TS 0447 PCLYMER POLYCL AND PROCESS FOR THE Q'ZOOdfz -O
PREPARATI ON OF POLYMER POLYOLS The present invention relates to a

polyner polyol and to a process for the preparation of a polymer dIf¢6I(C??EJ
More specifically, the present invention relates to polystyrene polyols o '
whi ch the polystyrene particles are relatively small and have a narrow
particle size distribution. In addition, the present invention relates to a
process for preparing polyner polyols, incluhing t he above pol ystyrene

pol yol s, wherein use is made of a specific seed dispersion. r
pol yols are known in the art. In general, a polynmer polyol is éﬁgggﬁﬂﬁ

di spersion of a polyner in a polyol. My different polyners and polyols
can be used in such syste‘?ﬁl.'n%?e %ﬁ%@ntﬂ‘%\}?@ﬂqw i@%@ﬁ@erned with

pol ymer pol yols, wherein theREFARATEION e HyaYRGErROPORIYREISeNi cal |y

unsaturated monomers pol ymerized in-situ via free radical polymerization.
ol yrer zat§ on cut 1§ arte b, SRR F HEIZ 52,8 oR Iy P ¥aent may
al so be presergand Styrarpyocassy/| o thhd prephratian efSer poltymer
(meth)acryl at eﬁqﬁ&li%f@%pééi%%&ﬂ A l&l‘aed#(?é%%’ﬁ‘?{ va‘@*?x‘i‘{i%y qlalyrene,
poly(acrylonitrile copol ynmers of. styrene a acrylonitrile an
terpol yners oftQtRRLYRLYERAS IRAi¥ALS Sfamhiah e polystmpeste are the |
pol ymers nor maddnt { ®l¢e cardxeslid thisredly RElalTEanRPhuelesS aC dRlrdod Ng this type
O RO T8 st A B RR, o Sl rdrseent e
present inventirrenmiarn vieslates use afprocessd fiirs parepiaci nigo polymear i ng
P(r)lil)cl)lﬁs; Spgbéfﬁlﬁﬁ%‘:#‘mﬁ“d SHe KW %%i%t%%ne%’o&@oﬁ%%' cally
wherein use is made of a specific seed dispersion.
Polymer polyols are known in the art. In general, a
polymer polyol is a stable dispersion of a polymer in a
polyol. Many different polymers and polyols can be used
in such systems. The present invention is concerned with
polymer polyols, wherein the polymers are based on
ethylenically unsaturated monomers polymerized in-situ
via free radical polymerization. Such in-situ
polymerization requires the presence of a free radical
polymerization catalyst. If necessary, a dispersion
stabilising agent may also be present. Styrene,
acrylonitrile and to a lesser extent (meth)acrylates are
the most frequently used monomers, whereby polystyrene,
poly(acrylonitrile), copolymers of styrene and
acrylonitrile and terpolymers of styrene, acrylonitrile
and methyl methacrylate are the polymers normally
formed. Examples of polymer polyols containing this type
of polymers are; for instance, described in EP-~A-
0,076,491; EP-A-0,162,588; EP-A-0,343,907; US-4,418,840
and EP-A-0,495,551.
The present invention involves the use of a seed
dispersion for preparing polyﬁer polyols. As such, this
is a known technique, which basically involves adding a



-2- dispersion of polyner particles to a polyol and subsequently

pol yneri si ng addi ti onal nononer in the presence of the seed dispersion. The
seed polymer particles will growin size as a result of the polynerization
of the additional nonomer. For instance, in EP-A-0,365,6986 a two-step
process for preparing graft polynmer dispersions is disclosed conprising the
steeps of first preparing in a continuous node an internedi ate graft polyner
di spersi on havi ng a solids content bel ow 30% by wei ght and having a broad

particle size 78 ryicle o] by chargi ng
this |nternengt #& o8 gglpmg %é%gig%ggokg é §912$% %ﬁgeactor as seeds
for further gsabﬁemyen@anépéamer@aengoaddst¢gnaénmon@mabow@ 806 by wei ght,

