5 LOW VI SCOSI TY POLYMER POLYOLS CHARACTERI ZED BY A HI GH HYDROXYL NUMBER
BACKGROUND OF THE | NVENTI ON The present invention relates to | ow viscosity
pol ymer polyols that 10 have a high hydroxyl number and a solids content of
about 30 to about 65% by weight. This invention also relates to a process
for the preparation of these novel polynmer polyols. These pol yner polyols
have hydroxyl nunbers of ? 20, solids contents of about 30 to about 65% by
wei ght and a viscosity that is |ess than or equal to: belz.7l. These
conprise the 15 reaction product of a base polyol, a prefornmed stabilizer and
at least one ethylenically unsaturated nononer, in the presence of a
free-radi®al pol Wi\A&G lTiYanDLQ{MERML‘&OLS&HAWTgﬁlmr control
agent. Pol yrmer pol yol conpd3Y A HIGHa DR diLNIBERbduct s that have found
use in a variety of applications primarily as constituents in the 20
production of polyurethangscReROURD GREFHRIRVENTI®N € for the production
of coatings, adhesives, séalants, erastoners, ana firexible, sem-flexible
and rigid foans. The ppesem"rwe‘mmntrelatewfo Iped yiseositygiojyher pcslyole teathance t he
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furniture, carpet’ pad, packaging and energy nanagenment
and aut onot i gkthesatniong| pcblynnler pblyatl. iThess podonedpolpsis| ravedrydroxi ash pads etc.

St atber ger | WEbepLPLARORSO oﬁ@tg%&%hagﬁﬂ kgut"%zitwg%%ggn 51y and
U S. Patent Re ﬁC%g@{l g@s§§§%‘ ghétopﬁé[@m 'I'?he%gdno%? el'ﬁ% descri bed

thEI‘E‘I n, a sta spersion particles in a p yol  can be
producedlfby pa:zicjncmrpradmg ocbladaame prdy@l atpngfoemedastalyilizersatduatdeast oneononer

di ssol ved or i r in a in the presence of free 35 radical
catal yst. et?my ICgl‘lacaﬁly unsatura{3 onomer in th presence of a free-radical

polymerization initiator and at least one polymer control agent.
Polymer polyol compositions are commercial products that have
found use in a variety of applications primarily as constituents in the
20  production of polyurethanes. Polyurethanes are suitable for the production
of coatings, adhesives, sealants, elastomers, and flexible, semi-flexible
and rigid foams. The primary function of polymer polyols is to enhance the
hardness or stiffness of the polyurethane and, in particular, to enhance the
load bearing or energy adsorbing capacity of polyurethane foams. End-
25 use applications of polyurethane foams include, for example, mattresses,
furniture, carpet pad; packaging and energy management, thermal
insulation, and automotive seating, trim, headliners, sound insulation,
crash pads, etc.
The basic patents relating to such polymer polyol compositions are
30 Stamberger, U.S. Patent Re. 28,715 (reissue of U.S. Patent 3,383,351)
and U.S. Patent Re. 29,118 (reissue of U.S. Patent 3,304,273). As
described therein, a stable dispersion of polymer particles in a polyol can
be produced by polymerizing one or more ethylenically unsaturated
monomer dissolved or dispersed in a polyol in the presence of a free

35 radical catalyst.



2 Initially, the primary polynmer pol yol conpositions accepted comrercially
used acrylonitrile in its manufacture. Many of these conpositions possessed
undesi rably high viscosities for certain applications. Mre recently,
acrylonitrile-styrene nononmer m xtures have 5 been used commercially to nmake
t he pol yner conmponent of polynmer polyols. The expandi ng demand for pol yner
pol yol s has highlighted several product needs and this has spawned
addi ti onal advances in technol ogy. Polymer polyols derived from such high
styrene nononer m xtures 10 appear incapable of satisfying ever-increasing
mar ket needs, which include rigorous Btability, filterability and

| ow-viscosity requirenents, and increased |oad-bearing characteristics in
pol yur et hane” f oan¥itiafly, the neinaaiy Palyaer pelyglsanpesitonsmasenige h i ncreased

cori - cont eninaieanan 5ed S8 ARG, MRRVERIER Ay ar oy nunber

I"NCcr easl

of the pol yotompdeifions ﬁ@é%&édmmﬂdﬁ@iréplbwg?msbwﬂeﬂiric@ﬁaﬁpntents, i.e. 30 to
60 wei ght percent or i gher, are desirable. However, an increase in the
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Enpl oyment of high styrene nononer mi xtures and high soli content pol ynmer
pol yol s, by sgvesal preddcti nassls ajshthishas spawned additionaliadiesicesliny hi gh

Vi scosity potl r%ﬁrerl §ol yols. The viscosity of a polyner 25 polyol should be
sufficientl ye W'PEY¥- ease of handl i ng during its manufacture. In addition,
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adequate processability, in the enployed foam processing equipnent. Because
of i ncr d@sedappaardntcapable et salishdog evei-ingreasing marketsiggdsawhichpi ngenent

systens, ex(ﬁﬁgl?.litj\éerig\éirggsogtiab}iitﬁ ffnt%Pa%nR;? la%ﬁ%wpv?sléé%llty ir«gquirements, and
increased load-bearing characteristics in polyurethane foams. It is known
that polyurethane foams with increased load-bearing characteristics can
be obtained by increasing the polymer or solid contents and/or by

15 increasing the functionality and hydroxyl number of the polyol. Thus,
polymer polyols having high solids contents, i.e. 30 to 60 weight percent or
higher, are desirable. However, an increase in the solids contents of
polymer polyols is, generally, at the expense of the other properties (i.e.
filterability, stability and viscosity) of the polymer polyol. It is desirable that

20 polymer polyols have high solids contents, with relatively low viscosities,
and good filterability.

Employment of high styrene monomer mixtures and high solid
content polymer polyols, by prior practices, generally resulted in
undesirably high viscosity polymer polyols. The viscosity of a polymer

25  polyol should be sufficiently low for ease of handling during its
manufacture. In addition, the viscosity should facilitate transport, handling
and, ultimately, adequate processability, in the employed foam processing
equipment. Because of increased use of sophisticated mixing systems,

such as impingement systems, excessive viscosity of the polymer polyol is



3 becomng a significant problem The need for |ower viscosity polyner
polyols is apparent to satisfy these increased denmands in the art. As

i ndi cat ed, polyner polyol stability is a concern to makers of pol yurethanes.
At one tinme, seediness or filterability, a neasure of stability 5 of polyner
pol yol s, was not a major issue in comrercial practices. However, advances in
the state of the art of pol yurethane production such as high pressure carbon
di oxide injection have resulted in revisions in polynmer polyol stability and
filterability criteria. Wth comerciaj devel opnents in sophisticated,
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25 and low viscosity polymer polyols. Polymer polyols have certain minimum
requirements for satisfactory processing in such sophisticated foam
equipment. Typically, the prime requirement is that the polymer polyols

15  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 remains a need for
improvement in viscosity reduction and increase in solids content. Greater

20 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 polyols that
maximizes viscosity reduction while also providing a viable mechanism to
higher solids content.

25 U.S. Patent 4,522,976 discloses polymer polyol dispersions in a
mixture of low molecular weight polyols and polyether polyols, and the
suitability of these dispersions for preparing foams. These polymer polyols
are prepared by polymerizing 25 to 70% by weight of one or more
ethylenically unsaturated monomers in a polyol mixture comprising (1) 25

30 to 99% by wt. of a polyol containing from 2 to 8 hydroxyl groups and



30 to 99% by wt. of a polyol containing from2 to 8 hydroxyl groups and 4
havi ng an equi val ent wei ght of 30 to 200, and (2) froml to 75% by w. of a
macromer containing i nduced unsaturation. Polyner polyols dispersions and a
process for their production are also disclosed in U S. 4,690,956. These
pol ynmer pol yol dispersions are 5 prepared by free-radi cal polynerization of
an ethylenically unsaturated nononmer or nononers in the presence of a
reaction noderator in a polyol mxture of polyether polyol and a nacroner
whi ch contains induced unsaturation. 4The reaction noderator has a furnarate
contai ning polyetherester polyol as the unsaturation noi etg, and at | east

4
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Surprisingly, i e 9 e good stability and

filterabili t@aékﬂigﬁ%ﬁ%ﬁﬂ%dﬁﬁ ‘g‘%g]gﬁ%@ea@?hi eved at a very high solids |evel
in a base polyol m¥mw palyolDfispyicheyanddr6Eesd for Btopdadefonatd t he
present invention, the conbination of high hydroxyl nunberilow nol ecular 15

wei ght base 3180 digctosgidtin WhSpA&%9: % Theseinalyeer pelyal gispgisismssyeyol resul t
in the fimnal praodu i.Ng. Lani f..cant |y, | n viscosity. SUMVARY OF THE
| venT o THEPRRRERy BCrAdiod BRSPS EaR, pLab BleN Rl TaurRl s whi oh are
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preparation of these |ow viscosity polynmer polyols which have high hydroxyl

nunbers. ThembdwewfastdEtosr palygirand aoracsemeswhicteconteinsrindueatent i on are
characterized b \%ﬂ O—l].nunbert. ~I 2& ¥i COsSi &i es tthat %{Jﬁ | ess than or equal
to: 25 be tH UIgHele Iﬁ‘? reggtiondmy %r st W“B'Fa g /an B9 pol yol and
e polyetherester polyol as the unsaturation moiety, and at least 50% of the
! 10  ethylenically unsaturated monomer is acrylonitrile.
Surprisingly, it has now been found that the good stability and
filterability of a polymer polyol can be achieved at a very high solids level
in a base polycl having a high hydroxyl number. In accordance with the
present invention, the combination of high hydroxyl number/low melecular
15 weight base polyols with a preformed stabilizer in a poclymer polyol resuit
in the final product having a significantly lower viscosity.
SUMMARY OF THE INVENTION

This inventicn relates to low viscosity polymer polyols which are

characterized by high hydroxy! numbers, and to a process for the
20 preparation of these low viscosity polymer polyols which have high
hydroxyl numbers.
The low viscosity polymer polyols of the present invention are

characterized by an OH number = 20, viscosities that are less than or

equal to:
25 bel*
wherein:
b: is the viscosity of the base polyol
and

c: is [%solids/(100-%solids)],



C is [%olids/(1 00-%olids)], 5 and have a solids content of about 30%to
about 65% by wei ght, based on the total weight of the polyner polyol. These
pol ymer polyols conprise the reaction product of (A) a base polyol having a
hydr oxyl nunber of from about 60 to about 1900, 5 preferably about 70 to
about 600 and nost preferably about 90 to about 400, a functionality of
about | to about 10, preferably about 2 to about 6 and nost preferably about
2 to 3, and having an equi val ent wei ght of about 30 to about 900, preferably
about 100 to about 600 and nost prefefably about 200 to about 500; (B) a
preformed stabilizer; and (C% at 10 | east one ethélenically unsat ur at ed

nononer: in BA have assplids gontanyt of abpukd0Yedaiahsiut B6Py e weighti basedhoRi at or; and
(E) at | east I r r . The process for preparing the | ow

Vi scosity p&h}%&@}ﬁg\ﬁ@@lcg‘%@%bp&ge%ﬁﬁ@m i nvention conprises reacting: (A a
base pol yol havi nghasépdlyieripolybhs bofipeite e fe@ibaRodugO(A) albage 1900,
preferably about 70 to about 600 and nost preferably about 90 to about 400. a
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to 500; (B) a30@0a furetiohamy ostbbul 1 IeBboad, (frferhblyeddlut 2N6 odblybeni cal |y
unsaturated nononer; in the presence of (D) a free-radical polynerization

initiator; afad mMast paeferabiv tahom 2gel13 @ed haying an eqyimient pEIGPLED DESCRI PTI ON
CE THE | WENTLCH 45ty ke b A AU S5 TRgE A rle, L o Lov e
chem cal conprifechbhpaba@ 208l tatdbosit FODOIB)EPpRSOMneéd veitiiier; #hdXC) at
acrylonitrile, styrene, nethyl nethacrylate, and the I|ike.
10 least one ethylenically unsaturated monomer; in the presence of (D) a
free-radical polymerization initiator; and (E) at least one polymer control
agent.
The process for preparing the low viscosity polymer polyols of the
present invention comprises reacting: (A) a base polyol having a hydroxyl
15  number of from about 60 to about 1900, preferably about 70 to about 600
and most preferably about 90 to about 400. a functionality of about 1 to
about 10, preferably about 2 to about 6 and most preferably about 2 to 3,
and having an equivalent weight of about 30 to about 900, preferably
about 100 to about 600 and most preferably about 200 to 500; (B) a
—, 20 preformed stabilizer; and (C) at least one ethylenically unsaturated
monomer; in the presence of (D) a free-radical polymerization initiator; and
(E) at least one polymer control agent.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the following terms shall have the following

