y 5 LOW VI SCOSI TY POLYMER POLYOLS CHARACTERI ZED BY A H GH HYDROXYL NUMBER
BACKGROUND OF THE | NVENTI ON The present invention relates to | ow viscosity
polymer 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 nunmbers of ? 20, solids contents of about 30 to about 65% by
weight and a viscosity that is |ess fthan or equal to: bel2.7c] These
conprise the 15 reaction product of a base polyol, a prefornmed stabilizer
and at | &ast one LQVMW@QF)%II'HY PWMER&H’@HY%GHARAGTE%ZE%sence of a
free-radical polynerizati dYiAHGHKHYDR@XYL NABERNe pol yner control
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furniture, ceffthesemadel pﬂyk@gpn@o@d’mer@yymenpgwmﬂd Inedroryl i nsul ati on,
and autonotive seating trlra headl i ners, sound insulation, crash pads,
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produced by pol yneri zing one or nore ethylenically unsaturated
ethylenically unsaturated monomer, in'the 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-

7 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.



nonomer di ssol ved or dispersed in a polyol in the presence of a free 35
radi cal catalyst. a 2 |Initially, the primary pol ynmer polyol conpositions
accepted conmercially used acrylonitrile in its nmanufacture. Many of these
gonposi tions possessed undesirably high viscosities for certain
applications. Mirre recently, acrylonitrile-styrene nonomer m xtures have 5
been used commercially to make the pol ynmer conponent of polynmer polyols.
The expandi ng demand for pol ynmer polyol,s has highlighted several product
needs and this has spawned additional &advances in technol ogy. Polyner

polyol's derived fiQtmuehe prfary bylyams WimplskidHsesccebfedippear i ncapabl e
of satisfying ever-increasing nmarkét needs, which include rigorous

stability, ficbmmeisidllytusedratrylonitriiede itsimgnufagurecdany of tgs® i ncreased
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and good fil testmoldgyty. Enpl oynent of high styrene nononer m xtures and high
solid content polyner polyo prior practices, generally resulted in
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include rigorous stability, filterability and low-viscosity requirements, 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

M 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



manuf acture. I n addition, the viscosity should facilitate transport,
handling and, ultimtely, adequate processability, in the enployed foam
processi ng equi prment. Because of increased use of sophisticated m xing
systens, such as inpingenent systens, excessive viscosity of the polyner
polyol is 3 becomng a significant problem The need for |ower viscosity
pol ymer polyols is apparent to satisfy these increased demands in the art.
As indicated, polyner polyol stability,is a concern to makers of

pol yuret hanes. At one tine, seediness gr filterability, a neasure of
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not becone p nrelati've or peri ods nme. Though
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pol ymer polyols, there remains a need f | mprovenment in viscosity
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maxi m zes viscosity reduction while also providing a viable nechanismto
hi gher sol i d@ng oW ¥jficosity 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

M 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 polyois, 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



25 U. S. Patent 4,522,976 discloses polynmer polyol dispersions in a mxture
of | ow nol ecul ar melght pol yol s and pol yether polyols, and the suitability
of these dispersions for preparing foans. These pol ynmer polyols are
prepared by polynerizing 25 to 70% by wei ght of one or nore ethylenically
unsat urated nononers in a polyol mxture conprising (1) 25 30 to 99% by w
of a polyol containing from2 to 8 hydroxyl groups and 4 having an

equi val ent weight, of 30 to 200, and (&) from1l to 75% by w. of a rmacroner
cont ai ni ng i nduced unsaturation. Pouiggéogolyols di spersi ons and a process
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poly I s whic ar ac erize nunber s, to a process
for 12 he 10 petdapmnatallyrmnséturamlernbnmnwrss:asnqunmnm yrrer pol on s whi ch have
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filterability of a polymer polyol can be achieved at a very high solids level

in a base polyol having a high hydroxyl number. In accordance with the

present invention, the combination of high hydroxyl number/low molecular

15  weight base polyols with a preformed stabilizer in a polymer polyol result
in the final product having a significantly lower viscosity.
SUMMARY OF THE INVENTION

This invention relates to low viscosity polymer polyols which are

characterized by high hydroxyl numbers, and to a process for the

20 preparation of these low viscosity polymer polyols which have high

;
i 2
s’

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 be[2.7c]
wherein:
b: isthe viscosity of the base polyol
and

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



characterized by an OH nunber? 20, viscosities that are |l ess than or equal

to: 25 be [2.7c] wherein: Db: is the viscosity of the base polyol and c: is
%ol ids/(100-%solids)], 5 and have a solids content of about 30%to about
5% by wei ght, based on the total weight of the polynmer 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 905to about 400, a functionality of

about 1 to about 10, preferably about 2 about 6 and nost preferably
about 2 to 3andhaveasaligs gantadiiol abent 3% t@rﬂqu 653b Htweight, Hageden 900,

preferably st preferably about 200 to about
500; (B) a gﬁ?‘&%ﬁ}&gﬁé‘ﬁa@qﬁ#i@m&rﬁY ) at 10 | east one ethylenically
unsat urated MONOMPRgsd Pol&h%rl@fo‘?ﬁﬂ’@@@n@hsé@e @eacftfo@neprbadt:?@ﬂ (A yags | zation
initiator; and (E) at |east one | ymer control agent. The process for
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about 2 to about 6 and referably about havi ng an
equi val ent V\am@mo%fprefemhlyiﬂbamﬁaibdﬂtamwm aharqulivalentabeight (bf)O t o about

(O at 1 oastabid S fyatet 0, prelrety abouy 0 ihahet Soh il domtesence. of (D)
a f«r»%e radi Cﬁﬂef@r%'b}v‘?édlﬁaédooﬁ A8yt '580°(B) &PFeformed stabilizer; and (C) at
} 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
1 % 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.g.,
acrylonitrile, styrene, methyl methacrylate, and the like.
The phrase "free radically polymerizable ethylenically unsaturated

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



(E) at |east one polynmer control agent. DETAILED DESCRI PTI ON OF THE

| NVENTI ON As used herein, the following terns shall have the following 25
meani ngs. The term "nononer” neans the sinple unpolynerized formof a

¢hemi cal conpound having rel atively | ow nol ecul ar weight, e.g.,
acrylonitrile, styrene, nethyl methacrylate, and the like. The phrase "free
radi cally polynerizable ethylenically unsaturated 30 nononer" neans a
nononer contai ni ng ethyl enic unsaturatigon (>C = C<, 6 i.e. two double
bonded carbon atons) that is capabl e of under90|n radi cally induced

addi ti on pol {BeP¥e 4PUblE b@'&’&dl GatBon-ptemelihat jiy ean %9 ugﬂg[gqlngérem s defined
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nore nononers (i . erheat@rmlprelfbrmé@,stmweer@demmmé anEhieraladigtee, etc.),
optionally, in a polyner control agent, PCA, (i.e. nethanol, |sopropanol
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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 particles 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.



20 unnodi fied polyols. As used herein "viscosity" is in centistokes (cSt)
neasured at 25C on a Cannon Fenske visconeter. Suitable polyols to be used
as the base polyols in the present invention include, for exanple,

pol yet her pol yols. Suitable polyether 25 polyols include those having a
functionality of at |least about 1 (i.e. a polyether nono/), and preferably
at | east about 2. The functionality of suitable polyether polyols is |ess
than or equal to about 10, preferably [fess than or equal to about 6 , and
nore prefera

| y han or ual _.to out bl e  pol yet her
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The OH nunbepsiyols smttleé%teahwltﬁet bﬂ;ferathxw a’olleast abaut 76 asid rabmut 60,
preferably at |east about and nore preferably at |east about 90 .
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val ues, 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 to 500. The suitable
polyether polyols may also have (humber 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 to
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 to 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:



I nclusive, e.g. fromabout 30 to about 900, preferably from about 100 to
about 600 and nore preferably from about 200 to about 500. 20 These

pol yet her polyols nmay al so have functionalities ranging from about 1 to
about 10, preferably from about 2 to about 6, and nore preferably from
about 2 to about 3; OH nunbers ranging fromabout 60 to 1900, preferably
fromabout 70 to about 600, and nore preferably from about 90 to about 400;
and (nunmber average) equival ent weightg ranging 25 fromgreater than 30 to
about 900, preferably about 100 to 600 and nore preferably about 200 to
500. As used herein, the hydroxyl nunber is defined as the nunber of

mlligranms of potassiumhydraxjde required, fgor the conpl ete hydrol ysis of
the fully phthalyl at edlaﬁ%i (\§§t1 63086M/@8|'f"ﬁom 1 gram of polyol. The 30
hydr oxyl nunber can al so be defined by the equation: 8 OH (56.1
x1000xf)/nmol .wt. wherein: 5 OR represents the hydroxyl nunmber of the
polyol, f: repres#gmrsinthe functionality of the polyol, i.e. the average

nunber of hydroxyl groups per nol ecul e of poldyol, andtglo nol . Wj)
represent® the nol ecul &Hwei ght &ePregENfSthedYdToXY Anpiker afthe pelyosonpounds

i ncl ude pol yoxyet hyl eng gl ycol s, | t j nctionality
pol yol s, pol yoxypropyl Z’ne gl ycol 5%5H6§Fﬁ9 tb% fPQﬁ%@&ﬁ%%ﬁ%ﬂ%@ F%‘nct lonality

polyols, mxtures thereof, etc. Vheaverdgenurabenst gdxyltdreuss pgt ene oxi de
and propyl ene oxi de may be added 15 sinul taneously or sequentially to

provi de internal blocks, terni naMdpeeRol polydandom distribution of the
oxyet hyl ene groups and/qr, oxypropyl ene groups in the pol yether polyol.
Suij’fi\;%\‘pl e starters or iAitiators for these

S 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

15 simultaneously or sequentially to provide internal blocks, terminal blocks
or random distribution of the oxyethylene groups and/or oxypropylene
groups in the polyether polyol. Suitable starters or initiators for these
compounds include, for example, ethylene glycol, propylene glycol,
diethylene glycol, dipropylene glycol, tripropylene glycol, trimethylol-

P 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



compounds include, for exanple, ethylene glycol, propylene glycol,

di et hyl ene gl ycol, dipropylene glycol, tripropylene glycol, trinmethylol 20
propane, glycerol, pentaerythritol, sorbitol, sucrose, ethylenediani ne,

t'ol uene di am ne, etc. By al koxylation of the starter, a suitable polyether
pol yol for the base polyol conponent can be fornmed. The al koxyl ation
reaction nmay be catal yzed using any conventional catalyst including, for
exanpl e, potassi um hydroxide (KOH) or @& double netal cyanide (DMC) '25

catal yst. Qther suitable polyols for the base po{é@ of the present
i nvention i @addudie @flpqurmiﬁowallcwe&dﬁhetﬁwaﬁthﬁaa dul@ﬁiqhgbgmgars and sugar

al kyl ene. oxi de ad ﬁa‘fﬁx' ok arie ooRaf BRSPS et o ar o 14

such as, forjy RSl Rlide a8lGets AN RAHNGERDT fdduct s of
pol yhydroxyal anes ot her§lt han t(l}jmse describ ?Hygove 6?f%‘lust rat Ive al kyl ene

oxi de adduct @ydfowbutanpdnmegdttiykim)qbutartd tde, 1,5f and ex@udjHyelroxyHexaaae oxi de
adducts o dro opane, 3-di dro ut.ane,
e by oxea s 1 2 PO SBRT sdihvaep ity BB slegape, 1 3. 1. 4-

1,6- and 1, 8« Y, I r

1,2,4-ti rhydlgg) clég g‘r?é&)%&%%xlgmﬁgndéj Oﬂg%ﬁﬁﬁ&ﬁ%ﬂﬁx?? quglt ﬁ‘methéﬁ et hane,
1,1, 1-trimet hﬂéthhpeOban‘ﬁtrlmetll’nymfmbhnetpéntaeqpmrdltba@bprtﬂactonel ycapr ol act one,
xylitol, arabitol, sorbitol, mannitol, and ke. Ot her polyols which can

be enpl oyed PRMCAREClatONg) Kﬂlt@nérabtﬁohéor@tmamﬁ‘ﬁatt@' andibelikeduci ng sugars,
wherein the al koxigigs, BS‘K@U d@ﬁ”'gh ahooe em?%%ﬁn?ﬁﬂ%hg%]éﬁ%ﬂ%ﬁ@g sugars

and \3 ygar derivatives Ccrose gl'ycosi des’such as “net hyl
S

gl ycosi deg etaddlic ofousH-csiuciirsugash ywheregh Unoaikdrigies telvedroratdnd £ne gl ycol
gl ycosi de, propyl ene gl ycol glu005|de, gl ycerol gl ucoside,
1, 2, 6- hexanetCarkaN gtqm)sN@a redbiging $4/0aEs ANASUYSr deniyatives inKlude adducts of

the alkyl ol y6asidesidf gffbsstias §lch AsYhathyFal ESLide, ethyl glucoside, etc.

glycol glucosides such as ethylene glycol glycoside, propylene glycol
glucoside, glycerol glucoside, 1,2,6-hexanetriol glucoside, etc. as well as
16  alkylene oxide adducts of the alkyl glycosides as disclosed in U.S. Patent
3,073,788, the disclosure of which is herein incorporated by reference.
Other suitable polyols include the polyphenols and preferably the alkylene
oxide adducts thereof wherein the alkylene oxides have from 2 to 4 carbon
atoms. Among the polyphenols which are suitable include, for example
o 20 bisphenol A, bisphenol F, condensation products of phenol and
‘ 3 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 phosphorus and polyphosphorus
acid are also useful polyols, These include ethylene oxide, 1,2-epoxy-

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



3,073,788, the disclosure of which is herein incorporated by reference.

O her suitable polyols include the pol yphenols and preferably the al kyl ene
oxi de adducts thereof wherein the al kyl ene oxi des have from2 to 4 carbon
atons. Anong the pol yphenols which are suitable include, for exanple 20

bi sphenol A, bisphenol F, condensation products of phenol and fornal dehyde,
t he novol ac resins, condensation products of various phenolic conpounds and
acrolein, including the 1,1, 3-tris(hydf®xy- phenyl)pro panes, condensation
products of various phenolic conpounds and gl yoxal, glutaral dehyde, other

di al dehydes, alkytenedvsides. hRhaspharioacid, phesnhierds grigdihspeiieRespharianes, et c.

et o “pot yorEOoSHeB SN A BRRGFLREA RELoOAIGBIRRA g Aoy '

epoxybut anes gre3déesitap1e fdr. Lscchereypr opane, etc. as preferred 10 al kyl ene
oxi des. Phosphoric acid, phosphorus acid, the polyphosphoric acids such as, "

tri pol yphosphor i cltsbiod)d alse heohppreciated that dlenassen aixtukescof vasioes desi r abl e
for use rein.. It should al so bge I eci d that bl ends q@r m xtures of
vari ous 5 uletd baBPRNSy By ese s BBEHSE. BuBhanS aiheBn Bie & ot her ¢ han

the preferr Pbeébe& itybéliﬁ,fs'é!fulrmﬂﬁéﬁér g@ﬁfe?\fg ?n@ﬂ%ﬁﬂ?ﬁ@ﬂ&r mBhofiEie s> May

vary sonewha SSmlarly, it my be desirable or even necessary to 'nodify
t he stabil i zearysoméwkat. Similailyrit miagrbesdediratid or epeh netessarg tagwdlifyThi s can
cussed herein ( in 10

conneot i on wierstahiizet abfYS Bupated whenaRngF 87 BPIsctedHol B S t ab e
W of) are. knoudceaTPREhd bl ABURHRGTRR cHiN B O R e Bl R I s descr i bed
in tHe rt0er eonmesctidinswitts tedstabilizers ustdfarthe preferredqotpaisst abi | i zers i ncl ude
t hose discussed in, for ex le, U S 15 Patents 4,148,840 (Shah), 5,196, 476
(Sinroth), 5,364, ap@rprp nﬁ]e(_q gjabf?lzers for the present invehtion are

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-called
intermediate obtained by reacting a macromolecule with one or more

20 monomers (i.e. acrylonitrile, styrene, methyl methacrylate, etc.), to give a

Y/

copolymer (dispersion having a low solids content, e.g. < 25% or soluble
grafts, etc.). The macromolecule may be obtained 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



5,990, 185 (Fogg), 6,013,731 (Hol eschovsky et. al), and 6, 455,603 (Fogg), the
di scl osures of which are herein incorporated by reference. Suitable
preformed stabilizers herein include those so-called internediate obtained
by reacting a macronol ecule with one or nore 20 nononers (i.e.

