POLYMER POLYCLS PREPARED FROM NI TRI LE- FREE AZO- | NI TI ATORS 5BACKGROUND OF
THE | NVENTI ON This invention relates to polyner polyols prepared
from an iwDbhayBdseseonpri sing an azo conpound that is freerafS2mittooiobe
groups, and to a process for the preparation of these polyner polyols. The
present invention also relates to a process for the preparation of

pol yur et hane 10 foans conprising reacting a polyi socyanate with an

I socyanat e-reacti ve conponent which CO'r’rpri ses a pol yner polyol as described
her ei n. Pol ymer ) z O H reparation are known
and described in, for %M:Q .,‘ pﬁ%ﬁ i ' (?m6,013, 731 and
7,179,882. Typically, these—eate =152 4 itiators such as 2,2'-
15azobi si sobutyronitrile or peroxide initiators such as tert-any peroxy
pivalatg or tert-butyl pegQsKGREUND aFeTREGNVENTION: S. Patent 6, 642, 306
descri bes the preparati o of stable di Sperstons o polfyrrers in a polyol in
whi ch the initi akhis inendion relates & polyimenaalyals aceparesk fsomaan WitAtRE ur e of

boxyl i id whi ch . . i f ] .
o bl | Seiiite D HoredDREHRR a0 Fasedlalse BiE AN [y spar at i on of
hi gh sol i dgretady ﬁqrgﬁé\fp?emameh%fitnesééwbg@n{é?q; )Vtg&iz'ﬂlﬁ@rpré&rﬂn azocar boxylic

dl
acid ester of specific structure, i.e. dinethyl-2,2'- Dbisisobutyrate (V601,
Wako Cheni daventionsasa reJages tena griecesssiop tap preparation of golymigthasied Pat ent

(e dl pdedne qerdsigdd E8hindh boU S RORET WIB AL isBeBin e Relut ol '
process.  compdMeriiaiicls Coridrise8d polyAerpdlyuias! destribedduaeoxyl i ¢ acid

esters are not suitable for all sem batch g_%yner pol yol processes. Mire
i nportantly, 30 Relymey@oliole andmsacessgs fonthair prapasatinxare knawn@nsst ers in

a continuo P I [ 4 n addition,

t he pol yur:a&eﬁgﬁg% E@%ﬁ%@%ﬁ%rﬁﬁﬁ@%iﬁ&?g’f?rg?zg??&d products have
WO 2011/ 1559826882 UPYPitalPGhegd ard préparedfeshm pizpsinitialtorsrsaedrds 22'conpar ed
to pol yuret hane foans made from conventi onal polynmer polyols. SUWARY OF

THE | NYENTIa@Rbisisobutyronitritthpisperpxida indiateis sucesas Erp8Meeroxy¥l yol s t hat
conprise the [ERCH @R-BR LYy Yiethylacetate.
U.S. Patent 6,642,306 describes the preparation of stable

dispersions of polymers in a polyol in which the initiator is an

azocarboxylic acid ester or a mixture of azocarboxylic acid esters which
20 correspond to a specific structure.

U.S. Published Patent Application 2007/0254973 describes the
preparation of high solids stable graft polyols in which the initiator is an
azocarboxylic acid ester of specific structure, i.e. dimethyl-2,2'-
bisisobutyrate (V601, Wako Chemicals). Both U.S. Patent 6,642,306 and

25 U.S. Published Patent Application 2007/0254973 deal with the
azocarboxylic acid ester initiators in a semibatch (i.e. semicontinuous)
polymer polyol (or graft polyol) process.

We have surprisingly found that these azocarboxylic acid esters are
not suitable for all semibatch polymer polyol processes. More importantly,

30 we have discovered that these azocarboxylic acid esters in a continuous
PMPO process results in a more robust process. In addition, the

polyurethane foam made from the resultant polymer polyol products have



(1) a base polyol, (2) a preforned stabilizer, and (3) at |east one
ethylenically unsaturated nononer, 10 in the presence of (4) at |east one
free-radiweal2opolsyoseri zati on initiator conprising an azorpcuomgsounaotodat i s
free of nitrile groups, and, optionally, (5) a polynmer control agent.
15These pol ynmer polyols typically have a soli ds content of from about 20%

to about 60% b 7 | yol .

The free raé\pgéYg%hﬁ%?l @?ﬁkrﬁgﬁgﬁ, é&lto EétggﬁFgggwgghﬁgglf%&gn anount

of from abqgunvenﬂéﬁ/angbmh@ﬂbowé)y wei ght based on 100% by wei ght of the

total feed. Suitable styrene/acrylonitrile ratios for these 20 pol yner
SUMMARY QI TH

pol yol s range from about 2 MM wei ght basis) of
styrene to acryl ' : tes to a
process for the Wém\}ré %o?)ﬁ/ ﬁ%}% hegglﬂi j &Ol T{%ésrﬂa':f% g%pf%c@g)@

conpri sés (pghbtiuereeft adi cal |y pol ymeri zing: 25( 1) a base polyol, (2) a
preformed stabilizer, and (3) at |least one ethylenically unsaturated
nononer, irfl}he ?)Pé%%ﬁ@é’%f 30(4)at |east one free-radical polynerization

w0 EB?E?&&ZZEH&#@E@?%&’%&%E&’CS”"%S" opt i onal 1y, - 0 LTHLe rouns:

and

3) at least one ethylenically unsaturated monomer,

10 in the presence of

4 at least one free-radical polymerization initiator comprising an azo
compound that is free of nitrile groups,

and, optionally,

(5)  apolymer control agent.

15 These polymer polyols typically have a solids content of from about
20% to about 60% by weight, based on the total weight of the polymer
polyol. The free radical polymerization initiator is typically present in an
amount of from about 0.01% to about 2% by weight, based on 100% by
weight of the total feed. Suitable styrene/acrylonitrile ratios for these

20 polymer polyols range from about 20:80 to about 80:20 (on a weight basis)
of styrene to acrylonitrile (S/AN).

The present invention also relates to a process for the preparation
of these polymer polyols. This process comprises
(A)  free-radically polymerizing:
25 (1) a base polyol,
(2) a preformed stabilizer,
and
(3) at least one ethylenically unsaturated monomer,
in the presence of:
30 (4)  at least one free-radical polymerization initiator that

comprises an azo compound which is free of nitrile groups,



(5)a pol yner control agent. Anot her aspect of the invention is a
process for the preparation of polyurethanes conprising reacting a

pol yi socysoaba/iseasponent with an 5 i socyanate-reacti ve eommsa@ntooion7 whi ch
at least a portion of the isocyanate-r.@active conponent conprises a polyner
pol yol as descri bed above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

As used herein, 4 r%fggbhg%ng ternms shall have the follow ng 10 neani ngs.
The term "nononmer " 'neans the sinple unpolynerized formof chenical conpound
havi ng rel ativel() | ova rmjlyanaraontneliaggﬁnt e.g., acrylonitrile, styrene,

t hyl th | at dt Th h di | . i zabl
cthyl ent cal Ty udRilPRASREGP IR FNaMIORLS A BoRth P e AP RIoRG ot byl enic.
unsaturati g g?ﬁlﬁgthan@§ cdmﬁnsuh&'?eﬂgehgi £ poRistd apatdeomponerl withaln i s capabl e

of undergoing free radically Tnd addi‘ti on polynerization reactions. The
term pré- foscmzyanateacmaotwercorep@eéntnedvmtsh ahleast amartionoé thdt ai ned by

reacting a.nmacroner coIalnln ctive.unsaturatio at e,
met hacryl at'%ocyﬁﬂggeaf%ac 'é{f':‘cc.o)m ??‘P rﬁ?ﬁ%‘?fésress ? P°[¥ m%(c‘%?@n% F%%)%%ésq yrene,
met hyl met hgeiyl ate, etc.), optionally, in a polyner control agent or PCA,

(i.e. nmethanol, isopropanol, toluene eth Ibenzene etc.) and/or
optionally, |napo| DEHTAI -'. v ) eNSI@N having e.g. a | ow

Ctabi ity moafe Dhed BTN, e of?’%“ﬁ?&ttg?ﬁ%fst'%& %nt?‘slfﬁm bbl & f or m such

as t heqgbi Iméymhgsstay In solution or in suspension. The phrase
“pol ymer polyol” _refers to such conpositions which be produced by
pol yneri zi ng onel h& tafdy dnenereen m@énwh%ﬁﬁﬁplﬁrlﬂi%ﬂyfﬁﬁﬁéﬁ@@m&ipgsol ved or

di spersed i catalyst to form
a slto abl e d.°®8§}'§$oﬁvﬁ’?ﬁ?6®3‘# n%’%lﬁ Ei%fép?/glng %'%84’?‘9?‘?3%%% p)cl)l ymer
pol yol s hawerjlibeit¥a! stykeree, nﬁ@wglmetnécryrm@rémmmetmge WO
2011/ 155982PCT/ US2011 001027 for exanple ol yur et hane foans and
el astomers pr odd@'@jplﬂWef'ie@rﬁadmﬁj'bié}owfﬁﬁﬂzéﬁﬁﬁﬂh\deﬁpéﬂéPf‘?é'é-”’?ﬁ%i’n are
ded b di I
eai duds ¢ Sp&PEmER FREREH IniRotRT ARty Rcks ugSatpaol Bl ez, B2 YT

filtering ae38ogoubld b@n@éd Eh/FBBn a]toms)rihaplsrudpablmogendeaqu freeanount of
pol yner residue renaining -mesh screen should be I ess than 5 ppm

a
The” ppm of rﬁ@'P?Hiéf”de@?F’cﬂf@'ﬁ'%“ 98|Y6“Lﬁrhztaé'8”6§?%°’ﬁ1e for nul a:

The term pre-formed stabilizer is defined as an intermediate

obtained by reacting a macromer containing reactive unsaturation (e.g.

20 acrylate, methacrylate, maleate, etc.) with monomers (i.e. acrylonitrile,
styrene, methyl methacrylate, etc.), optionally, in a polymer control agent
or PCA, (i.e. methanol, isopropanol, toluene, ethylbenzene, etc.) and/or
optionally, in a polyol, to give a co-polymer (dispersion having e.g. a low
solids content (e.g. <20%), or soluble grafts, etc.).

25 The term "stability" means the ability of a material to maintain a
stable form such as the ability to stay in solution or in suspension.

The phrase "polymer polyol" refers to such compositions which be
produced by polymerizing one or more ethylenically unsaturated
monomers dissolved or dispersed in a polyol in the presence of a free

30 radical catalyst to form a stable dispersion of polymer particles in the

polyol. These polymer polyols have the valuable property of imparting to,



and 15Wp is the weight in grans of the undiluted PMPO product. As
used herein "viscosity" is in nPa.s, neasured at 25C on Anton-Parr

St abi ngerwdQ00/ssmeonet er. Suitabl e polyols to be used asTiuseothasm2pol yol s
in the present 20invention include, fop_exanple, polyether polyols.