25 meanings.
The term "monomer” means the simple unpolymerized form of a
chemical compound having relatively low molecular weight, e.q.,
acrylonitrile, styrene, methyl methacrylate, and the like.
The phrase "free radically polymerizable ethylenically unsaturated

30 monomer" means a monomer containing ethylenic unsaturation (>C = C<,



The phrase "free radically polynerizable ethylenically unsaturated 30
nononmer" neans a nononer containing ethylenic unsaturation (>C = C<, 6 i.e.
two doubl e bonded carbon atons) that is capable of undergoing free radically
i nduced addition polynerization reactions. The termpre-formed stabilizer is
defined as an internediate obtained by reacting a nmacroner containing
reactive unsaturation (e.g. 5 acrylate, nethacrylate, maleate, etc.) with
one or nore nononers (i.e. acrylonitrile, styrene, nethyl nethacryl ate,

etc.), optionally, in a polynmer contr®l agent, PCA (i.e. nethanol,

| sopropanol ,, tol uenpe, ethxlbenzene, etc.) .and/or optionally, in a polyol, to

gi ve a co- pot§iwe qquble banded paibensiomsathatds Eal@a.blﬁolffé'\ﬂdﬁﬁqi'ﬁﬁ;fr@@ntenp (e.g.
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a material to Ml MtAIT & st Abl BOform atoh &S the ability to stay in solution
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polyols having good stability generally also have good filterability.
The phrase "polymer polyol” refers to such compositions which can
be produced by polymerizing one or more ethylenically unsaturated
15  monomers dissolved or dispersed in a polyol in the presence of a free
radical catalyst to form a stable dispersion of polymer patrticles in the
polyol. These polymer polyols have the valuable property, for example,
that polyurethane foams and elastomers produced therefrom exhibit
higher load-bearing properties than are provided by the corresponding
20  unmodified polyols.
""" As used herein "viscosity" is in centistokes (cSt) measured at 25°C
on a Cannon Fenske viscometer.
Suitable polyols to be used as the base polyols in the present
invention include, for example, polyether polyols. Suitable polyether
25  polyols include those having a functionality of at least about 1 (i.e. a
polyether monol), and preferably at least about 2. The functionality of
suitable polyether polyols is less than or equal to about 10, preferably less
than or equal to about 6 , and more preferably less than or equal to about
3. The suitable polyether polyols may also have functionalities ranging

30 between any combination of these upper and lower values, inclusive, e.g.



than or equal to about 6 , and nore preferably | ess than or equal to about

3. The suitable polyether polyols nmay al so have functionalitles ranging 30
bet ween any conbi nati on of these upper and | ower values, inclusive, e.g. 7
fromabout 1 to about 10, preferably from about 2 to about 6, and nore
preferably about 2 to about 3. The OH nunbers of suitable polyether polyols
Is at | east about 60, preferably at |east about 70, and nore preferably at

| east about 90 . Pol yether polyols typically also have OH 5 nunbers of |ess
than or equal to about 1900, preferably less than or equal to about 600, and

f | | th | t bout 400. Th t abl ol th
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t
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iy
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20 These pol on S nay ave functiohalities ngi ng from about

| to about %ommmraﬂwmoonpmmymm atouit 7060 aodt 600ecandrrirer ably from
about 2 to about 3; OHn ers rangi rom about 60 to 1900, &ﬂef erably

from abo® 7@reﬂ°<%raabfd‘mm@¢@utaﬂd0ﬁépap 8@@4 ahgrNyMbes Averssl eagatest about  400;
and (number \%@era s lb!)é/u 1§g@e}w§bg@g}§sft Qéﬁwgl%%térftﬂah%lb%ﬂagé than 30 to

about 900, pre nDre referab out 200 to 500.
preferably at least about 100 and more preferably at least about 200.

Polyether polyols typically have (number average) equivalent weights of
less than or equal to 900, more preferably less than or equal to 600 broad

15  limit and more preferably less than or equal o 500. The suitable
polyether polyols may also have (number average) equivalent weights
ranging between any combination of these upper and lower values,
inclusive, e.g. from about 30 to about 900, preferably from about 100 fo
about 600 and more preferably from about 200 to about 500.

20 These polyether polyols may also have functionalities ranging from
about 1 to about 10, preferably from about 2 o about 6, and more
preferably from about 2 to about 3; OH numbers ranging from about 60 to
1900, preferably from about 70 to about 600, and more preferably from
about 90 to about 400; and (number average) equivalent weights ranging

25  from greater than 30 to about 900, preferably about 100 to 600 and more
preferably about 200 to 500.

As used herein, 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

30 hydroxyl number can also be defined by the equation:



As used herein, the hydroxyl nunber is defined as the nunber of mlligrans
of potassi um hydroxide required for the conplete hydrolysis of the fully

pht hal yl at ed derivative prepared from 1l gram of polyol. The 30 hydroxyl

nunber can al so be defined by the equation: 8 OH (56.1 x 1000 x O Inol. wt.
wherein: 5 OR represents the hydroxyl nunber of the polyol, F. represents
the functionality of the polyol, i.e. the average nunber of hydroxyl groups
per nolecule of polyol, and 10 nol. wt. represents the nol ecul ar wei ght of
t he polyol. Exanples of such conpounds include pol yoxyet hyl ene gl ycol s,
triols, tetrols and higher functionality polyols, polyoxypropylene glycols,
triols, tetrols and higher functionality polyols, mxtures thereof, etc. Wen

m xtures as used, the ngﬁg){)ﬁﬁx n/ﬁjoqr\;a{)yl ene oxi de may be added 15
'y'to provi int

si mul t aneously or sequeéenti e internal blocks, termnal bl ocks

or random di stribution of the oxyethylene groups and/ or oxypropyl ene groups
in the polyether polyol. Suitable starters or initiators for these conpounds
i ncl ude, for exan‘ﬂh@r,e'fét hyl ene gl ycol, propylene glycol, diethylene glycol,

di propyl ene gl ycol, trhpropylen j I r gl ycerol,
pent aery?“ﬂri tol, sor bidt)ol', sucrgrs?g,ké%t?#i/rhtee;\tﬁﬁéwnngj,mg 0 t}g‘g@Bg’P!ﬂm ne, etc.
By al koxyl ation of thefstarter, peddntdtie fupkliehdiry of i pellolf pe. t he base

pol yol conponent can be forned. The al koxylation reaction rmay be catal yzed
usi ng any conventional catalyst thaAveERIRNUMbEr obhydreKy orpBPSEET um hydr oxi de

(KOH) or a double netal cyanide EME al yst. Other suitable polyols
for the base polyol of the prese’ﬁ |)F]j{/ee%f'?ﬁ)(?)gél’ i ncl ude al kyl ene oxi de adducts

of non-r educi ng sugar sarhd sugar
? 10 mol. wt. represents the molecular weight of the polyol.
Examples of such compounds include polyoxyethylene glycols,
triols, tetrols and higher functionality polyols, polyoxypropylene glycols,
triols, tetrols and higher functionality polyols, mixtures thereof, etc. When
mixtures as used, the ethylene oxide and propylene oxide may be added
16 simultaneously or sequentially to provide internal blocks, terminal blocks
or random distribution of the oxyethylene groups and/or oxypropylene
groups in the polyether polyoi. Suitable starters or initiators for these
compounds include, for example, ethylene glycol, propylene glycol,
diethylene glycol, dipropylene glycol, tripropylene glycol, trimethyiol-

- 20  propane, glycerol, pentaerythritol, sorbitol, sucrose, ethylenediamine,
toluene diamine, etc. By alkoxylation of the starter, a suitable polyether
polyol for the base polyol component can be formed. The alkoxylation
reaction may be catalyzed using any conventional catalyst including, for
example, potassium hydroxide (KOH) or a double metal cyanide (DMC)

25  catalyst. '

Other suitable polyols for the base polyol of the present invention
include alkylene oxide adducts of non-reducing sugars and sugar
derivatives, alkylene oxide adducts of phosphorus and polyphosphorus
acids, alkylene oxide adducts of polyphenols, polyols prepared from

30 natural oils such as, for example, castor oil, etc., and alkylene oxide



derivatives, alkylene oxide adducts of phosphorus and pol yphosphorus acids,
al kyl ene oxi de adducts of pol yphenols, polyols prepared from30 natural oils
such as, for exanple, castor oil, etc., and al kyl ene oxide 9 adducts of

pol yhydr oxyal kanes ot her than those descri bed above. Illustrative al kyl ene
Oxi de adducts of pol yhydroxyal kanes include, for exanple, alkylene oxide
adducts of 1, 3-d ihyd roxypro pane, 1,3-di- hydroxybutane,

1, 4-di hydr oxybut ane, 1, 4-, 1,5- and 1, 6-di hydroxyhexane, 5 1,2-, 1,3-, 1+ 1, 6-
and 1, 8-di hydroxyoctant, 1, 10-di hydroXydecane, glycerol,

1,2,4-tirhydr but ane, 1,2,6-trl| hydroxyhexane, 1,1, 1-trinmethyl- ol ethane,
1,1, 1-tri net?@j(%t%PgBﬁlﬁaydrﬁéﬁl ANsa aiher dran hwseslesstibed aboy ycapr ol act one,
xylitol, arabitol o] j i | s which can
be enpl oyed i ncl ulglé&%ﬁev ea@@?@%%@%%ﬁed L%?%O];@@Mﬂé¥d§8§¥%l%ﬁésr @gl%ii%hg sugars,

wher ei n the fak kgamgés diialend oxide addact ofchBhitmydrbymropiies-1,8dlici ng sugars and
sugar derivatives include sucrose, alkyl glycosides such as nethyl

gl ycosi de, ebyflpxyputiansi bé-dikdroxybytaneil .41 180 and dsb-slilraxyhexapeene gl ycol

gl ycosi de, pfopyd &n | ygo0 ldGas) ) i , 2, 6- hexanetri ol
gl ucosi dgs, e{’g.’ +a§ aéélll %{gsE%Qaﬁ@ﬁgﬁ@yggia)@gﬁggguogﬂg%bﬁggyﬁcgng kyl gl ycosides
as di scl osedglyeerbl, 3,2 Ratirbpdrox@oitd e,/ 82,6-trirgydet g blerane e1,0f1-imethyi- s herein

i ncor por at ed bty reference. Qher suitable polyols include the pol yphenols
and pr ef er ab?lgthane. 31 temethyisipiopanadpertaeryibitebcapriaeionet he al kyl ene

o 9o 1t Ay SR TS AP IRRERLS vt o o

suitable inc or exa bI'sp condensati on

products of phenoDtrmngolyjols whldhetaydes ehtpdoymliokchelertheialig/jereooxidesat i on
product s _of vgrious phenol i ¢ conpounds and acrol ei n, including the