acrylonitrile, styrene, nethyl nmethacrylate, etc.), to give a copolyner

(di spersion having a low solids content, e.g. < 25%or soluble grafts,
etc.). The macronol ecul e may be obtai ngdl by |inkage of polyether polyols

t hrough coupling wiith a material such as a pol yi socyanate, epoxy resin,

etc. or by otheing Hilizes. Morgspeciisally, wogrrerdsceAririning arhapbetdol . 25 The

macr onol ecul r : S i 'y LSy N general,
prepared by ﬁhear rgﬁ@i?%ﬁe gfé}%ﬂéas%{]@%ﬁég\ér?n ac ?jééga@%’%ﬁﬁggh%r&npound W th
a pol yol . Then¢ladeihe hedyates cheidrates) aeafiateal 86d nisthaoyides. Wefilertt o any
conpound capable of form ng an adduct with a polyol, either directly or

i ndirectly, a@iehadatagnsatusaiedieprapewsls, eolysl adductsdausediioph are adequatel y
reactive with th articpl ar_ nononer, system 11 i ng ut.ilized, re

Spect 11 cably SSiBRn HoTE e aeh B Gnidfie Sy ihe. lebheina Brer or r ec.
Sui t abl e comampeg. 1nastrfivel @nples of %Uﬂ@lﬁl\é/\fﬁlrl)hé‘,%éig@nfsaﬁlrﬁwdeat es,

fumarates, acrylates, and nethacryl ates. e not alpha, beta unsaturated
conpounds, pdaioyapountdtsuhishroayrbe employed taiform thet précuisoy istaldlizesnes, such as

O et P g0 el SRR e ) obehe BhAl SRRSO
fUnarat oo, QAT eres, g OsH U KocTHRCR N Mo pRae. 1ol
i _socyy)anat’lﬁef[ rdinetiet ma-isoprapenylderizyHsocyanate, methyl methacrylate,
e g T i S PRt
e by ur aar YR mEAAGAARR Aol e Yl e gt on T
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.
L Q 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,



m ni mum and maxi num | evel s of unsaturation both are constricted by the 15

di spersion stability that the precursor stabilizer is capable of inparting
to the polyner polyol conposition. The specific | evel of unsaturation
utilized further will depend on the nol ecul ar weight and functionality of
the polyol wused to prepare the precursor stabilizer. Optionally, a diluent,
pol ymer control agent or chain transfer agent nol ecul ar wei ght regul ator
may be 20 present. Suitable prefornedi8tabilizers for the present invention

| so include those which i he f di cal pol yngr.i zat | duct

01 *(1) ' 1r ocORCRAMHALIS iy by #5 BYQ OBy PRHINa 9T SHATbRF Hesd nononer and
2 dd . i . b Aol
M1s%a pol yvarganicipdiet atualtby Fecite FeBlRdion hEthErermanfhd Rgre L8 C1 "

the dival ent Hyeisogere is which tHengdduct ahdy be figrtiver stiduvtedith @andrgdnic 30 one
or nore of an organic noiety containing reactive unsaturation, 12
copol yner i zal?dyigpeyana@lg.. and hydrogen, about one of such X is the organic

o ! ok Bho. aadac TRESUIE ISl R AR A NEHEE RO AR Sis5l V. coryanate.
5 Cther suitghbparieligngad prealisbi RIbTiIZEREEoMPOLIAGS BbMIhed by r8actiiERar ed

using as precursor stabrlizers conpounds obtained by reacting a silicon
at om cont ai nisiigancatpoueentainingspmporng correspendingtta ®negenthedermutasi X1.

orR'SI ((-CSi (R) 2) 4" w%; i n; &1 R : independently represent
saturated or unsatlgr)%géﬂor gﬁ{)bglsi Sﬁ&@ﬂrps, with at | east one R group
bei ngv an ol afhévepl | y unsaturated hydrocarbyl group,
Y 10 eachR: 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 Cqq 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 average 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



R : represents a hydrocarbyl group, X represents a Cl to Clo al koxy group,
15 n: represents an integer froml to 3, and p: is an integer greater than
zero; with a polyether polyol having an average nol ecul ar wei ght in excess
of 400 and a hydroxyl nunber in the range of 20 to 280. O these, the 20
preferred precursor stabilizers are the reaction products of vinyltrinmethoxy
silane, vinyltriethoxy silane or vinyltripropoxy silane with a pol yet her

pol yol having an average nol ecul ar wei ght in excess of 400 and a hydroxyl
nunber in the range of 20 to 280. Suchiprecursor stabilizers are described
in US. Patent 4,883,832 (Cloetens et al), the disclosure of which is herein
25 i ncor por atséiffiggntrtediritiatecdfeee rafbiayl Rolymprization, @adpmstes shficientabi | i zers are

t hose which are esCr | g n. for.ex | e S, te 5, , t he

i sol osur e ofraHin 0 it Bl Rl BBFEEln o ol RS Rra bR, Prs | s
prepared by rfggid SGfficRNPR Mot e8sORRANRIT the PRéburd6F stapilizBPgR@r and a
free-radical 30 polynerization initiatdr to a reaction zone maintained at a
t enper at ur e T8covaring & heterogenaatis mixteref cardaining tha! pretormeast stabiliven, and
under sufgi Ci entwptr essure to maintain only liquid phases in the reaction
zone, forYa FOMMRRPUYF tinme sufficient to react essentially all of the

precur sor - stabi | | 26 Giafornicl QBfiz8H oftHRAHAEARSTRNIBLIfdthIneONt ai ning the

preformed stabilizer conposition. The preforned stabilizer of the

i nvention i s fdéowing compmsitidmg cofrgdrising:ng conposi tion, conprising: (1) a
macr onol ecul e, macroner or, ot her suitable precurs stabilizer; (2) a free
radical |y pol(Jher iazﬁﬁp@rﬁ?lﬁ?PGNi”(‘%rPV‘eﬁﬁéQghlﬁraﬁugég[?DW@ﬁHFs:or S‘E WeEf er abl y

acr Y%Oﬂi tril gonnd el CagitaRSolghifizableMh§RhAI Yinsaturated monomer,
) 10 preferably acrylonitrile and at least one other ethylenically
unsaturated comonomer copolymerizable therewith;
(3) a free radical polymerization initiator;
(4) a polymer control agent in which (1), (2), and (3) are
soluble, but in which the resultant 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 disclosure
of which is herein incorporated by reference, suitable preformed stabilizers
. 20 can be prepared by reacting a combination of components (1), (2), (3) and
9 (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 contaitiing the preformed stabilizer dispersed in the polyrer
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, vinyl silyl,



unsat ur at ed conononer copol ynerizable therewith; (3) a free radical

pol ynerization initiator; (4) a polyner control agent in which (1), (2), and
(3) are soluble, but in whi ch the resul tant preformed stabilizer is
essentially 15 insoluble; and/or (5) optionally, one or nore polyols. As
described in, for exanple, U S. Patent 5,196,476, the disclosure of which
I's herein incorporated by reference, suitable preforned stabilizers 20 can
be prepared by reacting a conbination ¢4 conmponents (1), (2), (3) and (4),
and optionally, (5), as described above, in a reaction zone maintained at a
t enper at ure i¢.), i aitainedthy neactmgacerr@ounde coathinialy reealive onsaturadionnder

sufficient pressure to maintain onl I.d n he reac I on zone, for
a sufficient 'y @}éﬁﬁahglﬁ having thg avar e%olrawl% ﬁgﬁﬁﬁ @(tgverl ng a 25
m xture cont mﬂo@l i

control agen?‘dég{t}?tag@?g%%nrggggg toagg "ﬁ@g gglPtgpeﬁgrgwg%r&;%e?ﬁ%Dé@t he

macr oner or thydrleeJUHWlmm,ldlalkykfu(naretescdnajbylemaleeﬂe)s glymb) |ncI ude,

for exarrpl e, oundglC ch contain reactiyv %at uration

acryl at e, rretrﬂ%@?ﬂﬁsag reafetes, fspeyPRato st spethiseniat ﬁhﬂ}?ygﬁ vi nyI silyl,

L s e

unsat uration thaﬁtaahy\dnrma mathauigs chibeibgdand g J/omyi methatryfdtéed to, maleic
anhydride, fumaric acid, dialkyl fumarates, al kyl mal eates, glycol 5

nal eates, gl y@wmemmwaﬂw et&ocyanat oet hyl nethacrylate, met hyl
Rt A T E
vinyl fret HOXySprbduﬂét of&ine. or more molecules resulting in a structure with the deSIred
qualities of a reactive unsaturated compound. For example, hydroxymethyl
or hydroxyethyl methacrylate can be reacted with a polyol by way of
coupling through use of an organic polyisocyanate as described in, for
example, U.S. Patent 4,521,546, the disclosure of which is herein
15 incorporated by reference, or by reaction with an unsaturated mono-
isocyanate such as, for example, 1,1-dimethyl-m-isopropenylbenzyl
isocyanate, etc.
Suitable compounds to be used component (2) above, include
reactive unsaturated compounds, particularly those that are free radically
— 20 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,p-ethylenically
unsaturated carboxylic acids and esters thereof such as acrylic acid,
25 methacrylic acid, methyl methacrylate, ethyl acrylate, 2-hydroxyethyl
acrylate, butyl acrylate, itaconic acid, maleic anhydride and the like; o,p-
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

