WO 2012/ 017019PCT/ EP2011/ 063388 - 1 - PROCESS FOR PREPARI NG POLYMER POLYQOLS
The present invention relates to a process for preparing pol yner polyols.
Pol ymer pwbDyoi2®1arie commonly used for the nmanufacture ofPCTIEPRIDI0E3388

pol yur et hane foans. Flexible 5pol yurethane _foans are wi dely used in

nuner ous applications. Main sectors of application are autonotive and
aircraft industry, upholstered furniture and technical articles. For

i nstance, full foam seats, top pads for the seats and restraints for back
and head, all 10made frayddexidie melpaweihans JeampAre W dely used in
cars and aeroplanes. Qther applications include the use of flexible

pol yur et hane foam as carpet backings, bedding and mattresses, foaned seat

saddies for motorbikes, -gaskets, Detueen.a car body and [ Lelights, 1ip
seals of 15air filter§ for engi nes and insalati ng f"layr/)ers on car parts and
engi ne part s grepzeduee ceawne ramed 1widirsat i on. A typical process for

preparing a polyner polyol, that is to say a systemwherein a polyner is
di spersed in a baS&LlEBFyoPCLlE6npr PEEs CATRPRGYi HS& 8t 6f'°vessel , a 20base
pol yol, one i3 iB-e ety 'o%”'ﬂ%'%i)bllé”%%tl%ruﬁte%@la%“%&%g. aFQlMARId zation
initiator, optionally a macroner, and optionally a chain transfer agent,
and pbl yner i podg uried hainet frogmsh g cobtiaieded vateda inempercatowrse of 50 to 200 C.

Azobi s( 2- et hyl gultcyrtol%intsri I s hsaetcti S_ESZ%tfo as%\ii'?‘:'\é%@’o i s.an i q:i tmio tor t hat
is comonly U iT7 t11e pr odUcti &Y of ol ymEF Tpoiyol's F Ffom sthyl'enical |y

unsat ur at ed nRROMERF ARG thaselpalygl uphen sexael &urWii9e40h4d di scl oses
that suitable polynerization initiators in polyner polyol production
i ncl ude per oHEFE30EINFGdS S8nd 428 dEmpelnds. fWpl foam seats, top

2012/017019P926§P%Q&1k%@3%%%tb %ﬁd restraints for back and head, all

10 made from flexible polyurethane foam, are widely used in
cars and aeroplanes. Other applications include the use
of flexible polyurethane foam as carpet backings, bedding
and mattresses, foamed seat saddles for motorbikes,
gaskets between a car body and its lights, lip seals of

15 air filters for engines and insulating layers on car
parts and engine parts to reduce sound and vibration.

A typical process for preparing a polymer polyol,
that is to say a system wherein a polymer is dispersed in
a base polyol, comprises mixing in a reactor vessel, a

20 base polyol, one or more ethylenically unsaturated
monomers, a polymerization initiator, optionally a
macromer, and optionally a chain transfer agent, and
polymerizing the mixture thus obtained at a temperature
of 50 to 200 °C. Azobis(2-methylbutyronitrile), that is

25 to say AMBN, is an initiator that is commonly used in the
production of polymer polyols from ethylenically
unsaturated monomer and base polyol. For example,
W0199940144 disclicses that suitable polymerization
initiators in polymer polyol production include peroxide

30 compounds and azo compounds.



A general desire in the manufacture of polyner polyols is the optimsation
of the conversion of the ethylenically unsaturated nononer(s), in the
presence Wb 2be#a7@ol yol, into the desired polymer. It i ®CarEreljloci3sdof t he
present invention to provide a pol ymer _preparati on process wherein such
conversion is inproved. Surprisingly, it was found that this object can be
achi eved by increasggg t he dosi.n i ratio of initiator to nonomer(s)

wei ght
during the tinme pér 66911§§Fﬁﬁ%téﬁe Gs1 §2a6S PG Ut Re “foRGAEFES) and

initiator. po1yAeCardich@ Ypttihe Rrasentod Ryentdor reliates it @ ra process
for the preparation of a polyner polyol, which process conprises mxing in
a reactor vessélylgriasd Jyoluslatugme ek masyoameeat (pyl, eine &lhley nnesatneeatodd

nononers, a 15pal rizati.on initiator, optiqgnally a_nmacroner, ,and

opt onall y o Bn Bt al g A A L 2 e Sl ol s
obt ai hed at aft emperatasee tofi nv@ nttd 0200 Cpruherdel i o yimero mete{cs)r aarndn
initiator are dosed sinultaneously to the reactaor vessel and wherein during
20t he time p&HOGESSt EISRFICadGls AP IESSAG ™ HE rEWSITEECs) and initiator the

dosi ng wei ght rat%grBEiEQEBH§EOHtt%agp@%ﬁﬁﬁ(%%aEStE@%r%%%%@t can bel N the
present invention, sinmultaneously dosing of nonomer(s) and initiator to the
react or vesselchdeesdndty 25ianslas itngatt hsaidd smowovericd)t ard dionictfi at or shoul d

be dosed in %%qkﬁ%%EE~E% tQ@ %%%Q% r %E%%elth%g%qngpn%g%% %fand initiator
may be dosed Séparateél y (ar the sa i'me' Yor "ConsecutiVely) ,

i nterm ttentlsymuQk dnk cadmiyX tddseng ft Hehencproggsents )i pventiingn,i seraner (s) and
initiator 30are dosed simultaneously to the reactor vessel, or at |east
substantial |y si miCFaREBUsLY, HERcBISERNS dBESThOP ALY CERatoddri ng t he

entire poIyng&oggggokogr%%%r%&g$grggqgg§%fn%neggggék‘%qubqhtM%Hg%_should
be al ways be” WO 2012/ 017019PCT/EP2011/ 063388 - -
process comprises mixing in a reactor vessel a base
polyol, one or more ethylenically unsaturated monomers, a
15 polymerization initiator, optionally a macromer, and
optionally a chain transfer agent, and polymerizing the
mixture thus obtained at a temperature of 50 to 200 °C,
wherein the monomer(s) and initiator are dosed
simultaneously to the reactor vessel and wherein during
20 the time period of simultaneocusly dosing the monomer (s)
and initiator the dosing weight ratio of initiator to
monomer (s) 1is increased.
In the present invention, simultaneously dosing of
monomer (s) and initiator to the reactor vessel does not
25 imply that said monomer(s) and initiator should be dosed
in admixture to the reactor vessel. Said monomer(s) and
initiator may be dosed separately (at the same time or
consecutively), intermittently, or in admixture.
In the present invention, monomer(s) and initiator
30 are dosed simultaneously to the reactor vessel, or at
least substantially simultaneously. Hence, this does not
imply that during the entire polymer polyol preparation

process monomer (s) and initiator should be always be



dosed precisely sinmultaneously. For exanple, a portion of the nonomer(s)
may be dosed in a first stage of the entire process w thout dosing of

i ni tiatorwOoreotmarolbi rst stage. Then, in a second stage @CTEHP2I11/063388SS
Smononer (s) and initiator may be dosed _siymul taneously to the reactor
vessel. By use of the term"substantially sinultaneously” it is nmeant that
the process nononers and the initiator are dosed in a manner that all ows

them to react?OSC%PEGid SEe Same tHome St Y | IF Be SFFIEr St 05d BBy Hi6the

skilled perses thal el @9siig e hedandinvidyal- Gompaenentss ¢ap be
alternating, concurrent or immediately consecutive in order to achieve a
simlar resulsntire propgstisherthiomtt Wesginasedt lindvramttioon 1 nmiderrerf(g)stand

initiator are_.dosed %ihwl taneousley Q%uris@% a cer tt%i n tine l5period. This

nmeans t hat sasitﬁlgr%norrere(né) “and it at or “are ot ﬁgsggoaclels-sat-once at a
certabn poi ntnonridne,) kuid duriitigtart maEy per idodashisdmuTay ee vefl vf rem 15
mnutes to 10 hours, suitably of from1 to 5 hours. Still further, in the
present i nverrtior SR ny SSIFE 120t iBYe U5Er i99d WO SN t SMESGSIy 1edrtY

substanti al | Béi%um-ﬁlatn%%%liﬁzl"y )k tdasi R@ ke LR rRIL( %)ro%%% d HooHQs the
dosing weight ratio of initiator to nononer(s) is increased. Wthin the
present specitfiecdtiidn atiore adesidegageiighta matnine rofthiari taildtoors ttdremortoner (s)
is defined as the 25ratio of .the weight. of daosed.initiator,to.the total
wei ght of o initl AEGT End o (& | T i RE BRSSERE VSR on,

during the titme periilQ@ddofocsisan tranreousity1adosioRg nidh@ fTRmMTEMES )y 1@k 1
initiator the dosing weight ratio of initiator to nononer(s) nay be
30i ncreased EFWENSEGT ISTG0RS P IS ISP PWITs e COTIRAT Lied Tt @ Ls dfmedhe Yeder ease

may be by relafively i$mRlilh o dar ge INgnLeRRNLS < sRunther.. fhe maxi mum of
said dosing weight ratio

Further, in the present invention, monomer (s) and
initiator are dosed simultaneously during a certain time

15 period. This means that said monomer(s) and initiator
are not dosed all-at-once at a certain point in time, but
during a time period which may be of from 15 minutes to
10 hours, suitably of from 1 to 5 hours.