1, 1, 3- t rfid% ( HYRAUSKS OPRORIFGIY D SpeTEs WheBHR A atkogidessgdtam et Ovar i ous
Phe ! S, So5eHB ot Gt it A SiugPoRRRs aldg o |, v e
adducts of phaspsmralisyl ghdopileysuok @sanathyl glycoside, ethyl glucoside, etc.
glycol glucosides such as ethylene glycol glycoside, propylene glycol
glucoside, glycerol glucoside, 1,2,6-hexanetriol glucoside, etc. as well as
15 alkylene oxide adducts of the alkyi glycosides as disclosed in U.S. Patent
3,073,788, the disclosure of which is herein incorporated by reference.
Other suitable polycls include the polyphenols and preferably the alkylene
oxide adducts thereof wherein the alkylene oxides have from 2 tc 4 carbon
atoms. Among the polyphenols which are suitable include, for example
-, 20 bisphenol A, bisphenol F, condensation products of phenol and
formaldehyde, the novolac resins, condensation products of various
phenolic compounds and acrolein, including the 1,1,3-tris(hydroxy-
phenyl}propanes, condensation products of various phenolic compounds
and glyoxal, glutaraldehyde, other dialdehydes, including the 1,1,2,2-
25 * tetrakis (hydroxyphenol)ethanes, etc. :
The alkylene oxide adducts of phesphorus and polyphosphorus
acid are also useful polyols, These include ethylene oxide, 1,2-epoxy-

propane, the epoxybutanes, 3-chioro-1,2-epoxypropane, etc. as preferred



acid are al so useful polyols, These include ethylene oxide, 1,2-epoxy-
propane, the epoxybutanes, 3-ch lo ro-1 , 2-epoxypro pane, etc. as preferred
10 al kyl ene oxi des. Phosphoric acid, phosphorus acid, the polyphosphoric

aci ds such as, tripolyphosphodc acid, the polynmetaphosphoric acids, etc. are
tesirable for use herein. It should also be appreciated that blends or

m xtures of various 5 useful polyols may be used if desired. Wth pol yol s
other than the preferred type, useful nononer contents and nononer or
nononers may vary somewhat. Simlarl¢0 it may be desirable or even necessary

to nodif t stabi]j zer_ of h|5|nvet|on when ch o ol yol s are used.
Thi s cany eaqgl‘,l%?rﬁl’q epr%Bf'F@\ﬂ%@ Pﬁ%h‘?ﬁ‘ﬁ@&‘ h%lpgb’lﬁ’g‘@éfg einafter in

10 connect i o biicf B, bBRPhbSSIAIRGH, Harod gﬁegp%ggﬁ&fcogﬁgéo Sui t abl e

pr ef or ned st | zers e present inve st ab| lizers
whi ch are krmwrdesn’abmefoameamdemncl ude without I|imtation those described in

the references discussed, here Pr ef reforned stabiljzers include
t hose di scussed il Sh‘?‘dﬁ h%a@prqg@egjga&glgg 9%‘%8888%&6(@5'%) 5,196, 476

(Si nr ot h), @'ﬁg@”é &éc}} 5(?[1;533 ®de 89W ﬂ@éolpgg@ggmh tﬁaﬂ]tﬁ 731 (Hol eschovsky

et al), and t he cl osures are herein

i ncor por at eobr‘e\jerraf Bpenusefubmonabier qmntérm; eed nmoadmer eemenoaters maycl ude

those so-called int rmag e optai ned reacti ng a macrom)l ecule with one
ehat ! tar" ﬁ/a

or nore 20 nEHYFRFEY ki ﬁ”%b?é’eg'ﬁ?}?&ﬁ@v REEFFESARYLA Q4 etc.),
to give a B@té(ﬂﬁier(cﬁ'@ﬁ%\?érﬁl%n%’{érpg ¢h bf?l\é!rE)BNo‘iLsar%our%é?gt'rhlll : < 25% or

soluble grafts, etc e macronol ecue may be “obt ai ne age of
pol yether pod yod:mnplimmdgﬂry iodiuwinm@ewrﬁérnaadrsaﬂmechhemmﬂmsn a pol yi socyanat e,
epoxy resin, etc

pol yol . 185 T‘F@r}?&@?'& tBéEﬁIS@e%Vggpjgﬁﬁg%'p%%?pgg rqc&a@pq)lggl ﬁ?\gla.?[lr \Qlte: ggt and
st b afen” comSIEE DI e o0 06 drig s skt ai e
preformed stabilizers which are known in the art and include without
limitation those described in the references discussed herein. Preferred
preformed stabilizers include those discussed in, for example, U.S.
15 Patents 4,148,840 (Shah), 5,196,476 (Simroth), 5,364,906 (Critchfield)
5,990,185 (Fogg), 6,013,731 {(Holeschovsky et al}, and 6,455,603 (Fogg),
the disclosures of which are herein incorporated by reference.
Suitable preformed stabilizers herein include those so-cailed
intermediate obtained by reacting a macromolecule with one or more
20  monomers (i.e. acrylonitrile, styrene, methyl methacrylate, etc.), to give a
copolymer {dispersion having a low solids content, e.g. < 25% or soluble
grafts, etc.). The macromolecule may be cbtained by linkage of polyether
polyols through coupling with a material such as a polyisocyanate, epoxy
resin, etc. or by other means to produce a high molecular weight polyol.
25 The macromolecule preferably contains reactive unsaturation and is, in
general, prepared by the reaction of the selected reactive unsaturated
compound with a polyol. The terminology "reactive unsaturated
compound,” refers to any compound capable of forming an adduct with a
polyol, either directly or indirectly, and having carbon-to-carbon double

30 bonds which are adequately reactive with the particular monomer system



conpound, " refers to any conpound capable of form ng an adduct with a
polyol, either directly or indirectly, and having carbon-to-carbon double 30
bonds which are adequately reactive with the particul ar nononer system 11
being utilized. Mre specifically, conpounds containing al pha, beta
unsaturation are preferred. Suitable conpounds satisfying this criteria

i nclude the nal eates, fumarates, acrylates, and nethacryl ates. Wile not

al pha, beta unsaturated conmpounds, polyol adclucts forned from5 substituted
vi nyl benzenes, such as chl oronet hyl stiyirene, |ikewi se may be wutilized.

[llustrative exa | es . of suitabl e al pha, beta unsaturated conpounds which
may be enpl 09@‘5‘9 lligeq-iYlpkeshacHical¥ ororapaunds sentaining alpda, hellei ¢ anhydri de,

fumri o act dyndiabigh JmRERrER. SHabioriEh SpSasrfhy Bab phphct o5 ol yeo

furnarates, |socyanat oet nmet hacrylate miso pro penyl

benzyl -i socymmaldfathmhlﬁbtemfmaarayéatai;ry]amedendm%thabryn‘aiéﬁ&ﬁ!ﬂw%éab@ acrylic
and nethacryllc aC|d and their anhydride, nethacro chl oride and gl yci dyl

met hacr yl at e@lPRBebEid EISabdrates Wﬂ@ﬁp'&d%r@&’q}ﬁéﬂfﬂ%ﬁ fgﬁ“?%é"%’@ ecur sor

stabiliz LR, Egﬁ‘?l &Héﬂ aturation
both ar eq%o H@‘f%g @ﬁpﬁé (;lr%’%disgggr Si on&siaﬂ]a I |é y %ﬁxg‘fvﬁeqﬁrg@% sor
stabilizer i aultzeﬂabiluetraﬁve exanples®itsuitableealploa yweta upshiupatedonposi tion. The
specific |evel of unsat uratl on utilized further will depend on the nol ecul ar

wei ght and f GHEPPURIS WhiEhgay be eiapipyed te derm the prespisos statdlizerecur sor
stabilizer. ﬁ%do%%%lc}a\(c afih rldéemmaﬁé’%}fﬂegl@ @?'ﬁﬁrﬁg at %Ik@rmgfé%'t transfer

agent nol ecular weight re at or esent. |'e preforned

stabilizers @kycoitmalelat@@l‘ycol ﬂm’ete&n aﬁic&anafmltmdenethhaymtm‘l dh conprise the
free radi cal9 Errerl zation odu t of a free radically polynerizable

et hyl eni tl | )ﬁt’ﬁr'ﬁ‘?@&pﬁﬁw Ry :ﬁRPV@%? aametgddueihastylateal cohol having the
average for my@oxyathfliB RSk rylate, acrylic and methacrylic acid and their

anhydride, methacroyl chloride and glycidyl methacrylate. The level of
ethylenic unsaturation in the precursor stabilizer may vary widely. The
minimum and maximum levels of unsaturation both are constricted by the
15 dispersion stability that the precursor stabilizer is capable of imparting to
the polymer polyol composition. The specific level of unsaturation utilized
further will depend on the molecular weight and functionality of the polyol
used to prepare the precursor stabilizer. Optionally, a diluent, polymer
control agent or chain transfer agent molecular weight regulator may be
20  present.

Suitable preformed stabilizers for the present invention also include
those which comprise the free radical polymerization product of (1) a free
radically polymerizable ethylenically unsaturated monomer and (2) an
adduct of a alcohol having the average formula:

25
A{OROX) »1

wherein A is a polyvalent organic moiety, the free valence of which is >1,
R is the divalent residue comprising an alkylene oxide moiety, and X is

30 one or more of an organic moiety containing reactive unsaturation,



wherein Ais a polyvalent organic noiety, the free valence of which is >1, R
is the divalent residue conprising an al kyl ene oxide noiety, and X is 30 one
or nore of an organic noiety containing reactive unsaturation, 12

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,
in which the adduct may be further adducted with an organic polyisocyanate.
5 G her suitable preforned stabilizers include those which are prepared

usi ng as precursor stabilizers conpourids obtained by reacting a silicon atom
cont ai ning co und .correspondi n o,one or the forpulas; .RnSi)(4-n or RS ((
- OSi(R)2) p%’nﬁ&ﬁme% Igivit @3 @ﬂ%hyﬁogieﬁdabgﬂm P{;]S‘llr'%b)r(égg}ﬂ saturated or
unsaturated ofyhiORRidlY CoBf-MRG redbtivB (Hsat @886 ANA the JERALMIME K Waredn

ol efinically unsaturated hydrocarbyl group, R : represents a hydrocar byl
group, X repydregansinavitich the gidyctahfypke fortbepaddudied withepr ergantcs an i nt eger
froml1l to 3, and p: i.s an integer greater than zero; with a pol yether polyol
havi ng an avB?Ié{@QCﬁﬁfl’%@ul ar wei ght in excess of 400 and a hydroxyl nunber in
the range; of 20 t@tl?&%u}jtgo!etﬂ%?&méd‘ﬁaBﬂ\z@Fsﬁf\@lﬁH@%@é@ﬁqu‘f\Oérestab' lizers are
the reaction products of vinyltrinmethoxy silane, vinyltriethoxy silane or

vi nyl t ri pr opprepaséd asipgvas preaursoir gihilee rp odppb undsvbtained baveading aol ecul ar
wei ght in exc.fss of 400 and a h droxiél nunber.. ir} t he ratnge]; of 20 to 280.
Such precur sB1C¥ gIM CoRtEINIAY compotpHifogrespRnging to PAELthg Teigaulasy (a oet ens

et al), the disclpsgixe oF rBiELdSS e¢y).. 25 incorporated by reference.
Anong t he preferre& Eggforr?ecf(:stabgwgz)%r%nare t hose which are

. wherein:

S 10 each R: independently represent saturated or unsaturated
hydrocarbyl groups, with at least one R group being
an olefinically unsaturated hydrocarbyl group,

R': represents a hydrocarbyl group,

X: represents a Cq to Cqg alkoxy group,
15 n: represents an integer from 1 to 3,

and

p: is an integer greater than zero;

with a polyether polyol having an averagé molecular weight in excess of
400 and a hydroxyl number in the range of 20 to 280. Of these, the

20 preferred precursor stabilizers are the reaction products of vinyltrimethoxy
silane, vinyltriethoxy silane or vinyltripropoxy silane with a polyether polyol
having an average molecular weight in excess of 400 and a hydroxyl
number in the range of 20 to 280. Such precursor stabilizers are described
in U.S. Patent 4,883,832 (Cloetens et al), the disclosure of which is herein

25 incorporated by reference.