sui tably up tgr@eh,@%e%% lEHeW%QEt dlépgkéiahngrﬁeegeé& bOEyh@EM Of a
preformed graft % is_used in I rst contlnuous step to obtain the

desired inter REdtdCdedi ¥pdlsPEAY FReSpaLyAEr 2nb8EULEi PAbFY2used in the
pol ymer pol yobollymetrizantoacb¥l enet adbdetconalymehomndhe pol yner polyols

from saml e fo safgre Astantsr EhiErhh, 65, B8P, BoPwEatbbr TREERar ed by
pol yneri zi ng &oly peepesiing gnsﬁtupé&gménndéageSSLona bsedilsolosedst pol yol
and a pref or medpol \sIBly gﬁkgghe?%hﬁprEE ”B?e@&kiﬂ&re§05y8$nt§n&8ﬁgﬁd by

the in-situ polyreri zati enlca X at ur at nononer second
pol yol , whi ch™Rg¢ B8 ﬂﬁ§e§§ﬁélﬁ§eografFfép Wher ShFPRES{PRsRaBbngop.

Al though it |%o$.t1dlse@oh|t@htpbb!6’ﬁr399| mgl ﬁecigntbenarﬁswmgl i bhodbgh
acrylonitrile/styrene ratio n no e of t ki ng exanpl es -
the applicati 8f &r5168I§§%§Eéﬁﬁtb8Py8% t#? Be %??Beﬁar§ﬁ8£%5exanples
i n which styr&edlowedybgnicharbéngopbigniéntemmediatedgrafthpoteeerand in
whi ch styrene 425634988 +8 LNEeRtSBRUcH! BBaBEotNEsS0kEds for further
grafting to increase the solids content to above 30% by
'weight, suitably up to about 40% by weight. A starting
seed in the form of a preformed graft polyol is used in
the first continuous step to obtain the desired
intermediate dispersion. The polymer most suitably used
in the polymer polyol is'styrene-acrylonitrile
copolymer. The polymer polyols obtained have a broad
particle size distribution and a uniform viscosity from
sample to sample. .
~ In US-4,148,840 a polymer polyol is prepared by
polymerizing ethylenically unsaturated monomers in a
blend of first polyol and a preformed polymer polyol.
The preformed polymer polyol is formed by the in-situ
polymerization of ethylenically unsaturated monomer in a
second polyocl, which may be the same as or different
from the first polyol. Although it is stated that
polymer polyols can be produced with high
acrylonitrile/styrene ratios (up to 0/100), in none of
the working examples the application of pure polystyrene
polyols is described. Those examples, in which styrene-
acrylonitrile copolymers were used as the seed and in
which styrene was added in the second step as the sole



-3- nononer, resulted in polynmer polyols with polynmer particles having
particle sizes above 30 m cron. In EP-A-0,510,533 a process for the
preparation of polymer polyols is disclosed using a coupled pol yet her

pol yol as stabiliser. The stabiliser is used in an anmount of fromO0.1 to
10% by wei ght. The polynmer polyol is suitably fornmed by the free radical
pol ymeri zation of ethylenically unsaturated nononer(s) in a medi um
conprising a liquid polyol, the stabilizer~ahd a seed dlsper5|on The seed

di spersion may have a soli ntent .of from>5 to 50Q9% t and
contains pol yMP P JAe! ﬁ@'@'&#@ﬁ§f§°&V° £ e §t¥§€§ﬂgfand nor e
sui tably bet weartSl larsl OO nympalrtiicd estsdtzed tbatvesBlgmdcaddi.t i on of
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better control of reactlon te eratur S an rovi nore s
product with mkmemrnqldfqﬁ%m iddise Loispd uStly‘-geﬁecoa@Awdoﬁpﬂweﬂ:éer