Still further, in the present invention, during the

20 time period of simultaneously (or substantially
simultaneously) dosing the monomer(s) and initiator the
dosing weight ratio of initiator to monomer(s) is
increased. Within the present specification, the dosing
welight ratio of initiator to monomer(s) is defined as the

25 ratio of the weight of dosed initiator to the total
weight of dosed initiator and monomer(s).

In the present invention, during the time period of
simultaneously dosing the monomer(s) and initiator the
dosing weight ratio of initiator to monomer(s) may be

30 increased either continuously or stepwise. That is to
say, the increase may be by relatively small or large
increments.

Further, the maximum of said dosing weight ratio



WO 2012/ 017019PCT/ EP2011/ 063388 - 4 - does not have to be wthin the final
part of the tinme period of sinmultaneously dosing the nononer(s) and

i ni ti at orwORor2/ax@spl e, the maxi mum nmay be in the m ddl eCofEPI@i1M63I38%E
period. However, it is preferred that the Smaximumis in the fourth quarter
of said tine period. Further, it is preferred that during the third quarter
of the tine period of sinultaneously dosing the nmononer(s) and .initiator

the dosing wéiogitt 4t "6 V6T HoniNG &Hd o Thenderds Pard I°dwer S hdi'St he dosi ng
wei ght ratiofr 30 Rift isater the JHRRATELEI g thike ol @yarter of said
time period. The increase in the dosing weight ratio of initiator to
mononer (s) dumiiig attive -t | A rperdiaowlef, diheumeaievusimayddsi ng thhe mononer (s)
and initiat or ¢ %%){.Ldbeti%cecorg%lii %hed H%Eeq%)(]eirncrietaslisn%rte erv%/eeidghl:th f tih%i tiator
as dosed per tifme unit or “by decr eas| ng tHe weight o rmnorrer(a%) as dosed
per tbme uni tmacrinyh & scambithat if@urafh boeth.tNoofaldayd tthend mietdiatdar 1s dosed
as a solution in _base polyol. In the latter case, the weight of initiator
as dosed per e CF0urdit ‘CaRT5d SREFCedTEF BTG &3S gt TGHEERt P4t i on

of such sol utdhQn. ik 86338 WIEIE il tia$ dRSi 1L A keeR o e eareanhrati on
of such solution constant, the dosing weight ratio of initiator to

mononer (s) naydhé nifcrgasedhei ol nioy Weeohdagiang o lvd vieiightatofr ravnomer (s)

as dosed 25per_tinme unit. or by increasing the weight of the initiator
Sl Uti on as GECSHEAr t i'e JGHEE, Lt THIG 5y er 24P TR Tonict Lt or 18

usual by appl iied tHimtanr arDuRihcefef(lomi®. @hat & s%thy Meirghtr based.ien t ot al
wei ght of nononers. Said amount refers to the total 30weight of all dosed
initiator baseMo®EHE%t-otal wei ght of all dosed monomer. Suitable

pol ymeri zati on i nirhi.at ars cbael ude hat i pergxide gempaunds and 1320 ¢ o1
conpounds. A mixture of Initiators may al so be used. Exanples of WO
2012/ 017019PCH EP2OIEA063388ir-ins; the time period of simultaneously
dosing the monomer(s) and initiator, may be accomplished
15 by increasing the weight of initiator as dosed per time
unit or by decreasing the weight of monomer(s) as dosed
per time unit or by a combination of both. Normally, the
initiator is dosed as a solution in base polyol. In the
latter case, the weight of initiator as dosed per time
20 unit can be increased by increasing the concentration of
such solution. 1In a case where it is desired to keep the
concentration of such solution constant, the dosing
welight ratio of initiator to monomer(s) may be increased
either by decreasing the weight of monomer(s) as dosed
25 per time unit or by increasing the weight of the
initiator solution as dosed per time unit.

The polymerization initiator is usually applied in
an amount of from 0.01 to 5% by weight based on total
weight of monomers. Said amount refers to the total

30 weight of all dosed initiator based on the total weight
of all dosed monomer. Suitable polymerization initiators
include both peroxide compounds and azo compounds. A

mixture of initiators may also be used. Examples of



sui tabl e azo conpounds are azobi s(isobutyronitrile) (A BN) and

azobi s(2-net hyl butanenitrile) (AMBN). In the present process, the

pol yer i 280i20re/a1mi19i ator is optionally a peroxi de conporad/EPSuileis8y, t he
Sinitiator(s) is (are) only a peroxide_cgmound, that is to say no
initiator other than a peroxi de conpound is used. Exanples of suitable
peroxi des are di benzoyl peroxide, |auroyl peroxide, t-butyl hydroperoxide,
benzoyl per oxXiVdé ZEE di%t BWIRIIPEr GXiSdE -2 CHoen 18 P eitare eno6di nent of t he

present inventimg)t heperedide canpeund used ras tihe ypalxymeni.zat i on
initiator in the present process, is a conpound of formula Rl-C(=0)-0-0-R2
(1) In wher erasRLti prageakkylthgr pep vasd IR2tionapnaltkylt or5gr oup

of formula -C ( ) 4 ). -C (R R6 ( RZ.). l, | wherein
0 o B &% patakr1d) k bl donfoohd. REkbdd kne o MhSTOLD

are the sane ioritdisftfoer@nt iand aatce anhydogenrcatiaia afomdualdky [t hgrrou; or
where the polynerization initiator of formula 20conpri ses an R2 al kyl

group of formil &3YC(R3)* “(lI’Q&)a-t@(rRS),t)he(rR@,h)a-“C(aR‘P,(e;r)O@R@,e) CCRFOA 1)

wherein R3 and 4 ang tha same Qhidiffier ent-andiaar & an @k, group, R5, and
R6, are the same or different and are a hydrogen atomor an alkyl group,

R7,, R8, andRIoxdce t Heusarg orerdixfiiderent-kartd lahe da dppdosgele,at om or an

al kyl 6 - benzoyl peroxide and di-t-butyl peroxide.

10 In a specific embodiment of the present invention
the peroxide compound used as the polymerization
initiator in the present process, is a compound of

formula
Ri-C(=0)-0-0-R, (I)

wherein R; is an alkyl group and R; is an alkyl

15 group of formula
-C(R3) (Ra) -C(Rs) (Re) (R7) (II)

wherein Rs; and R. are the same or different and are
an alkyl group, Rs, R¢ and R; are the same or different
and are a hydrogen atom or an alkyl group; or

where the polymerization initiator of formula (I)