Among the preferred preformed stabilizers are those which are
described in, for example, U.S. Patent 5,990,185, the disclosure of which
is herein incorporated by reference, wherein a PFS is prepared by reacting
a polyol, a precursor stabilizer, a monomer and a free-radical

30 polymerization initiator to a reaction zone maintained at a temperature



described in, for exanple, U S. Patent 5,990,185, the disclosure of which 1is
herein incorporated by reference, wherein a PFS is prepared by reacting a
pol yol, a precursor stabilizer, a nononer and a free-radical 30

pol ynerization initiator to a reaction zone maintained at a tenperature 13
sufficient to initiate free radical polynerization, and under sufficient
pressure to maintain only liquid phases in the reaction zone, for a period

of time sufficient to react essentially all of the precursor stabilizer and
recovering a heterogeneous m xture congai ning the prefornmed stabilizer 5

conposition. The preforned, stabilizer of the invention is derived fromthe
fol | owi ng cotfBEiEnt Brintiagfiee sadigal palymsrizalion dpddanses suffigener or ot her
suitable pre tabilizer: Ak i e

et hyl eni cal I@Hét%%@%}t@r@?@gé 1@519%4@8 pﬁﬁ%ﬁ#@?ﬂ%@@‘%’ﬁ%@'ﬁ%ﬁ?‘f? ip%gggnd at | east
one ot her etditirmeisafficient tomsedct lcsbedtidlyransithe ppefrbynstabiliabl end herewi th;  (3)
a free radical polynerization initiator; (4) a Pol ymer control agent in which
(1), (2), an@cpusringa helgrogpaeoysimixtiregpriainingthedygfaraind gakilisened

stabili zgf ié rﬁ@éﬁﬁéﬁ ally 15 insoluble; and/or (5) optionally, one or nore
pol yol s. "As das éd in, for exanple, U S. Patent 5,196,476, the disclosure

of which is hereiThé pesorpedtebiller befey BReetiorsis dexlved frurfies med stabilizers
20 can be preﬁar_ed by reacting a conbination of components (1), (2), (3) and
(4), and optfiodawingcompnsitieny c@E¥iSIMEd above, in a reaction zone maintai ned

at a t_errpera@ re éme{érgﬁﬁ[&u}e? n@&rbhmaqtr%r%iliéresn%itéﬁgi &%EP{]S%?%HB?I rand under
sufficient préssufre to nmaintain only 1iquld phases Tn the reaction zone, for
a suf fici ent(2periatreefraticaty polyneaizablelgthyleRicalipdntdurateddnossperri ng a 25

m xt ure containing the preforned stabilizer dispersed in the polyner
- 10 preferablry)/ acrylonitrile and at least one otﬁer ethyienically
unsaturated comonomer copolymerizable therewith;
(3) afree radical polymerization initiator;
(4)  a polymer control agent in which (1), (2), and (3) are
soluble, but in which the resuitant preformed stabilizer is essentially
15 insoluble;
and/or
(5)  optionally, one or more polyols.
As described in, for example, U.S. Patent 5,196,476, the disciosure
of which is herein incorporated by reference, suitable preformed stabilizers
20 can be prepared by reacting a combination of components (1), (2), (3) and
(4), and optionally, (5), as described above, 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 sufficient period of time to react (1), (2) and (3); and recovering a
‘25  mixture containing the preformed stabilizer dispersed in the polymer
control agent.
Suitable compounds to be used as the macromolecule, the
macromer or the precursor stabilizer (i.e. component (1) above) include,
for example, compounds which contain reactive unsaturation (e.g.

30 acrylate, methacrylate, maleate, fumarate, isopropenylphenyl, vinyt silyl,
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nol ecul es resulting In a

agent. Suitable conmpounds to be used as the macronol ecul e,
macronmer or the precursor stabilizer (i.e. conponent (1) above) inc
exanpl e,

t he
| ude, for

conmpounds whi ch contain reactive unsaturation (e.g. 30 acrylate,
met hacr~l ate, nal eate, fumarate, isopropenyl phenyl, vinyl silyl, 14
obt ai ned by reacting conpounds containing reactive unsaturation w
al cohol s having the average formula A(OROX),,. Exanplesof unsatura
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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 as described in, for
example, U.S. Patent 4,521,546, the disclosure of which is herein
incorporated by reference, or by reaction with an unsaturated mono-
isocyanate such as, for example, 1,1-dimethyl-m-isopropenylbenzyl
isocyanate, efc.

Suitable compounds to be used component (2) above, include
reactive unsaturated compounds, particularly those that are free radically
polymerizable. Some examples of suitable compounds include aliphatic
conjugated dienes such as butadiene and isoprene; monovinylidene
aromatic monomers such as styrene, a-methylstyrene, (t-butyl)styrene,
chlorostyrene, cyanostyrene and bromostyrene; o,B-ethylenicalily
unsaturated carboxylic acids and esters thereof such as acrylic acid,
methacrylic acid, methyl methacrylate, ethyl acrylate, 2-hydroxyethy!
acrylate, butyl acrylate, itaconic acid, maleic anhydride and the like; «o,B-
ethylenically unsaturated nitriles and amides such as acrylonitrile,
methacrylonitrile, acrylamide, methacrylamide, N,N-dimethyl acrylamide,
N-(dimethylaminomethyl)acrylamide and the like; vinyl esters such as vinyl

acetate; vinyl ethers, vinyl ketones, vinyl and vinylidene halides as well as

exanpl es
ut adi ene

sters



25 nethacrylic acid, nethyl nethacrylate, ethyl acrylate, 2-hydroxyethyl
acrylate, butyl acrylate, itaconic acid, nmaleic anhydride and the like; U, , O
ethylenically unsaturated nitriles and am des such as acrylonitrile,

met hacrylonitrile, acrylamde, nethacrylam de, N, N-di nethyl acryl am de,

N- (di met hyl am nonet hyl )acryl am de and the |ike; vinyl esters such as vinyl 30
acetate; vinyl ethers, vinyl ketones, vinyl and vinylidene halides as well as
15 a wide variety of other ethylenically unsaturated materials which are
copol yneri zable with the aforenenti on¢d nononeri c adduct or reactive

mononer. It is understood that m xtures of two or nore of the aforenentioned
nonomer s ar €@ #}ideVvaiigty sbothear Stimderispioyesaturatad kiatgriaisevicibaee f or med

stabilizer. : ' . ' ' | :
art ] cut ari y AR EPE B ot ol o F ABa Bt o
par ti cul arl ymaasepnt Is' inderatoddrhal @ii@es dftwbornelasfitad that (2) is

acrylonitrile and at |east one other ethylenically unsaturated conononer

copol yner i zapeemgntionast yooamers aee alsecuithbigstorba empioyet intrnghieathaal |y

unsat ur ated I |y, | Z .t h \V itril.e ineclude styrene and
Its derivat I@gg%ﬂﬁg&ﬂaﬁﬂgz%r gﬁh?a%%\%awgbo"%E%ﬁhggnér@?\ﬂﬁwd%é?hacryI ate,
vinylidene caroaidtidencacfierd) @aktidifarly stytshepantitee kdiignipalBf @fidgdrated utili ze
acrylonitrile with a conononer and to maintain a m ninum of about 5 to 15

percent by wiitrigs. packiculay eerylogitritesarerprefasresystem Styrene will generally be

Grpl oyed i npl acd! BrRGTTEd KA RITEPXn Rl BFE A B Bt onamer m i ure

(2) used to etakientdatly ups&fubdktadEopiciinhérzepohgBezitié with(ddryleaniel ses ni xtures
of acrylonitrile and st%/&ene. The vve%‘?ht proportion of acrylonitrile can

range fri&m diiesiatipmsaf etylgnically ynsatgated spmenomes copebmosrizable withre, nore

typically ”é’{@lgﬂﬁ@%tinéﬂgé %{ﬁ%@é‘%gé%‘(ﬁrﬁx@@vﬁ{a%ﬁ;ﬂétesaﬂ%ﬂt?éé’rk@% can

accordingly Vv rom abou pet cent, re preferably
from 70 to Suchved glethy enastaatryite tVieylidiextwhioriddy) anartiibdiRetrile to styrene

ratio in the

It is particularly preferred to utilize acrylonitrile with a comonomer

and to maintain a minimum of about & to 15 percent by weight acrylonitrile

15 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 ali of the styrene. A preferred monomer mixture (2} used to make the
preformed stabilizer composition (B) comprises mixtures of acrylonitrile
and styrene. The weight proportion of acrylonitrile can range from about

. 20 20 to 80 weight percent of the comonomer mixture, more typically from

about 30 to about 50 weight percent, and styrene can accordingly vary
from about 80 to about 20 weight percent, more preferably from 70 to 50
weight percent of the mixture. An acrylonitrile to styrene ratio in the
monomer mixture of from about 20:80 to 80:20 is particularly preferred,

25 even more particularly about 30:70 to 50:50.

The free radical polymerization initiators suitable for use as
component (3) in the suitable preformed stabilizers of the present
invention encompass any free radical catalyst suitable for grafting of an
ethylenically unsaturated polymer to a polyol. Examples of suitable free-

30 radical polymerization initiators for the present invention include initiators



mononmer m xture of from about 20:80 to 80:20 is particularly preferred, 25
even nore particularly about 30:70 to 50:50. The free radical polynerization
initiators suitable for use as conponent (3) in the suitable preforned
stabilizers of the present invention enconpass any free radical catalyst
suitable for grafting of an ethylenically unsaturated polyner to a polyol.
Exanpl es of suitable free 30 radical polynerization initiators for the
present invention include initiators 16 such as, for exanple, peroxides

i ncludi ng both al kyl and aryl hydro- peroxides, persulfates, perborates,

per car bonates, azo conpounds, etc. Sone specific exanples include catalysts
such as hydr $¢dhapdporxanplieg peraxidrs Reidig bathddkyl @ng aryl ipstrexy  di et hy!
acetate, t-b . per - 5 i | peroxy
305 5111 mec Py RS RERPAes. bafiites pRERERNAISS MRSl i BT er e

t-anyl per oxgomieveerifie, exanipley indhedesitalydtLtiivh ad byagehgerbride odilt- per oxi de,
cunene hydroperoxide, t-butyl hydroperoxi de, azobis(isobut g_roni trile),

2,2' -azo bi sbytybrasrexide.dtButyiReraxy dgthyl agelate; ¢-bubd perodaatsl eyl al so i ncl ude,
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shoul d be abgetberzo@e! tBityl perdxgIivadate, -ty peIcxgPNaldteNebutyl bBfxyeact or at a

gi ven tenperature. Representative exanples of useful catalyst species

i ncl ude t-b@ﬁthxﬂéeasa@o?ieekawwylpsrmymm@ae hydyepgroxide,g-iukd | ate, t-anyl
P butyl per neiRBLRE! azfsRas fynilan 2 fas bR Byronitgidne oz

catal ysts sugfe. as azobi s-i sobutyronitrile, 2,2'-azo
bi s- (2-met hyl butyronitrile), and m xtures thereof. The preferred free radical
catal yst'® are perdsefubeatalysts alsodrgludarfor pxanple, dhese eatalystsltaving Aabl e
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0. 3% by wei gheforbasEstabilizét) ¢.et tHeahalitieodioutd b dout 25 percent or less of
the residence time in the reactor at a given temperature. Representative
examples of useful catalyst species include t-butyl peroxy-2-ethyl-
15  hexanoate, t-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-isobutyronitrile, 2,2'-azo
bis-(2-methylbutyronitrile), and mixtures thereof. The preferred free radical
catalysts are peroxides such as tertiary butyl peroctoate. |
20 Suitable catalysts concentrations range from about 0.01 to about
2% by weight, preferably from about 0.05 to 1% by weight, and most
preferably 0.05 to 0.3% by weight, based on the total weight of the
components (i.e. 100% by weight of the combined weight of the
macromer, the ethylenically unsaturated monomer, the free-radical
25  polymerization initiator and, optionally the liquid diluent and/or the polymer
control agent). 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



conponents (i.e. 100% by wei ght of the conbined weight of the nacroner, the
ethyl enically unsaturated nononer, the free-radical 25 polynerization
initiator and, optionally the liquid diluent and/or the polynmer control
agent). Up to a certain point, increases in the catalyst concentration
result in increased nononer conversion and grafting; but further increases
do not substantially increase conversion. Catalyst 17 concentrations which
are too high can cause cross-linking in the preforned stabilizer (B). The
particul ar catal yst concentration selegted will wusually be an optimum val ue
considering all factors, including costs. In accordance with the present

i nvention, ceffsentatiens which are toghdgh san gpuse ceass-liking iorthed st abilizer are
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Thi s conponenduamgibebsn opempal yaBe copeidefial atgattorindudihygtossss. of pol ymer
control agents. Suitable conpounds to be used as polynmer control agents in

accordance with tlReqspedanee with thevpieseohinvaslior conzpanans (fonG2)oaed (i . e.

nonohydr gxy ol s), .ar L.c.._ hydrocarbons, . et her an ther, liquids. As
| ong as the @ag%épeu?gwgggté@H%&p%ﬁfﬁﬁfbtf%&ﬁtpglpoiﬁﬁﬁ'fC?fg a%Ft'adversel y

affect the paphevamfiseredultahhisrefdreiad sRBilisbaB) ik e8sehthlly ihdolublesHi tabl e for
use in the practice of the invention. Preferred are the nono-ols because of

their ease off)&he pplymey coptrol agenth&hisi eeanpersing maay beloyel pabyngbsi ti on.
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phases undertotfeusé®as poRmeraitiitiol agentdng ackoeiapeb dvibethegaaséy stripped from

the fiinal  polynmer/polyol. 20 The selection of nono-ol is typically an
al cohol Tébntiaventin) acludeasrious maoreolsoh car@mOhydExy Aicohgifagimatia hanol |

S hentanel: iRapa AR boglt PHIARR I EE AL B el et B0

preferred nothe-miyrér t&ftasl eiganbtoes not adversely affect the performance of
the preformed stabilizer (B), it is suitable for use in the practice of the
invention. Preferred are the mono-ols because of their ease of stripping

15  from the final polymer/polyol composition. Mixtures of one or more mono-
ols may be used as polymer control agents. The choice of mono-ol is not
narrowly critical. However, it should not form two phases under the
reaction conditions and it should be readily stripped from the final
polymer/palyol.