Sui t abl e pol yet her polyols include those having a functionality of at |east
about 2, preferabl

t .1l t about 2 f I { t about 3.
The funct | JREFKEPP Foly FaBIas RS pef Slrtobres PEqsad B f squal to
about 10, [High&'iBAHDLRIY ;S:Bgemtrs PanaretfodidedtbyStheadtiradpdindiigef er abl y
| ess than or equal to about 256. The suitable pol'yether polyols may al so

have functiwmaddifiedpolyai®yi ng bet ween any conbi nati on of these upper and

| ower val ues, inclusiye. The OH numhers of .guj.t | yols is at
| east about 10, pref é%%b’ﬁ?gi\er‘?'@asqnagﬁgﬁfesl@?éa%gé'%égﬁh%%@g%gg%y at | east
about 2@. Pol yetlapiaiR @nyPH50iMesk 8bteencafier fitdtmgi3aurbelutionfof! ess than or
equal to about 1900, 30 preferably |ess than or equal to about 600, nore

preferably | ess RMEO byisopppasphan genesabthe aowund of pebEreiesidieabl y | ess

than or equal to ] Q, ' I I 0, y so have OH
nunbers rangi ng rﬁ@%ﬁﬁ'@ﬂ%&?f%@’ﬁ%%#g%&%ﬁﬂoﬁﬁ%iégqé%%g%aﬁgpﬁ%mgﬁgval ues,
inclusive. The (gpmigpoanaeags)idudisesaitdateteughysheforsmilaabl e pol yet her
polyols is 5 typically greater than.about 200, preferably at |east about

2,000 and nost preferably at |east about 3,000. Polyether polyols typically
have (nunber average) nolggul ar weights of |ess than or equal to 15,000,
nore preferably less th R alx 10° 12, 000 and nost preferably |ess than
or equap to 8,000. The suM¥tabl e pol yether polyols may al so have (nunber 10
average) nol ecul ar wei ghts I-.arquI ng between any conbi nati on of these upper
and | ower val ues, inclusiVE"€™®N- " As used herein, the hydroxyl number is

defined as the nunber of mlligpaps @fthBAkEZAt INYManeE BKitéepsigaerr ed for the
conpl ete hydrolysis of the fully phthalylatéd derivative prepared from1l

gram of polyol. The 15 hydroxyl nunbegsidug pegsantios srfeeRed by t he equati on:
OH = (56.1 x 1000 x f) /nol. vw.anélj\herei n:

15 Wte is the weight in grams of the undiluted
PMPO product.
As used herein "viscosity" is in mPa.s, measured at 25°C on
Anton-Parr Stabinger 3000 viscometer.
Suitable polyols to be used as the base polyols in the present
20 invention include, for example, polyether polyols. Suitable polyether
polyols include those having a functionality of at least about 2, preferably
at least about 2, and more preferably at least about 3. The functionality of
suitable polyether polyols is less than or equal to about 10, preferably less
than or equal to about 8, and most preferably less than or equal to about
25 6. The suitable polyether polyols may also have functionalities ranging
between any combination of these upper and lower values, inclusive. The
OH numbers of suitable polyether polyols is at least about 10, preferably
at least about 15, and most preferably at least about 20. Polyether polyols
typically also have OH numbers of less than or equal to about 1900,

30 preferably less than or equal to about 600, more preferably less than or



200H: represents the hydroxyl nunber of the polyol, f represents the
functionality of the polyol, i.e. the average nunber of hydroxyl groups per
nol ecul e woO 2polpeds2 and 25nol . wt. represents the nol eculpam/usediglovioef t he
pol yol . Exanpl es of such conpouq?§ i ncl ude pol yoxyet hyl ene gl ycol s,
triols, tetrols and higher functionality polyols, polyoxypropylene glycols,

i ols, I d hi f i | i | yol s, m f, .
when i xt creguanis aeend A0 and Ros Ateiatte ke iRaR op Pl M T be addea
30si rul t anextiésdftable SRMEREF Bolybid thal 90 AEve DI Hiodib osligingt er i nal

bl ocks or random di stribution of the oxyethyl ene groups and/ or oxypropyl ene
VO 2011/ 155&886€T Aug2onbioation of tlessegupparsandlowes viablgseinrlusige! yidie.
Suitable starters or initi tor's for. ttheoie ﬁogpou dshi ncl yde, . for exanpl e,
ot hyl ene gl(JUGPEr BYSRAISLRROISEYBEWEIRS Gl SHERBR RS ¥Ee! RONCRLF ane gl ycol
tripropyl engighiColeatdr thERIABEUt 200" PRABAILIY Y RSP hboBER 0RO Ad Fidse! .
sorbitol, sucrose, ethylenediam ne, 5toluene diamne, etc. By al koxyl ation

of the stamreferably atileastiabopibByhdtolyrthgopolyets tyrisabudevednyaibetonponent

be f d T | koxyl at.j ]
conventi ondveiaaalaee it vk igse Il BPats SN o oxtae Lrary or
a doubl e npfréferatgmésiethaliNy) equat ab 12L000LARY hedst preferlbly 1964 #drboff or t he

base pol yol of the present invention include alKkylene oxide adducts of
non- r educi B§ualitpad H0ndl heuguitakler polyethes Polvallk nanalseiiaye (Aumbars of

hosph S I r clds;, e ' uct ol yphenol s,
Pol yol 20pr anarmEREREY S G relBinghe et A R BRINA ST fiss i Y et

and al kyl enppexatld |dwepdsluessinefusi@.yhydr oxyal kanes ot her than those
descri bed above. Illustrative al kyl ene oxi de adducts of pol yhydroxyal kanes

i ncl ude, for exd¥pused herginche hydrasyl fwmkerds gefined-as thedwkbar ebane,

1, 3-di hydr Qxyi - di hy nut . b ;

I o- i nycr QU RESARG! phtessrb ey rBhticed foringmRle pydrolisis of,

1, 10- di hydrieyuigqstitralyRled Weeivative prehated ifrdmy dr graybof polyol. The

1,2,6-tri hydroxyhexane, 1,1,1-trinethyl- ol ethane,

1,1, 1-Pi rré‘r)/ﬁm)ﬁ(i preYReh canse Rerdafinediky theceghalionet one, pol ycapr ol act one,
xylitol, arabitol, sorbitol, mannitol, and the I|ike. Q her polyols
whi ch can be enpl oyed include the al kyl ene oxi de adducts of non-reduci ng
sugars, wherein the aDHex(58$ x0E) kifpimd. wb 4 25 carbon atons.
Non-reduci ng sugars and sugar derivatives include sucrose, alkyl glycosides
such as nethyl glycoside, ethyl glucoside, etc. glycol glucosides such as

itgygeEngLgf?:g?k¥?9§ide, propyl ene glycol glucoside, glycerol glucoside,
, 2, 6- glucoside, etc. as well as al kyl ene oxi de adducts of the
al kyl B0ycosi des as ddHcl osed inmepresent®thehydroxyl number of the polyol,
f represents the functionality of the polyol, i.e.
the average number of hydroxyl groups per
molecule of polyol,
and
25 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
30 simultaneously or sequentially to provide internal blocks, terminal blocks

or random distribution of the oxyethylene groups and/or oxypropylene



303,073, 788, the disclosure of which is herein incorporated by reference.
O her suitable polyols include the pol yphenols and preferably the al kyl ene
WO 2011/ Ns62BRAAGTYSS2011/ 001027 - 7- oxi de adduct s t her eeCTaisesigioniothe

al kyl ene oxi des have from2 to 4 carbqg.atons. Anong the pol yphenol s which
are suitable include, for exanple bisphenol A, bisphenol F, condensation

products of n I de, .; sation
products of9r§Q§$%?@%ﬂ'&%@&@%%&#@@ ¥t§£§§ ren?t?létel%nfco?u Ing the
1,1, 3-tri s(dwspeunds inBRIYY, Yo emge, emmg@topnpr@pwéuegs/wi vari ous
phenollc conmpounds and Iyoxal gl ut ar al dehyde, ot her dlaldeh des,

i ncl udi ng tm@thylepezglzcolt dirary'gne Igmobwpmdﬁr)%gwgﬁw'msﬁwo ‘The al kyl ene
O ver 2994 i BpRhe PSEAP di B0R ALY RBRTRE Xk oS0 AhflccBiarhing, Uoef v!

pol yol s, oxI de epo pane,

epOXybUBanetslueae@émm lete- wywamof ﬁteCstaater fo: ] eﬁmahslecbdyéﬂyélene oxi des.
Phosphoric acid, phosp horus acid, the poly ch as,

h hor|
tri pol yphoRHR! |f@”fi@ QPSQ H@'Yﬁb?%ﬁ?ﬁﬁ'ﬂb%ﬁ‘fhgiaﬁe e@{l@xy '@Ndesi rabl e
for use her o%ré - St pol yol of
t he presentrg?gtveiﬁ{aag) ygggpapy%@eygh tecer pg}léﬁg@a&%&fﬁgh}m&;gﬁf i nvention
i ncl ude, fcafxam;aerpbetassiumaydmmdeg(mﬁ)imtai adouble tyetaf cyamide DME) 2 t o about
4 hydroxyl (i OH) groups per nol ecul e, having a (nunber average)
mol ecul ar v@@M?t of from about 300 to about 10,000 , and which are

char acteri zed Dyofiraieble s 10f tid Bmapab SOrepaert indBhuoThese

polyester polyols are t one or nore aliphatic or
aromatic dllndudewylen@oxm addudbe rf hon-radudsag smlgaamap\drsuges t hereof, with

(ii) one or diols, triol 0 r. pol oIs of the
present i n\ﬂﬁﬂ"? Wes: ﬁi\%’ﬁp?fxﬁg‘v %\H’F(%&q?fgoﬁﬂﬁﬁé@ %ﬁ/de E’PQE S preferably
at least 25 oI yol s al so
typically ha@dyadr%n&bgi) @Uﬁtiggbts heﬁréiséégg'liﬁt @Pégé@ gogfer ably | ess
t han or equatutad oB9Buahasiniorexanadler aaster bitsatct, land @Ikyleqaanxide) 150. The
pol yest po| yol have an er an I n e n,apy. conbi nati on of
t hese L]gpe Jéﬁ’&t? gﬁé?ly6§$W&a'wﬁ?ﬁ& Lfsrl %089 a&} m@?ﬁ%%ﬁ 40, preferably
from25 to 300, |pistrafieCalR I%T'\@rcﬁ&ﬁé’aaaé?éﬂs%? doltheffoxyali€ines include,
¥
2011/ 155982PCT/ U82011/ 0010 hese pal yest er poI gol s typically

have a ( nurfbeexwel@@él)ylm @mleaaddmtg nf 1caf-ddwdr@91$>tro dlierabl y at
oorearty NOSRRRREL by e 2851 PRI 2
étgégog,r pr ef er ably4d ﬁSSahBaﬂSth)Qﬂbﬁi'odthBOﬂ,Q Oadilydmxgdecaier abl y | ess

2 glycerol, 1,2,4-tirhydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1-trimethyl-
olethane, 1,1,1-trimethylolpropane, pentaerythritol, caprolactone,
polycaprolactone, xylitol, arabitol, sorbitol, mannitol, and the like.

Other polyols which can be employed inciude the alkylene oxide
adducts of non-reducing sugars, wherein the alkoxides have from 2 to 4
25 carbon atoms. Non-reducing sugars and sugar derivatives include

sucrose, alkyl glycosides such as methyl glycoside, ethyl glucoside, etc.
glycol glucosides such as ethylene glycol glycoside, propylene glycol
glucoside, glycerol glucoside, 1,2,6-hexanetriol glucoside, etc. as well as
alkylene oxide adducts of the alkyl glycosides as disclosed in U.S. Patent
30 3,073,788, the disclosure of which is herein incorporated by reference.