20 comprises an Ry alkyl group of formula
-C(R3) (Ra) -C(Rs-) (Rs7) ~C(R7-) (Rgr) (Rgr) (III)

wherein Rs; and R; are the same or different and are
an alkyl group, Rss and Rg- are the same or different and
are a hydrogen atom or an alkyl group, Ry, Rgr and Ry are

the same or different and are a hydrogen atom or an alkyl



group, with the proviso that R7,, Rs, and R9, are not all hydrogen atons in
a case where both Rs, and R6, are hydrogen atons. Typically, Rl is an alkyl
group hawogop1t@9l0 5car bon atons, nore suitably of fPOREL20P/0633840
carbon atons. Exanples of suitable al kyl (groups for Rl are tert-butyl,
1l-ethyl propyl, 1l-ethylpentyl and 2,4,4- trimethylpentyl. In a specific
enbodi nent of the invention, RL is 1l-ethylpentyl. 10ln relation tq _Formula
(1), typicaldyy PR3 "and RACaPe %4 Sa ky1r tgraup Pg%\vi"‘ﬂa fp 516 °tarddn at ons,

nore suitabl y,ofr Jge@mak Jild i@ 4 CarRon s, tR3 rand, R¢ @By be sel ected
fromnmethyl or ethyl. In one enbodinent of the invention, R3 and R4 are the

sanme and ar e hiysitrie JESmettiops. - R5, R6 and R7 may all be a hydrogen
atomin which case -C(R5)(R6)L(RY) is a pmethyl group..Aternatively, at
RaPaRA 1 &) ane ot By LT ba o HRy b BB 1

| east one of Rs, i S an g¥ou y ected froma
met hyb gr oup,caamoet hytlorgr, ouprer sai2@tcant icar ¥ rout yil gy awp.10l raaepeci fic
enbodi nent of the inventiaon both R5 and R6 _are hydrogen atons and R7 is an
al kyl group & Shas BFF™Pd- S0 darhior Satens: Lk due WrasFisn dIddifng@aS net hyl |

ethyl or tertiany putyl GLertRutyognoun.- 25k0 Jeghdti endt @ Rormula (111),
typically, R3 and R4 are an alkyl group having up to 10 carbon atons, nore
sui tably of firdmethypgeotd lcar Bon satsoeslfR3 ampoR4 memy v $éleect ed from

met hyl or ethyl . |n one_embodinent of the invention, R3 and R4 are the sane
and are bot h nethyl"°"30r a°case wheF&"RE; "and R6, are an al kyl group, the
al kyLogroup suitabhyrbastipnt @cl@oeanban (atonscyeptizongl, | g.oinfirem 1 up to
4 carbon atons. Rs, and R6, may be nethyl or ethyl. WO

2012/ 017019PEFFEPPO PLA0E3388UP Paving Up 4o g Oc&s@ Raerrd OBife &°Tfore of

At o, opt1 ol 15 AL [eact 1 andCup o & car bof atoRe. R RS ahd Ro. may
be net hyl or ket kglledtreda fspecine€th yémoadiemdntl .  In one embodiment of
the invention, Rz and R, are the same and are both

15 methyl.

R;, Rs and R; may all be a hydrogen atom in which
case -C{(Rs) (Rg) (R7) 1is a methyl group. Alternatively, at
least one of Rs, Rg and Ry is an alkyl group and may be
selected from a methyl group, an ethyl group or a

20 tertiary butyl group. In a specific embodiment of the
invention both Rs and Rg are hydrogen atoms and R; is an
alkyl group that has up to 10 carbon atoms, such as
including a methyl, ethyl or tertiary butyl (tert-
butyl)group.

25 In relation to Formula (III), typically, Rz and Ry
are an alkyl group having up to 10 carbon atoms, more
suitably of from 1 up to 4 carbon atoms. Rs; and R, may be
selected from methyl or ethyl. In one embodiment of the
invention, Rs; and R, are the same and are both methyl.

30 In a case where Ry and Rgr are an alkyl group, the
alkyl group suitably has up to 10 carbon atoms,
optionally of from 1 up to 4 carbon atoms. Rs, and Rgr may

be methyl or ethyl.



50f the invention, R7,, R8, and R9, are all the sanme and are nethyl.
Exanpl es of the R2 al kyl groups of formula (11) are tertiary-butyl,

1, 1- di metwol2praapyd19 1, 1-di net hyl butyl, 1,1, 3-tri net hyl b@Cy¥IEP2011/063388
1,1,3,3-tetranethyl butyl, 1,1,2- 10tri methyl propyl,

1,1,2,2-tetranmethyl propyl and 1,1,2,2- tetranethylbutyl. In an enbodi nent

of the invention the R2 al kx}l grou is 1,1, 3, 3- tetrarreth Ibut I n
speci fic embodi ment's 2of2he I'AVENEC] §n OTRECARd Oko Ratve Bl k§Pd gl?%)u6§e an

contai ni ng ng 1hetieryeat s . LUGh I5oxygens nid regen andiRh sulduyr,
Exanpl es of thg%tRZ al kyl groupskgq:Ql formul a (S ) include 1, fdl r?ethyl butyl,

1,1,3-trimet twaltbmrwllﬂ at, 3e3stt dt rc'jéilltﬁetllli?yItl@ut‘lylcarPO]E1 2tomset Byt privopy|

1,1,2,2- tetramethyl pro and 1, 1,2, 2-tefra Ibut 201 aseC|f|c
enbodi ment ofantdhtg ?/nr\ge%ﬂig%n % l|n|t %%r rsTF ]te]tram;l?%% u

per oxy- 2- et hy Ite»eari@]azte@,tltoh]at R;8, tRy, saydamom@uradloftkfeorsmﬂiea alnld) a\Maaer ein
RlLis l-ethylpentyl and R2 is 1,1,3,3- tetranethyl butyl. 25Using said

1,1,3, 3- tetrﬁ}’?&hﬁ}l butyl peroxy-2- ethyl hexanoate in the production of
pol ymer pol yol s i g suggest e¢ w&ﬁ%%ﬂ@@@ goghds EP262400%: di @ftfsg§e

process for making a polyner polyo conprising free-radical ynerizing a
base pol yol, t@rml@lwp@x@n’dy EOﬁr—@fl@taﬁéwlﬂr@lmylh,zén1—@jtlrde§é132tlblltyl

hyl | | f Iy
i i ator - and 4 SR T ARG gdnts Sar 4oL 115 ChUgety kel ryrbaryl

per oxy- 2- et hyl-hexamgate dps 1, WD 210]2%%&%&&%&@%@9@&@3;%%3&8 1-, 18 2-, 2suggest ed
as only 1 of many initiators that could be used |n such process. Besi des,
EP1624005 addidbireR@ithy LsGuilr-es Hheprabendacort & préforme@dtasi Ihger and

al so that the pghyger pglyolste besag_i H’ciéﬁe@h@ﬂbﬁ@bhqs pol ymer

In specific embodiments of the invention, R; and R
are alkyl groups containing no hetercatoms, such as

15 oxygen, nitrogen and/or sulfur.

Examples of the R; alkyl groups of formula (IIT)
include 1,1-dimethylbutyl, 1,1,3-trimethylbutyl, 1,1,3,3-
tetramethylbutyl, 1,1,2-trimethylpropyl, 1,1,2,2-
tetramethylpropyl and 1,1,2,2-tetramethylbutyl.

20 In a specific embodiment of the invention, the
initiator is 1,1,3,3-tetramethylbutyl peroxy-2-
ethylhexanocate, that is to say a compound of formula (I)
wherein R; is l-ethylpentyl and Ry, is 1,1,3,3-
tetramethylbutyl.

25 Using said 1,1,3,3-tetramethylbutyl peroxy-2-
ethylhexancate in the production of polymer polyols is
suggested in EP1624005. Said EP1624005 discloses a
process for making a polymer polyol, comprising free-
radical polymerizing a base polyol, a high potency

30 preformed stabilizer, at least 1 ethylenically
unsaturated monomer, at least 1 free-radical
polymerization initiator, and a chain transfer agent.

