat.
Similarly, it may be desirable or even necessary to modify the stabilizer of this
invention when such other polyols are used. This can be accomplished by

following the criteria discussed hereinafter in connection with the stabilizers
used for the preferred polyols.

The monomer for making the polymer component may be is. an
ethylenically unsaturated monomer, preferably acrylonitrile alone or acrylonit-
rile and at least one other ethylenicilly unsaturated comonomer
copolymerizable with acrylonitrile. Hlustrative comonomers are styrene and

its derivatives, acrylates, methacrylates such as methyl methactylabe,
vinylidene chlonde, and the like.

It is preferred to utilize acrylonitrile mixtures with a comonomer,
typwally with a minimum of about § to 15 percent by weight acrylonitrile in
the system. Styrene will generally be preferred as the comonomer, but methyl
methacrylate, vinylidene chloride, or other monomers may be employed in
place of part or all of the styrene. Overall, in terms of the final polymer/polyol
composition, to provide polymer/polyols for use in applications where minimal
scorch is desired, the acrylonitrile content of the monomer mixture used

ghould be less than about 40 percent by weight, preferably less than about 35
percent. :
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5 bel ow. Table Il W %

“lsocyanate A cSt at 25[err]C 10
0. 64 6310 Exanple 3 This Exanpl e
illustrates the preparation of a stabilizer (l11) as pre- viously described.
The specific paraneters are set forth in Table 111

Vi scosity

bel ow. 15
Table 111 Stabilizer (11) Preparation Feed Conposition: 20
Di | uent Type -31- | sopr opanol / Pol yol B
Di | uent Concentration, W.%in Total Feed 60% 3. 99% Precursor (1)
Type From Ex. 2 Precursor Concentration,
W. %in Total Feed 19..95% Mononers (30/70 A/'S)
15. 96%

The free radical polymerization initiator useful in making the
polymer/polyol encompasses any free radical catalyst suitable for polymerizing
the monomers to the polymer. Useful catalysts include catalysts having a
satisfactory half-life within the temperature ranges used in forming the
stabilizer (II), i.e.-the half-life should be about 25 percent or less of the re-
sidence time in the reactor at a given temperature, Representative examples of
useful catalyst species include acyl peroxides such as didecanoyl peroxide and
dilauroyl peroxide, alkyl peroxides such as t-butyl peroxy-2-ethylhexanoate,
t-butylperpivalate, t-amyl peroctoate, 2,5-dimethyl-hexane-2,5-di-per-2-ethyl
hexoate, t-butylpermeodecanoate, t-butylperbenzoate and 1,1-dimethyl-3-
hydroxybutyl peroxy-2-ethylhexanoate, and azo catalysts such as azo-
bis(isobutyronitrile), 2,2-azo bis-(2-methylbutyronitrile), and mixtures thereof.

Most preferred are the acyl peroxides of the above formula and the azo
catalysts. .

The catalyst concentration employed is not critical and can be varied
considerably. As a representative range, the concentration can vary from about
0.1 to about 5.0 weight percent or even more, based upon the total feed to the
reactor, Up to a certain point, increases in the catalyst concentration result in
increased monomer conversion; but further increases do not substantially
increase conversion. The particular catalyst concentration selected will usually
be an optimum value considering all factors, including costs. It has been
determined that lower concentrations can be used in conjunction with the high
potency preformed stabilizer (I} and still achieve stable polymer/polyols.

Particularly preferred in the practice of the invention, are the use of

azo catalysts and the aforementioned acyl peroxides of the above formula.

~ Such acyl peroxides have the unique advantage of effecting the desired degree

of polymerization essentially without raising the viscosity of the

polymer/polyol over that obtained with the azo catalyst. This enhances ones

ability to achieve higher solids polymer/polyols with good product stability

without raising product viscosity. Such acyl peroxides can be uséd in molar

amounts substantially less than the amounts required when using other free
radical catalysts in forming the polymer/polyols.

The polymer/polyols are preferably produced by utilizing a low
monomer to polyol ratio is maintained throughout the reaction mixture during
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25 Cat. conc. wt % 0.10%
"Reaction Conditions: 30 Tenperature, C.

120 Pressure, psig - 65 Residence Tine’
i n each stage, mn. 40 *Sol ution of 50%tertiary butyl
peroctoate in dioctyl phthalate. Exanples 4 - 10 The fol |l ow ng exanpl es
show that polyner polyols nmade by this invention at polynmer contents of
about 45 percent and hi gher have both aB@eptable filtration hindrance and
viscosity as conpared to the prior art 5 Exanpl e 199 of U. S
Patent No. 4,242,249 ("249"). Table IV Polymer Polyol Exanples

the process. This is achieved by employing conditions that provide rapid
conversion of monomer to polymer. In practice, a low monomer to polyol ratio
is maintained, in the case of semi-batch and continuous operation, by control of
the temperature and mixing conditions and, in the case of semibatch opera-
tion, also by slowly adding the monomers to the polyol.

The temperature range is not critical and may vary from sbout 100°C.
to about 140°C. or perhaps greater, the preferred range being from 115°C, to
125°C. As has been noted herein, the catalyst and temperature should be
selected so that the catalyst has a reasonable rate of decomposition with

respect to the hold-up time in the reactor for a continuous flow reactor or the
feed time for a semi-batch reactor.

The mixing conditions employed are those obtained using a back
mixed reactor (e.g.-a stirred flask or stirred autoclave). The reactors of this
type keep the reactxon mixture relatively homogeneous and so prevent local-
ized high monomer to polyol ratios such as occur in tubular reactors when such

reactors are operated with all the monomer added to the beginning of the
reactor.

The polymer/polyols of the present invention comprise dispersions in
which the polymer particles (the same being either individusl particles or
agglomerates of individual particles) are relatively small in size and, in the
preferred embodiment, have a weight average size less than about ten microns.
However, when high contents of styrene are used, the particles will tend to be

larger; but the resulting polymer/polyols are highly useful, particularly where
the end use application requires as little scorch as possible.