Other suitable polyols include the polyphenols and preferably the alkylene



equal to 6000. The pol yester polyol may have a (nunber average) nol ecul ar
wei ght rangi ng between any conbi nati on of these upper and | ower val ues,

i ncl usi vayoaog/issdseom 300 to 10, 000, preferably from 50@ctrasd@@®doioand nore
preferably from 600 to 6000. 10Suitable.aliphatic dicarboxylic acids for
preparing the pol yester polyols herein include, for exanple, saturated or

unsat ur at ed, %1? EBdE&tﬁ tﬂe}e%%ﬁéreﬂﬂh%sﬂk%@ﬁ{e%% r’i‘é\?é“ﬁ!?ﬁmdz td QtUé?BB@ed’ or

CyC|IC mat er’i S sSuch as succinic taric acld, adi p1rc aci

pi mel i ¢ acigtonsub®mongahé olypHeriots adiah arfeusmtabdle anclutle, deeéxaropkci d,
sebacic acid, 1, 11-undecanedi oc 15acrd 1,12- dode nedi,oi ¢, aci d,

1, 4-cycl ohedigpencl 4. thisghenol &cicqnd ?Us?ﬁﬁ%?‘ioﬁé‘ﬁf HEN ) . .
1, 4- cycl o- Z,fexea ﬁgb%a{hléoﬁ?\ldlgcf‘ P&difls l&}rﬁjen%tl&ﬁﬁrl nLgt% UEZ%hGuQ' carboxylic

acids for prepari he pol yester po her ei , for exanple,
1,1, 1- pﬁopwféﬂclrcmobtpqdndsmddcrcéenhylrmhﬂﬂngtmme 1, 2tns(hydtaxy-aci d, etc.

Preferred al i phatic dicarboxylic. 20acids, arg succini i d Iu aric acid,
adi pi ¢ aci PhElY ; ?ngﬁ%s Cpﬁééﬁﬁﬁ 'O'BBrQ%F%OgY é}’ %r%&@‘? Wind/ or
pol ycar boxifaRekals gl ftaltiithyde ouRerdiBldey 8BS NALluGIrRCid 1 ez ephthal i ¢

acid, 1,2, 4, nzen tetracarboxyl i c acl et c. Anhydrides which may be
used i nst eddtrakis|(bgdroxgppenolisthanes, ete, for exanpl e, phthalic anhydride,

ht hal i I d :
Sui £ abl o i ol o aliF PRYISE PEUE SAELAER BLPIIRIRI IS M P BIEIE Shal o
pol ycaﬁgoxyéd. afe hid uébferw?asrsn%bas iR IE StiflemOb¥idks 1/eepbRy- ncl ude

conmpounds such as et hylene glycol, propylene glycol, butylene glycol, 1,3-
but anedi ol prnpaperﬂhel e@xybutaneii @t—dylbemé zgegmrpronam cﬁ?iyl aserefeyied |

30 hyl | | h h
Dot et hy ol FARHERE Setas: disortrasd, dfiftsinchid BEh e BPWBROSBRGIE' 100 o
2011/ 15598244 %@é&l Qi%%%?mcsghoﬂb %WXIH@'pth@bﬁé@ﬁl@o@@dcnﬂlsxéw es

thereof, etc. Preferred diols and triol's for preparing the pol yester
pol yol s ar eardidssirpblentor gisgdwreiret hyl ene gl ycol , butyl ene glycol, neopentyl

&Fﬁ?. géafr;ne;no)r( %'?%s@&?ﬁmﬁb ik Sop%r'fz%ﬁ" ég?ﬁ%gﬁ%%fgf%; %Bré’fs‘éw 0
ol ycapro AMesh. UM N - th a0 hades for
BO| ;acgt al ?ﬁ etc. |t gﬁou‘)gg’a geg org (?retcrgg{rggé? hat bl erﬁds oram xtures of

various usedx@mplel theise haynea fugétﬂonallt\deéfrpeuabwfe? & ﬁ’BGU%‘E MAre%Yr s are
opL L orel o THEFERN A Pl 5B, 37D G b aotf micecdiarever
weight of from about 300 to about 10,000 , and which are characterized by
20 an OH number of from about 20 to about 400. These polyester polyols
are the reaction products of (i) one or more aliphatic or aromatic
dicarboxylic or polycarboxylic acids, or anhydrides thereof, with (ii) one or
more diols, triols or polyols.
The polyester polyols of the present invention typically have an OH
25 number of at least 20, preferably at least 25 and most preferably at least
35. These polyester polyols also typically have an OH number of less than
or equal to 400, preferably less than or equal to 300 and more preferably
less than or equal to 150. The polyester polyol may have an OH number
ranging between any combination of these upper and lower values,
30 inclusive, e.g., from 20 to 40, preferably from 25 to 300, and more

preferably from 35 to 150.



t he pol yner polyols and process of preparing these polyner polyols.
Suitable prefornmed stabilizers include, for exanple, those which are known
in the arwoand/issastude without |imtation those descri bedTius2ath@oroef er ences
di scussed herein. Preferred preforned gtabilizers include those 15di scussed
in, for exanple, U S. Patents 4,148,840 (Shah), 5,196,476 (Sinroth),
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acid, etc. Anhydrides which may be used instead include compounds such
as, for example, phthalic anhydride, terephthalic anhydride, maleic
25 anhydride, succinic anhydride, etc.
Suitable diols and triols to be reacted with the dicarboxylic and/or
polycarboxylic acids in preparing the polyester polyols herein include
compounds such as ethylene glycol, propylene glycol, butylene glycol, 1,3-
butanediol, neopenty! glycol, diethylene glycol, dipropylene glycol,
30 triethylene glycol, tripropylene glycol, glycerol, trimethylolethane,

trimethyolpropane, pentanediol, hexanediol, heptanediol, 1,3- and 1,4-



(a) a macronol ecul e, macronmer or other suitable precursor stabilizer; (b) a
free radically polynerizable ethylenically unsaturated nononer, preferably
acryl oni twol2et1zissvsat | east one ot her ethyl eni cal |l y 25ungatrasatiedomenononer
copol ynmeri zabl e therewith; (c) a free rgadical polynerization initiator; (d)
optionally, a poI ymer control agent in which (a), (b), and (c) are sol uble,
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I ncl ude tho conpri sing ree ra pol'ymer i1 zatf on product of a free
radi cal | y pbdgsieed.zabl e et hyl enically unsat urated nononer, and an adduct of
a 15 al cohol hav'%gothe ay ra e formul.a: i s arRoI yval ent
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10 invention. It is, however, preferred that a preformed stabilizer is present in
the polymer polyols and process of preparing these polymer polyols.
Suitable preformed stabilizers include, for example, those which are
known in the art and include without limitation those described in the
references discussed herein. Preferred preformed stabilizers include those

15 discussed in, for example, U.S. Patents 4,148,840 (Shah), 5,196,476
(Simroth), 5,364,906 (Critchfield) 5,990,185 (Fogg), 6,013,731
(Holeschovsky et al), 6,455,603 (Fogg), and 7,179,882 (Adkins et al), the
disclosures of which are hereby incorporated by reference.

Suitable preformed stabilizers herein include those so-called

20 intermediates obtained by reacting a macromolecule with one or more
monomers (i.e. acrylonitrile, styrene, methyl methacrylate, etc.), to give a
copolymer (dispersion having a low solids content, e.g. < 25% or soluble
grafts, etc.). The macromolecule may be obtained by linkage of polyether
polyols through coupling with a material such as a polyisocyanate, epoxy

25 resin, etc. or by other means to produce a high molecular weight polyol.
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

30 polyol, either directly or indirectly, and havihg carbon-to-carbon double

bonds which are adequately reactive with the particular monomer system
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(c) a free radical polymerization initiator,
(d)  optionally, a polymer control agent in which (a), (b), and (c) are
soluble, but in which the resultant preformed stabilizer is essentially
insoluble;
30 and/or

(e)  optionally, one or more polyols.
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25 polyisocyanate.

Suitable compounds to be used as the macromolecule, the
macromer or the precursor stabilizer (i.e. component (a) above) include,
for example, compounds which contain reactive unsaturation (e.g.
acrylate, methacrylate, maleate, fumarate, isopropenylphenyl, vinyl silyl,
30 etc.), obtained by reacting compounds containing reactive unsaturation

with alcohols having the average formula A(OROX) 1. Examples include
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polymerizable. Some examples of suitable compounds include aliphatic
conjugated dienes, monovinylidene aromatic monomers, o,p-ethylenically

20 unsaturated carboxylic acids and esters thereof, o,p-ethylenically
unsaturated nitriles and amides, vinyl esters, vinyl ethers, vinyl ketones,
vinyl and vinylidene halides and a wide variety of other ethylenically
unsaturated materials which are copolymerizable with the aforementioned
monomeric adduct or reactive monomer. Such monomers are known in

25 polymer polyol chemistry. Mixtures of two or more of such monomers are
suitable herein.

Preferred monomers are the monovinylidene aromatic monomers,
particularly styrene, and the ethylenically unsaturated nitriles, particularly
acrylonitrile. In particular, it is preferred to utilize acrylonitrile with a

30 comonomer and to maintain a minimum of about 5 to 15 percent by weight

acrylonitrile in the system. Styrene is generally preferred as the
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upper and 25 [ ower values, inclusive, e.g. from20%to 65% by wei ght,

pr ef er abl y dzobis(Zokutysositdieh\2, deazmbis-(Zagethybutyrenitrie)aleteweagti@zet t he
pol ynmer po saolids.cont @r&%gaﬁ | ess t han
e

60% by wei lg#rrl‘p?rllbrﬁ%sl @Q r%&%?e?f §F b&@?@gg!ag{]ﬁ%? p{%seergéplea nt be | ess
than or equahhbPdaseitesS226 BIMPBLARS WHIBIS bird FrebasfTragild ?ﬁiuptsf’@s sol i ds
content be |less than or 30 equal to about 58% by weight, and nost
par t i c@lar | suitable Beesadicahpolymerizetipadnitatare fier ¢atalyang theapplymeequal to
about  55% bﬁ’olgl’\cﬁirgg&ion herein. Such catalysts are known in polymer polyol
chemistry. Also useful are catalysts having a satisfactory half-life within the
temperature ranges used to form the preformed stabilizer, i.e. the half-life
should be about 25 percent or less of the residence time in the reactor at
25 agiven temperature.
Suitable catalysts concentrations range from about 0.01 to about
2% by weight, preferably from about 0.05 to 1% by weight, and most
preferably 0.05 to 0.3% by weight, based on the total weight of the
components (i.e. 100% by weight of the PFS). The particular catalyst
30 concentration selected will usually be an optimum value considering all

factors, including costs.