copol yners E“*%dl?ﬁﬁ'éétéE%HB%ﬂsé&“'H%E'%tﬁ%&l&%ér 35 h%e&'iﬁ hhlustrated by
t he worki ng exa Ies ngf aII %§c % he pr %g use oi ﬁ
styrene- acryl@ﬂ} 1L 3EPYAWS LS ape HPPRuBBsYBrocess
for produci ng ist ai:iﬁald]qwﬁummﬁlbtyyt}h@ ek prald)ialai pelgmechiaaedononyri si ng
the steps of r st |_on t, by spoLy ng | ess than
50% by wei ght @’wétr{%%ﬁlr#o 1ﬁ1sat?1 %tttel(ae ?Bg%m(gl? W@l éhﬁ‘é&?ﬁb tal polyol,
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producing the GuuTyidip! Yitle ediliBpieirsing hidg Rabanaesgiiggnomer in a

medi um containing the f é%ﬂ reacti an product the bal ance of pol yol and
optionally a ﬁ?%ﬂﬁ?gb n s &e SPie yr wedsbsr 28HaBPRFadRs| BOLHBe e act i on
product of a paadiclesinttatingidemnesreusd, athilelsiks 3anymcangondde
suitably between 50 and 200 nm. It is stated that staged
addition of monomers, stabilizer, base polyol and/or
free radical initiator allows a better control of
reaction temperatures and provides for more stable
product with a more uniform particle size. Styrene-
acrylonitrile copolymers are clearly the most suitable
polymer, as is also illustrated by the working examples
which all describe the preparation or use of such
styrene-acrylonitrile polyols.

.In EP-A-0,640,633 a continuous process for producing
stable, low viscosity polymer polyols is disclosed
comprising the steps of preparing a first reaction
product by polymerising less than 50% by wéight of total
monomer in at least 50% by weight of total polYol,
optionally in the presence of a precursor stabilizer,
and subsequently producing the polymer polyol by
polymerising the balance of monomer in a medium
containing the first reaction product and the balance of
polyol and optionally a precursor stabiliser. The
precursor stabiliser is the reaction product of a
reactive unsaturated compound, which is any compound
capable of forming an adduct with a polyol and having a
carbon-carbon double bond reactive with the monomer



capable of form ng an adduct with a polyeol and having a carbon-carbon
doubl e bond reactive with the nononer

-4- systemused, with a selected polyol. The preferred reactive

unsat urated conpound is a conpound that causes the stabiliser to have
fumarate-type unsaturation, such as mal eic anhydride. The stabiliser is
used in amounts up to 20% by wei ght, the exact anmount being determ ned by

t he end-use application. Again, styrene-acryloritrile copolynmers are the
preferred pol yners. None of the frior art references cited herei nbefore
actual |y descrfpétemeugpdpavathona seleetgdepobyrl ol Bheapraeferngdpol yner

particles haVIﬁsaétxeenansaahﬁatédaéGMﬁbﬁﬁabPy Aot Siboundi B4t akalibes same
time having a s bel ow 10 mcron, nore suitably
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in the-final pbyyhhe podyusehapplac@aiomclbgsizze styvengtagrgionitnhlést
the seed pol ymBpod3ofleks akk! tné ﬁiéféﬁfea0§ai§m¢§§"e copol ymer . The

present invention ains t% grOV| rocess wh enabl es the preparation

of pol yner pol yol sNGR€r & Pﬂepﬁb?yn%Ftp%???%?%ﬁ??xﬁ%ﬁ%@ herelnbe ke 0%
by wei ght -andagtatlpyetiesabiyel the epsepitation 160 %bYyner gﬂﬂély@Is