In the preferred embodiment, all of the product (viz. 100%) will pass
through the filter employed in the 160 mesh filtration hinderance (fil-
terability) test that will be described in conjunction with the Examples. This
insures that the polymer/polyol products can be successfully processed in all
types of the relatively sophisticated machine gystems now in use for large
volume production of polyurethane products, including those employing
impingement-type mixing which necessitate the use of filters that cannot
tolerate any significant amount of relatively large particles. In addition, a
significant amount of the polymer/polyol passes the 700 mesh filtration
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Exanpl e No. 4 5 6 7

- 8 9 10 199 10
(*249) Pol yol Type C C C
C C D C V of '249 Preparation Conditions: 15
Reaction Tenperature, C. 115 115 115 116
114 115 115 125 AZO conc., w.%in total feed
0.5 0.5 0.5 0.5 0.5 _33- 0.45 (1) 1.3 Stabilizer
(rr), 20 w%in total feed 5.2 5.2
5.9 5.9 7.2 5.1 - 5.1 4.4 Stabilizer (11) of Exanple
3 3 3 3 3 3 3 25

IAfsgpropangl léid@mx%éa'%e& tga cﬁﬁ%&\:\!’tﬁzggl_moxgeot & jpfine%;e examples. it 5110\114213 -5
437 4g, Sppreciated thab1RE%700 Yeek hibraeShad nindihhon tagt presgpts.the ot | | ¢

to rigorous tesof polymenfpolyol stadilitys  30/70 30/70  40/60 30/ 70
40/ 60 30 Styrene, wt.% Residual Acrylonitrile, w.%
0.4 0.4 0.5 0.4 0.8 1.2 0.6 1.03 35
Resi dual Styrene, mwt. % 0.8 1.0 0.9 0.9
1.5 0.4 1.2 0.95
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Total Polynmer in Produ

ct, 45. 2 45.1 50. 2 55. 3
59.9 45. 0 44.9 45.2 by calc. w. %40 Product Properties:
Viscosity 3792 4214 5923 10107
13176 6716 3937 35,500 Filtration H ndrance:

100 100 100 100 100 100 100 5.8 45 - %
thru 150 nmesh screen ppmon 150 nesh scrygen 14

6 9 9 20 7 12 2374 % thru 700 nesh
screen 100 100 100 40 19 100

100 0.335 50 (1) 0.70 weight % di decanoyl peroxide.

EXAMPLES 11

i ndi cat ed byAst

wi t hout any{®

lﬂﬁ@ﬁhmnhemsﬁnﬂwnﬂ$wm%m$nFPGWFFMGWhﬂyH@ﬁmpGNymmﬂﬂﬂﬂw

ent s

fl cant loss in tensile JoLopert Log
. A mde oxide and oxide with sorbitol in the
PolyolA polyol by mpy!ene de | ethylene
u!nscbouts weidntmntcﬂoiemoﬂdenuapmm;lwdmvlmwor :
Apobulmdebymcﬁxwpmpykmoﬁde ethylene oxide with sorbitol in the
Polyol B - The
obre eonulm Mp?mwewwpm ethylene oﬂﬂemnh{nhnnlb :S.h';s
number of abhout 28.
i Apolyolnwle reacting propylene oxide and ethylene oxide with glycerol in the
Palyol C presence o by&vgideaub:tandmwmnm'ﬂw
wnuhst;-nboutmwdghtymth\wmledwlmondemdhuawmn ol
A made rencting ropylene oxide and ethylene oxide successi wid\gbuml
Polyol D inpolw;rsene:v of potass : Phydmnde u&yxtlndnﬁningtommonw t. The
yobolmnummmmmgl\tpmteﬂwlmeoﬁdeunapmdm number
of about 35.
Azo catalyst Azo-bis(isobutyronitrile)
Catalyst A A polyurethane foarn amine catalyst sold as "NIAX Catalyst A-1® by Union Carbide
Corporation. .
Catalyst B A palyurethane tin catalyst sold as “T-9". .
Surfactant A A silicone surfactant sold for use in foam by Union Carbide Corporation as *Silicone’
Surfactant 1L-6202°.
te A Modified liquid form of 4,4" diisocyunate (MDD) havmg an equivalent
e | b S S OO0 e e
1 Amwwmemumummmdzom@tmczs—
diisocyanatotoluene.
Density Density in pounds per cubic foot (ASTM D-3674, Test A).
Porosity Porasity in CFM (ASTM D-3574, Teat G).
IFD 25% " Indentation Force Deflection 26% (ASTM D-3574, Test Bl and Test B2).
IFD 65% Indentation Force Deflection, 65% (ASTM D-3574, Test B1 and Test B2).
IFD-65/25 Indentation F Deﬂection. 65% divided by Indentation Farce Deflection, 26% (ASTM
DJSN,T&BIMM e
Tensile Tensile in pst (ASTM D-3674, Test E).
Elongation Elongation in percent (ASTM D-3574, Test E). -
Tear Tear Resistance in pounds per inch (ASTM D-3574, Test F)
Viscosity Viscogities were measured by Cannon Fenske viscometer (¢St).
Filterability is determined by dilu uting one part by weight sample (e.g, 200 grams) of
polmer[polyol withtwopartsbyweidl -:ﬂdmhmlml(e. 400 grams) to
Filtration remove any viscosity-imposed limitations using quantity of material in
Hindrence uhﬁontoaﬁxedm«cﬂomiuudm(e.z., 1-1[8hﬁnmteg,mdtﬁunllor
(Filterability) the polymcr[polyul md {sopropanol so passes by mv‘fgﬂmmgh & 160-mesh or
screen has & square mesh with average mesh o
othSmIaons.anduhn'snnMMe:'m screen. Thie 7 es
screen is made with a Dutch twill weave, The actusl screen used had & nominal opening
of 30 microns. Tbeamountofm::& which pesses through the screen within 1200
seconds fs reported In percent, a uedlwpemt tes that over 99 weight
percent passes through the screen.
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Tabl e V Exanpl e
“Nurber 11 12 13 14 15
16 17 POLYMER PCOLYOL 10 Pol ymer Pol yol from
Ex 4 Ex 4 Ex 5 Ex 6 Ex 6 Ex 7 Ex 8 FOAM FORMULATI ONS (parts
per hundred parts polyol) 15 Pol ymer Pol yol of Ex.
100 100 100 100 100 100
100 Water 2.3 2.3 2.3 2.3
2.3 2.3 2.3 20 Cat al 3P A