WO 2011/ 155982PCT/ US2011/ 001027 -17- Suitable free-radical initiators
to be used as conponent (4) in the present invention include, for exanple,
any azo cwopoundsishat is free of nitrile groups. These ace/sbsio/oowberred to
herein as nitrile-free azo initiators.qfuitable exanples of such azo
conpounds which are free of 5nitrile groups include azocarboxylic acid

wherein 10r1, D SRERIer YR 1T ook eSO o pratpebebriral e, | I O

i ndependent(dyirswhitit cgmponsntsh@), dbpnd @) of stie pee-fdrnied stabilizer acg br anched
al kyls containing from1l to 9 carbon atons, preferably 1 to 4 carbon atons,
150pt i onal ISPlukIBsPyt intvdRichitne residtant prefoemedisdabilizeigémeanertigd from

hydr oxyl , %jsséﬁ{‘?@ng‘FFWe %Q%p%ngQWhéﬁtﬁ?éééd{e{hﬁ§ ma(;)2%s Sggtq%rﬁé?

cycl oal kyl s y substrTtuted w one of nore ents

?el e;:t ed f roomtrélageniCor alnkixture G potyntér edritrol \agenysi ruitdblesdmipmlumdgr oups;
iii1) aralkyls optijonally substituted with one or nmpre Cl1 to C6 al kyl, Cl

to C6 al ko>z9,b%§%§§fpoame'ha¢f8r<§@@6&ﬁ)§t a%ﬁﬂ!ig?'i‘% W&F’%P? REBE¢hnal | y

e onyt " SAnNARERRELRE FRRHERbI SR iaRUASER R, RS <01
| east one dfydréearbonbj ethersyrendrithie liquids RBIoRG-qls sse prgferrachbecause al i phati c
ring of their ease of stripping from the composition. The choice of mono-ol is
10  not narrowly critical, but it should not form two phases at reaction
conditions and it should be readily stripped from the final polymer/polyol.
The polyol components suitable as component (e) in the present
invention include typically the alkylene oxide adduct of A(OH)-3 described
above. Though the polyol used as component (e) can encompass the
15 variety of polyols described above, including the broader class of polyols
described in U.S. Patent 4,242,249, at column 7, line 39 through column
9, line 10, the disclosure of which is herein incorporated by reference, it is
preferred that the polyol component (e) be the same as or equivalent to
the polyol used in the formation of precursor used in preparing the
20 preformed stabilizer (PFS). Typically, the polyol need not be stripped off.
Because of the number of components, the variability of their
concentration in the feed, and the variability of the operating conditions of
temperature, pressure, and residence or reaction times, a substantial
choice of these is possible while still achieving the benefits of the
25 invention. Therefore, it is prudent to test particular combinations to confirm
the most suitable operating mode for producing a particular final polymer
polyol product.
The process for producing the preformed stabilizer is similar to the
process for making the polymer polyol. The temperature range is not
30 critical and may vary from about 80°C to about 150°C or perhaps greater,
the preferred range being from 115°C to 125°C The catalyst and



and R and R'may be identical or different and are independently 5

sel ected fromthe group consisting of hydrogen, and |inear or branched Cl
to Cl10 amopnafesmsbl y Cl1 to C4 aliphatic radicals. |In aecorusasamowet h the
present invention, it is preferred thajgRl, R2, R3 and R4 are each

i ndependently selected froma Cl to C4 al kyl group 10 that may be |inear or

branched, qgﬂwd%raﬁr’?%sﬁoufdaﬁé"s RAGREEGGNH e c%?él??t:rﬁsarggémdblgrr p or an

et hyl group eci |c exanples of su azo conmpounds t hat

are nitril eoffdmmpfudumwdhrrekﬂwdt -t3 tﬂemwbpsm@hutner @daetor for a
di et hyl-2, 2 azob|5|sobut rate, 2-methyl ethyl-2, 2'-azobi sisobutyrate,
di met hy1- 2 opntinyiges flow. f@@@Fﬂ)’l Qr tmsﬁﬁ?‘}ﬁ'm%ﬁm a séri-baich reactor.

di ethyl-2,2'-az

azobi s( 2- et hyl gmyr at g? C|E5\Ié] tgerﬁérég"hsa ﬁﬁéﬁbgya%ng%gg SI ggglﬁtyr ate,

di et hyl 62, Zhixedaeasics ¢oigt ya stieed (ﬂaekmll\sarrbalmtotlat/é)s Tehaomctms;dfi c aci d
esters desc j bed hereip is their | ow Itl poi nt pI?(;@| , the

azocar boxy|tNtS Pe Kegpit B?é’eﬂ% PYXtHES fe ﬁ@vegghﬁmog@é]e@%s P&y ans t hat
these are geparal High nidticiherlo FRRMMEFPAIGY Uich ad bl dBuiat Nese ar e

general |y easi er to isperse Int ase polyo an prior initiators such
as, for exaepttrs,axiodriesqll sbiinet moooimteriis ajided .a¢ theAbBinnigeopthepar at i on of

t hese azocarboxylic acid esters is by a 25 conventional two-step process in
whi ch the af?ﬁﬁﬁ‘rlle is first converted by reaction with an al cohol in the

presenggof HC Pl%fgfrﬁéérstétﬁﬁfér'dmhe‘N’r‘éé‘é’htflﬁvémuotnh@orﬁﬁi%@spondl ng azo

i mno ether hydrochloride | owed by hydrolysis in the presence of the
f or med HCl .dispersionisripitioe ddueniard aoy unreadtedwmonomed aswhidhettiei n, f or

| 544 EP 30 23058 U.,S. Patent
oD Suo RrAbTmed 3tblize" SroRRPEl RreSaRt Sl aNidaRLB RS Bat or ence.

Such ester%:‘gg s BF AROIOCLIES APERDIIBY, " IR theSuri¥ee of small polymer
2011/ 15598 /1 US2011/ 001027 -19- an azonitrile with an al cohol and

hydrochl or ipdstitlast he present of an aromatic solvent, in which the nolar

i HCl | h he al cahol _and > 3 wh
L2810 96,1, 10 SR FhbRo e Gt Sad B REsbly ShediBhend.r ° hn

i nvention, rﬁbﬁoﬂfh’eﬁf|||eec5hﬁﬂ>r\%?@§3ﬂh@ﬁb§éﬁt iAVENHGE FRINide, TorERaMbfe, Of from
about 0.05% by wei ght to about 0% b ht, based on 100% by wei ght of

total feedthesep rpﬁ@bé@@satmrﬁéedrmm@m@fs deseribes abeve with respestat or s

present in I a ast about
0. 05% by vvetlggﬁ p}% e@%t%tgﬁ%er;%%ffbl%%?cgisrbgrsgirng[u%{? %r/e%émb\% ght, and
nost pref eraiphgtiecohpgatedbiziesButh%dutadiiay andsspdens, 100% by wei ght of
t he total feed. As used herein, the phrase total feed refers to the total

amount 28f anon@dnw&eé\et%rOrwlqr@Opp@mséush@spr cpereflyl-stameeq(fantity of
the nitril G‘JJtﬁ?st%?»e' BhiorSLifehel cGaRBLtytehPhfid BroRbYty 78R8 o §- 0% by wei ght

or |ess,
ethylenncally unsaturated carboxylic acids and esters thereof such as

acrylic acid, methacrylic acid, methyl methacrylate, ethyl acrylate,
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, butyl actylate,

25 itaconic acid, maleic anhydride and the like; a,p-ethylenically unsaturated
nitriles and amides such as acrylonitrile, methacrylonitrile, acrylamide,
methacrylamide, N,N-dimethyl acrylamide, N-(dimethylamino-
methyl)acrylamide and the like; vinyl esters such as vinyl acetate; vinyl
ethers, vinyl ketones, vinyl and vinylidene halides as well as a wide variety

30 of other ethylenically unsaturated materials which are copolymerizable

with the aforementioned monomeric adduct or reactive monomer. It is



15 preferably about 1.5% by wei ght or |ess and nost preferably about 1.0%
by weight or less. These initiators are typically present in anounts

rangi ng bwowesmnssesg comnbi nati on of these upper and | owercraisa@sjooiont! usi ve,
e.g. from0.05%to 2.0% by weight, prefgrably fromO0.1%to 1.5% by weight,

nore preferably fromO.15%to 1.0% by wei ght, and rmst preferably from 20

2% to 0.8% t he total artlcul ar_cat al yst
concent  at | GIREIBEHBAt TR R AIS SHEeL o S AR eriBneU IR AGMER *f 2ot or s
into consi d@é%lé@@uhﬁlﬂé‘éﬂhﬁﬁyé@ﬁﬁ $nak|ng the p*@f@ﬁ@dz&t@ﬂuhzéheo}?%é’ﬁer pol yol
and the process of preparing @{e r polyol conprise a polynmer control
agent, i. eabsmepmﬁenme(re)thevnengwnu rtﬁamqtmmommerél Pa@@utaS|Yand t heir

ot orred 1 & aEng,Ank e Bued ety BhefCraed e e M ACHIRIVIC o)«

Typi cal by, aﬂ@'pféﬁarrréwmﬁb@boﬁﬁmmth@abpe@t%ﬂthé'pré@@nmbéﬁﬂdrﬁﬁt wei ght of
t he polyner poly Sui t abl e pol yner control agents and

processes fR)'ﬁfoF%i ?hablﬁé?ﬁﬂ athyérnieally wnfatnraied We'ﬁeﬂcﬁﬁle styienexanpl e,
U.S. Patent osltsgégruf’a%%fes g&g}?oﬁﬁﬁe, rﬁgfhgﬁﬁém% 7rr71$tr}a§:5;ﬁ%fe 699 and

6, 624, 209, e drsclosure e or porate y'reference.

Any of the vinj{iiens dhdride witrostytene ageratcsylmwnlbmetmg pahlcaldrr ei n, provided
it does not adversely affect the performance of the pol yner pol on Sone

exanpl es ofpf§tﬁrf%ﬂ'@nﬁm%’ﬁl al's to be used as pol ymer control agents include
conpoungs met ha’]f’s hat% e ﬁ)t‘?'ﬁ’trrlfeog@bse@ PSRRIt

sechut anol, tert- npen anol pen anol, ally

al cohol s, Jaﬁnb@dmtsemmh taahweowelgemeatumef stqréramm acvylonitrireg(S: AN} is from
dodecyl mer capt an, octadecyl nercaptan, ethane thiol, toluene thio etc.,

hal ogenat echr%rBQC?é} fRofd: uEPPrﬁé)reEerQb'erﬁ?rﬁ;ﬁ@% 7891 d8: 75ca'rh§§ﬁ
tetrachl ori Qﬁo? are Pﬁli‘?ﬂlgtf&aﬂ%@ﬁqoe(}%olyﬁ&e% ghaftﬁé rﬁrﬁe&es dé’frB @?%r ﬁgCh as

di et hyl am ne rie am ne use resent

i nvention, thenppkqgmdle‘es afcwhetbbr ﬂga/nd:ompnsqM@etHWerpcals}enmsaturaedarmunt of
from aﬁgut 0.1 to abouyt 10 \%yt r abl romabout 0.2 to about 5
wt . % sed“%?f’omfést%tta? P %rﬁf'e%ﬁtalbr\' Eﬁﬂey%l'nv IPBr to stripping).

Pr ef d I t t but |,
e ogg st 01

tol uene and et hy mer p S are prefera produced by
utilizing @resentronbenpolynocemppdlyols cmmprdsimmacprel-fsrmdr&tablheelr ishr oughout the

reaction mxture during.the s is achiev by, e Ioing
condi t 1 ons RIFEFaGY gt 2t R 2DER DR aeiaht srore BB DA BRI oLt
practice, agypwy rWél@ﬁ?raﬁdOmB@{ Pﬂéfefaﬁly gt leasiBbolLEs 5% by we@mebé@é@ of a
conti nuous 250 er ation, con t he tenperature and m X ng

condi t 8ns.on 100% byh ‘detgtlfrpéitm polymerprmyols e geantity oflethyldnically vary from

bout 80C t 40C h r eat t h d bei ng f
120°C to 1 3hBRRted enoHe el BRE Rt R, PaybeE BBl e Rt B e at ure |
shoul d be s@loeEb8% §g widigtit éhes§arhe+elﬁﬁemﬁéb|@af RAE0BBBLESON By Of

deconposition 30 with respect to the up tinme in the reactor for a
cont i nuous Weight erdgss oﬁherpqlweer eolydls atthecpreseptinveption fypicaliyt bas WO

L hoee bt oA Eds HenienBhaG bétipan.any soMBiTAE Sk BRI IphR BB, LT o

aut ocl 2ge) .lowdevalasstintrisiie, g SrdmBD% a8 B5Uh Oy vesight, phefdrabiyfromel ati vel y
honpgeneous and so prevent local i zed hi gh mononer to polyol ratios such as

occur in t 393 i@ 6P&nby wyeight, based on the total weight of the polymer polyol. It
is more preferred that the solids content be less than 60% by weight, more

particularly preferred that the solids content be less than or equal to about
59% by weight, most preferred that the solids content be less than or
30 equal to about 58% by weight, and most particularly preferred that the

solids content be less than or equal to about 55% by weight.