omb nad i ¢ h SORaRBRRgPo PReY BoePEFLES) BRvIRN s Retele elREabe Ty ' (e
present invent abavei RB%t bypweight, awhibstsat f tine psampar timge podyieg pol yol s
o For oy o DEREE patREEREDaE ROV IEL BATA SLONICIER, 000 Bulfmty,
at |east part Belewe Sgégron? in comglnatlon with a narrow partlcle
size distribution. The only publication describing the
preparation of polymer polyols via a seeding process
- wherein the polymer has a styrene content above 80% by
weight is US-4,148,840. However, substantially all of
the polymer particles in the final polymer polycl have a
particle size above 30 micron, whilst the seed polymer
used is still a styrene-acrylonitrile copolymer.
The present invention aims to provide a process
which enables the preparation of polymer polyols wherein
the polymer particles consist for at least 80% by weight
-and most preferably for essentially 100% by weight- of
polystyrene and wherein the polymer particles have a
small particle size combined with a narrow particle size
distribution. More specifically, the pfesent invention
aims to provide a process for pfeparing polymer polyols
by a seeding process, wherein a polymer seed dispersion
containing uniformly sized, very small polymer particles
is first prepared after which at least part of the seed
dispersion is used in a subsequent polymerization step
for prepéring the final polymer polyol. The present
invention aims to provide such process that in said
subsequent polymerization step nucleation or formation



di spersion is used in a subsequent polynerization step for preparing the
final polynmer polyol. The present invention ains to provide such process
that in said subsequent polynerization step nucleation or formation

-5-  of new polyner particles is mnimsed as nuch as possible, suitably to
a zero level, so that only growth of existing seed polynmer particles occurs
in order to ensure the formation of small polyner particles having a

uni form nononodal and narrow pol yner paftTcﬁé'size di stribution

Furthernore, t resent inventiaqn.ainmg to.provide a _process wherei n the
growt h stage 5§ﬁr%%'é§ﬂﬁ?5ﬁ'GEFFHC#e&e§§rE&,l&?ﬁegnaﬁlppfﬁ-éﬁe-pot process,
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be achieved by a free radical polymerization process
involving the use of a specific polymer seed dispersion
and a specific sequence of process steps.
Accordingly, the present invention relates to a
process for the preparation of a stable polymer polyol
having a narrow polymer particle size distribution
comprising the steps of:
. (a) preparing a polymer seed dispersion by polymerizing
"in the presence of a free radical initiator (i) from S
to 40% by weight of one or more ethylenically
unsaturated monomers, at least 80% by weight of which is
styrene, in (ii) from 95 to 60% by weight of a liquid
polyol medium comprising at least 30% by weight based on
total weight of the liquid polycl medium of a coupled
polyol: '

(b) admixing a base polycl and one or more ethylenically
unsaturated monomers, at least 80% by weight of which is
styrene, with at least part of the polymer seed
dispersion obtained in step (a) at a temperature below
the polymerization temperature; and subsequently

(c) heating the resulting mixture to a temperature at
“which polymérization occurs and allowing the
polymerization to proceed until completion, thus
yielding the polymer polyol,



di spersion obtained in step (a) at a tenperature bel ow the pol ynerization
tenperature; and subsequently (c) heating the resulting mxture to a

t enperature at which pol ynerization occurs and allowi ng the pol yneri zation
to proceed until conpletion, thus yielding the polymer polyol,

-6- whereby a free radical initiator is added in step (b) and/or (c),

witer eby the pol ymer seed dispersion is used in such ampunt in step (b) that
t he coupl ed ponoI present in it constitute® from1l to 15% by wei ght of the
final polyner yol and whereby the ampunt of eth Ienlcall unsat ur at ed
nononer (s) us¥ eFﬁb¥tépfFS? nggﬁﬁh-%%hFl?E%rstl d%%n%%n% ¥ {hk final
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remai nder up to 100% by _wei | eni ca K unsat ur at ed nononer can be
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least 80% by weight of which is styrene, in the presence