Said 1,1,3,3-tetramethylbutyl peroxy-Z2-ethylhexanocate is



5pol yol . As defined in EP1624005, this neans that the content of solid
polymer in the polyner polyol is greater than 60 w.% In addition, the
reacti on wenpevErupes di scl osed in said EP1624005 are biroadiPgotiineissgess of
120C for initiators of the type used in the present 10i nvention.
Preferably, in the present invention, the solid pol yner content of the

pol ynmer polyol, which is the anount of salid yner _based qn the total

amount of poﬁVﬁ@PS§ﬁ§'ﬁﬁlf@ﬁy |sO§tnﬁﬁ§il@GtW@t9 SSG#@&bF?ulPh@61§§§@id

pol ymer cont gt ¢i$:r0ffdc@ms25 He@ 91 M ¥ sPraefoer @bl ithe s q%qlrxérger
content is of from30 to 55 w.% nore preferably of from3

I n a specifi ¢henvadiseerre off tah@rierf\@émado@ttaﬁélpala}rr@mdz@thson tth@rtpéiﬁ)@t ure is
| ess t han about 120C %qu}tab%% Iess an 115 %t SMIt%b%% about 115C
or |ess. 1?%e ent process nay be % col |nuous tchor sem-batch
process. Fbm@MﬂWplthEA@r@&Eﬁhe@rdm6$$&WQMb$EMekm;asH@ah&tQMaM’ﬂhéﬂ bat ch
process. In the |atter 25case one or nore_conpqunds are added to the

reactor contiSdEAYy ot 1 mtedeEmadnt-6f HOLYEC TSRO YoantiSn $6 ¢S t&ddi t i on

may take plagewhen adding tihe ceMRAURS tQ Q%d@ﬂ@%%'t%m@%ﬂd@dféﬁ phase
and/ or when addi ng the conpounds after such initial phase. Batch

30oper at i on andcdemedbatrcisaoperatlioart 0dif fegre foromddantiimeeuws seperfati on in
that in batch _and sem -batch operation the product is renoved fromthe

react or d|sc&@tlﬁuéaslﬁanhaFﬁéspPésEﬁF EYB@eE%ed lﬁoF?ﬁePr66?9BI IS
prepaged WO,2012/QL7019PCT/ EP2011/063388 9 - by mi xing a base polyol, one
or nore ethylenically

Preferably, in the present invention, the solid

polymer content of the polymer polyol, which is the
amount of solid polymer based on the total amount of
polymer and polyol, is at most 60 wt.%. Suitably, the

15 solid polymer content is of from 25 to 55 wt.%
Preferably, the solid polymer content is of from 30 to 55
wt.%, more preferably of from 35 to 55 wt.%

In a specific embodiment of the invention the
polymerization temperature is less than about 120°C,

20 suitably less than 115°C, more suitably about 115°C or
less.

The present process may be a continuous, batch or
semi-batch process. However, the present process works
well as a batch or semi-batch process. In the latter

25 case one or more compounds are added to the reactor
continuously for a limited amount of time. Such
continuous addition may take place when adding the
compounds to be mixed in an initial phase and/or when
adding the compounds after such initial phase. Batch

30 operation and semi-batch operation differ from continuous
operation in that in batch and semi-batch operation the
product is removed from the reactor discontinuocusly.

In the present process, a polymer polyol 1s prepared



unsat urated nononers, a polynerization initiator, optionally a macromner,
and optionally a chain transfer agent, and polynerizing the m xture thus
obt ai ned w0 2a128t@0per at ure of 50 to 200C. Processes for PpT&Paritng3pol ymer
polyols are for exanple disclosed in W1999040144, W?2003097712 and
W2008122581. Such pol yner polyol preparation is preferably carried
out in a stainless steel reactor vessel. 10Further, preferahly, the reactor

vessel is a COnTIRIGTs Py P85S Pad YPdnk FEadtormCvord rlérercanlly a st ai nl ess

steel , continpaushy 8tdd HeG RN, ea¢Amerizat i Hie iheMReRakure at which
pol yneri zation is carried out, is conprised in the range of from50 to 200

C, 15sui t abl prrQ ang 1150 aCragmogesy, efagrcalginf 180 atld v130 cBa inn ta asysdeicf i ¢

enbodi nent of tkrlleC i nventiagn the pal merization temperature is Iaetssa t han

about 120C, S{itall fnlde S than f15C rmrénlsxt}l raebly about “115C S I%ess.

Further, it itenpreefenred dthato dur i2ng ‘tthe entddee spal yer iczatdaen npr ocess,
20t he tenperature is maintained constant at a certain value, with the
provi so t hat PR d&Fatiody o Fites f1oF @RTe1Eo ‘e srlGmesaitd val ue is still

al I owabl e. Wiiion ogaiod 4Rr efeyioed crmbadi meRt wdolooss prsefierred that during
the entire polynerization process, the tenperature is 25maintained at a
val ue conpri sed i Aucheprpdsgerofofivom POcterd20oq, ipr erefabkypl80 to 115 C.
The pressure at whi cg)ur%ol. nmer i zcati%%n may  be -carri ecd out , isl suitably

conpri sed i n FH& 1EnGe of f Fo 0161 C8 5 Har A5SoI e, S#dre ‘sui tably 0. 05

to 41bar absohuiteer3OFhe fease1Rgl yole used tprefersaklly iiss sa qeeltyetlkers 190l yol ,
al so frequently referred to as pol yoxyal kyl ene polyols. Such pol yet her
pol yol s are tSypirc&d y-ag%t &iSTed By FOISt IPAG L& rslant ieng tedigadTd SH&filng a

plurality of o W0i2012/Q%/Q1IRCTERZ011/ Q63388 .

The temperature at which polymerization is carried
out, is comprised in the range of from 50 to 200 °C,
15 suitably 70 to 150 °C, more preferably 80 to 130 °C. In a

specific embodiment of the invention the polymerization
temperature is less than about 120°C, suitably less than

115°C, more suitably about 115°C or less. Further, it is
preferred that during the entire polymerization process,

20 the temperature is maintained constant at a certain
value, with the proviso that a deviation of plus or minus
10 °C from said value is still allowable. Within said
preferred embodiment, it is preferred that during the
entire polymerization process, the temperature is

25 maintained at a value comprised in the range of from 70
to 120 °C, preferably 80 to 115 °C.

The pressure at which polymerization may be carried

out, is suitably comprised in the range of from 0.01 to 5
bar absolute, more suitably 0.05 to 4 bar absolute.

30 The base polyol used preferably is a polyether
polyol, also frequently referred to as polyoxyalkylene
polyols. Such polyether polyols are typically obtained

by reacting a starting compound having a plurality of



- 10 - active hydrogen atons with one or nore al kyl ene oxi des, such as

et hyl ene oxi de, propyl ene oxide, butylene oxide or m xtures of two or nore
of these.wBuntzabb@9opol yet her pol yol s are those havi ng aPoompre@h/onssBEecul ar
wei ght in 5the range of from 350 to 15,009 Ln addition, the polyether

pol yol s suitably have an average nomi nal functionality (Fn) of at |east
2.0, typi callyggreater than 2.0 and in one enbodi nent. of the invention an

average Fn of At VICedYETRIE 1B O4S drite PlentSdiMveRmt 2ofY LEGS & i9Pant i on i t

has been founddparts eihanlonadyaniag 1R S & ARy obsi thavinag & il ecul ar
wei ght in the range of from 2000 to 14, 000. Such polyols preferably further

have a Fn great evixtivaes2.03, tawd osuimcals! ywii rhelse -r arvye tefo fer mplaredded 2.5 to
around 6.0. The.h dSr %@él t\H%Isuee %fvit he 1%%ol. oIl Sui te%t?qll haseia \£aliue of from
10 to 150 rrgplgﬁj—vy:g, nore swtal?ly of from 2 atom?% ng a—VNg. qIlzjxarrﬁll es of

sui t abl e pol yoles damejeudeE CARADAS 05C€46-1G2,0 0CARADOd0IE36 13, CARADOL MC36- 03,
CARADOL 5C56- 02, CARADOL 5C36-11, CARADOL 5C48-03 and CARADOL MH56-03
(CARADCL i s &%@F%MV.Olﬁbﬁmﬁra@flé/r 5181‘6?, a@A@KS@?%C@@ﬂG?a&oI yol and

CARADOL 5CA8-A03 RalyQlr jare wegdor ar 194idkabl @ ethylieniiaal Iy cunsat urat ed
nmononers for preparing the dispersed polymer include vinyl "aromatic

hydr ocar bons tharke .$t ynehen anghamwmediylergt wfentée betvantiBmetshy| styrene
and various other al -substi.t ut ed .styrenes. t hese, the .use, of styrene
e orof err od e A ol Bhmtt B oot iy b Sl e BRe o ot
conbipati on wheh iefker ietnhylte magaldey nuEsatndr alzed IBNGARRS adseh aaSous
acrylonitrile, nmethacrylonitrile, 30vinylidene chloride, various ac&ylates
and conj ugat é@ #iSen@SYiUe Ry iBG &dMedE CAld L §6p18 e 1TPLdfertgde ©

et hyl eni cal | y upsatiyated MORQIET .19 %%1%%% ga o fhe Ay pose nof- thee
present invention are styrene and WD 2012/017019PCT/EP2011/063388 - 11 -

a Fn greater than 2.5, and suitably in the range of from
around 2.5 to around 6.0. The hydroxyl value of the

15 polyol suitably has a value of from 10 to 150 mg KOH/g,
more suitably of from 20 to 75 mg KOH/g. Examples of
suitable polyols include CARADOL SC46-02, CARADOL SC36-
13, CARADOL MC36-03, CARADOL SC56-02, CARADOL SC36-11,
CARADOL SC48-03 and CARADOL MH56-03 (CARADOL is a

20 trademark). Most preferably, CARADOL SC56-02 polyol and
CARADOL SC48-03 polyol are used.