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



The reactive unsaturated conmpound nmay al so be the reaction 10 product of one
or nore nolecules resulting in a structure with the desired qualities of a
reactive unsaturated conpound. For exanple, hydroxynmethyl or hydroxyet hyl
met hacryl ate can be reacted with a polyol by way of coupling through use of
an organi ¢ pol yi socyanate as described in, for exanple, U S. Patent
4,521,546, the disclosure of which is herein 15 incorporated by reference,

or by reaction with an unsaturated nongs isocyanate such as, for exanple, 1,

1 -di nethyl -misopropenyl benzyl isocyanate, etc. Suitable conpounds to be
used corrponeraiw‘(dk)vaﬂed)wef othec Iemi,éenicalacmmsaiumga&ma’@tials wkninbmnads
particularly those tha free_radica rrerlza ne exanpl es
of suitable &898@'%&231 ﬁBéh%?mfﬁHﬁr@OEéﬁjrﬂﬂﬁ H?QF’HQ %U@*'T‘Cﬁ‘ée but adi ene

and i soprene;y, éf W ﬁﬁé‘?steé&‘ﬁ&%%ﬂ%@%ﬁ o'?H‘ﬁ& A5f thY " ene,

a- nethylstyrene orostyrene, cyanostyrene and

br onost yr ene; af@re(rﬁerﬁtdmsekiemonaﬂnbys arenalsbwuithble todrdemyployedaini Makiagthest er s
t her eof such as acryl ic acid, 25 nmethacrylic acid, methyl nethacryl ate,

ethyl acr$l atse-formngdistabylizeny® f thecakave: monpmeys, tb@r"?@'é@‘ényliqeéf@omc aci d,

am des. cuch. ALORERDaoipptss Barifadatiy ffeKiet Bpithe e ReHihASadhby ' o and
met hacryl am gtrildy, Itiaﬁhdmarrwécr?@mhl%rardqarefdﬁre(dil met hyl am nonet hyl ) acryl am de
and the like; vinyl esters such as vinyl 30 acetate; vinyl ethers, vinyl

ket ones, vinyl andt @.mﬁfercﬁ&\@ah(ﬂ)ua@md@mmanéﬁtiesasta)nm@t@er/ar.ety of ot her

et hyl eni caIIy ted mat which_ ar th t he
afore‘{rent [ on %H@WFBS%@% C@p?quga?rgp O?%ﬁpﬁﬂ?lgw %@Hﬁ) stood t hat
m xt ur es 1gf tlH\ﬁ’stﬁsI’tloﬁQrcﬂ eﬂﬁyléﬂﬂ@allyauﬁ’éaimﬁ?éd @Bﬁ%n@ﬂ%p%lﬁﬁéniétﬁ@vﬁtﬁ table to
be errpl oyed in making re-formed stabilizer. O above nononers,

t he nonovi nylaqnxdnmtnlanm‘rudes apd dts desivatives, aqryamnmtbacradaies he

ethyl eni call ysu%ﬂsaaé[ rlrjlreﬁ:fy? methacrylate, vinylidene chloride, and the like.

It is particularly preferred to utilize acrylonitrile with a comonomer
and to maintain a minimum of about 5 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 all 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
~y 20 20 to 80 weight percent of the comonomer mixture, more typically from
h ) 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



nitrites, particularly acrylonitrile are preferred. It is preferred that (2)
Is acrylonitrile and at | east one other ethylenically unsaturated conononer
copol ynmeri zable with acrylonitrile. 10 Illustrations of ethylenically

unsat urat ed conononer copol ynerizable with acrylonitrile include styrene and
Its derivatives, acrylates, nmethacrylates such as nethyl nethacryl ate,
vinylidene chloride, and the like. It is particularly preferred to utilize
acrylonitrile with a conononer and tojgmintain a mninmmof about 5 to 15
percent by weight acrylonitrile 15 in the system Styrene will generally be
preferred as Subleasdmraxample,bp&romebymcludingabnﬂyIaékyéand avyltedrorononer s may be

I d I f t f the st f d
Xt ure (2) BEBNUE.RACRAIaIES, HRrbp e P AHONARS, 2B 005, BB conpr i ses

mixtures of &g 8hbLE bfanbidh AoNiBiailoR it hieae hipePBkidt, dift-

acrylonitrile can ange out to 8 ent o

conononer mi )butyl)eperrmrde t-bptyipério)(yfduethyl adetate, 3but)d)petnm®at50t-baiyght percent,
and styrene can accor var from about 80 to about 20 wei ght percent,

more pref@er awwrlgﬁbwreﬂ@ sputyheemny Jrercametpyl hexanpata: fostyl an

acrylonitril f t 20:80
to 80:20 is E’ %’ﬁﬁtﬁ’%eﬁq;"% eg‘r’;r%ﬁf"g%eeven g?ﬁ‘{aﬁ%@: B?P@‘E%‘W 30:70 to
50:50. The f RegthyHsexemoars)!|xomyl petoxive, lcnhtermtlwcﬁoperdxaiﬁ ¢-bugyl use as
conponent (3) in the suitable preforned stabilizers of the present

i nventi on endYARRSEOXAS, az@swm%ﬂpnwebl%ra%mbﬁacgr@etfwﬂbtﬁvmtnlﬁj of an
et hyl eni cal | #gkjnsat urated polymer to a polyol. Exanples of suitable free 30
radiCal poly ization initiators for the present invention include

i ni ti/atong 16 sumew catalys® RSP Ireludes Foxéextafplen tHasdl cddalystshhaliiyl and aryl
hydr o- peroxi des ersul fates, perborates, percarbonates, azo conpounds,

etc. Some spabisEctonsalipifewithinthedemparaluye ranges usedtchipamdgen per oxi de,

di (t- DUty!) et Sradinddt ¥EAREHeHr b SHbla 86 BbaLPas Rt orRELLsH 02t ©

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. |
LT 20 Suitable catalysts concentrations range from about 0.01 to about
9 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



5 peroxy isobutyrate, t-butyl peroxy 3,5,5-trinethyl hexanoate, t-butyl

per benzoate, t-butyl peroxy pivalate, t-anyl peroxy pivalate, t-butyl

per oxy- 2-ethyl hexanoate, | auroyl peroxide, cunene hydroperoxide, t-butyl
hydr oper oxi de, azobi s(isobutyronitrile), 2,2'-azo

bis-(2-methyl butyronitrile), etc. 10 Useful catalysts also include, for
exanpl e, those catalysts having a satisfactory half-life within the
tenperature ranges used to formthe pgpforned stabilizer, he. the half-life
shoul d be about 25 percent or less of the residence tine in the reactor at
a given terrp@oacamt@atmadwb@br&rattqménglre&mpa@se orosgdinking indhal yst speci es
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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/polyol.
Ty 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 is limited to an amount below 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).3; described
above. Though the polyol used as component (5) can encompass the

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



5 (3) of the pre-formed stabilizer are soluble (4) the polyner control

agent. However, the resultant preformed stabilizer (B) is essentially
insoluble in (4) the polymer control agent. This conponent nay be one

pol ymer control agent or a mixture of polynmer control agents. Suitable
conpounds to be used as polynmer control agents in accordance with the
present 10 invention include various nono-ols (i.e. nonohydroxy al cohols),
aromati ¢ hydrocarbons, ethers, and othgr liquids. As |ong as the conmpound
used as the polyner control ent does not adversely affect the perfornmance

of  the pref dlasstibed abil.S-Baterby 242,249, aliolunng, fine Sedarouch pelumct  ce o

the inventi re th because ease
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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 %

30 to 80, more preferably 40 to 70
0 to 20, more preferably 0 to 10

/
20 1 about 10 to 40
2 about 10 to 30
3 about 0.01 to 2
) 4 about 30 to 80
d 5 about 0 to 40
25
A preferred formulation for forming the preformed stabilizer (B) is
as follows:
1: 10 fo 40, more preferably 15 to 35;
2 10 to 30, more preferably 15 to 25;
30 3 0.1 to 2, more preferably 0.1 to 1,
4
5

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.



preferred that the polyol conponent (5) be the sane as or equivalent to the
pol yol used in the formation of precursor used to prepare the 5 preforned
stabilizer (PFS). Typically, the polyol need not be stripped off. Because
of the nunmber of conponents, the variability of their concentration in the
feed, and the variability of the operating conditions of tenperature,
pressure, and residence or reaction tinmes, a substantial choice of these is
possi ble while still achieving the bengpits of the j 10 invention.