of a free radical polymerization catalyst. The remainder

up to 100% by weight of ethylenically unsaturated

monomer can be formed by one or more Comonomers

containing ethylenic unsaturation susceptible to free

radical copolymerization with styrene. Such comonomers

include other wvinyl aromatic hydrocarbons, like alpha-

methyl styrene and methyl styrene, acrylonitrile,

methacrqunitrile, vinyl chloride, various alkyl

acrylates and methacrylates, such as methyl methacrylate

and t-butyl methacrylate, and conjugated dienes, like

1,3-butadiene and isoprene. The preferred comonomer is

acrylonitrile. In a more preferred embodiment of the

preéent invention, however, as much as 95% by weight or

more of the ethylenically unsaturated monomer(s) used in

steps (a) and/or (b) is styrene, whilst most preferably

styrene is used as the sole monomer in steps (a) and

(b), thus resulting in a 100% polyétyrene polyol

prbduct.

_ It is important that in the first step of the

present process, i.e. the preparation of the polymer

seed dispersion, small polymer particles are prepared.

Such polymer particles suitably have a mean particle



steps (a) and/or (b) is styrene, whilst nost preferably styrene is used as
the sole nmononer in steps (a) and (b), thus resulting in a 100% pol ystyrene

pol.yol product. It is inportant that in the first step of the present
process, i.e. the preparation of the polyner seed dispersion, small polyner
particles are prepared. Such polyner particles suitably have a nean
particle -7- size of less than 1

m cron, prﬁerﬂﬂyfromo 1to 0.7 mcron,-nre preferably from0.15 to 0.5
m cron. Such snal | polg €art|cles can be obt ai ned by enpl oying a high
concentrati on ®Zeoupl kespothan 1WMAQWPQKnmreﬁﬁnﬂhﬂxnﬁqucﬁpbtmm|04ter in

the reaction nmz@rlcs@, n&Le COLPE SELIPDY YO ol BY. 1931 Rl d Bfnlé}-]tc?r{ agymth the

et hyl enical ly unsiﬁ ed nono 9%%%% to formsta |I|ser ecules ei t her
by grafting onto*ra- AAtHPoF RRAF %&F’Fro‘?\%r@tadrnﬁﬁ/ qmcﬁﬁﬁﬂé‘rﬁtf}%rﬁ of one
or nore coupl eldlgimlqmcemttesticmtdse ¢mj pIIAHILVivhicaPlaterdgat i on with
t he nononer. il%ﬁfgl C chem.cal int ractl | s that the
coupl ed pol yol a?%ér?ag easj[ o%%’ rlééc ?/er?ﬁ%tﬁ% & bl y in
that part of tPRUPASS®RE YR} imgnathemidaloy tJtIEtemﬂ:p:l mg:kagmet
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Al ternatively, et &%&1 muwféht e ﬁ? 91
chosen such that Its, resi +éh%£art I ncl uded 1 n the coupled pol yol no ecule
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Apart from theeou@d @dntal Hedddii b’y Phat the coupled polyol
contains a least one reactive olefinic bond, suitably in
that part of the molecule originating from the coupling
agent. Alternatively, the coupling agent used to prepare
the coupled polyols is chosen such that its residual
part included in the coupled polyol molecule is fully
compatible with the polymer formed from the
ethylenically unsaturated monomer(s). The polyol tails
;temmigg from the coupled polyol are fully soluble in
the liquid polyol phase, whilst the backbone polymeric
chain of the stabiliser molecules or the coupling'agent
residue in the coupled polyol molecule is fully
compatible with the polymer particles.