20 The selection of mono-ol is typically an alcohol containing at least
one carbon atom, such as methanol, ethanol, n-propanol, iso-propanol, n-
butanol, 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 concentration of polyol (when used) in the polymer control agent (4),

25 s limited to an amount beiow which gelling occurs in the preformed
stabilizer (B).

The polyol components suitable as component (5) in the present
invention include typically the alkylene oxide adduct of A(OH)-; described
above. Though the polyol used as compoenent (5) can encompass the

30 variety of polyols described above, including the broader class of polyols



The concentration of polyol (when used) in the polynmer control agent (4), 25
islimted to an anmount bel ow which gelling occurs in the preforned
stabilizer (B). The polyol conponents suitable as conponent (5) in the
present invention include typically the al kyl ene oxi de adduct of A(CHM
descri bed above. Though the polyol used as conponent (5) can enconpass the
30 variety of polyols described above, including the broader class of polyols
18 described in U S Patent 4,242,249, at colum 7, line 39 through colum
9, line 10, the disclosure of which is herein incorporated by reference. It
is preferred that the polyol conponeh® (5) be the sane as or equivalent to

t he pol yol used jn,th oL, nat | f ecursor used repare the 5 preforned
stabilizer (‘%—%Gf'beqw)ﬁc i ?t,ent %&%@?‘&)Ia ﬁQEW%Zt ﬁfb%Bgtt'?ﬁoagE&OBfrﬁﬂ Because of
the nunber of |ERMILALEHisCIdshife B%hﬁs'ﬁ'ils'theininéd?Sbfate(?Bg?@fétréﬁ"éé. fsin the
feed, and the variability of the operating conditions 0f tenperature,

pressure, arptefarmdithat theopolyelaamponartiiBsbe the sameas oradquicdlenicte of t hese i s
possi bl e whi | e st|iII achi vi]ng tpe ggnefits of the 10 invention. Therefore,
it is pruderfePealysed iy NEOMMATQR R PRAUSHLSEY OAHEPRIR hehe nost suitabl e
operatin o il I lofpr oduct. In
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percent of the tdetadserahthanumbel of compoinegtspted canadlitytoditheir zer (B), 15 is
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temperature, pressure, and residence or reaction times, a substantial
choice of these is possible while still achieving the benefits of the
10 invention. Therefore, it is prudent to test particular combinations to confirm
the most suitable operating 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 preformed stabilizer (B),

15 is as follows:

Component of

Formulation Amount, weight %
/7

20 1 about 10 to 40
2 about 10 to 30
‘ 3 about 0.01to 2
) 4 about 30 to 80
5 about O to 40
25

A preferred formulation for forming the preformed stabilizer (B) is
as follows:
: 10 to 40, more preferably 15 to 35;
10 to 30, more preferably 15 to 25;
0.1 to 2, more preferably 0.1 to 1,
30 to 80, more preferably 40 to 70
0 to 20, more preferably 0 to 10

30

a2

In the formulations proposed above for the preformed stabilizer (B),
35 the %'s by weight of components 1, 2, 3 and 4, and optionally 5, totals
100% by weight of component (B}, the preformed stabilizer.



25 A preferred fornulation for formng the preforned stabilizer (B) is as
follows: 1 10 to 40, nore preferably 15 to 35; 2 10 to 30, nore preferably
15 to 25; 30 3 0.1to 2, nore preferably 0.1 to 1, 4 30 to 80, nore
preferably 40 to 70 5 0 to 20, nore preferably O to 10 In the fornul ati ons
proposed above for the preforned stabilizer (B), 35 the %s by weight of
conponents 1, 2, 3 and 4, and optionally 5, totals 100% by wei ght of
conponent (B), the preforned stabilizer. 19 The process for producing the
prefornmed stabilizer (B) is simlar tqgthe process for meking the polyner

pol yol . The tenperature range is not critical arid may vary from about 800C.
to about 150' C. ofh®erangss far rmdsieing thﬁ@r@fpém@drséablhmfgs)Lﬁewﬁglaftq)m 11 50C.

catalyst hastg meaesies iy LBV RRt BRNRE i R dR eI R A ke o1 0. up

time in the g@rel ahd iy vary G abYQUS0 Q. aw abeatt 80°Orortfiehagedrddtere for a
sem -batch reactor. The m xing conditions enpl oyed are those obtained using a

back m xed theduetaradragge.-heirg froredl $9Gde 185 @t The eatalygt@dave) . The
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tubul ar 1 eagtt @dcompdistich @lth réépddieo mmdsmrup smedd etk pdadtdrefobagi nni ng of the
reactor. The preformed stabilizer §8) of the present invention conprise 15

di spersi ons ¢¢ntm@uauﬂp\o/efmacmﬂ@réh@: agt éaetfeda senumaich reagtirch the preforned
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mixed reactor (e.g. -a stirred flask or stirred autoclave). The reactors of

10  this type keep the reaction mixture relatively homogeneous and so prevent
localized high monomer to macromer ratios such as occur in tubular
reactors, where all of the monomer is added at the beginning of the
reactor.

The preformed stabilizer (B) of the present invention comprise

15  dispersions in the diluent and any unreacted monomer in which the
preformed stabilizer (B) is probably present as individual molecules or as
groups of molecules in "micelles,” or on the surface of small polymer
particles.

Suitable compounds to be used as the ethylenically unsaturated

20 monomers, i.e. component (C) the present inventicn include, for example,
those ethylenically unsaturated menomers described above with respect
to the preformed stabilizer. Suitable monomers include, for example,
aliphatic conjugated dienes such as butadiene and isoprene;
monovinylidene aromatic monomers such as styrene, a-methyl-styrene, (t-

25  butylstyrene, chlorostyrene, cyanostyrene and bromostyrene; «,f-
ethylenically unsaturated carboxylic acids and esters thereof such as
acrylic acid, methacrylic acid, methyl methacrylate, ethy! acrylate,
2-hydroxyethyl acrylate, butyl actylate, itaconic acid, maleic anhydride and
the like; a,B-ethylenically unsaturated nitriles and amides such as

30 acrylenitrile, methacrylonitrile, acrylamide, methacrylamide, N,N-dimethyl



Sui t abl e conmpounds to be used as the ethylenically unsaturated 20 nononers,

I .e. conponent (C) the present invention include, for exanple, those

et hyl eni cal |y unsaturated nononmers described above with respect to the
preformed stabilizer. Suitable nononers include, for exanple, aliphatic

conj ugat ed di enes such as butadi ene and isoprene; nonovinylidene aromatic
nononers such as styrene, a-nethyl-styrene, (t 25 butyl)styrene,

chl orostyrene, cyanostyrene and bronostyrene; (X, P- ethylenically unsaturated
carboxylic acids and esters thereof sggh as acrylic acid, nmethacrylic acid,
met hyl nethacrylate, ethyl acrylate, 2-hydroxyethyl acrylate but yl

actyl ate, i tawiauntudaclNddlnn@thylamla@mmyl)@erséamudetarmi theldike; vinybestetsyl eni cal |y

neryl amde. Shenas FovERTRIEE: R BEE Al Relried: iyl Ak inyflerecr vt ont trite.
N- (di met hy| apa)prREeiWEND é§%l§@\f$‘ﬁe§‘;ﬁ§f6th§rth9ﬁaméﬁllWJns§§]rﬁfe’ii such as vinyl

acetate; vinyl ethers, vinyl ketonés, vinyl and vinylidene halides as well
as a wide vamamryaISJWhﬁWwB (mplmwneenlmm yitbribeaforamentioned endredreerdi ch ar e
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t he above nononers, the nonovinylidene aronmatic nono particul arly
styrene, andthelmedohmedstabillzey. (ridlae abave dondnens| e, mpaovinglidesnd y
acrylonitri I e ar referred ordance wi,th this 10 ect of the present
i nventi on, OP?%B:P'BPB??"&BS tq?gﬂc"{?"f’f ‘gtygqr}%@gﬁltggﬁmyﬁe@mgl& URSAY@Hnomer s

i nclude st yrﬁiﬂﬁe@%dlé@aﬂkﬁédzr\mﬁmt\’%sareaﬁr@’ér%u tlﬁ'abéordaﬁ%éw h Ry yl ate, methyl
met hacryl ate, vinylidene chloride, with styrene and acrylonitrile being
parti cultd | yas,pmt of ﬂm:lpnﬁsaohrewentlon ifiis preferredribat these eshylerinalhand
acrylonitrile areltl suf f.i

styrene to a¥ISANA %(fmogopﬁwn(ﬁggm H%?Sn%%amgg@?'%&%?%%”ﬁlr gh:)r re?telr gbf);
I Lgmp?gggtSSZ@egrfyl TSr@reygeg(reFﬁlgtrﬁfl'ﬁﬁhaé@tdt@swﬁﬂ%eﬁ@'&ﬁéﬂo%,Wﬂh fPlen@ringrol yol s and
acrylonitrife being particularly preferred monomers.
It is preferred that styrene and acrylonitrile are used in sufficient
15 amounts such that the weight ratio of styrene to acrylonitrile (S:AN) is from
about 80:20 to 40:60, more preferably from about 75:25 to 45:55. These
ratios are suitable for polymer polyols and the processes of preparing
them, regardless of whether they comprise the ethylenically unsaturated
macromers or the pre-formed stabilizers of the present invention.
20 Overall, the quantity of ethylenically unsaturated monomer(s)
present in the polymer polyols comprising a pre-formed stabilizer is
preferably at least about 30% by weight, more preferably at least about
40% by weight, and most preferably at least about 45% by weight, based
on 100% by weight of the polymer polyol. The quantity of ethylenically
25 unsaturated monomer(s) present in the polymer polyols is preferably
about 65% by weight or less, more preferably at least about 60% by
weight or less. The polymer polyols of the present invention typically has
a solids content ranging between any combination of these upper and
lower values, inclusive, e.g. from 30% to 65% by weight, preferably from

30 30% to 60% by weight, based on the total weight of the polymer polyol. It



them regardl ess of whether they conprise the ethylenically unsaturated
macronmers or the pre-forned stabilizers of the present invention. 20 Overall,
the quantity of ethylenically unsaturated nononer(s) present in the polyner
polyols conmprising a pre-fornmed stabilizer is preferably at |east about 30%
by weight, nore preferably at |east about 40% by wei ght, and nost preferably
at | east about 45% by wei ght, based on 100% by wei ght of the polyner polyol.
The quantity of ethylenically 25 'unsaturated nononer(s) present in the

pol ymer p6lyols is preferably about 65% by wei ght or |less, nore preferably
at | east about 60% by weight or |ess21The polymer polyois of the present

i nvention ty icallémg a solids content rangi ng between any conbi nation of

t hese upper org rrefhatdhe saligdg certent ke {fssft 8MBH3oPY vesdith mpPraei ght

preferably f t of the
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than or equal to about 59%b nost preferred that the solids content
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wei ght I"cai nponent (D) in the

present inventi onSultabiedee-fadlica Xatignbes totﬂse)age@asd@wdri@emwm\/th@usl y for
the formation of the prefornmed stabilizers. Exanples of suitable free-
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nitiators 1l of fla SRR SBRIREICE ARG thal k! and aryl

hydr oper - oxi des, persu conpounds etc.