Therefore, it is prudent to test particular conbinations to confirm the
nost suitabl e oper B¢ pepagsador piodyctgtbe mjetermed: stabilizer (B) dssinplaryerer

pol yol producgt. In general . .the ampunt of  th 0 i mul ati on,
bn 2 wei ght e RLRsEBr Mathg i BRURler ol RO RO Al Brbeds L™
stabilizer (Bjiticallénd tnedBvdr)!floM@aboP8sD @ aptatiut F80 Y| & perhapsedater Wei ght %
20 1 about 10 to 40 2 about "10t0o30 3 about 0.01 to 2 4 about 30 to 80 5
about 0 to 4ChezBefermadafangeduin® from 4154 to 25°Cr hagatalystaret or ned
stabilizer ( nor e 0

Po 50 | mobe! deaineratirg Sheliibe selectsy 45 il the catanfi aS s ereplgb b T8t (o 1. 4
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the formul ati ons praopose ove tor the preforned sta I zer
continuous flow reactor or the feed time for a semi-batch reactor.

The mixing conditions employed are those obtained using a back
P mixed reactor (e.g. -a stirred flask or stirred autoclave). The reactors of
W) 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
16 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 invention include, for example,
those ethylenically unsaturated monomers 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, (-
25  butyl)styrene, chlorostyrene, cyanostyrene and bromostyrene; o, -
ethylenically unsaturated carboxylic acids and esters thereof such as
acrylic acid, methacrylic acid, methyl methacrylate, ethyl acrylate,
2-hydroxyethyl acrylate, butyl actylate, itaconic acid, maleic anhydride and
the like; a,B-ethylenically unsaturated nitriles and amides such as

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



35 the %s by weight of conmponents 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 preformed stabilizer (B) is simlar to the process for
maki ng the pol ynmer polyol. The tenperature range is not critical and may
vary from about 80C. to about 150C. or perhaps greater, the preferred range
being from 115C. to 125C. The catal yst and 5 tenperature should be sel ected
so that the catalyst has a reasonable rate of deconposition with respect to
the hold-up time in the reactor for a ggontinuous flow reactor or the feed

time for a sem -batch reactor. The m xi ng conditions en‘t)l oyed are those
obt ai ned usi @grdamicsk N- MIR‘@ﬂMmmmeitrwl)gcrylaam@elanobmef k&swnurestersrred
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i nvention i n¢helgee-fdratedestabilizer. Of tsgbeidpHoPontert] theunsadvinglidehemononer s
descri bed above with respect to the preforned stabilizer. Suitable nononers
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unsaturated monomers include styrene and its derivatives, acrylonitrile,
methyl acrylate, methyl methacrylate, vinylidene chioride, with styrene and
acrylonitrile 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, regardiess of whether they comprise the ethylenically unsaturated
macromers or the pre-formed stabilizers of the present invention.

T 20 Overall, the quantity of ethylenically unsaturated monomer(s)

N

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



acrylic acid, nethacrylic acid, nethyl nethacrylate, ethyl acrylate,

2- hydroxyet hyl acrylate, butyl actylate, itaconic acid, maleic anhydride and
the like; a,p-ethylenically unsaturated nitrites and am des such as 30
aerylonitrile, methacrylonitrile, acrylam de, nethacrylam de, N, N-dinethyl
20 acrylamde, N (dinethylam nonethyl)acrylamde and the |ike; vinyl esters
such as vinyl acetate; vinyl ethers, vinyl ketones, vinyl and vinylidene
hal i des as well as a wide variety of otshher ethylenically unsaturated
materials which are copol ynerizable with the aforenenti oned nononeric 5
adduct or reaistmere prfiemed thdttthe solideleosteobte tiéss thaindQfods weightyomare nor e

of the aforementj oned no onerﬁ are al so suitable em ed in G%éh? t he

/ 0
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butyl)-peroxide, t-butylperoxy diethyl acetate, t-butyl peroctoate, t-butyi

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, lauroyl peroxide, cumene hydroperoxide, t-butyl
hydroperoxide, azobis(isobutyronitrile), 2,2’-azo bis-(2-methylbutyronitrile),
etc.
Useful 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 acy! 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-



25 unsaturated nononer(s) present in the polymer polyols is preferably

about 65% by weight or |less, nore preferably at |east about 60% by weight
or |l ess. The polynmer polyols of the present invention typically has a
solids content rangi ng between any conbi nati on of these upper and | ower

val ues, inclusive, e.g. from30%to 65% by weight, preferably from30 30%to
60% by wei ght, based on the total weight of the polyner polyol. It 21 1is
nore preferred that the solids content g2be | ess than 60% by wei ght, nore
particularly preferred that the solids content be |less than or equal to
about  59% bynitnide)gR12’ azosbrs-&emhmeyl bu’amontthle)md oxtores theredfeMosts t han or
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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
9 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 polyols 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 mono-ols (i.e.

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



initiators for this portion of the invention include acyl peroxides such as
di decanoyl peroxide and dil auroyl peroxide, al kyl peroxides such as t-butyl
25 peroxy-2-et hyl hexanoate, t-butyl perpivalate, t-anyl peroxy pivalate,
t-amyl peroctoate, 2,5-dinethyl-hexane-2,5-di-per-2-ethyl hexoate, t-butyl
per neodecanoate, t-butyl per-benzoate and 1, 1 -dinethyl-3-hydroxybutyl

per oxy- 2- et hyl hexanoate, and azo catal ysts such as azobi s(i sobutyro 22
nitrile), 2,2'-azo bis-(2-nethoxy|-butﬁéonitriIe), and m xtures thereof.
Most preferred are the acyl peroxi des“descri bed above and the azo

catalysts. A partpgyhiirlconRoehgentchrenidd ab@mMREfEREA to as reaction
azobi s(isobutyronitrile). Particularly preferred i1n the practice of the

i nvention, armotiaeatorse Toese Brakonowattalopstrel thedmplesuddroveigbief theed acyl
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do not result I n Su _ I'ncreases in conversion. The particul ar _
catal yst 20 concenguigdhlepoghectsttrodagentssinelude, fsr exandsie] oherov aore, taking

all factors V into consideration including costs.
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.
oy 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



Sui t abl e polymer control agents for use as conponent (E) in the present

I nvention include, for exanple, those known to be useful in polyner polyols
and the processes of preparing polyols such as those 25 described in, for
exanple, 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. Sone exanpl es of suitable conpounds to be wused as pol yner

control agents include various nmono-ol 94(i.e. nonohydroxy al cohols),
aromati ¢ hydrocarbons, ethers, and ot her quuids. 23 Polyner control agents
are al so conmemplpyedfie ang@maunigangiagtbetwerddnyaoonisinativre séthase lewenn t o
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narrowl y & i tirem abqut 6074 tp @brst 15%0byrneighty hased on! 00 BYiWRighifdi ti ons and
shoul d be reat(a Alégyr{lérp@cﬁﬂ cIl ggm 10 the final polymer/polyol. Suitable

pol ymer contro TR or exanple, one or nore nono-ol which is

typically an al Cowﬁladdmiralthe @glmedmﬂw QT&tl‘fé%r’@@és@bemepafﬁmghhéS met hanol ,
et hanol, n-propanol, iso-propanol, n-butanol, sec.- butanol,_t-butanol,

n- pent anol , 2PQJpmespelyol mayantionally campyuseaa eloaipItrangfer awrtthE ¢ URe Of and

T o o et RePESAR B FRE B bt FOREPAR IS el o

and tOl uefte. duitadfes ATAGNHS indllide EGMPBUABSBUCh iad\RBidapland ielutmsd, edgef erred
polyner control agents include isopropanol, ethanol, tert- but anol ", tol uene,

et hyl benzene, dedesangdhiphesthanethiel, ostanedthiol, isdugnecthialoetic:,ialegriated o be
enpl oyed in tItnn'ydrocarbons such as, e.g. carbon tetrachloride, 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
156  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 polyol (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
horsepower 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



present invention is greater than about 5.0% by weight, 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 polynmer polyol, prior to stripping the 25 product, (i.e
conponents (A), (B), (C, (D and (E)). The quantity of total polyner
control agent is also enployed in anbunts of |less than or equal to 20% by
wei ght, preferably |less than or equal bg about 18% nore preferably |ess
than or equal to 16% and nost preferably |ess than or equal to about 15% by
wei ght , basedpr@nicteldeb){ m;abombirm’tiloncﬂf imipelierdsjant: puspsarocindrigepl /jeb t he
reactor. The anmount total pol

anyI amount r afgiRg 'BWtuvﬁeeﬁp%'W'a&é r con rPOrlgina engwqﬁ&égﬂ%aﬂﬁﬁgm)gie\?a: Ees
orof erably ropiueREEg T aﬂfﬂ}}&?g@?byﬂaﬁt tn8 BitlersisH QAL

about 5. 5% t othelmolecliBfosigierfghe base puhssther pdlpslaelg., 5gfreamr abrw:nt6 0%to
about 15% by wei ght, based on 100% by wei ght of  total polynmer control
agent . | n BaddP eREOY imerefereerior m@ﬂy@hs \uﬂuhlgh@r Mﬁé@é@@Sdﬂ geidilii ng t he