5 when such reactors are operated with all the nononmer added to the

begi nning of the reactor. The pol yner pol yols of the present

i nvent i orwoanprisss2di spersi ons in which the pol ymer par tctlussoliob®2sane
being either individual particles or agglonerates of individual particles)
are relatively small in size and, in the 10 preferred enbodi nent, have a

wei ght average size less tha bout, ten m crons. However en . hi gh
contents of st yrgHga%{?zr%@ﬂacﬁﬂ@Hﬁ%ﬂr? it?:géé"sﬁdls?s f%’ﬁ‘&%&“bgﬂ'%@%r; but the
resul ting pﬁe&éé’ﬁf inRehbiGH ﬁ)c@tﬁdé,hbgéké{mkﬁee,fawwaz!@éérhﬁblhﬁﬁ|tHatVi’_§We% éthe end use
application requires as little scorch as possible. 15Fol | ow ng

pol yneri zathitiite graups. iThesemretadlso eefesreditn hexein asindrilesdfrse agei dues of

£, | | tri d f h duct h t hod of
Vacaum di Nt EoR Ut s of Seb e pplngY whith 2 ffes P > ©
evapor atsor . pirile ghsugy RrIdecszsdppshyRHoid akter@wHidte correspéid vt 100%
w Il pass through the filter enployed in the 150 nesh filtration

20hi ndr ancefopiulaflr abi lity) test that will be described in conjunction with
t he Exanples. This ensures th t he ponms,_r2 pol yol products can be
successful |y processedpjn all [fypes of the|felatively sophisticated nmachine
systens now in use for rge Vol unme produclion (Sol yur et hane products,

i ncl udi ng those enpl oyi ngCImp NypeCmx whi ch necessitate the
25use of filters that cafinot tlol erate any éignifidaﬁf amount of relatively
| arge particles (i.e.R®Q0 m cRrgns) . e follow ng anpl es further
illustrate details for the preparation and use of the conpositions of this
i nvention. The invention, which is set forth in the foregoi ng discl osure,
is not to be limted either in spirit or scope 30by these exanples. Those
skilled in wheregmit will readily understand that known variations of the

conditigns and processes of the follow ng . 2011/ 982PCT/ US2011/ 001027
-22- prifarati veﬁpﬁ%@ﬁﬁ@%an be uS&Y 8%'#’)&5"&?8" %ﬁ%@nt&ﬂﬂ)ﬁg? i ons.
Unl ess otherw se noted, all tenperaty R8eERdERE) SERcled] fbMSthatoap! Parts

C
and percentages are parts by wei ght and percentages by wei ght,
respectively. 5EXAMPLES The fol | owi ngnsistipgoé() inear er brapdghed alkyds

exanpl es: Polvo' A: A propyl ene oxide _adduct qof glycerin, containing 12%
et hyl ene oxi de with a hydroxyl numepoﬁg'wgnggﬂé"é FRERN &9 %xi de adduct

of sorbitol, containing 8% ethylene gidfdpanM thtoa Bxfopxatoriyinber of 28.
Pol yol C: A propyl ene oxi de adduct of sorbitol, containing 16% ethyl ene
oxi de Wit h a hydroxyl nunber of 28. optionally substituted with one or more
substituents selected from hydroxyl, C+
to Cg alkoxy and halogen substituents;
(ii) Cs to Cy2 cycloalkyls, optionally
substituted with one or more
20 ‘ substituents selected from C4 to Cg alky],
C1 to Cs alkoxy, hydroxyl and halo
groups; (iii) aralkyls optionally
substituted with one or more C4 to Cg
alkyl, C, to Cg alkoxy, hydroxyl and halo
25 groups; and (iv) aryls optionally
| substituted with one or more
substituents selected from C4 to Cs

alkoxy, hydroxyl and halo groups; with at



Pol vol D: A propyl ene oxi de adduct of glycerin, containing 12% 15et hyl ene
oxi de with a hydroxyl nunber of 52. Polvol E: A propyl ene oxide adduct of
gl yceri n,woantizismsag 20% et hyl ene oxi de with a hydroxyl powndses110610356.
Pol vo! F: A propyl ene oxi de/ et hyl ene oxqgle adduct of glycerin and sorbitol
contai ning 18% et hyl ene oxide with a hydroxyl 20nunmber of 32.
PCA: | sopropanol, a polyner control a ’ r ’ W=
TM : | sopropenyl di met hyl benzyl i soc%&?gé?ﬁéﬁﬁ%ﬁggﬁﬁﬁ!%ﬂg al ?:%héarﬁ c
i socyanate) which is comrercially av&i;lRppessitsly Todnging2hf aliphabict g,
I ndustries Initiator A 2,2'-Azobis(2-nethylbutyronitrile), a free-radical
pol yneri zati on i#d i ator comercial | y avail able as VAZO 67 fromE.|l. Du
Pont de Nenours g » I nitl 4 - | S i b a
free-radical polr?/i%rqc?at [ o}rrlj%g%ér)u[dﬁlﬁg? %'rzorcc{)}ﬁmer@rr@ iazllewga{@glél*%ﬁ%ﬁgs VAZO 64
fromE Bb. Du Pont de Nenpuseleeted fiom theZfteup cohsisting of hydrogen, and
C. D nethyl-2,2' -azobis(isobutyrate), a free-radical I rization
initiator commercially avaiNef¥ kanckea Cn rt%r?lﬂl\@ﬁg %E%rfggglb F‘h{:ﬁi at or
D:Diethyl-2,2" -azobi s(i SObé'ﬁr%H%FerEdi ree-radical polynerization

a

Sinitiator conmercially aval e as B fromArkema. Initiator

E:tert-Butyl perloxdoterdande with thelipcedernahyerdionz ittis preferredithabR;, Ra,
iall i) :

cormerct a 3 gr\/ 'Rﬁa%eeafc erq]depgcrerqé‘enntwasréggtleld flr‘oLr%a C, to C4 alkyl group

10 that may be linear or branched, and R’ and R” each independently
represent a methyl group or an ethyl group.

Some specific examples of suitable azo compounds that are nitrile
free include dimethyl-2,2’-azobisisobutyrate, diethyl-2,2’-azobisisobutyrate,
2-methylethyl-2,2’-azobisisobutyrate, dimethyl-2,2'-azobis(2-methyl-

15  butyrate), diethyl-2,2'-azobis(2-methylbutyrate), 2-methylethyl-2,2'-
azobis(2-methylbutyrate). Preferred are dimethyl-2,2'-azobisisobutyrate,
diethyl-2,2’-azobisisobutyrate.

One advantage of the azocarboxylic acid esters described herein is
their low melting point. Typically, these azocarboxylic acid esters have

20 melting points below 27°C which means that these are generally liquids at
room temperature. As liquids, these are generally easier to disperse in the
base polyol than prior initiators such as, for example,
azobis(isobutyronitrile), i.e. AIBN.

The preparation of these azocarboxylic acid esters is by a

25 conventional two-step process in which the azonitrile is first converted by
reaction with an alcohol in the present of HCI by the Pinner reaction, which
forms the corresponding azo imino ether hydrochloride, followed by
hydrolysis in the presence of the formed HCI. Other improved processes

| are known and described in, for example, DE 2254472, EP 80275 and EP
30 230586, and in U.S. Patent 4,950,742, the disclosure of which is hereby

incorporated by reference. Such esters may also be prepared by reacting



DEOA- LF: Di et hanol am ne, a commercially avail able foam crosslinker/foam
nodi fier fromAi r Products 10DC 5043:a silicone surfactant, commercially
avai | abl ewbromviAses2Pr oduct s as DC 5043 33LV: 1, 4- Et hyl enepirsea@zionm27
catal yst, commercially available from#@r Products as DABCO 33LV N AX
A-1: Ami ne catal yst cormerci ally avail able from Monentive 15Performance

Materials as N Dl Tpl nat e. cont ai nin bout 80% by

wei gt o ansaseni Bitbean, aFolBnd by IR P S eRER S R s ooy

Vi scosi ty: AreafitictdobferiteinawRRAIHE PolBY ratld dNHentd aponitilsSiabingrenvi sconet er
(nPa.s at 25 C) FiltrationFilterability was determ ned by diluting one part
by Hi ndrand‘@&ﬂé\a@ﬁi issthealeolid and 2Govberet)anst apel igeer alsbhols are. e.
filterabili :with two parts by wei ght anhydrous isopropanol (e.g. 400
grans) tor ve any viscosity-inposed 25limtations and using a fixed

quantitg of natanizcofcdriid With tife Eréééﬁt%\@rﬁ)@ﬁ &@hhmeake@a@@ of screen
(e.g. 1 1/8 in. diameter), such that all of t he pol yol and

i sopr opﬁnolln@@t%ﬁ 26 SR dr agyPOUIe of frpm RbeuLd. Oé%_é(ﬂ Weight t@cﬁ‘@f%ﬁ The
150- 3 105 WO
2011/ 15508 A0k REIBidhtcBAET b A bYdcloRt 8 /R B8 TOBRBAY, O 102, s

squar e- meslprecese Thechmoant Beaitiledreclago aitators pfeserﬁ ib{thepotaymer resi due
left in the 150- nesh screen after air dr resi dual sol vent, 5neasured

in ppm CalRalyraeenolg! {erd) ixBieie@biyat lﬁ@sgﬁb%ﬁ@ O&e Y maaht g)grex 106
10 preferably at least about 0.10% by weight, and most preferably at least

about 0.15% by weight, based on 100% by weight of the total feed. As

used herein, the phrase total feed refers to the total amount of all

components fed to prepare the polymer polyol. The quantity of the nitrile-
free azo initiators present is preferably about 2.0% by weight or less, more
15  preferably about 1.5% by weight or less and most preferably about 1.0%
by weight or less. These initiators are typically present in amounts ranging
between any combination of these upper and lower values, inclusive, e.g.
from 0.05% to 2.0% by weight, preferably from 0.1% to 1.5% by weight,
more preferably from 0.15% to 1.0% by weight, and most preferably from
20 0.2% to 0.8% by weight, based on the total feed. The particular catalyst
concentration selected will usually be an optimum value, taking all factors
into consideration including costs.
In addition, the polymer polyol and the process of preparing the
polymer polyol comprise a polymer control agent, i.e. component (5). The
25 use of polymer control agents and their nature is known in the art. Polymer
control agents are also commonly referred to as molecular weight
regulators and/or reaction moderators. Typically, polymer control agents

serve to control the molecular weight of the polymer polyol.