Suitable ethylenically unsaturated monomers for
preparing the dispersed polymer include vinyl aromatic
hydrocarbons, like styrene, alpha-methyl styrene, beta-

25 methyl styrene and various other alkyl-substituted
styrenes. Of these, the use of styrene is preferred.
The vinyl aromatic monomer may be used alone or in
combination with other ethylenically unsaturated
monomers, such as acrylonitrile, methacrylonitrile,

30 vinylidene chloride, various acrylates and conjugated
dienes like 1,3-butadiene and isoprene. Preferred
ethylenically unsaturated monomers to be used for the

purpose of the present invention are styrene and



acrylonitrile in a wight ratio of from30:70 to 100:0. It is, however,
particularly preferred to use styrene alone or a conbination of styrene and
acryl oni twpl2e17m7@9wei ght rati o styrene:acrylonitrile ofPCrmr013065888t 0
575:25, resulting in dispersed polystyrepng and styrene- acrylonitrile (SAN)
copol ynmer, respectively. Preferably, a macromer is fed when preparing
the polyner polyal. Wthin the present specification, a cronmer. is

consi dered t GBe &P HE Wi Eh ey Cortail? Phoré °8r o 7?&@8&10&r:é)t'i ons and
whi ch purposed s & 0 efifetl,a p3t-ahle 1dirsRersion ofd he pRelyner Raticles in
t he base polyol, said polyner particles obtained from polynerizing one or
mor e et hyl eniada@iney arngatagimenied trivmo rdr st yivieereo mecs awlivélengdny iBe used

i ncl ude, but ar.e.,not li.mted 15tq _the.reacti.qn pr ct qof, .apalyol with a
Feact] ve unsdlUEked CanpouNd TDCR BY Nl e ARy ary 8. 2SHABL anhydr i de,
fumarbc aci d,75%.25, direetdylinrg iisopricpemnsldle ppylystsoey@naine, styrene-

i socyanat oet hyl net hacryl.ate, hydroxyet hyl net hacryl ate, hydroxypropyl

acryl ate, nmetwY loGrethdcr Wsﬁ‘t‘\é, CRERHTE Fand SraSacryptlive” aci d,  met hacr oyl

chloride, glyCidybr@?%?%%ﬁyhabem%EQO%bkyhsgkﬁgi@%kneb?%FarHB Athe
pol ycarboxylic acid or anhydride is enployed, it is pre erreg to react the
unsat ur at ed pollyoierwicold vard -al kiiténe dhieder e tpolpgoll ffigatgroepars ng t he

macr onmer 25pref era%lry has a hlydro>(<jyl nct.i ongl it

. macro 1,5  Ccongider. &cj%> fy %E %tngea%%n%ain
sui t abl e macréirer Has 'Heérn descrived G m W159940144 " *Suc A Hacromsr i s

suitabl e as anst al¥l ncser PrLEWFSAn ond anRokyTeih pRIryelse anrd thas freen
prepared by a process which conprises reacting a polyol with a cyclic

30di car boxy! ifc S&¢it Cartiydhide Aot e SRtaitmilivg San P apsiiymers Zabléddidsice bond,
and subsequen{]yy, ieactisng ptohweqd%%trttifaliseﬁo%%Ia%%dwf%n%og%%ﬂ% ﬁ%@mound

cont ai ni ng a pol'yneri zabl e doubl e " bond. The pol yol preferab I'S
2012/ 017019PCT/ER20 Ib/rE6 338§ lenliz a-1 lgonpistaglurert el moxtoureersof sorbitol w th

one or nore 'ocl% incIW dicng wat Q,us idns r%itol S s,fai% m'>it.ur.% havi ng
reacted wi t h "8 GHREGre "6 Pr GV bive SR R Sy hy T End ok g6, T &kl i o
di carboxyl i c tacitthcanhydiiide prefeiablef a polyol with a reactive
unsaturated compound such as maleic anhydride, phthalic
anhydride, fumaric acid, 1,l-dimethyl-m-isopropenyl-
benzyl-isocyanate, isocyanatoethylmethacrylate,
hydroxyethylmethacrylate, hydroxypropyl acrylate, methyl
20 methacrylate, acrylic and methacrylic acid, methacroyl
chloride, glycidyl methacrylate and allyl glycidyl ether.
If a polycarboxylic acid or anhydride is employed, it is
preferred to react the unsaturated polyol with an
alkylene oxide. The polyol for preparing the macromer
25 preferably has a hydroxyl functionality of at least 2.
A suitable macromer has been described in
W0199940144. Such macromer is suitable as a stabiliser
precursor in a polymer polyol, and has been prepared by a
process which comprises reacting a polyol with a cyclic
30 dicarboxylic acid anhydride not containing any
polymerizable double bond, and subsequently reacting the
adduct thus obtained with an epoxide compound containing

a polymerizable double bond. The polyol preferably is



5i s phthalic anhydride. The epoxide conpound preferably is glycidyl

nmet hacryl ate or glycidyl acrylate. The adduct can first partly be reacted
wi th a diwoapiziigher functional epoxide conpound bef or e Po@iEPgIMMeISBEd Wit h
t he epoxi de conpound contai ning a pol ynerjzabl e doubl e bond. 10Further, the
pol yol can be reacted with a di-or higher functional isocyanate conpound
precedi ng the reaction between the pol yol and the cyclic dicarboxylic acid

y
anhydri de. ASﬁEFH6@1f6F‘ﬁrgﬁgFPﬁﬁ_PﬁesﬁﬁéPGﬁﬁr“@6ﬁpﬂn§e§rf§§€ﬁ ﬁdoﬁﬁe
adduct first @artilyiwdt lvatrhe jepexiide skbeeampaund centaiixngi-a pehyiey i zabl e
doubl e bond and subsequently reacting the reaction product thus obtained
with a di- orericglesr viimcta ovialt v@goxifde@reomypeusd cxide dindore thivgieere
functional isgQc nat%,conpoqnd he

Ca . T .nmacroner .suitabl h a
homi nal - ol e weight B0at i ICGARCHIIE it CaTT T R B8 RGP from

5000 60 50, 0QG. phthalibthenayoliideaf Teichyrendiical lopmprsatdu fatesd b gITerss
present during the process of .the present invention can vary widely. At any

tinme during tHe ProdedSREETYdING 96 FBtve PrleSEFtY lighFent iT6F, W& Anount  of
et hyl eni cal | v unsaturated mneper- wddegenenald yidi ffer, ketween of fromO
to 60% by wei ght based on total weight of base polyol, polynmer, nononer(s)
and opti onal Ifpnrdcoomer epaxiids poswidving! toe fvave balinchase gpeidy olithed he
initially, while.it 30is also possi.bl.e to adq_the.n%&ﬁ%jE%)%h_then%ase

dit

pol yol after ST ticat oA PSH 50l ReriZati %R POV IS (e s USna H9ASe pol yo

optiopal | y addedhafit erHeniddlatdloraef Hpolrreitezatiion caribert ke gamre or can
be WO 2012/017019PCT/ EP2011/ 063388 - 13 - . .
functional isocyanate compound preceding the reaction
between the polyol and the cyclic dicarboxylic acid
anhydride. A method for preparing the macromer comprises
reacting the adduct first partly with the epoxide
15 compound containing a polymerizable double bond and
subsequently reacting the reaction product thus obtained
with a di- or higher functional epoxide compound or a di-
or higher functional isocyanate compound.

The macromer suitably has a nominal molecular weight

20 of at least 4000, typically in the range of from 5000 to
50,000.

The amount of ethylenically unsaturated monomers
present during the process of the present invention can
vary widely. At any time during the process according to

25 the present invention, the amount of ethylenically
unsaturated monomer will generally differ between of from
0 to 60% by weight based on total weight of base polyol,
polymer, monomer (s) and optionally macromer. It is
possible to have all base polyol fed initially, while it

30 is also possible to add the majority of the base polyol
after initiation of polymerization.