Char -t r anst oroer BBSRS heF8RE lertieTFhTnb e A ol r es ot 10
sui t abl e mat efypab andtOmisieatenpeLadals sadiopfadiBhcARiNgBAtiAINCAGtNgNY, €. g.
dodecane thIO| et hane thiol, octane thiol, toluene thiol, etc., hal ogenated

hydr ocar bons mnﬂiles&lncwdgwg MmﬁlIMBdé@M'@ttChl@d bd:aﬂebcﬁﬁpitt@ﬁdaﬁﬁdm e,

o %5 the o eSO . AR B D BBt e,
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to stri ppi ngpolymies ppb'ojamclqdmg/tlrio&efdasmlba@lrpthssplretsenhvysntl@rm &an be made

using 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. In the 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



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 inpeller(s) and baffles
(first-stage) and a plug-flow reactor (second stage). A typical reaction
system may be equipped with any conbi nation of jacket/half-coil, internal
coi |l /tubes or 25 external |oop/cooler to renove the heat of reaction.
Furthernore, the reaction system can %i lize a wide range of m xing
conditions. The reaction system may be characterized by energy inputs of

from 0.5 to 3JeRievedrseoPpRyimetondiiShLiat previdawdid Rbatéersictlofm xi ng ener gi es
of from2 to 50 horsepower per 1000 gall ons on average for the bul k phase

vol une of 30 menrgimeetcpeymerparnractitead lpwumenamantx patyoheatisy isi nput . M xi ng
can be 25 provided by an ombination, of imeller(s) and.punp-around | oop
[jet mxi ng.rW'PPEU\Wﬁ)’ 'BS”%&%?%QT a?éﬁgﬁv%omd% ntgﬁj(ﬂ%ﬁaor%?rgu&ll’lrgy n the art
that the opicoRHE SMNAEIEmpERaturdvahll MRy ddrieiohsVaid, iMthd1ch§& ofli sper si on
stability and the nol ecul'ar weight of the base pol yether polyol, e.g., a

gr eat er abousentbalchepergton,salsy by slomdyl afidingdhednonemars to thieghayol.
vi scosities. In addition

| | yol s, of t t i [ b
prepared from varilb\GteMRgsa ?ﬁﬁgpeéﬁ)%%?ﬁrﬁlﬁagaﬁﬁﬁir‘%sr?ym&!hg}égmIrggi ;?Iny ?

47p11 chea bl 408, Ca8 SPERER0CCoor FEY 64 Bkt prBfrably PabaL 1007G Bredt bl ade
tur bi ne, fl atabbubtdi40t G biitrea e preferrddravige being fronoddbl°€ to 828 °CFor a
conti nuous productjon process toaﬁrepare pol ymer polyols jncluding those

descri bed i nﬁ%aﬁabﬁ%ﬁpt%w@m, e cgtaly%gr@ietﬁgg)qra%g,sgﬁgﬁd@e from about 30
to about 4480 s@&ﬁ&EugﬁYhé??h%??fat%ﬁlﬁla@é Pédé?@fame' rald'6f g@@hgggi‘f@ﬂre punped

fromfeed tanks rough an i static m xer, an rough a
feed tube i nwith lespeetiot the.hdld-updimd i ther teactdrdor & contiriolis flowpeepare a

Prem X of TS, e tead fine Tor A damibatch resctor, Y©' Stream as
A suitable continuous process for making polymer polyols

comprises (1) providing a heterogenous mixture of the preformed

16  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 to 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
ethylenically unsaturated monomer to form a heterogenous mixture
containing the enhanced polymer polyol, unreacted monomers and
diluent, and stripping the unreacted monomers and diluent from the
enhanced polymer polyol to recover the 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.



wel | as of polyol and stabilizer. O her process conditions, which may be
useful, include cooling of the feed tube in the reactor. Furthernore, the
suitabl e reaction conditions for polynmer 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 150C 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 renoge vol atiles before entering a stage,
whi ch can essentially be any conbination of filtration and/or product 25
cooling. In the priewmixiogsenditibaswmployed ate fulsgmbtainedtusingadehokt was

calculated fromthe concentrat,)ons, of nononmers neasu in the crude
Fﬁl ymelr pol ydNIXgEgaeiox ?-Qﬁﬁish&eglﬂ?%ﬁ&?ﬁmtﬁﬁ;'@ﬂeiﬁg‘eprteé’é’ 4 Oifﬂ'\‘/énti 0{1,

e pol yner p nomer to
pol ygl )r/ati og%%{ghéfj zﬁ&g%a%rr@lhﬁ?g‘ﬂ%ﬁ[ﬁ&%@ﬂﬁﬁ%ﬁ%%ﬁ%@Fg# r%ﬁr e during
the process. [dtalizedhiglh mammenmecdiyoleatibogucty aswudut inctubutdratagtoes/i de rapid

conversion of rnononer to polyner. In practice, a | ow npnoner to pol yol
ratio i s OnmiHeen feeh reastersare Lperatedokith ah e manameraddadoutbeoper ati on, by

control of ”}?e -m&rogm%p%a%rg& m xi ng conditions and, in the case of 5

sem bat ch operation y sfowy adding the nmonomers to the polyol. The
t enperature range Tife polynrigolyis ofifie prRserbinyehtionmhabeut visdd¥itg gfo about 150
C or perhaps greater, preferably fromabout 100C to about 140 C, with a
nmore pref er r d8s$ Hi@eonrRqua t9:rom 115 C to 125 C.  As has been noted herein,

the catal yst and ter[gc-}r jatureo shoul d be 10 selected such that the catal yst
has""”étgreasonabl e rkale /Gt abdeYnpiReneinin  with respect to the hold-up time in
r.

t he act.@r for a contihuous. flow.reac %rfba%éé%go'ﬁﬁ?gnﬁétgﬁﬁ §t2,sem'-batch

reactor. sui tabl e conti nuous process’for ol'yner "po go conpri ses

(1) providing a heterogaq,{bous m xture of the preforned

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 2 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
} will tend to be larger; but the resuiting 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.



15 stabilizer and, optionally, liquid diluent, in conmbination with a polyol,
a free radically polynerizable ethylenically unsaturated nononer, and a
free radical 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 f@gm a heterogenous m xture contai ning
t he enhanced pol yner polyol, unreacted nononers and diluent, and stripping

t he unreacted nondhidhe paeferred ambediment alhef therpradueld vigoll PRtr) bIP@ss t o
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stability and requifes less free radical catalyst in the production
process. O herhipensunmesrthatitegidlgmio polybkeproshicisncanbesuccessfully  prepari ng

| | | f d i f le, US.  Patent 30.5,196, 476, th
sl osur S LPrapseaed 8 aldyessof theyainahoertiistiatas BRAMeYSIoNS B ny

cl o | i . Koing ing
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reacti on m xtthose eaipddying irmpimgengetéypes maxidg swhich ageedsitatetta ugedf hi gh
nononer to polyol ratios such {as occur _jn tubul ar re%ctors 5 when such

reactors are TbisEs that gapnehtolarate ARy sighiicant ameut phrelatively ig@ni ng of the

tor. Th . fs ' | : ' It f
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pol yot i MOcendresémitoproédGite PMP@savhicihaed wervisdositigs ated highpo! yner

pol yol f (100 - , .
hydroxyl numbers than PMPOs which are produced using other

processes.
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 to 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 hydroxyl 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.