GENERAL PROCEDURE FOR MACROVER PREPARATION: a glycerine initiated

pol yet her of propyl ene oxi de capped with ethyl ene oxide containing 13%

et hyl ene wwi2de/1skmei ng a hydroxyl nunber of 19, and an moFaisee@wdwma’ cont ent
of 0.097 nmeq/g (see Dispersant 5 of U. Patent 4, 837,246. Prepared by
heating Pol yol B (100 parts), TM (2 parts), and 100 ppm stannous octoate

catalyst at 75C for 2 hours. Prepared by heating Poi)fyol Céloo arts), T™M
(2 parts), MDI (2uitablepolymeneonisel gants aad RsaceRasdar thenpanrAetion 75C for

2 hours. (jﬁy%rgmggg%gmgﬁ%ﬁpﬁeoéyngé 4 Y5893 COVPARI SN

EXAMPLES 1 recharge was sS reactor under nitrogen
and 25 heat4d1968628,463,T08, HERYM74 8 th688mndf @684, 205, ¢heunped into the

our 1 he. rRUSSIRRAES A AUMER ave Rty Sieormsated Bk e BrN G Alce! emoved 1rom
55, "S5 RIS LR) iRt g 4l MoviRd fgosenier o
Pol yol A 1adversalyaffeet the gerfermangobf thecpblpuiey polysl 5Vome exdroplesaf see
Table 2 I\/bns%i a[)IeFr%%?erials to be used as polymer control agents include
compounds methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-
butanol, tert-butanol, n-pentanol, 2-pentanol, 3-pentanol, allyl alcohols,
10 toluene, ethylbenzene, mercaptans including, e.g. dodecylmercaptan,
octadecylmercaptan, ethane thiol, toluene thiol, etc., halogenated
hydrocarbons such as, e.g. methylene chloride, carbon tetrachloride,
carbon tetrabromide, chloroform, etc., amines such as diethylamine,
triethylamine, enol-ethers, etc. If used in the present invention, a polymer
15  control agent is typically present in an amount of from about 0.1 to about
10 wt.%, more preferably from about 0.2 to about 5 wt.%, based on the
total weight of the polymer polyol (prior to stripping).
Preferred polymer control agents are ethanol, isopropanol, tert-
butanol, toluene and ethylbenzene.
20 The polymer polyols are preferably produced by utilizing a low
monomer to polyol ratio which is maintained throughout the reaction
mixture during the process. This is achieved by employing conditions that
provide rapid conversion of monomer to polymer. In practice, a low
monomer to polyol ratio is maintained, in the case of a continuous
25 operation, by control of the temperature and mixing conditions.
The temperature range is not critical and may vary from about 80°C
to about 140°C or perhaps greater, the preferred range being from 115 °C
to 125 °C. As has been noted herein, the catalyst and temperature should
be selected so that the catalyst has a reasonable rate of decomposition
30 with respect to the hold-up time in the reactor for a continuous flow reactor

or the feed time for a semi-batch reactor.



Styrene 17.41 Acrylonitrile 7.46 5 The sem batch feed as set forth in
Table 1 was used for each of Conparative Exanples 1-4. The initiator for
each exampbeplizisssthe respective anount of initiator, i ®crdsedidomd7in
Table 2. As shown in Table 2, Conparatjye Exanples 1-4 illustrate that both
Initiator C (i.e. azoester V601) and Initiator D (azoester DEAB) in a

e P A e i TSR b Pl bR B o 1
Toa cel LY, e 6 o s ansheclnd ook ioms o
Conpar at i vdyE &epp dise reaction mixtyrg r%)atim\cbggtoggoﬁbus gyr?dﬁa;z gf@/ﬁnResi dﬁgp =
(ppm 1 A( qbg’aq?ze]dqwqgh %102no gr ?‘oga)olyol ratios such as occur in tubular reactors
5 when such reactors are operated with all the monomer added to the
beginning of the reactor.
The polymer polyols of the present invention comprise dispersions
in which the polymer particles (the same being either individual particles or
agglomerates of individual particles) are relatively small in size and, in the
10 preferred embodiment, have a weight average size less than about ten
microns. However, when high contents of styrene are used, the particles
will tend to be larger; but the resulting polymer polyols are highly useful,
particularly where the end use application requires as little scorch as
possible.
15 Following polymerization, volatile constituents, in particular any
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. In the preferred embodiment, all of the product (viz.
100%) will pass through the filter employed in the 150 mesh filtration
20 hindrance (filterability) test that will be described in conjunction with the
Examples. This ensures that the polymer polyol products can be
successfully processed in all types of the relatively sophisticated machine
systems now in use for large volume production of polyurethane products,
including those employing impingement-type mixing which necessitate the
25 use of filters that cannot tolerate any significant amount of relatively large
particles (i.e. >30 microns).
The following examples further illustrate details for the preparation
and use of the compositions of this invention. The invention, which is set
forth in the foregoing disclosure, is not to be limited either in spirit or scope
30 by these examples. Those skilled in the art will readily understand that

known variations of the conditions and processes of the following
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2011/ 155982PCT/ US2011/ 001027 -26- GENERAL PROCEDURE FOR PREFORMED

STABI LI ZBRO(2PHAS59SPREPARATI ON: The pre-formed st alpciriusesis/o(i®eEs A and
PFS B) were prepared in a two-stage r tion system conprising a

continuously-stirred tank reactor 5( ) fitted wwth an inpeller and 4
baffles (first-stage) and a plug-flow,reactor (,second stage). The residence
time in eaﬂepé?éwgﬂrﬂﬁ%ggﬁﬁlﬁarg@e HPRA AR OreRdlE tﬁgﬁ%{sgmpsos\%gng. punped

conti nuouslyn(e8s bifervirChdted, B Temperfatupdyard dégreel GélsiuR-dridgll static m xer
and then through a feed tube into the reactor, which was well m xed. The

t enper at ur gasts amkpeegrtages a®e pants byoveigbt anthpetansages by »@ghtthe product
fromthe second-st:fl e reactor overflowed continuously through a pressure
regul at or cf@?%ﬂ@’&ﬁo control the pressure in each stage at 65 psig. The
productg i.e. the prefornmed stabil gxgamPLBESN passed through a cool er and
into a collection vessel. The preformed stabilizer forpulation is disclosed
in Table 3. 15 Tem llowing spmpanents were Lsed ittheeampPles:  PFS A PFS B PCA

type :
Polyol A: A propylene oxide adduct of glycerin, containing 12%
ethylene oxide with a hydroxyl number of 48.
10 Polyol B: A propylene oxide adduct of sorbitol, containing 8% ethylene
oxide with a hydroxyl number of 28.
Polyol C: A propylene oxide adduct of sorbitol, containing 16%
ethylene oxide with a hydroxyl number of 28.
Polyol D: A propylene oxide adduct of glycerin, containing 12%
15 ethylene oxide with a hydroxyl number of 52.
Polyol E: A propylene oxide adduct of glycerin, containing 20%
ethylene oxide with a hydroxyl number of 36.
Polyol F: A propylene oxide/ethylene oxide adduct of glycerin and
sorbitol containing 18% ethylene oxide with a hydroxyl
20 number of 32.

PCA: Isopropanol, a polymer control agent
SAN: Styrene:acrylonitrile
TMI: Isopropenyl dimethyl benzyl isocyanate (an unsaturated
aliphatic isocyanate) which is commercially available as ™I®
25 from Cytec Industries

Initiator A:  2,2'-Azobis(2-methylbutyronitrile), a free-radical
polymerization initiator commercially available as VAZO 67
from E.I. Du Pont de Nemours and Co.

Initiator B:  2,2'-Azobisisobutyronitrile, a free-radical polymerization

30 initiator commercially available as VAZO 64 from E.|. Du

Pont de Nemours and Co.



| sopr opanol
Macr oner

Macr oner

| sopr opanol
2 Macroner 3 Macroner concentration in feed, wt-% 10 -

PCA concentration in feed, wt-%30 - 80% 30 - 80%

40% 10 - wWO%iMbisssser s* concentration in feed, wt-% 10 - p8RAGSEI@1/00190%0

Initiator

E concentrati on,

w- 0.1 - 0.1 - 2% *SAN = 50/50 20In the

preformed stabilizer conposition described above, the wt.% concentrations

are based on.th tal.. feed 2 -27-
Inltltatgrézo ablmgt%yl-Z,ZV\-gzo fls{s%ggt%aztggé Hgé(-)r%\ {c% 1027 -27

10

15

20

25

30

Initiator D:

Initiator E:

DEOA-LF:

DC 5043:

33LV:

NIAX A-1:

-

Viscosity:

Filtration

Hindrance
(i.e. filterability):

polymerization initiator commercially available as V601 from
Wako Chemical.

Diethyl-2,2'-azobis(isobutyrate), a free-radical polymerization
initiator commercially available as DEAB from Arkema.
tert-Butyl peroxide, a free-radical polymerization initiator,
commercially available from Pergan Marshall LLC.
Diethanolamine, a commercially available foam
crosslinker/foam modifier from Air Products

a silicone surfactant, commercially available from Air
Products as DC 5043

1,4-Ethylenepiperazine catalyst, commercially available from
Air Products as DABCO 33LV

Amine catalyst, commercially available from Momentive
Performance Materials as NIAX A-1

Toluene diisocyanate containing about 80% by weight of the
2,4-isomer and about 20% by weight of the 2,6-isomer

Viscosities were measured by an Anton-Parr
Stabinger viscometer (mPa.s at 25 °C)

Filterability was determined by diluting one part by
weight sample (e.g. 200 grams) of polymer polyol
with two parts by weight anhydrous isopropanol (e.g.

400 grams) to remove any viscosity-imposed
limitations and using a fixed quantity of material
relative to a fixed cross-sectional area of screen (e.g.
1 1/8 in. diameter), such that all of the polymer polyol
and isopropanol solutions passes by gravity through a
150-mesh screen. The 150-mesh screen has a

square mesh with average mesh opening of 105



POLYMER POLYOL PREPARATI ON: (used in Exanples 5- 11) This series of
exanples relates to the preparation of polyner polyols. The pol yner polyols
wer e prepaoadili/1sses2t wo- st age reacti on system conpri Si ngPaT/uS2011/001027
continuously-stirred tank reactor (CSTR) fitted with 5an inpeller and 4
baffles (first-stage) and a plug-flow reactor (second stage). The residence
time in each reactor was about 60 ut eg acta wer e

conti nuously from feed tanWéC"PHF(ﬁJ"& %taf‘pﬁé‘j iyéﬁ Eé@ﬁﬂﬂﬁreaﬁlfnﬁ?‘hen
through a feed tube into t§gekegactor, which was well mxed. Table 4
illustrates the basic feed corrpositions whi ch were used to 10 prepare

pol ymer polRaymeAResidue BlThBmetBﬁVﬁblemolymet resgidhee fhin theot®l-ti es and
ot her characteristics of the ol 1. B2 and B3 are set
forth in Exanpl es 5-9 of T‘E‘rﬁsg ﬁ‘ﬁéﬁ‘élf‘ﬂrrgAéPaF AVERbetion nixture
was congrolled at 115C Thﬁle@%gﬂétﬁn ;B;SrﬂmGéléu@?é‘d)Bﬁ(ﬁf PSR i€ BN of

overfl owed continuously through a pressure regulator 15 designed to control
the pressure in each stageundiluied F8VIGO (@hex AP0duct, i.e. the pol yner

pol yol, then passed through a cooler and into a collection vessel. Typi cal
run time for a PMPO was about 19 hours. The crude product was vacuum
stripped t GERFRAL PRGCEDYRE FORWABROMER PREPERRATIONIe product was

cal cul ated Tromthe concenirations of nonomers 20 neasured in the crude

pol ymer polMacromsgrate st ri @@lyegringtaitiptest pelyethes oipropylens oxes A and PFS

B) descpi bed above were us 3 in
Tabl e 5lband Table 5. In Taﬁéj%ée:fj Wgﬁ%ﬁggyp%q&qﬂ%énféﬁfé |%}%dpa(%pl es
whi ch are representative o{,x.aéehg\p.a?g Ifdrbke mfmbe@@mmbﬁs 6, 8 and 9
are representative of the 25presently clainmed invention.