0.03 0.03 0.03 0.03 0.03 0.03 0.03 Catalyst B

0.11 0.11 0.11 0.11 0.11 0.11 0.11 Surfactant A
0.70 0. 7(Prepdxations 0. 70 0.70 0.70

: : 0.70 25 FOAM DATA
Properties 30 Density 2.34

2.33 2. 434, El%%%tlgn o?ﬂécurso%%l? 2.38 Porosity

34.7 34.7 4 15.8 21.2 | FD, 25%

144.5 140

15¢he foﬂmg gexge% ﬁrocea&?e Was folidwéd for Example 1. The
polyol was charged to a stirred reactor purged with nitrogen. The mixture was
heated at 80°C. followed by the addition of the maleic anhydride solid and
50°C. aqueous KOH. The content were then heated to the desired tempera-
ture and ethylene oxide was added by pumping. After the reaction was
completed, the excess oxide was removed by stripping under vacuum. The
results are summarized in Table I below. The acid number reported was the

final acid number (in mg KOH per gram of sample) after the product was
stripped. _

B. Coupling of Precursor (I)

The following general procedure was used in Example 2 for the
reaction of Isocyanate A with the macromonomer formed in Example 1. The
sample from Example 1 was placed in a stirred reactor and heated to 80°C.
The indicated amount of Isocyanate A was added slowly. The mixture was
maintained at 80°C. for one hour after the addition was complete. The results
of these experiments are summarized in Table IL

C. Preparation of High Potency Preformed Stabilizer (IT)

The preformed dispersion stabilizers were prepared in a continuous
polymerization system employing a tank reactor fitted with baffles and an
impeller. The feed components were pumped into the reactor continuously
after going through an inline mixer to assure complete mixing of the feed
components before entering the reactor. The contents of the reactor were well
mixed, The internal temperature of the reactor was controlled to within 1°C.
The product then flowed out the top of the second reactor continuously
through a back pressure regulator that had been adjusted to maintain at least
66 psig pressure on both reactors. The preformed dispersion stabilizer then
flowed through a cooler into a collection container. About 25 ppm of tertiary
butyl catechol was added to the product container to prevent any polymeriza-
tion during storage or transfer.

D. Enhanced Polymer Polyols Preparations

A continuous polymerizations system was used, employing a tank
reactor fitted with baffles and an impeller. The feed components were pumped
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35 65% ©300. 3 301 336. 8 378. 8
'364. 8 542. 3 572.3 40 65/ 25

2.14 2.15 2.19 2.30 2.28 2.55 2.60 Tensile

34.3 32.0 32.7 36. 3 35.1 29.9 37.2 Elongation :
113. 4 115.8 94. 7 96. 2 93. 2 a7. 7 55.4 45 Tear
2.07 2.34 2.10 2.39 2.63 2.0 2.04 Previously

avai | abl e pol yner pol yols having pol yner, contents of about 40 percent can

be converted into foam using the above Pgrrrul ation which have | oad-bearing

capacities of about 120 | bs. as neasured by their 25% | FD val ues.

By
contrast, the above exanpl es denonstrate foans prepared from5
pol yrer / pol yénto e reactor continuensly after going threugh gn anifxew 4o [agsireng
capaciti es.

Tompheteemixingt eff the) feed] cemponentagpefore enteting: the vedatars Thavi ng
25% | FD val udfiterheMrnipdratin®. of the ¢edctsr wusoqiteolldd o withinc1?Cs Tiscontents
4,454, 255,  of the reactor were well mixed. The product flowed out the top of the reactor
and into a second unagitated reactor also controlled within 1°C. The product
then flowed out the top of the second reactor continuously through a back
pressure regulator that had been adjusted to give about 45 psig pressure on
both reactors. The crude product then flowed through a cooler into a collec-
tion vessel. Percent by weight polymer in the polymer polyol was determined
from analysis of the amount of unreacted monomers present in the crude
product. The crude product was vacuum stripped to remove volatiles before
testing, All of the polymer polyols in the Examples were stable compositions.

E. Free-rise Foam Preparations

Examples 11 through 17 are free-rise foams prepared from the
polymer/polyols as identified in the examples by the following procedure using
the proportion of components shown in Table V, infra. The polymer/polyol,
amine catalyst, and silicone surfactant were charged to a one-half gallon paper
container equipped with a baffle assembly, and mixed at 2400 rpm for 60
seconds with a dual turbine stirrer placed about one inch above the bottom of
the container. The mixture was allowed to set for 16 seconds to degas. The tin
catalyst was added after degassing and mixed at 2400 rpm’s for 10 seconds.
With the mixer still running, tolylene diisocyanate isomeric mixture was
added, and the components were mixed for 6 seconds. The mixture was poured
after it started to cream into a 14 x 14 x 6 inch carboard cake box. The foam
mixture was allowed to react and subsequently to rise freely in the box until
the reaction was complete. The foam was then placed in a conventional oven
preheated to 225°C. for 5 minutes. . Foam properties were determined pur-

suant to ASTM Standard D-3574-77. All of the foams were prepared using TDI
at an index of 116.
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4,458, 038; and 4, 689, 354) ot - -42- Cains 1. A

- hi gh potency prefornmed stabilizer for use in naking pol yner/polyols
conprising the free radical polynerization product of at |east one free
radi cal |y pol ynerizabl e ethylenically unsaturated nononmer (A) and at | east

one pol yhydric al cohol adduct (B), said adduct having the average fornul a:
QOROX)[err] wherein Qis a polyvalent organic noiety, the free val ence of

which is >3, or has an average value eggal to >3, RO is a divalent residue

conprising an al kyl ene oxi de or pol yal kyl ene oxi de. noi ety and each X is
selected froman organic noiety containing reactive unsaturation

Example 1

This Example illustrates the preparation of a precursor (I) with
fumerate type unsaturation. The process used was the same as has been
previously set forth and the parameters are set forth in Table 1 below.