The additional base polyol optionally added after

initiation of polymerization can be the same or can be



different fromthe base polyol as initially fed. Preferably, the base

pol yol remains the sane. Chain transfer agents nay al so be added to or
be presemwoiznizdieoipol yneri zati on reacti on nedi um 5Pref ecatdpgoiiiobisgs are f ed
to the reactor in the initial phase of_the present process. The use of
chain transfer agents and their nature is known in the art. Chain transfer
agents enabl e g control_ of the nol ecul ar wei ght. and/ aor. the cross-1|inking

occurring betWedTiwNe & o €1 GFSISy mer Yol '8 tdid Werd€€ ‘may af f ect
stability of shehalyrer el ¥Rlse Hoiwsad r@n-alls tdchaide transfer agent is
suitably used in an anmount of fromO.1 to 20% by wei ght, nore suitably 0.2
to 10% by wei ght, Candnmbsensidietrablogn0s3mey 2dsby bgeipghed based &a t ot al

wei ght of 15er%des%rn%dul%t .thEexargil eserolfZ uliot at%'e%c%@%innﬂe%%Sfer agents are

1- but anol , 2FButtanol , i sopr 53paﬁ/6(\, et'hanol ,” met hanol, cyg\'ohexane and

mer capt ans, Fuelfcasndggecanrst hirel feet haneth aleackdieptanethiiolitial
2-octanethiol and toluenethiol. Preferably, isopropanol is used as a chain
20t ransfer ageftse °f thG R&ESEoip&FREs S SsucH ias "eonpdurds fFadindtSatting

m xi ng of the \aRi-0us CRMRAREN S, COMROYRAS ANiICh Hhave & Viseasi ty- | owering
effect and/ or ‘conpounds whi ch enabl e one or nore of the conponents used to
bett er di ssoltveniste25talve nteactiadn enediogmtreyl alfs ¢ hise ragpldvédr e igkdanpl e of
a conpound havinng a viscosity-l.owering effect, thus enabhling a.better

i G of t ha DaBoRE Lo T ane SAnd e L e Lo 0 be
present in thelfeed ardeulidy el Meacioma 304 repecisfiae ianediorerthcof the

i nvention permts for the polynerization reaction to occur substantially in
the absence &PLATSTreforned -st dii [NS£Er atPedflor fed'Sabithare Sits 39@pitcal |y a
smal | amount ;qf & ;prefor ned Capolymer, of, W0 2012/,057Q19RCHEP2011/ 063388 -
14 - styrene, acrylonitrile and a nmacronmer in the polynerization m xture
that is forneeisépar atoeley sand adidsed .intte 116 eactdigmti,n aoxdderostto st abil i ze

the m xture. In this t he preforned, stabilizer i 5 ca nent that is
added to the SHréEdds gg_%at?egaﬁr Yo Vigedi EREST 1 3035&61!%%}%& eaction
produst of admCiemRiuct.N PHeSPNes off Shykemte ACMIORIthdRr ardnts

sol vents/chain transfer agents |ike e.qg.|PA toluene and/or a polyol, and
al so a radi cars ditdwaeswel, TRebutanol, 1sopropanol, ethanol, methanol,

cyclohexane and mercaptans, such as dodecanethiol,

ethanethiol, 1l-heptanethiol, 2-octanethiol and
toluenethiol. Preferably, isopropanocl is used as a chain

20 transfer agent.

Other compounds, such as compounds facilitating

mixing of the various components, compounds which have a
viscosity-lowering effect and/or compounds which enable
one or more of the components used to better dissolve in

25 the reaction medium may also be applied. An example of a
compound having a viscosity-lowering effect, thus
enabling a better mixing of the components, is toluene.
Auxiliaries like toluene can be present in the feed
and/or in the reactor.

30 A specific embodiment of the invention permits for
the polymerization reaction to occur substantially in the
absence of a preformed stabilizer. Preformed stabilizer

is typically a small amount of a preformed copolymer of



10preformed stabilizer is typically stored in a buffer tank/vessel from
which it is dosed to the polynmer polyol process. In the present invention
it is notwoeoessarly to i ntroduce one or nore preforned $CAlKPRI1ZO63388
conponents to the reaction mxture prioryfo_the polynerization step 15which
represents a consi derabl e advant age over previously known nethods.

The present invention also relates to a polyner polyol, preferably a

by- pr oduct fFé@rﬁﬁﬁynﬁFrﬁgpf&FFl&ﬁtépﬁaﬁi@a€¢oﬁﬁ§"6P05%§% of the present

i nvention. 2QTNenRel:ymRA ROhyak QRE aiablie By tRe RIeeess afy the present
invention is very suitable for the preparation of polyurethane foans,

especi al | y fldexidl é ol yipeettisand fosans, dnaredst istgaitl ikiet khe sui t abl e

pol yi socyanate jn,the presence of, one or Jgors suitablie ;polyyrethane
25cat al ysts, "a SU|tébIeanomnng ében , “one or Tore “surfact ants,” and
optiohal | y acempssrentnkingg dgeriddethits néactbrondss alss@ cemannilty denoted as
foam ng. Therefore, the present invention also relates to a process for
preparing a peNGEethdne féamSbySPGdtid e CERESit &F OSOEImaS $ing a

pol ymer pol ygl; ohtainahle By dhe pracess & he prasent: Jdinventien and a

pol yi socyanate conponent. Further, the present invention relates to a

pol yur et hane siocdarandist/aibealyl & roy s€aird sfogartisng ireocess IPANDtoluene

2012/017019PCT%§P2011/0§33§8 - %5 - Still further, .the preseq%_invention
an e

relates to a SHAPEd carth ¢l cGMdr iPsiohg Ss &t 56Ty dPet hahe ffoam The

i nvenbi on i s grwttdiered lsltustinatzed i tthe ifcelllgwistg feen-in @ tiutg kxanpl es.

5Ref erence Exanple 1 . o
tank/vessel from which it is dosed to the polymer polyol
process. In the present invention it is not necessary to
introduce one or more preformed stabilizer components to
the reaction mixture prior to the polymerization step

15 which represents a considerable advantage over previously

known methods.

The present invention also relates to a polymer
polyol, preferably a by-product free polymer polyol,
obtainable by the process of the present invention.

20 The polymer polyol obtainable by the process of the
present invention 1is very suitable for the preparation of
polyurethane foams, especially flexible polyurethane

foams, by reacting it with a suitable polyisocyanate in

the presence of one or more suitable polyurethane

25 catalysts, a suitable blowing agent, one or more
surfactants, and optionally a cross-linking agent. This
reaction is also commonly denoted as foaming. Therefore,

the present invention also relates to a process for
preparing a polyurethane foam by foaming a composition
30 comprising a polymer polyol obtainable by the process of
the present invention and a polyisocyanate component.
Further, the present invention relates to a

polyurethane foam obtainable by said foaming process.



A pol ynmer pol yol was prepared by applying the follow ng batch procedure,
wherein the foll ow ng conpounds were used: Base polyol = a polyether polyol
cont ai ni nyoraredandlty 10di stri but ed et hyl eneoxy and propylPem&Er2e11/0633881er S i n
the weight ratio of about 11/89. It was ptoduced by using glycerol as the
initiator and potassium hydroxi de (KOH) as the catal yst. The base pol yol
had a wei ght average nol ecul ar wei ght of about, 3,000 and had a OH val ue of
15about 54 ny "KeH/ %.urther'StRl?reerIPéC e%ﬁcﬁlta&meéﬁltoﬂ & L2 tethHCeri SaIrRyd

unsat ur at ed NRRAMAIS ¢ lpkididgT etariam Ny buteHa nRexyr.2- et hyl hexanoate =
pol ymeri zation initiator. 20Macromer = a polyol (in accordance with

HQO. . . .. "L ,,, The inventioRlis RROOCHHO illusRBated in, theN,...... O(1)Ei
HORA0 HO, .. .S 10 G ine mol-Timiting Exanadesno0 W1999040144) having the
foll owi ng structure: J whereiy RETS R epresent chains conpri sing
randofl y di streiflutced cprepyddre 10xi de (PO and et hyl ene oxi de (EO) nononers.