Sone._speci fi caoee@lmllwﬁerizmbndmngwr@rmhé me@éhtasvm@hqg@md@wmdﬁ di (t-
butyl) - peroxi de, t-butyl peroxy diethyl acetate, t-but Eer octoate, t-butyl
peroxy i Kbbusyemhas, fof eb@mme perasigesinglusling bﬂ@t@ibfyl %i?s{ Aydoper-but yl 15
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Some specific examples include catalysts such as hydrogen peroxide, di(t-
butyl)-peroxide, t-butylperoxy diethyl acetate, t-butyl peroctoate, t-butyl
peroxy isobutyrate, t-butyl peroxy 3,5,5-trimethyl hexanoate, t-butyl

15  perbenzoate, t-butyl peroxy pivalate, t-amyl peroxy pivalate, t-butyl peroxy-
2-ethyl hexanoate, laurcyl peroxide, cumene hydroperoxide, t-butyl
hydroperoxide, azobis(isobutyronitrile), 2,2'-azo bis-(2-methylbutyronitrile),
etc.

Usefui initiators also include, for example, those catalysts having a

20 satisfactory half-life within the temperature ranges used in forming the
polymer polyol. Typically, the half-life of the catalyst should be about 25%
or less of the residence time in the reactor at any given time. Preferred
initiators for this portion of the invention include acyl peroxides such as
didecanoyl peroxide and dilauroyl peroxide, alkyl peroxides such as t-butyl

25 peroxy-2-ethylhexanoate, t-butylperpivalate, t-amyl peroxy pivalate, t-amyl
peroctoate, 2,5-dimethyl-hexane-2,5-di-per-2-ethyl hexoate, t-butyl
perneodecanoate, t-butylper-benzoate and 1,1-dimethyl-3-hydroxybutyl

peroxy-2-ethylhexanoate, and azo catalysts such as azobis(isobutyro-



hydr oper oxi de, azobi s(isobutyronitrile), 2,2'-azo bis-(2-methyl butyro n
itri le), wetc. Useful initiators also include, for exanple, those catal ysts
having a 20 satisfactory half-life within the tenperature ranges used in
formng the polyner polyol. Typically, the half-life of the catal yst should
be about 25% or less of the residence tinme in the reactor at any given tine.
Preferred initiators for this portion of the invention include acyl

per oxi-des such as didecanoyl peroxide and dil auroyl peroxide, alkyl

per oxi des such as t-butyl 25 peroXy-222thyi hexanoate, t-butyl perpival ate,
t-anyl peroxy pival ate, per oct oa

t- | te,
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bi s- (2- met hoparticliatly hesfetret lisliator8e8mprises mesbistiss el rorifisd). preferred are the
acyl peroxides described above and the azo catalysts. A particularly
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acyl peroxi dise prefbiee achiqssroxties ndigdetidze WiRicH have Aty anlquge of ef fecting
the desired degree of polynerization essentially wthout raising the
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requiired when using other free radical catalysts in_ formng the polymer
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forming the polymer polyols.
The quantity of free-radical initiator used herein is not critical and
15  can be varied within wide limits. In general, the amount of initiator ranges
from about 0.01 to 2% by weight, based on 100% by weight of the final
polymer polyol. Increases in catalyst concentration result in increases in
monomer conversion up to a certain point, but past this, further increases
do not result in substantial increases in conversion. The particular catalyst
20 concentration selected will usually be an optimum value, taking all factors
into consideration including costs.
Suitable polymer control agents for use as component (E) in the
present invention include, for example, those known to be useful in
polymer polyols and the processes of preparing polycls such as those
25 described in, for example, U.S. Patents 3,953,393, 4,119,586, 4,463,107,
5,324,774, 5,814,699 and 6,624,209, the disclosures of which are herein
incorporated by reference. Some examples of suitable compounds to be
used as polymer control agents include various monc-ols (i.e.

monohydroxy alcohols), aromatic hydrocarbons, ethers, and other liquids.



nononer conversion up.to a certain point, but past this, further increases
do not result in substantial increases in conversion. The particul ar catal yst
20 concentration selected will usually be an opti num val ue, taking al

factors into consideration including costs. Suitable polynmer control agents
for use as conponent (E) in the present invention include, for exanple,

t hose known to be useful in polynmer polyols and the processes of preparing
pol yol s such as those 25 described in for exanple, U S. Patents 3, 953, 393,
4,119,586, 4,463,107, 5,324,774, 5,824,699 and 6, 624, 209, the discl osures of
whi ch are herein _incorporated by reference. Sone exanples of suitable
conmpounds to be Hel¥messoptiplagentsaie alsio cayamosly iefenerdto/as readtionono- ol s
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t - butianol , n-pentanol, 2-pentanol, 3-pentanol, allyl alcohol, and 15 the

li ke, ard@® nitbedinespelymenpotydke. The preferred nono-ol is isopropanol. Cther
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mono-ol which is typically an alcohol containing at least one carbon atom,
such as methanol, ethanol, n-propanol, iso-propanol, n-butanol, sec.-
butanol, t-butanol, n-pentanol, 2-pentanol, 3-pentanol, allyl alcohol, and

15  the like, and mixtures of the same. The preferred mono-ol is isopropanol.
Other known polymer control agents include compounds such as, for
example, ethylbenzene and toluene. In accordance with the present
invention, the most preferred polymer control agents include isopropanol,
ethanol, tert-butanol, toluene, ethylbenzene, etc.

20 The quantity of total polymer control agent to be employed in the
present invention is greater than about 5.0% by weight, preferably at least
about 5.2%, more preferably at least about 5.5% and most preferably at
least about 6.0% by weight, based on the 100% by weight of all
components which comprise the polymer polyol, prior to stripping the

25 product, (i.e. components (A), {B), (C), (D) and (E)). The quantity of total
polymer control agent is also employed in amounts of less than or equal to
20% by weight, preferably less than or equal to about 18%, more
preferably less than or equal to 16% and most preferably less than or
equal to about 15% by weight, based on the total weight of all components

30 charged to the reactor. The amount of total polymer control agent may be



I nvention, the nost preferred polynmer control agents include isopropanol,

et hanol, tert-butanol, toluene, ethyl benzene, etc. 20 The quantity of total
pol ymer control agent to be enployed in the present invention is greater

t han about 5.0% by wei ght, preferably at |east about 5.2% nore preferably
at | east about 5.5% and nost preferably at |east about 6.0% by wei ght, based
on the 100% by wei ght of all conponents whi ch conprise the pol yner polyol,
prior to stdpping the 25 product, (i.e. conponents (A, (B), (©, (D and
(E)). The quantity of total polynmer gqntrol agent is also enployed in
amounts of |less than or equal to 20% by weight, preferably |ess than or

equal to aboempika®d imany armlmtéaa@ng hedween raalu oomb;qatmn obthesedewer nost

preferably |es than t o _abaqut 15% ed he total
hetaht “or” al FashBBheies S8 B ge Bt S L) 58w B H R ot al

pol yner cont pgd, t@&gﬁ@fghlﬁ%’reﬁ,‘?agw frdi‘ﬁﬁb@ld?g Z%téﬁwom%tbf\ﬁé@hf‘gn&%t ween any
conbi nati on of these | ower upper val ues, inclusive, from greater

t han about SDl@ierlabIYaﬂwutabm%ﬂ% twelbght16%bywelgtitwnﬂmsteﬂre£&ral5[y2%to about

et pr efer abty b SR BB oot St SasRthSBPhby webron 3005 by

wei ght of t@,ttéﬂl cﬂ)ﬁ{-\gmntﬁg@béﬁ{ agent. In addltlon the poI ymer pol yol and
the process of preparing the™ polynmer polyol may optionally conprise a chain

transfer agent. Tieadgditorpfthe ohbimen payrs fand thlgemose@rmf preparingthaire i s known
in the art. {r}%lesloje 10 SngtaE e materi al,s |§_ t[dq% co %ds su h as

mer capt ans i ROV RGIYOLMRY ORiigRas ARMPHRG @ chain agstanagen ea‘f‘ﬁ‘-??hl ol ,

tol uene thi obhanﬁtt@nsfé?aig%w@ﬁ@dwelm&w@fsrltrm FURB A8 Exintple§ 8f Pon

t et rachl oride, carbon téetrabrom de, chloroform etc., am nes such as

di et hyl aif nesUitaits metterials incdtde compaseds atich aslmemaptwspn@séwg grgvention, a

chain L ans! S5 98l MESIEVA tlSRdnic) SR AR UAL, RRddeplabout O ¢ L0
total wei ght hafroté®opelsviaRaspelgy ebrddd fefiachRride, carbon tetrabromide,
chloroform, etc., amines such as diethylamine, enol-ethers, etc. If used at
all in the present invention, a chain transfer agent is preferably used in an
15 amount of from about 0.1 to about 2 wt.%, more preferably from about 0.2
to about 1 wt.%, based on the total weight of the polymer poiyol (prior to
stripping).
The polymer polyols from the present invention can be made using
any process (including continuous and semi-batch) and reactor
20 configuration that is known to be suitable to prepare polymer polyols, such
as, for example, a two-stage reaction system comprising a continuously-
stirred tank reactor (CSTR) fitted with impeller(s) and baffles (first-stage)
and a plug-flow reactor (second stage). A typical reaction system may be
equipped with any combination of jacket/half-coil, internal coil/tubes or
25 external loop/cooler to rémove the heat of reaction. Furthermore, the
reaction system can utilize a wide range of mixing conditions. The reaction
system may be characterized by energy inputs of from 0.5 to 350
haorsepower per 1000 gallons, with preferred mixing energies of from 2 to
50 horsepower per 1000 gallons on average for the bulk phase volume of

30 each reactor a particularly useful mixing power input. Mixing can be



stripping). The polymer polyols fromthe present invention can be made using
any process (including continuous and sem -batch) and reactor 20
configuration that is known to be suitable to prepare pol yner polyols, such
as, for exanple, a two-stage reaction system conprising a continuously-
stirred tank reactor (CSTR) fitted with inpelleqgs) and baffies (first-stage)
and a plug-flow reactor (second stage). A typical reaction system may be
equi pped with any conbi nation of jacket/half-coil, internal coil/tubes or 25
external |oop/cooler to renove the heag of reaction. Furthernore, the
reaction systemcan utilize a wde range of m xing conditions. The reaction
system may bRroviseddu any sembinatien of §ppeligs(s) angfpumprarousd {aep3B8  hor sepower
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residence time ranging from about 30 to about 180 minutes may be
particularly useful.

The reactants are pumped from feed tanks through an in-line static

15  mixer, and then, through a feed tube into the reactor. It may be particularly
useful to prepare a premix of the initiator with part of the polyol stream, as
well as of polyol and stabilizer. Other process conditions, which may be
useful, include cooling of the feed tube in the reactor. Furthermore, the
suitable reaction conditions for polymer polyols in general as well as the

20  specific products of the present invention mixture are characterized by a
reaction temperature in the range of 100 to 150°C and a pressure in the
range of 30 to 60 psig. Typically, the product can then treated in a single
or multi staged stripping step to remove volatiles before entering a stage,
which can essentially be any combination of filtration and/or product

25 cooling. Inthe present case, the wt-% total polymer in the product was
calculated from the concentrations of monomers measured in the crude
polymer polyol before stripping.