. TableI
Example Number 1
Polyol A
Maleic
Anhydride
Weight % 1.07
meq/g 0.11
KOH ppm 60
Moles Ethylene 15
Oxide per mole
maleic anhydride
Reaction Temp.,
°C. 110
Reaction 27
Time (hours)
Acid No. 0.39
Isomerized Yes
with morpholine
Unsaturation,
mequiv./g-polyel 0.090 (measured

as fumarate)

Viscosity 2452
Retained 82
Unsaturation (%)
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copol yneri zable with (A), and hydrogen, about one of such X being an
*organi ¢ noi ety containing reactive unsaturation and the remaining X s being
hydr ogen, said adduct optionally being further adducted with an organic’

pol yi socyanate (C) in (D) a liquid diluent conprising nono-ol and in which
(A), (B) and (C) are soluble but in which the free radical polynerisation
product is essentially insoluble. 2. A stabilizer conposition as clained in
Caim1 wherein said adduct is sel ected3om those having the average
formula: Q (OROX)[err] wherein Qis a polyvalent organic noiety, the free
val ence of which is [err]n, or has an average value equal to [err]n; and n
is 4, 5 or 6. 3. Astabilizer conposition as claimed in Caiml or Caim?2
wherein said organic noiety copol ynmerigabl e;wpth (A is a residue of a
fumari c conmpound. 4. A stabilizer con‘&&ﬁ“!‘?ﬁhas claimed in Caim3 wherein
said fumaric conpound is esterified maleic anhydride isonmerized to a
fumaric structure. This Example illustrates the coupling of a precursor (I) with an

organic diisocyanate to a higher viscosity. The process used was the same as
has been previously set forth and the parameters are set forth in Table I
below.
Table I
Wt % : Viscosity
Isocyanate A cSt at 25°C.
0.64 6310
Example 3

This Example illustrates the preparation of a stabilizer (II) as pre-
viously described. The specific parameters are set forth in Table III below. |

Table IOl
Stabilizer (II) Preparation
Feed Composition:
Diluent Type Isopropanol/Polyol B
Diluent Concentration, Wt.% in Total Feed 60%/8.99%
Precursor (I) Type From Ex. 2
Precursor Concentration, Wt. % in Total Feed 19.95%
Monomers (30/70 A/S) 15.96%
Cat. conc. wt.%* 0.10%
‘Reaction Conditions:
Temperature, °C, 120
Pressure, psig ) 65
Residence Time in each stage, min, 40
*Solution of 50% tertiary butyl peroctoate in dioctyl phthalate.
REPLACEMENT SHEET
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5. A conposition as clainmed in any one of Clains 1 to 4, wherein Qis the
. hydroxyl free residue of at

| east one pol yhydric al cohol fromthe group
conprising pentaerythritol, sorbitol, mannitol, arabitol, sucrose,
ol i gonmers of polyvinyl alcohol, polyvinyl glycidols, and connected branched
chain polyols. 6. A stabilizer conposition as clained in any one of C ains
1 to5 wherein Qis the hydroxyl free residue of sorbitol. 7

. 7. A conposition
as clainmed in any one of Clains 1 to &%Terein the al kyl ene oxide is a
| ower al kyl ene oxi de.

8. A conposi on rred in Claim7 wherein the
al kyl ene oxide is pro ylene OXIde i de o Bre { her eof .
9. A stabilizer conp ?tP P

i ﬁ%éﬁ Ygﬁg wher ei n
(A) conprises W¥eRHqpL PP E} m"“x Em ?‘Hl %&&Y‘ 0
quﬁdM;ﬁanwn wmwm. ty as compar the prior art
Example 199 of U.S. Patent No. 4,242,249 (*249%).
Table IV
lymer Polyol les

Example No. 4 5 [ 1 8 9 10 199
249)

Polyol Type c c C c c D c Vo249

Preparation Conditions:

Reaction Temperature, °C. s 115 15 118 14 HE 116 125

AZO conc., wt.% in total feed 0.5 o5 0.5 05 05 045 (D 13

Stabilizer @D,

wt% in total feed 62 52 68 59 12 61 61 44

Stabflizer (T)

of Example 3 8 3 3 3 3 3

Isopropanol, wt.% in total feed 49 a1 35 35 43 &0 40

Monomer, wt.% In total feed 432 437 481 B30 L1 428 432 411

Ratio of Acrylonitrile to 30/70 3070 30/T0 30/70 30/10 40/60 30/70 40/6D

Sgrene, wt.%

Residual Acrylonitrile, wt.% 04 04 0.6 04 0.8 12 0.6 1.03

Residual Styrene, m wt.% 08 10 0.9 08 16 04 12 0.95

M?obuntln?nd\u:t, 462 451 502 553 599 450 449 452

by calc, wt

Product Properties:

Viscoslty 3792 4214 §923 10107 13176 6716 3937 35,600

Filtration Hindrence: 100 100 100 100 100 100 300 68

% thru 150 mesh screen

Ppm on 150 mesh screen 1" 6 | 9 20 7 12 2974

% thrit 700 mesh scroen 100 100 100 40 19 100 100 0.335

{1} 0.70 weight % didecanoyl peroxide.
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one other ethylenically unsaturated nonomer copol ynerizable therew th. 10.
.A stabilizer conposition as clained in any one of Clains 1 to 8 wherein (A
conprises a mxture of acrylonitrile and styrene. 11. A conposition for
form ng a high potency preforned stabilizer as clainmed in any one of C ains
1 to 10, said conposition conprising (1) a precursor to the stabilizer
conprising an ester obtainable by reacta0oa of: (i) a hydroxy-term nated

al kyl ene oxi de adduct of a polyol of the formula QOH)[err] wherein Qis a
pol yval ent organic noiety, the free val ence of which is >3; (ii) a nono
or pol ycarbonyl oxy conpound conprising the noiety

EXAMPLES 11-17

These examples (see Table V) show the higher loads, as indicated by

the IFD numbers, that result from the higher polymer contents without any
significant loss in tensile properties.