The weight ratio of POto EO i.n 25these chai ns was about 82/18. The wei ght
aver age A polymer polyol was prepared by applying the

following batch procedure, wherein the following
compounds were used:
Base polyol = a polyether polyol containing randomly
10 distributed ethyleneoxy and propyleneoxy monomers in the
weight ratio of about 11/89. It was produced by using
glycerol as the initiator and potassium hydroxide (KOH)
as the catalyst. The base polyol had a weight average
molecular weight of about 3,000 and had a OH value of
15 about 54 mg KOH/g.
Styrene and acrylonitrile = ethylenically
unsaturated monomers.
1,1,3,3-Tetramethylbutyl peroxy-2Z2-ethylhexanocate =

polymerization initiator.

20 Macromer = a polyol (in accordance with
o)
o)

HO 0 R

~ RZ/ ”~ 1 OH HO

_R, oL _oOH o)
HO o) R, o)
HO _O _R,

R o) 0

W01999040144) having the following structure:

wherein R1 to R6 represent chains comprising
randomly distributed propylene oxide (P0O) and ethylene
oxide (EO) monomers. The weight ratio of PO to EO in

25 these chains was about 82/18. The weight average



WO 2012/ 017019PCT/ EP2011/ 063388 - 16 - nol ecul ar wei ght per chain, averaged
over all six chains, anobunted to about 2,000. |IPA = isopropanol (chain
transfer wgent2o17d1m a first stage of the batch, 182.5 grbagw2@oloyisBs 540. 4
g macroner and 45.5 g IPA were fed to a {gactor. The reactor was a

stainl ess steel, continuously stirred tank reactor. Further, heating of the
contents of the reactor to 100 C was perforned. This heating_mas att ai ned

by external HEASTNG Gt O eaEfor\RdlY . Y6FRIE%S EV6Td 2Stlage *of-¥Hé Spat ch

52.3 g of a LM% s utder of oigee initiator in the base polyol, 296.3 g
base polyol, 295.7 g styrene and 140.1 g acrylonitrile were dosed

si mul t aneousl y t oIPhe=r eacrorrafgit Hehaldutiragsthe eosptperi od of

si mul t aneousl y do§%n% %Q%S%Sg%goge%% %Eg 'g%tkat9r2tge d%%ggg %%igﬂt ratio
of initiator to nbnoners was keﬁt constant: Sai d o§|n8>me|ghp rati 6
concesns the 40atd @ afadrvemereisght 406f. sdesada nidricatfed tteo the <settalr .wei ght  of

dosed initiator and nononers. The value for said constant _dosi ng wej ght
20rati o was 60§ KGACERE PaISy RerSitZatii6r 5t &lpériat (o8 Witthius Lthe tlé&&Cor was

mai nt ai ned atta%q}o r_@-ac-g?oe_'c .t OtE%lrt%%_srj,ngletaitrI%gf %5 q(?l%' Qﬂmttré%tisn!otfi %th%r and
nononers was 100 minutes. The solid polyner content of the final polyner
pol yol productasdasrabboutl 043 W W%s 258Btanpleel.1 This heatgoloyners pol yol was
prepared by a@@g@f&g&ﬁe b%tcha_rggg ure o% @ ferenc%changhg 1, with the

exception that in the “decond stage “6f tie Datchh the T niti"ator was dosed as

a 4.380wm . % sol uti an af skibhdakekgkenolfasecpdkyeh,dari.ngg30the 6i.0st;t88% of
the total dosing tinme, and as a 10.6 w.% solution of initiator in base
pol yol duri ngotie irenmaitnithg 12d6tdf e itottdle desiengotlivivd, BY&t-Si & to say,

the total dogjng IR AS wWeld A% he okl desing 12MPuWt v 1onitrile
were dosed simultaneously to the reactor. Further,
during the time period of simultaneocusly dosing the
15 monomers and initiator the dosing weight ratio of
initiator to monomers was kept constant. Said dosing
welight ratio concerns the ratio of the weight of dosed
initiator to the total weight of dosed initiator and
monomers. The value for said constant dosing weight
20 ratio was 6 g/kg. The polymerization temperature within
the reactor was maintained at 100 °C. The total dosing
time for dosing the initiator and monomers was 100
minutes. The solid polymer content of the final polymer
polyol product was about 43 wt.%.
25 Example 1
A polymer polyol was prepared by applying the batch
procedure of Reference Example 1, with the exception that
in the second stage of the batch the initiator was dosed
as a 4.3 wt.% solution of initiator in base polyol during
30 the first 88% of the total dosing time, and as a 10.6
wt.% solution of initiator in base polyol during the
remaining 12% of the total dosing time. That is to say,

the total dosing time as well as the total dosing amount



WO 2012/ 017019PCT/ EP2011/ 063388 - 17 - of initiator remained the sane.
The dosing weight ratio of initiator to nononers during each of said 2 tine
peri ods wvolwre/eaild second stage of the batch were kept PCompe@nios33as val ues
of 5.13 5g/kg during the first 88%of thestotal dosing tinme and 12.56 g/ kg
during the remaining 12% of the total dosing tinme. Exanple 2 A pol yner

pol yol was prepared by applying the batch 10procedure of Reference Exanple
1, with the &ggéﬁﬁt&ﬁttoﬁatrel“ﬁl%ﬁ@ d&€orid"Strage of the batch the initiator

was dosed as a 3. §nhut g¥xsebuteBnef rkriibi atorhinihase pel wehoddrisng the
first 88%of the total dosing tine, and as a 14.5 wt. % sol uti on of
initiator indyasedpelagdl cdusiang tzhé 1meS Peenwidsi g th2y el itthescotal dosi ng
time. That is. .to say, .the . total dosing tine a |1 _as _the tot dgsj ng
anount of inistﬁagteoro)%r é:t}rrle% rkljé—’l Ct%héqesraern]si.%pt Con#ﬁg%dogl%ngav\éllegshto ra5t'iq§ of
initiator togrerorers ndurdhrg feach cf8saifd t2d ithe sperdioadsgnttifien asal d second
20stage of the batch were kept constant, at values of 4.54 91/ kg during the
first 88% of thett V&9 JoLRYG Hitfe TaAGITANE ¢/A4ég Cdurtifeg Hohé I Sv&itRichg 12%
of the total dgging tine. In the following table, the
overall conversions of 25the nononmers are nmentioned. Overall styrene
conver si on( WEx#ncD¢eer?al | acrylonitrile conversion(w.% Reference

A polymer polyol was prepared by applying the batch
10 procedure of Reference Example 1, with the exception that
in the second stage of the batch the initiator was dosed
as a 3.8 wt.% solution of initiator in base polyol during
the first 88% of the total dosing time, and as a 14.5
wt.% solution of initiator in base polyol during the
15 remaining 12% of the total dosing time. That is to say,
the total dosing time as well as the total dosing amount
of initiator remained the same.
The dosing weight ratio of initiator to monomers
during each of said 2 time periods within said second
20 stage of the batch were kept constant, at values of 4.54
g/kg during the first 88% of the total dosing time and
17.1 g/kg during the remaining 12% of the total dosing
time.

In the following table, the overall conversions of

25 the monomers are mentioned.
Overall styrene Overall acrylonitrile
conversion (wt.%) | conversion (wt.$%)
Reference 98.2 97.5
Example 1
Example 1 98.5 97.8
Example 2 98.8 98.0

From the above table, it appears that by increasing the
dosing weight ratio of initiator to monomers during the

time period of simultaneously dosing the initiator and



Exanple 1 98.2 97.5 Exanple 1 98.5 97.8 Exanple 2 98.8 98.0 Fromthe above
table, it appears that by increasing the dosing weight ratio of initiator
to nmononmewe 2duriimgot he time period of sinultaneously do®PCmEPRéie/063388 i at or
and WO 2012/017019PCT/ EP2011/ 063388 -_18g-_nononers, the conversion of
both styrene and acrylonitrile is |likew se surprisingly increased.

Al t hough particul ar enbodi nents of the invention have been di sclosed herein

in detail, tHCSHES Spedidowe VEHY Wiy O6f Lexanplte *and £ t he pur poses of

i ['lustration jnlM.onkhe iafloremntiqned %’i‘;@%ji@@%ﬁgari%q@%sie@t._ended to be
limting with réspect to the scope of the appended clains, which follow It
i s contenpl at ed byltheuvpghveatrsisutlhat cpaeridousnsgbotfi thei onyenghiver ati ons,

and have been disclosed herein in detail, this has been done

5 by way of example and for the purposes of illustration
only. The aforementioned embodiments are not intended to
be limiting with respect to the scope of the appended
claims, which follow. It is contemplated by the
inventors that various substitutions, alterations, and

10 modifications may be made to the invention without
departing from the spirit and scope of the invention as

defined by the claims.