In accordance with the present invention, the polymer polyols are
preferably produced by utilizing a low monomer to polyol ratio which is

30 maintained throughout the reaction mixture during the process. This is



useful to prepare a premx of the initiator wwth part of the polyol stream
as well as of polyol and stabilizer. OQther process conditions, which nay be
useful, include cooling of the feed tube in the reactor. Furthernore, the
suitabl e reaction conditions for polyner polyols in general as well as the 20
specific products of the present invention m xture are characterized by a
reaction tenperature in the range of 100 to 1 500C and a pressure in the
range of 30 to 60 psig. Typically, the product can then treated in a single
or multi staged stripping step to renege volatiles before entering a stage,
whi ch can essentially be any conbination of filtration and/or product 25
cool i ng. | n dHievadyvampiedieg conditions hat previde ARidEPNVersianeoihr oduct was
calculated f ratl f ;0. the crude pol yner
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or the feed fime for a semi-batch reactor.
A suitable continuous process for making polymer polyols
comprises (1) providing a heterogenous mixture of the preformed
15  stabilizer and, optionally, liquid diluent, in combination with a polyol, a free
radically polymerizable ethylenically unsaturated monomer, and a free
radical polymerization initiator, (2) in a reaction zone maintained at a
temperature sufficient fo initiate a free radical reaction, and under
sufficient pressure to maintain only liquid phases in the reaction zone, for
20 a period of time sufficient to react at least a major portion of the
o ethylenically unsaturaied monomer to form a heterogenous mixiure
containing the enhanced polymer polyol, unreacted monomers and
diluent, and stripping the unreacted monomers and diluent from the
enhanced polymer polyol fo recover the unreacted monomers and diluent.
25  This continuous process allows the manufacture of high solids, white
polymer polyols with lower viscosities and good stability. This product has
excellent product stability and requires less free radical catalyst in the
production process. Other pertinent details for the continuous process of
preparing polymer polyols can be found in, for example, U.S. Patent

30 5,196,476, the disclosure of which is herein incorporated by reference.



15 stabilizer and, optionally, liquid diluent, in conbination with a polyol,
a free radically polynerizable ethylenically unsaturated nononer, and a free
radi cal polynerization initiator, (2) in a reaction zone naintained at a
tenperature sufficient to initiate a free radical reaction, and under
sufficient pressure to maintain only liquid phases in the reaction zone, for
20 a period of tinme sufficient to react at |east a major portion of the

et hyl enically unsaturated nononer to forma heterogenous m xture containing
t he enhanced pol yner polyol, unreacted7nononers and diluent, and stripping

t he unreacted nononers and dil uent fromthe enhanced pol yner polyol to
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pol yol s of 'ntion have a viscosity of |ess than or equal to:
be[2.7c] at 25- C,Pg[/ggrc?%p%séé)’ \phé/rjeﬁ*FOSi ty of base polyol in centistokes (cSt)
[

, ~and c weight % of so S 1'n polyrer polyol/ (100 - weight %solids in
pol yner 1gol yol ). b = viscosity of base polyol in centistokes (cSt) ,

and

C = weight % of solids in polymer polyol/(100 —

weight % solids in polymer polyol).
Polymer polyols of the present invention are typically characterized

15 by an OH number of =2 20, preferably of = 35, and more preferably of = 50.
The polymer polyols of the present invention comprise dispersions
in which the polymer particles (the same being either individual 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
20  microns. However, when high contents of styrene are used, the particles
Lt 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.
Following polymerization, volatile constituents, in particular those
25 from the PCA and residues of monomers are.generally stripped from the
product by the usual method of vacuum distillation, optionally in a thin
layer of a falling film evaporator. The monomer-free product may be used
as is, or may be filtered to remove any large particles that may have been

created.



Pol ymer polyols of the present invention are typically characterized 15 by
an OH nunber of ~ 20, preferably of ;2: 35, and nore preferably of ~: 50.

The pol yner polyols of the present invention conprise dispersions in which

t he polyner particles (the sane being either individual particles or

aggl onerates of individual particles) are relatively small in size and, in
the preferred enbodi nent, have a wei ght average size |ess than about ten 20
m crons. However, when high contents of styrene are used, the particles wll
tend to be larger; but the resulting pglynmer polyols are highly useful,
particularly where the end use application requires as little scorch as
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The following examples further illustrate details for the preparation
and use of the compositions of this invention. The invention, which is set
15  forth in the foregoing disclosure, is not to be limited either in spirit or scope
by these examples. Those skilled in the art will readily understand that
known variations of the conditions and processes of the following
preparative procedures can be used toc prepare these compositions.
Unless otherwise noted, all temperatures are degrees Celsius and all
20 parts and percentages are parts by weight and percentages by weight,
respectively.
EXAMPLES
The following components were used in the working examples of
this invention.
25 Polyol A: A propylene oxide adduct of sorbitol, containing 8%
ethylene oxide with a hydroxy! number of 28.

Base Polyol A: A propylene oxide adduct of trimethylolpropane with a

hydroxyl number of about 380 and a viscosity of 660
centistokes (cSt) at 25 °C.



and use of the conpositions of this invention. The invention, which is set

15 forth in the foregoing disclosure, is not to be limted either in spirit
or scope by these exanples. Those skilled in the art will readily understand
that known variations of the conditions and processes of the follow ng
preparative procedures can be used to prepare these conpositions. Unless

ot herwi se noted, all tenperatures are degrees Celsius and all 20 parts and
percentages are parts by wei ght and percentages by weight, respectively.
EXAMPLES The foll ow ng conponents wep@ used in the working exanples of this
i nvention. 25 Polvol A: A propyl ene oxide adduct of sorbitol, containing 8%
et hyl ene oxide with a hydroxyl nunber of 28. Base Polvol A A propyl ene oxide

adduct of try I .prop i -y, 80 and a

vi scosity of’3 Bl b st okgrsaﬁ?&%ﬁe g{idgé&@&éga&gg@@v@bl@@?M‘hxﬁA propyl ene
oxi de adduct of glycerin wiflmBehytatouti238yahera vscedmguif 2838Stangsa vi scosity
of 265 cSt at 25 ~C. 5 Base Polyol C A propyl ene oxide adduct of ethylene

glycol with a hydroxyl nuntber of about 147, and a vi scosity of 120 cSt at

25 OC. Base % %!B A propyl i erl ath a hydroxyl
nunmber o?—) abg8 d ,1CAd a 6?@2 s?ﬁ%bgﬁe%ﬂ@%ﬁé@%%% qlg&%%age Pol yol E: A
propyl ene oxi de adduct of ewfirbgyewuaheraf adouh1a7, Aydaasedosyabergof about
111, and a viscosity of 163808t at 25 'C. PCA: |sopropanol, a polyner

control agent cSt at 25 °C.
Base Polyol D: A propylene oxide adduct of glycerine with a hydroxyl

number of about 168, and a viscosity of 240 ¢St at 25
10 °C.
Base Polyol E: A propylene oxide adduct of ethylene glycol with a

hydroxyl number of about 111, and a viscosity of 163
¢St at 25 °C.

PCA: Isopropanol, a polymer control agent
15  SAN: Styrene:acrylonitrile
TMI: Isopropenyl dimethyl benzyl isocyanate (an
| unsaturated aliphatic isocyanate) sold as TMI® by
Cytec Industries
TBPO: tert-Butyl peroxide
- 20 AIBN 2,2'-Azobisisobutyronitrile, a free-radical
polymerization initiator commercially available as
VAZO 64 from E.l. Du Pont de Nemours and Co.
Viscosity: Viscosities were measured by Cannon-Fenske
viscometer (¢St at 25 °C)
25  Filtration Filterability is determined by diluting orie part by
Hindrance weight sample (e.g. 200 grams) of polymer polyol

(i.e. filterability): with two parts by weight anhydrous isopropanol (e.qg.

400 grams) to remove any viscosity-imposed
limitations and using a fixed quantity of material in

30 relative to a fixed cross-sectional area of screen (e.g.



15 SAN: Styrene:acrylonitrile TM: Isopropenyl dinethyl benzyl isocyanate (an
unsaturated aliphatic isocyanate) sold as TM (" by Cytec Industries TBPO
tert-Butyl peroxide 20 AIBN:. 2,2'-Azobisisobutyronitrile, a free-radical

pol ynmeri zation initiator commercially available as VAZO 64 fromE.|I. Du Pont
de Nenours and Co. Viscosit Viscosities were neasured by Cannon-Fenske
visconeter (cSt at 25 OC) 25 Filtration Filterability is determ ned by
diluting one part by Hi ndrance wei ght sanple (e.g. 200 grans) of polyner
polyol (i.e. filterability): with twd0parts by wei ght anhydrous i sopropanol
(e.g. 400 grans) to renove any Vviscosity-inposed limtations and using a
fixed quantity of material 178 Bpdiamatery sueh thatrgliddhe PoloereRalydnal area of
screen (e.g. 30 1 118 in. 4 ; f r. pol yol

and i sopropanol sol utions pgﬂ%@fe%tpgéﬁagr}o;\% “35'55%3’8%%‘]%3 gy g&%@“@&s & een. The
150-mesh screen has a squat&0-messh sdredn dites age-mesthsarpenihag of 105 5 microns
and it is a "Standard Tyler' 150 square-nmesh screen. CGENERAL PROCEDURE FOR
MACROVERS? Macroner A Prepsfuadenpesiewith yerags mespopeotngoefr 1@, ™™ 1 (2 10

PREFCRVED STABI LI ZER ( PFS) PIESARAR O g er 50 Shhefo R

prepared in a two-stage reasdreen. 15 system conprising a continuously-stirred
tank reactor (CSTR) fitted with
GENERAL PROCEDURE FOR MACROMERS:
Macromer A: " Prepared by heating Polyol A (100 parts), TMI (2
10 parts), and 100 ppm stannous octoate catalyst at 75
°C for 2 hours.

PREFORMED STABILIZER (PFS) PREPARATION:

The pre-formed stabilizer was prepared in a two-stage reaction

15 system comprising a continuously-stirred tank reactor (CSTR) fitted with
an impelier and 4 baffles (first-stage) and a plug-flow reactor (second
stage). The residence time in each reactor was about 60 minuies. The
reactants were pumped continuously to the reactor from feed tanks
through an in-line static mixer and then through a feed tube into the

20 reactor, which was well mixed. The temperature of the reaction mixture
was controlled at 120 = 1°C. The product from the second-stage reactor
overflowed continuously through a pressure regulator designed to control
the pressure in each stage at 65 psig. The product, i.e. the pre-formed
stabilizer, then passed through a cooler and into a collection vessel. The

25 preformed stabiiizer formulation are disclosed in Table 1.



an inpeller and 4 baffles (first-stage) and a plug-flow reactor (second
stage). The residence tine in each reactor was about 60 m nutes. The
reactants were punped continuously to the reactor fromfeed tanks through an
in-line static m xer and then through a feed tube into the 20 reactor, which
was well m xed. The tenperature of the reaction mxture was controlled at
120 VC. The product fromthe second-stage reactor overflowed continuously
t hrough a pressure regul ator designed to control the pressure in each stage
at 65 psig. The product, i.e. the pre-Forned stabilizer, then passed through
a cooler and into a collection vessel. The 25 preforned stabilizer
formul ati on are discl osed il@btefl Breformed StapilizerCompasiieRed St abil i zer
Conposi tion PFS A PCA type isopropanol PCA concentration in 60.0% feed,
W - % Macr oner Macronmer A—NMaerenrer—cenrcentrakbaRr—24—-0%in feed, wt-% Mononers
concentration 15.9% in -9 nela F%J/‘\rmuue_ ratio 50150 in
feed, wt-9% TBI PO concentP@AItdPE wt- 0. 1% | n ISREreNRARE table, the wt. %
concentrations are basedPCA adneentratibn freed. 66.090LYMER POLYOL PREPARATI ON:
This series of exanpl es feedawk8 to the preparation of polymer polyols. The
pol ymer polyols were pregaceinem a two- st ageM=easthepA sSystem conprising a
continuously-stirred tanyakRAcdorentRlioki t bedowi t h

in feed, wi-%

Monomers concentration 15.9%

in feed, wt-%

Styrene/acrylonitrile ratio  50/50

in feed, wi-%

TBPO concentration, wt-  0.1%

%

in the above table, the wt.% concentrations are based on the total feed.