Table V
Example Number n 12 13 U 1B 16 n
POLYMER POLYOL .
Polymer Polyol from Exd4 Exd Ex5 Ex6 Ex6 Ex7 Exs
FOAM FORMULATIONS
(parts per hundred parts polyol)
Polymer Polyal of Ex. 100 10 100 100 100 100 100
Water 23 23 23 23 23 23 23
Catalyst A 003 ©03 003 003 003 003 0.03
Catalyst B cCi1 011 01l oll ol O ol
Surfactant A 070 070 070 070 070 030 070
FOAM DATA
Properties
Density 234 233 243 236 234 237 238
Porosity 37 847 401 820 374 168 212
1FD, 25% 45 140 1538 165 1603 2129 2199
65% 3093 301 3368 3788 3648 5423 5723
65/25 214 215 219 230 228 255 260
Tensile a 843 320 327 363 31 209 72
Elongation  us4 168 847 962 832  4TT 564
Tear 207 234 210 239 263 20 204
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[err] (iii) optionally adducted with an organi c polyi socyanate; (2) one
.or nore ethylenically unsaturated nononers at | east one of which

copol ynmerizes with the precursor (1) to the stabilizer; (3) a free

radi cal polymerization initiator; and (4) aliquid diluent Din which
(1), (2) and (3) are soluble, but in which the resulting high potency
preformed stabilizer is essentially i-nsoluble. 12. A conposition as cl ai ned
in Claim21l wherein said polyol has thegfermula: QOH)[err] wherein Qis a
pol yval ent organic noiety, the free valence of which is [err]4. 13. A
conposition as clainmed in daim11 or Caim12 wherein the nono or

pol ycar bonyl oxy conpound is a fumaric or is convertible into a fumaric.

Previously available polymer polyols having polymer contents of
shout 40 percent can be converted into foam using the above formulation
which have load-bearing capacities of about 120 lbs. a8 measured by their 25%
IFD values. By contrast, the above examples demonstrate foanis prepared from
polymer/polyols of this invention have significantly higher load-bearing
capacities. The patent literature does not appear to disclose foams having 25%
IFD values above 125 Ibs. (see for example, U.S. Patents Nos. 4,454,255;
4,458,038; and 4,689,354)
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14. A conposition as clainmed in any one of Clains 11 to 13 wherein the
liquid diluent (D) conprises either a single diluent or a mxture of

di luents. 15. A conposition as clainmed in Caim14 mherein the diluent (D)
is one or nore of nono-ols, polyols, hydrocarbons

conposi tren—as ctaimeéd in daim 15 wherein the diiue é% Fifyﬁhﬁﬁ%“>| or
a n1xture n_as

Lo MBI 51 "5 ol n airm

18. A conp05|T on as
clained in mul7*® wher®in the nono-ol is one or

nor e of met hanol ,
et hanol , n-propanol, i-propanol, n-butanol, sec.-butanol, t-butanol,
n- pent anol , 2- entanol, 3-pentano|, and m xtures thereof.

Claims
1.

A high potency preformed stabilizer for use in making
polymer/polyols comp'rising the free radical polymerization product of at

least one free radically polymerizable ethylenically unsaturated monomer
(A) and at least one polyhydric alcohol adduct {B), said adduct having
the average formula:

Q(OROX)>3
wherein Q is a polyvalent organic moiety, the free valence of which is

>3, or has an average value equal to >3, RO is a divalent residue

comprising an alkylene oxide or polyalkylene oxide.moiety and each X is
selected from an organic moiety containing reactive unsaturation
copolymerizable with (A), and hydrogen, about one of such X being an
organic moiety containing reactive unsaturation .and the remaining X's
being hydrogen, said adduct optionally being further adducted with an
organic polyisocyanate.

2. A stabilizer composition as claimed in Claim 1 wherein said

adduct is selected from those having the average formula:

Q(()P.OX)an (X} ,
wherein Q is a polyvalent organic moiety, the free valence of which is
2n, or has an average value equal to 2n; and n is k, 5 or 6.

3. A stabilizer composition as claimed in Claim 1 or Claim 2

wherein said organic moiety copolymerizable with (A) is a residue of a
fumaric compound.

. A stabilizer composition as claimed in Claim 3 wherein said

fumaric compound is esterified maleic anhydride isomerized to a fumaric
structure.
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19. A conposition as clainmed in Claim16, 17 or 18 wherein the polyol

enpl oyed in adm xture with the nono-ol in the diluent is the sane as the
hydr oxy-term nat ed al kyl ene oxi de adduct (i). 20. A conposition as cl ai nmed
in Caim219 wherein the polyol conprises the mnor anmount by wei ght of
diluent (D) and the nono-ol the major anount. 21. A conposition as clained
in Claim20 wherein the polyol conprises |ess than about 30 wei ght percent
of the weight,.. preferably—tess than about 20 wei ght percent, nore

preferably | t 15 wei ghtd3gercent, of diluent (D). 22. A process
for maki né Eﬁ aag prefornmed stabilizer which conprises providing a
conposi ti M I'®m any one of Clains 11 to 21 in a reaction zone

mai ntai ned at a tenperature sufficient to initiate a free radical reaction,
and under sufficient pressure to maintain only |liquid phases in the
reaction zone, for a period of tinme sufficient to react essentially all or

all of (1); %r.]d 'y ‘éﬁn%gﬂ&g. fs anﬂeagfnn%gysone of Claims 1 to 4, wherein Q
is the hydroxyl free residue of at least one polyhydric alcohol from the
group comprising penteerythritol, sorbitol, mannitol, arabitol, sucrose,
oligomers of polyvinyl alcohol, polyvinyl glycidols, and connected
branched chain polyols.