10nodi fications may be made to the invention w thout departing fromthe
spirit and scope of the invention as defined by the clains. WO

2012/ 0170x0ORCR/EHRAAO11/ 063388 - 19 - CLAIMS 1. A proces®CrmP2411863388
preparation of a polyner polyol, which_pyecess conprises mxing in a
reactor vessel a base polyol, one or nore ethylenically unsaturated
nononers, a polynerization initiator, optionally a nmacroner, and
5optionally a chain transfer agent, and polynerizing the m xture thus
obtained at a tenperature of 50 to 200 G wWierein the nononer(s) and
initiator are dosed substantially sinultaneously to the reactor vessel and
wherein during the tine period of substantially 105inu|taneous|y dosi ng the

nmonomer (s) and in tlator th do ng yei ratiq |n|t|ator to noner (s)
is |ncreasedq' bATﬁe procegg o?hclgrnp rawﬁgpepg th lXPFFaPOlycggprlses a

per oxi de corrmmmﬂm pko3.cEe qonpeese sofnicdiaignia, awhefeitvrt ve ssrilt isatersd s of
formula R1-C(=Q)-0-0-R2 (1) wherein RL is an al kyl group and R2 is an al kyl
group of for&ﬁPdOlC(Q@f(ﬁﬁ)H@FﬁSF@ﬁGﬁfﬁ?Faéﬁﬁ)UWW@F@Fﬁtﬁ@-gﬁﬁoﬁ@réweathe

same or diffeyrant,and angan kil G oup.: iR%a 188 andhRE afle t hesame or
different and are a hydrogen atomor an al kyl group. 204. Theé process of

clai nb3, wherogiti cate lgast chee noft rRB,s fRE @k nR7 iss1damp cdlviyglr igriowgp tdued i s
sel ected froqhxtu.th%%u%r al%%detqyl %E%%%raturet%%tS%rx.b%%%l QyOUp
wherein the monomer(s) and initiator are dosed

substantially simultaneously to the reactor vessel and
wherein during the time period of substantially

10 simultaneously dosing the monomer (s) and initiator the
dosing weight ratio of initiator to monomer(s) is
increased.
2. The process of claim 1, wherein the initiator
comprises a peroxide compound.

15 3. The process of claim 2, wherein the initiator is of

formula
R1-C(=0)-0-0-R2 (I)

wherein R1 is an alkyl group and R2 is an alkyl group of

formula
—C(R3) (R4)-C(R5) (R6) (R7) (II)

wherein R3 and R4 are the same or different and are an
alkyl group, R5, R6 and R7 are the same or different and
are a hydrogen atom or an alkyl group.

20 4. The process of claim 3, wherein at least one of R5,
R6 and R7 is an alkyl group and is selected from a methyl

group, an ethyl group or a tertiary butyl group



WO 2012/ 017019PCT/ EP2011/ 063388 - 20 - 5. The process of clainms 3 or 4,
wherein R2 is selected from tertiary-butyl, 1,1-dinethylpropyl, 1,1-

di met hyl bwoyb12/a7a@193-tri met hyl butyl, 1,1, 3, 3- tetranet hpCooPgé1,1/063388

1,1, 2-trimethyl propyl, 1,1,2,2- 5tetramejfyl propyl or

1,1,2,2-tetranmethyl butyl. 6. The process of claim 2, V\,herei n the initiator
is of forrrulaRlC%lOI)%OORZQ% 10\/\/nre|nR1|sanaI group and R2 is
an al kyl group of f'6r RIPSSSE( R3) FRE )”“é( 597 (R6' YRELR?™) & 'lf(ﬁ@'lfcéﬁrjl) 15
wherein R3 and R4 alettihe sy ar, di hferientrang a5k 1an1ahkyl group, R5' and
R6' are the sane or different and are a hydr ogen atom or an al kyl group,
R7', R8' andngfetéeréhUﬁe’lsaﬁce 10r3—dhr‘flﬁ@rtélmlbalr¢d’laré a Pydrogen atom or an

20al kyl grou wi_t h hat nd R9 Jar o] | I hydrogen
atons in a cgcseé:r meertté1 botUﬁ: aritéL té:r%n s gé:é)ﬁ at’ oﬁérl tz'l% The process of
clai nt6, \Aherc@tﬁraﬁétlmglbrbpydj et hyl1hut, yl- tetr]a;[ﬁ»tﬂaryllrmItWI butyl, 1,1,3, 3-
25tetranethyl butyl, 1,1, 2-trinet h{l propyl 1,1,2,2- tetranethyl propyl or
1,1,2, 2- tetrénethghsupypcess of claim 25, wherein' the initiator is

formula

R1-C(=0)-0-0-R2 (I)
10
wherein R1 is an alkyl group and RZ2 is an alkyl group of

formula

—C(R3) (R4)-C(R57) (R67)-C(RT7")(R8")(RYS’") (III)
15
wherein R3 and R4 are the same or different and are an
alkyl group, R5’ and R6’ are the same or different and
are a hydrogen atom or an alkyl group, R7’, R8’ and R9’
are the same or different and are a hydrogen atom or an
20 alkyl group, with the proviso that R7, R8 and R9 are not
all hydrogen atoms in a case where both R5> and R6 are
hydrogen atoms.
7. The process of claim 6, wherein R2 is 1,1-
dimethylbutyl, 1,1,3-trimethylbutyl, 1,1,3,3-
25 tetramethylbutyl, 1,1,2-trimethylpropyl, 1,1,2,2-
tetramethylpropyl or 1,1,2,2-tetramethylbutyl.
8. The process according of claim 7, wherein R2 is
1,1,3,3-tetramethylbutyl.
9. The process of any of claims 3 to 8, wherein R1 1is
30 an alkyl group having up to 10 carbon atoms.
10. The process of claim 9, wherein R1 is l-ethylpentyl.
11. The process of any one of the preceding claims,

wherein the base polyol has a nominal molecular weight in



8. The process according of claim7, wherein R2 is

1,1,3,3-tetranethyl butyl. 9. The process of any of clains 3 to 8, wherein
Rl i s 30amoabieydi7ggpoup having up to 10 carbon atons. 1@CT/HPeOIPNGE38SS Of
claim9, wherein RL is 1-ethylpentyl. _1]1; The process of any one of the
precedi ng cl ai ns, wherein the base polyol has a nom nal nol ecul ar wei ght in
WD 2012/ 017019PCT/ EP2011/ 063388 - 21 - the range of from 350 to 15,000 and
an average nomeN&PEENEL 5551“1 £y 9 ) 1(?f U0 |a§1§3f‘ﬂ12 0 r*Pllgﬂér“ﬁ‘rlocess of
any one of thepracediing . cl@qHys..Aheraidy d-he et hyl enical Iy unsaturat ed
nononers are 5styrene an acryl onitrile in a weight ratio of from30:70 to
100: 0. 13. THe pAoeessogksanpfonevobrehefpreecedirngediannslanherein a
macromer is u%edeln tthhe croerrrlerCa obt al neq:at%y r%%ctolmré | r%ol yol with a
cyclic dicarBoxylS'e &did SOty diitde Indt SESRE & ing AN 581 yirer i zabl e

doubl 8 bond, sarRdecsiebsequentdy onaactiilng ithe adduct: tdaus colbtraifmech Wiot:lvoan
epoxi de conpound contalnlng a pol ymeri zabl e doubl e bond. 14. The
process of cl t& P30 -wherein the cyclic 15di carboxylic acid anhydride is
phthal i c anhydridene 155-83RN 0¢€88 f %ep'a%p%'engr@c@a'mgr et hane, f oam by

f oami ng a conposition conmprising a polymer polyol obtainable by the process
accor di ng t o waey cgme eofnaciraimes 1 st aisk4 amd & hpolngicsomgandtse cbdrporent .

by reacting a polyol with a cyclic dicarboxylic acid
10 anhydride not containing any polymerizable double bond,
and subsequently reacting the adduct thus obtained with

an epoxide compound containing a polymerizable double

bond.
14. The process of claim 13, wherein the cyclic
15 dicarboxylic acid anhydride is phthalic anhydride.

15. A process for preparing a polyurethane foam by
foaming a composition comprising a polymer polyol
obtainable by the process according to any one of claims

1 to 14 and a polyisocyanate component.