2011/ 155982PCT/ US2011/ 0010@rsatagationggprient offd09ienewsl (Sep @éﬁ@@ﬁnﬁu ons:
PMPO Al A2 BI B2 B3 Pol yol s (yif BaldR- 287 D4645- 93) E (52.11) E (52.11)

Macromer 2: Prepared by heating Polyol B (100 parts), TMI (2

15 parts), and 100 ppm stannous octoate catalyst at
75°C for 2 hours.

Macromer 3: Preparéd by heating Polyol C (100 parts), TMI (2

parts), MDI (1.5 parts) and 100 ppm stannous octoate
catalyst at 75°C for 2 hours.
20
GENERAL PROCEDURE SEMIBATCH PMPO PREPARATION FOR
COMPARISON EXAMPLES 1-4:

The precharge was placed in a 3L glass reactor under nitrogen and

25 heated to 125 °C. The polyol and monomer feeds were pumped into the
reactor over 4 hours. The reaction mixture was digested at 125 °C for 1
hour, the residual monomers vacuum stripped, and the product removed
from the reactor to give a white liquid polyol with a total solids content of
25%.

30



E (52.11) PFS (W% A (5.84) A (5.84) B (6.92) B (6.92) B (6.92)

Initiator

(W% B (0.25) C (0.25) B (0.29) C (0.29) C (0.20) styrene (wt% 31.23
31.23 25.w6 280/1880825. 76 ACN (Wt %9 16. 75 16.75 14.92 14. 92T1A%282/001027

10

15
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Table 1. Semibatch PMPO Feeds

Wt% of Total
Feed
Precharge
Polyol A 12.31
Macromer 1 3.16
Polyol Feed
Polyol A 59.27
Initiator see Table 2
Monomer Feed
Styrene 17.41
Acrylonitrile 7.46

The semibatch feed as set forth in Table 1 was used for each of

Comparative Examples 1-4. The initiator for each example, and the

respective amount of initiator, is identified in Table 2. As shown in Table 2,

Comparative Examples 1-4 illustrate that both Initiator C (i.e. azoester
V601) and Initiator D (azoester DEAB) in a semibatch PMPO process

result in poor quality product compared to the VAZO 67 control, as

determined by the Polymer Residue concentration. Typically, the amount

of Polymer Residue present after filtration using a 150 mesh screen

should be below 5 ppm.

Table 2. Semibatch PMPO Examples

Comparative Initiator Viscosity Polymer
Examples (wt%) (mPa.s) Residue (ppm
1 A (0.39) 1805 3
2 C (0.39) 1765 17
3 C (0.30) 1698 32
4 D (0.35) 1744 21




%lotal Solids 50 50 43 43 43 5 Table 5. Pol yner Pol vol Exanples Exanple
PMPO I nitiator (w% Viscosity (nPa.$) Polynmer Residue(ppn) 5 Al B (0.25)
5623 0 6 WO 2@11(1B593) PCT/US2011/001027
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GENERAL PROCEDURE FOR PREFORMED STABILIZER (PFS)

PREPARATION:
The pre-formed stabilizers (PFS A and PFS B) were prepared in a

two-stage reaction system comprising a continuously-stirred tank reactor
5 (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 reactor, which was well mixed. The temperature of the reaction

10  mixture was controlled at 120°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 preformed stabilizer formulation is disclosed in Table 3.

15

Table 3. Preformed Stabilizer Composition:

PFS A PFS B
PCA type Isopropanol Isopropanol
PCA 30 - 80% 30-80%
concentration in
feed, wt-%
Macromer Macromer 2 Macromer 3
Macromer 10 - 40% 10 - 40%
concentration in
feed, wt-%
Monomers* 10 - 30% 10 - 30%
concentration in
feed, wt-%
Initiator E 0.1-2% 0.1-2%
concentration, wt-
%

*SAN = 50/50

20 Inthe preformed stabilizer composition described above, the wt.%
concentrations are based on the total feed.



5498 0 7 B1 B(0.29) 5551 2 8 B2 C (0.29) 5396 0 9 B3 C (0.20) 5239 2
Exanples 5-9 illustrate that, contrary to the sem batch exanples 1- 10 4,
use of | mnwoizatiorssg82(i.e. V601) does not | ead to poorer aqualustyr1/Bdfeey as
determ ned by Polymer Residue. Exanpleyé was as good as control Exanple 5
in terms of the amobunt of Pol ynmer Residue, and better than control Exanple

5int ' . 8 9 d trol
Bxampl o 7 1 ROLYMER F6LRD pEREARATIBN Rust B rardles £ 200 bet ror “than

control Exanpl e ThisiyeriRsBY é%farﬁd]ésYéléféésfott}ﬁe ﬁébhf&fdﬁ%f?olﬁﬁé@' es 10 and
11 in Table 6 clearly illustrate that use of Initiator actual ly i'nproves

the PMPO prpajgsls. The palyinet pelyol were Qrepared ims taotdage eeaqt'@nr un the sane
DT 00es e o e i8S e B BTEL e Pkt e etdr TERARY AR with™ 2
5 animpeller 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. Table 4 illustrates the basic feed compositions which were used to

10 prepare polymer polyols A1, A2, B1, B2 and B3 as set forth therein.
Properties and other characteristics of the Polymer Polyols A1, A2, B1, B2
and B3 are set forth in Examples 5-9 of Table 5. The temperature of the
reaction mixture was controlled at 115°C. The product from the second-
stage reactor overflowed continuously through a pressure regulator

15 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. Typical run time for a PMPO was about 19 hours. The crude
product was vacuum stripped to remove volatiles. The wt-% total polymer
in the product was calculated from the concentrations of monomers

20 measured in the crude polymer polyol before stripping. The preformed
stabilizers (PFS A and PFS B) described above were used to produce
PMPOs A1, A2, B1, B2 and B3 in Table 4 and Table 5. In Table 5,
Examples 5 and 7 are control examples which are representative of the
state of the art, and Examples 6, 8 and 9 are representative of the

25 presently claimed invention.



-29- opposed to a typical 19 hour run (as shown above in Exanples 5 and 6).
After 42 hours, the run in Exanple 10 shut down due to pol yner buil dup. The
run i n Basopba/isisseonti nued for the entire 67 hours w tirowtusseignoforTant

pol ymer buil dup. This provides evidencggthat Initiator Csignificantly 5
reduced reactor polyner fouling. In addition to Initiator Cleading to

| ower viscosity PMPO, there is a significant advantage due to decreased
reactor fouling which permits |Ionger runs. Table 6. Extended Run Results
for PMPO A Thble Bx aPolyend OPEKONT empbsitivhsat or B C Run Tinme (h) 42 67*

*Run manual Ty stopped. No significant polymer build-up. It was also found
that use of lnitiator C (i.e V601) i raoved the praonerties_of the foam

produced f{MMPOne PNPO. Ahe basi cARoam|forBdl ation B2 sef 18B3ortlh bel ow in
Table 7. The specifijc PMPOis|identified in Table 8 for each of Hxanples
12-14. Exdmgipsl 12- 14D @2e93pbire (48.96) | &(521 €) { ©(52p1pyEngat1 1) f oam
propertieg (wepar gq to the cont rol PMPD (i.e. Exanple 7 {n Table {5), which
ggﬁd | ni t i[PEE ok -5 A Y589) OV A (58Y)E | 7B (FTP) TOBNBISH P'B ¢&.ggprponent
P PMPO M nitiator B(0.25) | C(0.25) | B(0.29) | C(0.29) | C (0.20)

(Wt%)

Styrene 31.23 31.23 25.76 25.76 25.76

(Wt%)

ACN (Wt%) 16.75 16.75 14.92 14.92 14.92

%Total 50 50 43 43 43

Solids

5

Table 5. Polymer Polyol Examples

Example PMPO Initiator Viscosity Polymer
(Wt%) (mPa.s) Residue(ppm)
5 A1 B (0.25) 5623 0
6 A2 C (0.25) 5498 0
7 B1 B (0.29) 5551 2
8 B2 C (0.29) 5396 0
9 B3 C (0.20) 5239 2

Examples 5-9 illustrate that, contrary to the semibatch examples 1-
10 4, use of Initiator C (i.e. V601) does not lead to poorer quality PMPO as
determined by Polymer Residue. Example 6 was as good as control
Example 5 in terms of the amount of Polymer Residue, and better than
control Example 5 in terms of the viscosity; and Examples 8 and 9 were as
good as control Example 7 in terms of the amount of Polymer Residue,
15 and better than control Example 7 in terms of the viscosity.
Furthermore, Examples 10 and 11 in Table 6 clearly illustrate that
use of Initiator C actually improves the PMPO process. In Examples 10
and 11, it was attempted to run the same processes as described above in

Examples 5 and 6, respectively, in a continuous manner for 67 hours, as
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opposed to a typical 19 hour run (as shown above in Examples 5 and 6).
After 42 hours, the run in Example 10 shut down due to polymer buildup.
The run in Example 11 continued for the entire 67 hours without significant
polymer buildup. This provides evidencé that Initiator C significantly

5 reduced reactor polymer fouling. In addition to Initiator C leading to lower
viscosity PMPO, there is a significant advantage due to decreased reactor

fouling which permits longer runs.

Table 6. Extended Run Results for PMPO A

10
Example 10 Example 11
Initiator B C
Run Time (h) 42 67"

*Run manually stopped. No significant polymer build-up.

It was also found that use of Initiator C (i.e. V601) improved the properties
of the foam produced from the PMPO. The basic foam formulation is set

16 forth below in Table 7. The specific PMPO is identified in Table 8 for each
of Examples 12-14. Examples 12-14 (see Table 8) illustrate the
improvement in foam properties compared to the control PMPO (i.e.
Example 7 in Table 5), which used Initiator B (i.e. Vazo 64).

Table 7. Foam Formulation

20
Component PPHP
PMPO 55
Polyol F 45
Water 3.02
(distilled)
DEOA-LF 1.38
DC 5043 1.0
DABCO 33LV 0.35
NIAX A-1 0.08
TDI 38.33
Index 100




Exanpl e 14 PMPO Ex.

33.9 35.2 37.6 | FD 65%
El ongat i owp 206118883 104.5 104.0

10

7 Ex 8 Ex 9 Density,

ft/1b3 2.2 2.2 2.2 | FD 25%

| b 100.4 105.7 111.4 Tensile,

I b

psi 18.5 19.7 20.2

PCT/US2011/001027
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Table 8. Foam Property Results
| Example 12 | Example 13 | Example 14
PMPO Ex.7 Ex 8 Ex 9
Density, ft/Ib3 2.2 2.2 2.2
IFD 25%, Ib 33.9 35.2 37.6
IFD 65%, Ib 100.4 105.7 111.4
Tensile, psi 18.5 19.7 20.2
Elongation, % 100.3 104.5 104.0
Tear, psi 1.33 1.62 1.59
Compression Set, % 31.2 30.6 27.5

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.