6. A stabilizer couposition as claimed in any one of Cleims 1 to 5
wherein Q is the hydroxyl free residue of sorbitol.

7. A coumposition as claimed in any one of Claims 1 to 6 wherein the
alkylene oxide is a lower alkylene oxigde.

8. A composition as claimed in Claim 7 wherein the alkylene oxide
is propylene oxide or ethylene oxide or & mixture thereof.

9. A stabilizer composition as claimed in any one of Claims 1 to 8
wherein (A} comprises acrylonitrile or a mixture thereof with at least
one othér ethylenically unsaturated monomer copolymerizable therewith.

10. A stebilizer composition as claimed in any one of Claims 1 to 8
vwherein (A) comprises a mixture of acrylonitrile and styrene.

11. A composition for forming a high potency preformed stabilizer as
ciaimed in sny one of Claims i1 to 10, said composition comprising
(1) a precursor to the st'abilizer comprising an ester obtainable by
reaction of: _
{1} & hydroxy-terminated alkylene oxide adduct of a polyol of the
formula
Q(oH) 4
vherein Q {5 a polyvalent organic moiety, the free valence of
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m xture containing the high potency preforned stabilizer dispersed in the
~diluent, and unreacted nononer to the extent present. 23. A

pol ymer/ pol yol form ng conposition conprising: (i) hi gh pot ency
prefornmed stabilizer as clainmed in any one of Clains 1 to 10 or as obtained
by the process of Caim?22; (ii) free radically polynerizable

et hyl eni cal | y unsaturated nononer; (iii) pol yol having a hydroxyl

nunber 1 ess than. about 180 and (iv) free radical polynerization
|n|t|ator ' as C|aIITEd¢II’l Claim 23 wherein the free
radically ﬁiﬂﬂ%gi@ I eni cally unsaturated nononer (ii) conprises
acryl oni tr| n f acrylonitrile and at | east one other

(14) @& wono or polycarbonyloxy compound comprising the noiety
0
-0-C~C=C~
(iii) optionally adducted with an organic polyisocyenate:
(2) one or more ethylenically unsaturated wonomers at least one of
which copqumerizes with the precursor (1) to the stabilizer:
{3) a free radical polymerization initiator; and
(4) & 11quid dfluent D in which (1), (2) and (3)' are soluble, but in
which the resulting high potency preformed stabilizer is
essentially insolub}.e.
12, A con.xposition-as. claimed in Claim 11 wherein said polyol -ha,s the
formula;
Q(oR)
vherein Q is a polyvalent organic moiety, the free valence of which is
24,

13. A composition as claimed in Claim 11 or Claim 12 wherein the

mnono oxj' polycarbonyloxy compound is g fumaric or is convertible into ;a.
fumaric,

14. A composition es claimed in any one of Cleims 11 to 13 wherein

the liquid ‘dfluent (D) comprises either a single diluent or a mixture of
diluents.

15. A composition &s cleimed in Claim 14 wherein the diluent (D) 1s

one or more of mono-ols, polyols, hydrocarbons, and ethers,

16. A composition as cleimed in Claim 15 vherein the &fluent (D) 1is

& moho-ol or a mixture of mono-ol end polyol. REPLACW SHEET
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ethyl eni cal Iy unsaturated nononer copol ynerizable therewith. 25. A
conposition as clainmed in Caim?24 wherein said at | east one ot her
et hyl eni cal |y unsaturated nononer conprises styrene.

26. A conposition as
claimed in any one of Clains 23 to 25 wherein the polyol
hydr oxyl

(iii) has a
nunber of about 10 to about 180. 27. A conposition as clained in
any one of .Clains_23 ta 26 wherein the free radical polynerization
initiator

process for makin ponner/pg%%QI conprises an azo conpound or an
acyl peroxitjﬁru”wllﬂmﬂﬂm : [err] erein Rlerr] is an organic noiety
free of su i bLca i figh ey ol roatons capable of formng free radica

the course of free radical

lons in
pol yneri zati on which adversely affect the
physi cal properties of the

17. A composition as claimwed {n Claim 16 wherein the mono-ol is a
01_5 monohydric alcohol.

18. A coumposition as claimed in Claim 17, wherein the mono-ol is one
or more of methanol, ethanol, n-propanol, i-propanol, n~butanol,
sec.~butanol, t-butenol, n-pentenol, 2-pentanol, 3-pentanol, and mixtures
thereof .

19. A composition as cleimed in Clajim 16, 17 or 18 wherein the
polyol employed in admixtgre with the mono-ol in the diluent is the same
as the hydroxy-terminated alkylene oxide adduct (i}.

20. A coumposition es claimed in Claim 19 wherein the polyol
couprises the minor amount by weight of diluent (D) end the mono-ol the
major amount. |

21. A couposition as claimed in Claim 20 wherein the polyol
couprises less than sbout 30 weight percent of the weight,
preferably less than about 20 weight percent, more prefersbly less than

sbout 15 weight percent, of d&iluent (D).