wei ght % solids in polymer polyol). Polynmer polyols of the present invention
are typically characterized 15 by an OH nunber of ? 20, preferably of ? 35,
and nore preferably of z 50. The polyner polyols of the present invention
conprise dispersions in which the polyner particles (the sanme being either

i ndi vidual particles or agglonerates of individual particles) are
relatively small in size and, in the preferred enbodi nent, have a wei ght
average size |less than about ten 20 m @gons. However, when high contents of
styrene are used, the particles 3 will tend to be larger; but the resulting
pol ymer polyols are highly useful, particularly where the end use

l'i cati ' litt h i,bl Fal | aw
ol yrrer zat i GRASSEONATE: ¢ondihrBERRE e UGSl Bhyoerinolth ABydrohy e pea
and residues of monomers ar ep?ﬁq‘&%{* 8t 5%0&523@%‘?@1 & URELERFof ?ﬁéS’QSPBt ?Sat he

usual met hod of vacuumdistillation, optiona Inathin ayer o
falling fil mevaporator. The°@ononer-free product nmay be used as is, or may

be filtered to renove any large particles that y have been created. 28
In the preﬁer%&%@ﬁent ,AaﬂerYern@%‘%%%&trgﬁtﬁyleﬂ@GWOWIth dass
through the filter enployed | ri'tﬁ'ﬂ [ litrsat i I - {Jn €.
filterability) test that wl b%@pgescrP%‘é@halé\ddégrﬁ%?@pi%{ﬁegé?ﬁ&?h‘g%xanpl es.
Thi s ensures that the pol ynegSpet 3®PCproducts can be successfully 5

processed in all types of the relatively sophisticated machi ne systens now
"n use for | aBaseaNGED pr odARIPBYIDE QAisle,alaud A 1YSesnEAYE ayETQRM ng

{11 tens that cannot tor orat endyel PhRPR I sRCRSRCOHA B ST G8PG 74, o
particl estg Furthernore, it igCthe intent of the preferred enbodi nent of the
10 present to_produce PMPGs which have | ower viscosities and hiﬁger

hydr oxyl nunbBaseReiolBXPos Htirepylane oxidsdaddurt of ietaylene glycol wit
hydroxyl number of about 111, and a viscosity of 163
cSt at 25 °C.
PCA: Isopropanol, a polymer control agent
15 SAN: Styrene:acrylonitrile
MI: Isopropenyl dimethy! benzyl isocyanate (an

unsaturated aliphatic isocyanate) sold as T™I® by
Cytec Industries
TBPO: tert-Butyl peroxide
7 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 (cSt 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.g.

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.



processes. The follow ng exanples further illustrate details for the
preparation and use of the conpositions of this invention. The invention,
which is set 15 forth in the foregoing disclosure, is not to be limted
etther in spirit or scope by these exanples. Those skilled in the art wll
readi |y understand that known variations of the conditions and processes of
the following preparative procedures can be used to prepare these

conposi tions. Unless otherw se noted, 3@ | tenperatures are degrees Cel sius

and all 20 parts and percentages are parts by wei ght and percentages by

wei ght, respectively. EXAMPLES infidkarheterhwiush tbatrqutrfethesoo}wner pekal i n t he
wor ki ng exanples of this invention Pb oxi de adduct
of sorbitol, containing 8% dh{FY é’ﬁ%P%}a‘éehi\ﬁPﬂﬁ pz?sﬁ?ghf@?v'ﬂh%@r'g f 28.
Base Pol vol A: A propyl ene o f i BBL % th a

hydr oxyl nunber of about 380¥5a@;1§1§§€$§%8§1I@ég)?GGrg%éW%g%t|sto éns (cSt) at 25
C. 29 Base Polyol B: A propggure me$}dwithchmcage)megshmmmmgmfﬂﬁ5a hydr oxyl
nunber of about 238, and a viscosity of, at Base Polyol C A
propyl ene %xi de adduct of etﬁwen%aéﬂyt:@a ﬁt@ndgrd Fﬁ@?&)@ﬂ SqHABEPERN ~ about
147, and a viscosity of 120 s&aknat 25 C. Base Pol vol D: A propyl ene oxide
adduct of glycerine with a hydroxyl nunber of about 168, and a viscosity of

240 cSt at 25 10 C. Base Polvol E A propyl ene oxi de adduct of ethylene

glycol with a
GENERAL PROCEDURE FOR MACROMERS:

”\3 Macromer A: ~ Prepared by heating Polyol A (100 parts), TMI (2
3

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 impeller and 4 baffles (first-stage) and a plug-flow reactor (second
stage). The residence time in each reactor was about 60 minutes. 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 stabilizer formulation are disclosed in Table 1.



hydr oxyl nunmber of about 111, and a viscosity of 163 cSt at 25 C. PCA

| sopropanol, a polyner control agent 15 SAN. Styrene:acrylonitrile TM:

| sopropenyl di methyl benzyl isocyanate (an unsaturated aliphatic

i socyanate) sold as TM (r) by Cytec Industries TBPO tert-Butyl peroxide 20
Al BN: 2, 2'-Azobi sisobutyronitrile, a free-radical polynerization initiator
commercially available as VAZO 64 fromE.I. Du Pont de Nenmours and Co.
Viscosity: Viscosities were neasured byqCannon- Fenske visconeter (cSt at 25
C 25 Filtration Filterability is determ ned by diluting one part by

H ndrance wei ght sanpl e (e.Jabko0: Brefoshed StakilizerdCompbsgitbn (i . e.
filterability): wwth two parts by wei ght anhydrous isopropanol (e.g. 400
grans) to renove any viscosity-inposed limtations and using a fixed

quantity of material in_30 relative to a fixBfSAoss-sectional area of
screen (e.g. 30 1 1/8 irPCAitgpeter), such thisopedparmfl t he pol yner pol yol

and i sopropanol sol uti onsPQADRechitativraid ty tBo@ygh a 150-nesh screen. The
150-nmesh screen has a sgdagenfosh with average nesh opening of 105 5

mcrons and it is a "Sta Er’%n@rj er” 150 squajgey g ascreen.  GENERAL
PROCEDURE FOR MACROMVERS: WRGIOMBr A P redNEa ?@a{l ng Pol yol A (100
parts), TM (2 10 parts),. W@%ﬁ&%ﬁnﬁgﬁﬁ ou %?f’oate catal yst at 75
in feed, wt-%
Monomers concentration 15.9%
in feed, wt-%
: Styrene/acrylonitrile ratio  50/50
? in feed, wt-%

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 baffles (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 +
16  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 polymer in the

20 product was calculated from the concentrations of monomers measured in



C for 2 hours. PREFORMED STABI LI ZER ( PFS) PREPARATI ON: The pre-forned
stabilizer was prepared in a two-stage reaction 15 system conprising a
continuously-stirred tank reactor (CSTR) fitted with an inpeller and 4
baffles (first-stage) and a plug-flow reactor (second stage). The residence
time 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 29 reactor, which was well m xed. The
tenperature of the reaction m xture was controlled at 120 1C The product
from t he secdhd-csude polyazartpalyol beforel sitippingothenprefeinyed diabiliger a pressure
regul at or designegd to,.contr ol e pressu in eac t age_a 5.psig. The

b aduct - i - 0. OqHEDgH AHOYPnLe PES A s ased el fReaREr Rl A B0  er | and
into a colle ilgnE"Psaﬁ?G The 25 preformed stabilizer fornulation are

di sclosed in Table’1.7 31 "Table 1. Preforned Stabilizer Conposition PFS A
PCA type isopropanol PCA concentration in 60.0% feed, w-% Macroner
Macroner A Macronmer concentration 24.0%in feed, w-% Mononers
concentration 15.9% in feed, w-% Styrene/acrylonitrile ratio 50/50 in
feed, wt-% TBPO concentration, w- 0.1%In the above table, the wt.%
concentrations are based on the total feed.

’\"\...&u



5 POLYMER POLYOL PREPARATION: This series of exanples relates to the
preparation of polyner polyols. The polynmer polyols were prepared in a

t wo- stage reaction system conprising a continuously-stirred tank reactor
(CSTR) fitted with 10 an inpeller and 4 baffles (first-stage) and a
plug-flow reactor (second stage). The resB@8ence tine in each reactor was

about 60 m nut es —Frp—+regetapts—were—puhped—eortinrueysly from feed tanks
through an in-lipe statig mXer Jand |then throughja feed tube into the
reactor, which A vJeII i xetl. The tlenper ature %ﬂ thF reaction m xture was
controlled at 11%p 155'1C. gle Q/r o@ctmfrumt% qexsnd; st age react or

overfl owed conti ou@y t o{gh &r‘prgss@e rﬁng*gLBor designed to control
the pressure in ¢ ch"”stade at 45/ psilg. The pTodﬁ‘t_, .e. the pol yner
polyol, then passed |throdgh a cooler and into g ¢ollection vessel. The
crude product was$ _vacuum|stripped ta rempove] vollatliles. The wt-%t ot al
polymer in the 20 prpduct |was|calijcul gted{fromthecongentrati ons of nononers
measured in 32 the prude |pol yner| pollyol [beflore |stiri ppi ng. The prefornmed
stabilizer descri-bep~above, [,e.| PF$ A {was Cysq@teo br oduce Pol ymer Pol yol s
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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 detail 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.