POLYMER POLYOL PREPARATION:

This series of examples relates to the preparation of polymer

polyols. The polymer polyols were prepared in a two-stage reaction
system comprising a continuously-stirred tank reactor (CSTR) fitted with
10 an impeller and 4 bhaffles (first-stage) and a plug-flow reactor (second
stage). The residence time in each reactor was about 60 minutes. The
reactants were pumped continuously from feed tanks through an in-line
static mixer and then through a feed tube into the reactor, which was well
mixed. The temperature of the reaction mixture was controlled at 115 =
15 1°C. The product from the second-stage reactor overflowed continuously
through a pressure regulator designed to control the pressure in each
stage at 45 psig. The product, i.e. the polymer polyol, then passed
through a cooler and into a collection vessel. The crude product was
vacuum stripped to remove volatiles. The wt-% total poiymer in the

20  product was calculated from the concentrations of monomers measured in



10 an inpeller and 4 baffles (first-stage) and a plug-flow reactor (second
stage). The residence tine in each reactor was about 60 m nutes. The
reactants were punped continuously fromfeed tanks through an in-line static
m xer and then through a feed tube into the reactor, which was well m xed.
The tenperature of the reaction m xture was controlled at 115 + 15 10C. The
product fromthe second-stage reactor overflowed continuously through a
pressure regul ator designed to control the pressure in each stage at 45
psig. The product, i.e. the polyner p@Ryol, then passed through a cooler and
into a coIIectlon vessel , The crude roduct was vacuun1s§r|pped to renove
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Although the invention has been described in detail in the foregoing
for the purpose of illustration, it is to be understood that such detaii is
solely for that purpose and that variations can be made therein by those
skilled in the art without departing from the spirit and scope of the

invention except as it may be limited by the claims.



for the purpose of illustration, it is to be understood that such detail is
solely for that purpose and that variations can be nmade therein by those
skilled in the art without departing fromthe spirit and scope of the
invention except as it may be limted by the clains. 35 WHAT IS CLAIMED I S:
1. A stable, lowviscosity polyner polyol having a hydroxyl nunmber of z 20,
a viscosity that is |less than or equal tog be [2.7c] wherein: b represents
t he base poiyol viscosity, and c represeﬁ?s [Wt. % solids in polyner

pol yol / (100- wt. % solids in polynmer polyol)], having a solids content of

about 30%to about 65% by weight, based on the total weight of the polyner
pol yol , conﬂﬂb&@él@@on product of: (A) a base polyol having a

hydr oxyl nunber fro t 180 ! i i ut 1
to about 10, andO{dn eqlg}s\?/%q%l’nl?@\(}l/e'%%? Qg#)q%rﬁ%&?o'%@ ha{\}é@%ggﬁ %I)%{UI?E?PQP
prefornmed stali) a¥cositatiat (esathdreastgadieoet hyl eni cal |y unsaturat ed
nononmer, in the presean,,c]of (D) a free-radical polynerization initiator,
and (E) at |east one yner control agent. 2. The stable, |owviscosity

pol ymer polyol of Caim!] leH irl-S characterized by a hydroxyl nunber of at
| east about 35. 3. The stable; ["bw- vi scosi ty polynmer polyol of Caiml,

wherein (A) said base polyol hds a hegrepents Hebede pdlybnasacditput 70 to about
and
C represents [wt. % solids in polymer polyol/(100-
e, wt. % solids in polymer polyol)],
having a solids content of about 30% to about 65% by weight, based on the total
weight of the polymer polyol, comprising the reaction product of:
(A) a base polyol having a hydroxyl number of from about 60 to about 1900, a
functionality of about 1 to about 10, and an equivalent weight of about 30
to about 900,
(B) a preformed stabilizer,
and
(C) atleast one ethylenically unsaturated monomer,
in the presence of
(D) afree-radical polymerization initiator,
and

(E) atleast one polymer control agent.

2. The stable, low-viscosity polymer polyol of Claim 1 which is
characterized by a hydroxyl number of at least about 35.

3. The stable, low-viscosity polymer polyol of Claim 1, wherein
(A) said base polyol has a hydroxyl number of from about 70 to about
600, a functionality of about 2 to about 6, and an equivalent weight of from
about 100 to about 600.



600, a functionality of about 2 to about 6, and an equi val ent wei ght of from
about 100 to about 600. 36 4. The stable, |owviscosity polyner polyol of
Claim1, wherein (A) said base polyol has an OH nunber of about 90 to about
400, a functionality of about 2 to about 3, and an equival ent wei ght of

about 200 to about 500. 5. The stable, |owviscosity polymer polyol of Caim
1, wherein (C) said ethylenically unsat ugqat ed nononer conprises a m xture of
styrene and acrylonitrile. 6. The stable ow vi scosity pol yner polyol of

Caim1, wherei n 4styrms@b¢b AW ispoistty pbkynaérq)dmycﬂsﬂmamm avheiegiht ratio of
from80:20 to . 7. The stable Iowwscosmé)/ pol yme CEolyol of Caiml,
wher ei n (D)('L‘Qaﬁadij P?%D‘P'&@i hag a@@'ﬁﬁﬁmb@&ﬁf@houm T%ﬁBQUﬁ%O @ ected fromthe

group_ cons! phkignAfy 878, { PSR o ORAH AR R OF aBlNIES, ther eof -

8. The stable y po ymer erein said azo
conpounds arte sriwesDed fromthe group consi sting of

azobi s(isobutyronitrile), 2,2'-azo bis(2-nethylbutyronitrile) and m xtures
thereof. 9. The stable, |owviscosity polynmer polyol of Claim?7, wherein

o PO U8 COrgoun R RSN AN HL0U8 o S Ll "

m xtures t heiafaid 8thylehiallyhmsatiabtes) mbﬁmm‘er%éﬁﬁdrtskésmnm@’é gfol yol of Caim
1, wherein said polyner control agent conprises one or nore al cohols

cont ai ni ng adtyraneaid ae¥lopifleen atom 11. The stable, | ow viscosity pol ymer

pol yol of Claim 10, wherein said polyner control agent conprises

i sopr opanol .
-~ 6. The stable, low-viscosity polymer polyol of Claim 1, wherein

styrene and acrylonitrile are present in a weight ratio of from 80:20 to
40:60.

7. The stable, low-viscosity polymer polyot of Claim 1, wherein
(D) said free-radical polymerization initiator is selected from the group

consisting of azo compounds, peroxide compounds and mixtures thereof.

8. The stable, low-viscosity polymer polyol of Claim 7, wherein
said azo compounds are selected from the group consisting of
azobis{isobutyronitrile), 2,2’-azo bis{2-methylbutyronitrile) and mixtures

thereof.

9. The stable, low-viscosity polymer polyol of Claim 7, wherein
said peroxide compounds are selected from the group consisting of acy!
peroxides, alkyl peroxides, persulfates, perborates, percarbonates and

mixtures thereof.



12. The stable, |lowviscosity polynmer polyol of Claim1 which is
characterized by a hydroxyl nunber of at |east about 50, 13. A process for
preparing a stable, |owviscosity polyner polyol having a hydroxyl nunber of
2! 20, a viscosity that is less than or equal to: be [2.701 wherein: b
represents the base polyol viscosity, and c represents [W. %solids in

pol ynmer polyol/(100- wt. % solids in pol ygt?r polyol)], and a solids content
of about 30%to about 65% by wei ght, based on the total weight of the

pol ymer pol yol, cdfpri Jhegtéldly, beactcogity gohymar palyel pioClairn havhergina hydr oxyl
nunber of from abciut 60 to about 1900, a functi ona\I ity of ahout 1 to about
10, and an e§aIARPIERET CABIMGIAISHT Campiises ONePrineiR 2l6eec!s cantainipedior med
stabilizer, f oh&cafbor 5%% one ethylenically unsaturated nononer, in the
presence of z%& a free-radical polynerization initiator, and (E) at |east
one polyner control agent. 38 14. The process of Claim13 in which the

stable, |lowviscosity ;%_ol ynmer polyol is characterjzed b?/_a rgdroxy_l nunber of
at |east about 351115 Thestablgclovsvigeosiypaymsr palvel @ Glaim)1 & iheréiase pol yol

has a hydro r : 3 600, a functionality of
about 2 to éé@tﬁ&g&%ﬁgﬁgﬁl a?q@ﬁ@%@g%%é&%&ﬁ?ﬁ%ﬁolﬂom about 100 to about 600.
16. The process of Caim13, wherein (A) said base polyol has

12.  The stable, low-viscosity polymer polyol of Claim 1 which is

characterized by a hydroxyl number of at least about 50.

13. A process for preparing a stable, low-viscosity polymer polyol

having a hydroxyl number of 2 20, a viscosity that is less than or equal to:

bel27d
wherein:
b represents the base polyol viscosity,
and
C represents [wt. % solids in polymer polyol/(100-

wt. % solids in polymer polyol)],
and a solids content of about 30% to about 65% by weight, based on the total
weight of the polymer polyol, comprising
(1)  reacting:
(A)  a base polyol having a hydroxy!l number of from about 60 o about
1900, a functionality of about 1 to about 10, and an equivalent
weight of about 30 to about 900,
(B) a preformed stabilizer,
and
(C) atleast one ethylenically unsaturated monomer,
in the presence of
(D)  afree-radical polymerization initiator,
and

(E) at least one polymer control agent.



an OH nunber of about 90 to about 400, a functionality of about 2 to about
3, and an equival ent wei ght of about 200 to about 500. 17. The process of
Claim 13, (C said ethylenically unsaturated nonomer conprises a m xture of
styrene and acrylonitrile. 18. The process of Caim17, wherein styrene and
acrylonitrile are present in a weight ratio of from80:20 to 40:60. 19. The
process of Caim13, wherein (D) said fre%Br adi cal polynerization initiator
is selected fromthe group consisting of azo conpounds, peroxide conpounds
and m xtures thereof. 20. The process of Caim1l9, wherein said azo conpounds

are selected fromt heT%r oup consiét I ng1 of azobi s(isobutyronitrile), 2,62'-azo
bi s( 2- met hyl but yr dffi t r iTNE)Prapes ik @inas! 3 ingyieh the stabie, dowrviscestty 8plyereri m 19,
wherein said i I r consi sting of
acyl peroxi d«??ﬁfogﬁ%r%@rgﬂgﬁgza %@?gﬁl@ﬁ@i,gfﬁg# %éggpggfgger car bonat es and
m xtures thereof. 22. The process of Caim 13, wherein said polyner control

agent conprises one or_ nore al cohols contai ni_gg at | east one carbon atom 39
23. The process ofl2Q ailhePFoceieplctlringslid WhersindA) saitk base Hghet hag@npri ses

o0 o0anel, b8 oS0 A BOCH R gkl SO0l

25. The proceésabofit 6] atidad dquivalenit Weidiet difPesBoab NP0 teaso@ 6GEM - bat ch
process. 26. The process of Caim 13 wherein the process conprises a

conti nuous process.
16.  The process of Claim 13, wherein (A) said base polyol has

an OH number of about 90 to about 400, a functionality of about 2 to

about 3, and an equivalent weight of about 200 to about 500.

17.  The process of Claim 13, (C) said ethylenically unsaturated

monomer comprises a mixture of styrene and acrylonitrile.

18.  The process of Claim 17, wherein styrene and acrylonitrile
are present in a weight ratio of from 80:20 to 40:60.

19.  The process of Claim 13, wherein (D) said free-radical
polymerization initiator is selected from the group consisting of azo compounds,

peroxide compounds and mixtures thereof.

20. The process of Claim 19, wherein said azo compounds are
selected from the group consisting of azobis(isobutyronitrile), 2,2'-azo

bis(2-methylbutyronitrile} and mixtures thereof.

21. The process of Claim 19, wherein said peroxide compounds
are selected from the group consisting of acyl peroxides, alkyl peroxides,
persulfates, perborates, percarbonates and mixtures thereof.

22. The process of Claim 13, wherein said polymer control agent

comprises one or more alcohols containing at least one carbon atom.
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23.  The process of Claim 22, wherein said polymer control agent

comprises isopropanol.

24,  The process of Claim 13 in which the stable, low-viscosity polymer

polyol is characterized by a hydroxyl number of at least about 50.

25.  The process of Claim 13 wherein the process comprises a

semi-batch process.

26, The process of Claim 13 wherein the process comprises a

continuous process.