22. A process for making a high potency preformed sﬁbilizer which
comprises providing a compositionh as cleimed in any one of Claims 11 to
21 in a reaction zone maintained et & temperature sufficient to initiate
e free radical reaction, end under sufficient pressure to maintain only
liquid phases i.n the reaction zone, for a period of time sufficient to
react essentially all or all of (1): and recovering & heterogeneous

nixture containing the high potency preformed stabilizer dispersed in the

diluent, and unrescted monomer to the extent present.
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resul tant pol ynmer/polyol. 28. A conposition as clainmed in Caim27 wherein
the acyl peroxide catalyst is one of diacyl peroxides in which the acyl

noi eties are al kanoyl containing about 9 to about 13 carbon atons. 29. A
conposition as clained in Caim28 wherein the diacyl peroxide is one or
nore of di decanoyl peroxide and dil auroyl peroxide. 30. A conposition as
claimed in.Caim.27. . wherein the azo conpound is one or nore. of

azo- bi s(i sobutyronitr] 2,2' -azogls- (2-methyl butyronitrile). 31. A
process for H"Hﬂﬂ pol yol conposition which involves providing a
het er ogenous A ng a conposition as clained in any one of

Clains 23 to 30 and, optionally, liquid diluent (D) as specified in Caim
11, in a reaction zone maintained at a tenperature sufficient to initiate a
free radical reaction, and under sufficient pressure to nmaintain only

i quid phases in the reaction zone, for a period of tine sufficient to

react at least a npjor portion of said free
23. A polywer/polyol forming composition comprising:

(1) high potency preformed stabilizer as claimed in any one of

Claeims i to 10 or as obtained by the process of Claim 22;

{ii) free radically polymerizable ethylenically unsaturated
monomer;

{iii) polyol having a hydroxyl number of less than ebout 180;
and |

(iv) free radical polymerization initiator.

24 . AL ;qmg%sa.ti.on as claimed in Claim 23 wherein the free radically
poiyﬁerizabie .et:hylenically unsaturated monomer {({i{) comprises
acrylonitrile or & mixture of acrylonitrile and at least one other
ethylenically unéaturated monomer copolymerizable therewith.

25. A coumposition as claimed in Claim 24 wherein seid at least one
other ethilenically unsaturated monomer comprises styrene.

26. A composition as claimed in any one of Claims.23 to 25 vherein
the polyol (iii) has & hydroxyl number of about 10 to sbout 180.
27. A couposition as claimed in any one of Claims 23 to 26 wherein
the free radical polymerization initiator process for making
polymer/polyol comprises an 8zo compound or an acyl peroxide of the
formulas '
0 o

-

R'C~0-0-C~-R'




radically polynerizable ethylenically unsaturated nononmer (ii) to forma
~ heterogenous m xture containing the enhanced pol yner

pol yol , unreacted
nononers and dil uent (where present), and stripping the unreacted nononers
and diluent (where present) fromthe enhanced pol yner/polyol to recover the
sane. - 48 - 32. A polyner/pol yol conposition which possesses a pol yner
content of about 30 to about 60 wei ght percent,

. based on total weight, a
vi scosity i centi'stokés Tess than ab

(%? 20,000 cSt over the range of said
pol ymer con “ﬂunnﬂﬂﬂ1 tablllty uch that essentially 100% passes
t hrough a ls’ﬁmua d conprising a liquid base polyol (1) having a
hydr oxyl er of tabdut *10"to about 180 present in the conposition in an

anount of from about 40 to about 70 wei ght percent of

vherein R' i{s en organic moiety free of substituents or hetercatoms

capable of forming free vradical ions in the course of free redical

polymerization which adversely sffect the physicel properties of the
resultant polymer/polyol.

28. A couposition as claimed in Claim 27 wherein the acyl peroxide
catalyst is one of diacyl peroxides in which the acyl moieties are

alkanoyl containing about 9 to about 13 carbon atoms.

29. A composition as claimed in Cleim 28 wherein the diacyl peroxide
is one or more of didecanoyl peroxide and dilauroyl peroxide.
30. A composition as claimed in Claim 27 wherein the azo compound is

one or more of ezo-bis{iscbutyronitrile) and 2,2'-azo

bis~{2-methylbutyronitrile).

31. A process for making a polymer/polyol composition which involves

providing a heterogenous mixture comprising a composition as claimed in
any one of Claims 23 to 30 and, optionally, liquid diluent (D) as
specified in Claim 11, in a reaction zone maintained at a temperature
sufficient to initiate a free radical reaction, end under sufficient
pressure to maintain only liquid phases in the reaction zone, for a
perfiod of time sufficient to react at least a major portion of said free
radically polymerizsble ethylenically unsaturated monomer {(ii) to form &
heterogenous mixture .containing the enhanced polymer polyol, unreacted
monomers end diluent {where present), end stripping the unreacted

monomers and diluent (where present} from the enhanced polymer/polyol to
recover the same,
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the conposition, and a particulate polyner portion (I1) dispersed in the
-liquid base polyol (1); said particulate polyner portion having an average
particle size |l ess than about 10 m crons and being stable to settling, and
conprising free radically polynerized ethylenically unsaturated nononer

pol ynerised in._the presence of the free radical polynerization product

(Irr1r) of a free radicalli' ﬁLynerizable et hyl eni cally unsaturated nononer

(A) and an H!’lwﬁm ﬂi ol yhydri c_glgcohol , said adduct having the
average for r GR gty

erein Qis a polyvalent organic noiety, the
free valence of which is >3, or has an average value equal to >3, Ris a
di val ent residue conprising an al kyl ene oxi de or

pol yal kyl ene oxi de nvoi ety
and each X is selected froman organic noiety containing reactive

unsat uration capoly peljvedPplydi icBngdd)tiddnfthdpassessesahqulymsrecaitestich X is
bei ng an organic noiety containing reactive unsaturation and the remaining