Py
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i nvention has been described in detail in the foregoing for the purpose of
illustration, it is to be understood that such detail is solely for that
pur pose and that variations can be nmade therein by those skilled in the art
w t hout departing fromthe spirit and sgppe of the invention except as it
may be limted by the clains. 35 WHAT IS CLAIMED IS: 1. A stable,

| ow vi scosity pol yner polyol having a hydroxyl nunber of 20, a viscosity
that is | es?WHATNS GLAMMED ISo: be [2.7c] wherein: b represents the base

pol yol viscosity, and c represents [Ww. % solids in polymer polyol/(100-w .
% solids in polyner polyol)], having a solids content of 30% to 65% by

wei ght, based onqthe V\ﬁ*,g @@ |;n§h% b
reacting: (A a base %%%IF P%SB%N Y%‘%}‘%%nﬁg‘% de%&g to %9630 a
functi onal i 2§, avistosity that isaleds dimar nuebml taverage) equival ent weight of 30
to 900, (B) a preforned stabilizer, [tz%] nabl e by reacting a macroner

contai ning reactive unsaturation V\ntH one or nore nononers, and (C) at
| east one e} fyl&Rd cally unsaturated monomer, in the presence of

b represents the base polyol viscosity,
and
c represents [wt. % solids in polymer polyol/(100-wt. % solids in
polymer polyol)],
having a solids content of 30% to 65% by weight, based on the total weight of the
polymer polyol, obtainable by reacting:
(A)  abase polyol having a hydroxyl number of from 60 to 1900, a
functionality of 1 to 10, and an (number average) equivalent weight of
30 to 900,
(B) a preformed stabilizer, obtainable by reacting a macromer
containing reactive unsaturation with one or more monomers,
and
(C) atleast one ethylenically unsaturated monomer,
in the presence of
(D) a free-radical polymerization initiator,
and
(E) atleast one polymer control agent selected from

monohydroxy alcohols, aromatic hydrocarbons and ethers.

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

characterized by a hydroxyl number of at least 35.



(D) a free-radical polynerization initiator, and (E) at |east one polyner
~control agent selected from nonohydroxy al cohols, aromatic hydrocarbons and
ethers. 2. The stable, |owviscosity polymer polyol of Cdaiml which is
characterized by a hydroxyl nunber of at |east 35. 36 3. The stable,

| ow-vi scosity polyner polyol of Caim1l,3gherein (A said base polyol has a
hydr oxyl nunmber of from 70 to 600, a functionality of 2 to 6, and an

~equi val ent weight of from 100 to 600. 4. The stable, |owviscosity polyner

pol yol of O aim 13, wheTigd Btaofy, lowalistdsits oR@haropoleisofalaiir 1nwiieesin gA) 8&idt 0
400, a functionality of 2 to 3, and an_equival ent weight of 200 to 500. 5.
The stabl e, hasgRee\JAs § hydraxybpumbey ef frem @ to 600, a ihetienality of 2 te §, @nd an

et hyl eni cal | 9[7% ises a mxture of styrene and
acrylonitri I%qd,@é%g@ggfrﬁ? owc2 gqogg(?)'si ty polyner polyol of Claiml,

wherein styrene and acrylonitrile are present in a weight ratio of from
80:20 to 40:60. 7. The stable, |owviscosity pol ymerrc?oj yol of Claima1l,
wherein (D) said 4r ee- Fagistable, dowymiggasity pobmerpalyeliafClan dewberei (A} om t he

3 “The ot ab 14 Pasf polf AR PRI Mup PR o ST RS0 A B P 10 B "2 0
conpounds ar#n 8gLiv&lct welighndf 20026 @00. consi sti ng of

azobi s(i sobutyronitrile), 2,2'-azo bis(2-nmethyl butyronitrile) and m xtures
thereof. 9. The stable, |owviscosity polynmer polyol of Claim7, wherein

o oxi Hes. " al ky S per o Slebiedpfifcasi PeMNG I GRR 3t kS CEN
m xtures t hegg@kthydenically unsaturated monomer comprises a mixture of styrene and

acrylonitrile.

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 polyol 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 acyl peroxides,

alkyl peroxides, persulfates, perborates, percarbonates and mixtures thereof.



10. The stable, lowviscosity polyner polyol of Caim1l, wherein said

pol ymer control agent conprises one or nore al cohols containing at | east one
carbon atom 11. The stable, | owviscosity polyner polyol of Caiml1l0,
wherein said polynmer control agent conprises isopropanol. 12. The stable,

| ow-vi scosity polynmer polyol of Claim1 gthich is characterized by a

hydr oxyl nunber of at |east 50. 13. A process for preparing a stable,

| ow vi scosity polyner polyol having a hydroxyl nunmber of ? 20, a viscosity
that is |ess tham®@r eThaktabie, |bw-istosity powmesrepalyollofr@pinedentherdihasaibse

pol yol viscosity, and c represents [W. % solids in polyner | yol / (100- wt .
% sol | ds. | n PAVIEREPTIE) 3EAnECOmATIEes oI ordEoRAEBRRIS GONLIBNS Adeastonsoout
65% by wei ght,, § %@&Bon the total weight of the polynmer polyol, conprising
(1) reacting: E) ? a base polyol having a hydroxyl nunber of from60 to 1900,
a functionality of I to 10, and an (nunber average) equival ent wei ght of

30 to 900, (B) a ef o med ahi i zer @bt ainable by reacting a, macroner
contai ning reacti unshR 8 %gﬂwwswsawo ?ﬁﬂ@y&tﬂféﬂéﬁﬂ%’ WRE]It) at
| east one et ' I FOL0; A the presence of (D) a
free-radi calglé}{pég)i}ajg| rlrz%bt#@iapﬁﬁﬁﬁﬂgr, 3'585':310#3“6['

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

characterized by a hydroxyl number of at least 50.

13. A process for preparing a stable, low-viscosity polymer polyo!l having a
hydroxyl number of 2 20, a viscosity that is less than or equal to:
be[z.Tc]
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) abase polyol having a hydroxyl number of from 60 to 1900, a
functionality of 1 to 10, and an (number average) equivalent weight of
30 to 900,
(B) a preformed stabilizer obtainable by reacting a macromer
containing reactive unsaturation with one or more monomers,
and
(C) at least one ethylenically unsaturated monomer,
in the presence of

(D)  afree-radical polymerization initiator,



(E) at |east one polyner control agent selected from nonohydroxy al cohol s,
~aromatic hydrocarbons and ethers. 14. The process of Claim13 in which the
stable, lowviscosity polynmer polyol is characterized by a hydroxyl nunber
of at |east 35. 15. The process of Claim 13, wherein (A) said base polyol
has a hydroxyl number of from 70 to 60038a functionality of 2 to 6, and an
equi val ent weight of from 100 to 600. 16. The process of Caim 13, wherein
(A) said base polyol has an OH nunber of 90 to 400, a functionality of 2 to
3, and an equival ent vadjht of 200 to 500. 17. The process of Claim13, (O

said ethylenically unsaturated nononmer, conprjses a ,mxture_of styrene and

acryl oni %/ri | e. 18?/ The@broc gagkonsg B?'W%ﬁh@f@%tssﬁi(ﬁéﬂiﬂgﬁh Y

acrylonitrile are pr i i L3k Qi . - 60. 19. The
ﬁgﬁ%p%&ﬁ)fﬁ?ﬁ@isﬁ a%r'nﬁtu@hxg{db@(r)%uszgn& ttis

process of C aim 13, ree-radi p nmerization initiator
is selected fromthe group consisting of azo conpounds, peroxide conpounds

compounds. are  selbct oH PEFESRAT Giadp 1 aiidh g ghble, fowviZosity Blymer
azobi s(i s ODYQNE Chitdlerizdby AHYAROSA furdR BYbbwbKf 981 trile) and mi xt ures

t hereof. 39 he process © wherel n said peroxi de conpounds
are selected fromthe group consisting of acyl peroxides, alkyl peroxides,

| f : b : b 4 d m th f. . Th
e L U Do o By BEA S AT T U o Sashendrond o OO
a1 conol s comk skl odieHord 70 16HROE fBhaiBnafly o B! ASF3H B 22

wher ei n sai mer control agent ~conprises | sopropanol. € process
of d ai m 13 weighhotfomht)Gtea®b®, | ow vi scosity pol yner

16.  The process of Claim 13, wherein (A) said base polyol has an
OH number of 90 to 400, a functionality of 2 to 3, and an equivalent weight of
200 to 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.



; polyol is characterized by a hydroxyl nunber of at |east 50. 25. The process
~of Claim13 wherein the process conprises a senmi - batch process. 26. The
process of Claim 13 wherein the process conprises a continuous process.

39

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.

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 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.