Tear, psi 1.33 1.62 1.59 Conpression Set, %31.2 30.6 27.5 5 Although the
I nvention has been described in detail in the foregoing for the purpose of
i1l ustratworep11/tss9ss to be understood that such detail i ®CTaiSedy/obme7t hat

purpose and that variations can be madgqtherein by those skilled in the'art
wi t hout departing fromthe spirit and scope of the 10i nvention except as it

may be |i m‘h@%'PYSWIME%ng WO 2011/ 155982PCT/ US2011/ 001027 -31- WHAT IS

CLAI MED | S: conprising the reaction product of: (1) a
base polyol, (2)1.a prafpolymer pb@rbl tomprising thedeéd&joraprddems bf.one

et hyl eni caIIB/ unsat urat ed nmononer, in the presence of (4) at |east one
free-radi cdll) pol3RBEE PAINN i nit i at or conprising an azo conpound that is

free of ni t(rzbl e ng%‘l’gﬁne&%wwé}pt ionally,
5 and
?3) at least one ethylenically unsaturated monomer,
in the presence of
4 at least one free-radical polymerization initiator comprising an azo
compound that is free of nitrile groups,
10  and, optionally,
5 a polymer control agent.

2. The polymer polyol of Claim 1, wherein (4) said azo
compound that is free of nitrile groups is an azocarboxylic acid ester

15  corresponding to the formula:

o T1 T4

\C—C—NZN—C—

. | [ owr

R'O R, R, 0

wherein:
R1, Rz, Rz and Ry may be identical or different and each

20 is independently selected from the group
consisting of (i) linear or branched alkyls
containing from 1 to 9 carbon atoms,
optionally substituted with one or more
substituents selected from hydroxyl, C4

25 ‘ to Ce alkoxy and halogen substituents;
(i) C3 to C4; cycloalkyls, optionally
substituted with one or more

substituents selected from C, to Ceg alkyl,



(5) a polynmer control agent. 2. The polynmer polyol of Caim1l, wherein (4)
said azo conpound that is free of nitrile groups is an azocarboxylic
aci d est ewobboorsssspondi ng to the fornmula: R R4 C G N =PH@Se@ 1/0027 R2R3( 1)
20 25 wherein: Rl, R2, R3 and R4 may bg.identical or different and each is
| ndependent|ly selected fromthe group consisting of (i) linear or branched

al kyl s containing from1l to 9 carbon.atons, ' uted with one
or nore substituents selected from hgj\aﬁ%@la"&%y ﬁgaé&géﬁgiy&and hal ogen
substituents, (ii) C3 to Cl2 cycl oal w@scgp)ta@naﬂé gptiomallyl t uted with one

or nore subst ituents selected fromC
2011/ 155982PCT/ US2011/ 001027 -32- C smtastmategmtmnewdn@s@y@ h&shal o

groups; (iii) aralkyls optionally su to C6
al kyl, C1 to C6 al koxy, hydroxyl andglﬁgli th gr O%’J‘%lkgxgq@a?{)@; n% 'féll
optlonasl y substituted with one or ngroRipstbati(ivianyls o@abaall)ed from Cl to C6

al koxy, hydroxyl and hal o groups; in which at | east one of the conbi nations
10R1-R2 and R3-R4 may forman ali phasykstituted with one or more

substituents selected from C; to Ce
alkoxy, hydroxyl and halo groups; in
which at least one of the combinations
10 Ri-R2 and R3-R4 may form an aliphatic
ring;
and
R and R”  may be identical or different and are independently
selected from the group consisting of hydrogen and
15 linear or branched C; to C4¢ aliphatic radicals.

3. The polymer polyoi of Claim 1, wherein (4) said azo
compound that is free of nitrile groups is selected from the group
consisting of (a) dimethyl-2,2'-azobisisobutyrate, (b) diethyl-2,2'-

20 azobisisobutyrate and (c) mixtures thereof.

4. The polymer polyol of Claim 1, wherein the solids content
ranges from about 20% to about 65% by weight, based on the total weight
of the polymer polyol.

25
S. The polymer polyol of Claim 1, wherein said free-radical
polymerization initiator is present in an amount of from about 0.01% to
about 2% by weight, based on 100% by weight of the total feed.
30 6. The polymer polyol of Claim 1, wherein (1) said base polyol

has a functionality of at least about 2 to less than or equal to about 10,



ring; and R and R'may be identical or different and are independently

sel ected fromthe group consisting of hydrogen and 15li near or branched Cl
to Cl0 alwphati/ssesadi cal s. 3. The pol yner pol yol poft/uSk@itmnibz7 wher ei n
(4) said azo conpound that is free of gstrile groups is selected fromthe
group consisting of (a) dinethyl-2,2'-azobisisobutyrate, (b) diethyl-2,2"-

20azobi si sobuf yr a C 1 res r 4. ymer pol yol
of Claim 1,3%%'?2#& ntuﬂrgoérot%fiaggé%%rﬂebeo## q?)atﬁaégs F‘ra@n? %1%%%?'@%%%1?’ (k) about 65%
by wei ght, tgme,%n@rxs? Raid ethgleriedIghinsaturaied pronomér ipdeyedted 2om the 5.
The polyner polyol of Caim1, wherein said free-radical polynerization
initiator igfopp&sasisting ofstyrpanackyionitrittaad cixtused theresf.about 2% by

wei ght, based on 100% by wei ght of the total feed. 306. The pol yner pol yol
of Claim1l, wherein (1) said base polyol has a functionality of at | east

about 25to |ess T.han Dhe palymhert golgbloaftClalm 6, Whe28ih1(3) 3aRBethgienisay11/ 001027
-33- and an OH nunber of at |east about. 10 to | ess than or e lﬁ&lj' t o about

1900; and (%)Saé%aée%mﬂﬂoé'@@fc‘éﬂmw%@%_atrﬁi!xﬁ-ifé&frﬁgﬁ_éﬁﬁra'ldsa%’éﬂ 3 om t he
group conswéipﬂg%é{;é gfitérg:gaqahzg?%?(Lﬁ?;f)tn@stlgi%d&ggﬂw%z‘ur es thereof. 57.The

pol ymer polyo ically unsaturated
nmononmer conprises a mxture of styrene and acrylonitrile in a weight ratio

of 80:20 to 20:80 (styrene to acrylonitrile). 8 A continuqus process for
preparing a pol ydrer p%ICQGF"“H'_%% Gessgr PreRaringe2 Patyneel RYYQol yneri zi ng:
(1) a RQgse ing(2) a preforned stabilizer, and 15(3)at |east one
ethylenically unsa?'urat ed nononer,

(A)  free-radically polymerizing:

(1)  abase polyol,
(2) a preformed stabilizer,
and
15 (3) atleast one ethylenically unsaturated monomer,
in the presence of
(4) at least one free-radical polymerization initiator comprising
an azo compound that is free of nitrile groups,
and, optionally,

20 (6)  a polymer control agent.

9. The process of Claim 8, wherein (4) said azo compound that

is free of nitrile groups is an azocarboxylic acid ester corresponding to the

formula:
R4 R4
@)
@)
\C—(L—N:N—é— Z
o |
25 Re Rs (0



in the presence of (4)at |east one free-radical polynerization initiator
conprising an azo conpound that is free of nitrile groups, and, optionally,
20(5) a povoreri/iseestr ol agent. 9. The process of C ai m 8, pairarsesin/ofp7 sai d
azo conpound that is free of nitrile gipups is an azocarboxylic acid ester
corresponding to the fornmula: 25 RIR4 C-C -N=Nt.,- /IIOR" RO RR3 (1)
WO 2011/ 155982PCT/ US2011/ 001027 -34- nmay be identical or different and
each is i nd’é’b%rﬁmant |y selected fromthe group consisting of (i) linear or

branched al kyl s RpIRARAIH Ry 0m 1 t onfhydise intishPomdiffepsnteind éactsubst i t ut ed
with one or nore substituents selected fromhydroxyl, CL to C6 al koxy and

hal ogen substituents; (ii) C3 to Cl2iscpdepandsntly seigetedfsemthe @aept ut ed

with one or nore substituents sel ect - - I C6
al koxy, hydroxyl and hal o groups; (i ???Léﬁ@ %p}sﬁ%%ltgrnégﬁmh%és@ﬁ ut ed
with ong or nore Cl to C6 al kyl, Cl tontaming koxny 1 tbydcarbph atochshal o groups;

and (iv) aryls optionally substituted with one or nore substituents
selected fromCl to C6 al koxy, hydroRplionrally sissitued yith one ORI at | east

one of the conbinations R1-R2 and R3: tq&gn{scgdégé&gaqtd'trﬁt&%@'ie%l?gd and R

and R'may be identical or different qnd are in pende from
the group consisting of hydrogen andtd Cpedoxgraria haioged sUbstituefitsal i phati ¢
radicals. (i) C3 to C12 cycloalkyls, optionally
10 substituted with one or more
substituents selected from C, to Cg alkyl,
C1 to Cs alkoxy, hydroxyl and halo
groups; (iii) aralkyls optionally
substituted with one or more C4 to Cg
15 alkyl, C, to Cg alkoxy, hydroxyl and halo
groups; and (iv) aryls optionally
substituted with one or more
substituents selected from C; to Ce
alkoxy, hydroxyl and halo groups; in
20 which at least one of the combinations
R1-R; and R;-R4 may form an aliphatic
ring;
and
R'and R” may be identical or different and are independently
25 selected from the group consisting of hydrogen and
linear or branched C, to Cypaliphatic radicals.

10. The process of Claim 8, wherein (4) said azo compound that
is free of nitrile groups is selected from the group consisting of (a)
30 dimethyl-2,2"-azobisisobutyrate, (b) diethyl-2,2'-azobisisobutyrate and (c)

mixtures thereof.



10. The process of Caim@8, wherein (4) said azo conmpound that is free of
nitrile groups is selected fromthe group consisting of (a)

30di net hywo2pRi/semobi si sobut yrate, (b) diethyl-2,2'-azolpcsivsedaioyrat e and
(c) mxtures thereof. -35- 11.The progess of Claim8, wherein the solids
content ranges from about 20%to about ©5% by wei ght, based on the total

ight of th lyol. 5 Th s .of Cagim8, wh i id
free-radi cal  polYirer | TR PIPSSHATGIRGR 8 WheregdRe SAida oRRIIRENGFS f r om about
0.01% to ahpyth ABWPPo¥EIdEbe W%doyg\?)efb%@%ﬁéd"@h%t&él »tp{a@htt@tmefeed-

13. The process of aim 8, erein sai d base polyol has a

10f unct i onglalymeopolypbl.| east about 2 to | ess than or equal to about 10, and
an OH nunber of at |east about 10 to less than or equal to about 1900; and
(3) said ethylenically unsaturated nononer is selected fromthe group

consi stsng of sty eneph&prodedBidfCihfn ) WHEr&ihWAS fldkeiaitdal 1514. The process
of Claim13, wherein (3) said ethylenically unsaturated nononer conprises a
m xt ure of peiymerizationdiniiatgt ismresentdnian amesingbf from abowf0.80%t0 t 0 20: 80

(styrene o, 3k ¥bOBY Wiyt based on 100% by weight of the total feed.

13.  The process of Claim 8, wherein (1) said base polyol has a
10 functionality of at least about 2 to less than or equal to about 10, and an
OH number of at least about 10 to less than or equal to about 1900; and

(3) said ethylenically unsaturated monomer is selected from the group

consisting of styrene, acrylonitrile and mixtures thereof.

15 14.  The process of Claim 13, wherein (3) said ethylenically
unsaturated monomer comprises a mixture of styrene and acrylonitrile in a

weight ratio of 80:20 to 20:80 (styrene to acrylonitrile).