X's being pfdeeaysn30 $aieboyt fOcveight insngenty PrseAP tetereighiu@ ed with an
viscosity in centistokes less than sbout 20,000 cSt over the range of

said polymer content and product stability such that essentially 100%
passes through a 150 mesh screen; end comprising & liquid base polyol (I)
having a hydroxyl number of about 10 to about 180 present in the
.composition in en amount of from about 40 to about 70 weight percent of
the composition, and a particulate polymer portion (II) dispersed in the
liquid base polyol (I); said particulate polymer portion having an
average particle size less than ebout 10 microns end being stable to
'settling. and comprising free radically polymerized ethylenically
‘unsaturated monomer polymerised in the presence of the free radical
polymerization product {XIII) of & free radically polymerizable
ethylenically unsaturated monomer (A) and an edduct (B) of a polyhydric
alcohol, said adduct having the average formule
Q(OBOX)>3
vherein Q is a polyvalent organic moiety, the free valence of wh_ich is
?3, or has an average value equal to ?3, R is a divalent residue
comprising an elkylene oxide or polyalkylene oxide moiety and each X is
selected from sn organic moiety conteining reactive unsaturation
copolymerizable with (A), and hydrogen, @bout one of such X is being en
organic moiety containing reactive unsaturation end the remaining Xts
being hydrogen, said edduct optionally being further adducted with en
orgenic polyisocyanate (C): and wherein the emount of (B) or reaction
product of (B), unreacted with (A), that {s contained in the liquid

polyol (I) is less than about 2 weight percent of the weight of the

11quid polyol (I). REPLACEMENT SHEET
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organi ¢ polyisocyanate (C); and wherein the anount of (B) or reaction
.product of (B), unreacted with (A), that is contained in the |liquid polyol
(I') is less than about 2 wei ght percent of the weight of the liquid polyol
(r). 33. A pol yner/polyol conposition as claimed in C aim 32 wherein
(I'11) is selected fromstabilizer conpositions as clainmed in any one of
Clains 1 to 10 and .conpositions obtained by a process as clained in Caim
22. 34. A_polyner/pel-yet—composition 59 claimed in daim32 or Caim33

wherein (B) e surface 0" the solid polyner particles (I1).
35. A poly M&E Hﬂ ﬂ tion as clainmed in any one of Clains 32, 33 and
34 V\/nerein

rati*o of the hydroxy-term nated al kyl ene

33. A polymer/polyol composition as claimed in Claim 32 wherein
(IXX) is selected from stabilizer compositions as claimed in any one of
Claims 1 to 10 and compositions obtained by & process as claimed in Claim
22.

.31{. A polymer/polyol composition as claimed in Claim 32 or Claim 33
wherein (B} units abound the surface of the solid polymer particles
(11).

35. A polymer/polyol composition as claimed in any one ot‘. Claims 32,
33 and 3% wherein the weight ratio of the hydroxy-terminated alkylene
oxide moieties of (B) comprises 0.2 to 20 weight percent, on average, of
the weight of the particles (II).

36. A polymer/polyol composition as claimed in any one of Claims 32
to 35 wherein the lower viscosity is less than sbout 15,000 ¢St, and
preferably less than about 10,000 cSt. _

37. A polymer/polyol composition obtained from a composition as
claimed in any one of Claims 23 to 30 or by the method of Claim 31.

38. A composition for the manufacture of a polyurethane foam wherein
there is employed a polymer/polyol, & polyurethane catalyst, en organic
polyisocyenate, & silicone surfectant, end e blowing egent, characterised

in that the polymer/polyol comprises polymep/polyol as claimed in any one
of Cleius 32 to 37.

39. A polyurethene foam mede from a composition es cleimed in Claim
38 or from a polymer/polyol es claimed in any one of Cleims 32 to 37.
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oxi de noieties of (B) conprises 0.2 to 20 wei ght percent, on average, of
the weight of the particles (Il). 36. A polyner/polyol conposition as
claimed in any one of Clainms 32 to 35 wherein the |lower viscosity is |ess
t han about 15,000 cSt, and preferably | ess than about 10,000 cSt. 37. A
pol yner/ pol yol conposition obtained froma conposition as clained in any
one of Clains 23 to 30 or by the nethod of Claim31l. 38. A conposition for
the manufacture of a pol yurethane foamwygerein there is enployed a
pol ymer/ pol yol, a pol yurethane catal yst, an organi c pol yi socyanate, a
silicone surfactant, and a bl owi ng agent, characterised in that the

pol ymer/ pol yol conprises polyner/polyol as clainmed in any one of Cains 32
to 37. 39. A pol yurethane foam mad conposition as clained in daim

38 or froma polyner/polyol as clainmed in any one of Clainms 32 to 37.
IMPROVED POLYMER/POLYOL AND PREFORMED STABILIZER SYSTEMS

Improved polymer/polyol compositions of reduced viscosity and
increased solids content comprise a particulate polymer portion
dispersed in a liquid base éolyol. the particulate polymer portion
having been prepared by polymerising ethylenically unsaturated monomer
material in the presence of a stabilizer obtained by the
polymerisation of ethylenically unsaturated monomer in the presence of
the product of partislly esterifying an alkoxylated polyol with en

unsaturated aclid or ester-forming derivative thereof. The invention

also claims the stsbilizer per se, its production and the production

of polymer/polyol compositions using it.
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Claius

1. A high potency preforme& stabilizer for use in making
polymer/polyols comﬁtising the free radical polymerization product of at
least one free radically polymerizable ethylenically unsaturated monomer
(A) end at least one polyhydric alcohol adduct (B), said adduct having
the average formula:

Q(OROX))3

wherein Q is a polyvalent organic moiety, the free valence of which is
>3, or has an average value equal to >3, RO is a divalent residue
comprising an alkylene oxide or polyalkylene oxide.moiety and each X is
selected from an organic moiety containing reactive unsaturation
copolymerizable with (A), and hydrogen, about one of such X being an
organic moiety containing reactiye unsaturation ;nd the remaining X's
being hydrogen, said adduct optionally being further aﬁducted with an

organic polyisocyanate (C) in (D) a liquid diluent comprising mono-ol and in which (A), (B)

and (C) are soluble but in which the free radical polymerisation product is essentially insoluble.

2. A stabilizer composition as claimed in Claim 1 wherein said

adduct is selected from those having the average formula:
Q(OROX)zn, (1)
vherein Q is a polyvalent organic mbiety. the free valence of which is

2n, or has an average value equal to 2n; end n 1s 4, 5 or 6.

3. A stabilizer composition as cleimed in Cleim 1 or Claim 2

wherein said organic mojety copolymerizeble with (A} is e residue of =

fumaric compound.

k., A stebilizer composition as claimed in Claim 3 wherein said

fumaric compound is esterified maleic anhydride isomerized to a fumaric

structure.