Apart from the coupled polyol, the liquid polyol
medium may comprise one or more additional polyéther
polyols. However, the liquid polyol medium should
comprise at least 30% by weight of coupled polyol. For a
given mass of polymer, the total surface area of all
polymer seed particles together will become larger at
decreasing particle size of the polymer seed particles.
As a result, the required amount of coupled polyol will
increase at decreasing polymer particle size. Since
particle sizes as small as less than 1 micron are
suitably aimed at, it is required that at least 30% by




medi um may conprise one or nore additional polyether polyols. However, the
| i quid pol yol medi um should conprise at |east 30% by wei ght of coupl ed
pol.yol . For a given mass of polyner, the total surface area of all polyner
seed particles together will beconme |arger at decreasing particle size of
the pol yner seed particles. As a result, the required anount of coupled
polcyol will increase at decreasing polyner particle size. Since particle
sizes as snmall as less than 1 mcron are sdiBably ained at, it is required
that at |east 30%Db o -8-  weight of
the liquid pol‘y%wh%d‘i)ﬁmf-h% bmxdtmbuobwemuweics ptdqajiituued Sy however ,

preferred thatcbig1éd0ybd @plyp& f@dl&g@é§g§l 1§ﬂ§ mP% by
wei ght, nore p e?gr Q§b ¥ a 75@6by wel ght %; ouple éiyo Aliquid

pol yol medi um bﬁ%%g %by%%§% +%Wlﬁp¥ﬁ1§ﬁﬁuﬁQii%Rﬂ%ﬂﬂsqu99ﬁn2¥1found nost
advant ageous. welglEtﬁemdsndlpﬁéf@fAb!mratzaleﬁt cERlnis twe igh f,r @ r adi cal

initiators ar e, ar nd. i oth peroxi de canpounds and azo
conmpounds. Exan%? S ofgo%gfable +%%}$ |Wﬁqﬁ%ﬁ(ﬁQP JSE?OX|de

cat al ysts I|keeﬂ$%@hk@¥lYp@fo&¢wniedenpkmdl;hasnbekn fiouandy Immestox y -

2- ethylhexanoaQQVaﬁtaéegggyl peroxi de, diisopropyl peroxide carbonate,

t-butyl peroxy-2-et hexanoate, t- butyl perpival ate,
t-butylperneo-deca%ﬁ%?era dicalRebarerisataian qatakwatspetcfdeshate, t-butyl

perisobutyrateradx@wlyi@EED%WOisHEEQYEﬂHWﬁEﬂKEﬁHé drt and include both
oYY per oy 2 SLENLPEL B00BL Sad G LS OUSELANCSE B s o
azobi s- i sobut yswhtablée efxe¢¢ BN dirall azoltisat{@es rateh enabadmianidatdlg)stsThe
ot v iy 57 S pebe R 0 Rk VAN, AR Do
—ethylhexanoate, di-t-butyl peroxide, diisopropyl
peroxide carbonate, t-butyl peroxy—z-ethylhexanoate, t-
butylperpivalate, t—butylperneo-decanoate, t-
butylperbenzoate, t-butyl percrotonate, t-butyl
perisobutyrate, t-butylperoxy-l-methylpropanocate, t-
butylperoxy—2-ethylpentanoate, t-butylperoxyoctanoate
and di-t-butylperphthalate. Examples of azo compounds
are azobis-isobutyronitrile (AIBN) and azobis-(2-
methylbutanenitrile). The quantity of initiator may
range from 0.01% by weight to 5% by weight based on
total weight of monomer(s).

In general, the free radical polymerization for
preparing polymer polyols is carried out at a
temperature in the range of from 60 to 140°C and at _
pressure up to 20 bar, while the preferred temperature
‘ranges from 70°C to 120°C and the pressure is preferably
atmospheric.

Coupled polyols which can be used as a precursor
stabiliser in the preparation of polymer polyols are
known in the art. Suitable coupled polyols are those
disclosed in EP-A-0,495,551, that is, coupled polyols
consisting essentially of the reaction product of a base
polyol having an average nominal functionality of at



In general, the free radical polynerization for preparing polynmer polyols
Is carried out at a tenperature in the range of from60 to 140[err] C and at
pressure up to 20 bar, while the preferred tenperature ranges from70[err]C
to 120[err]C and the pressure is preferably atnospheric. Coupl ed

pol yol s which can be used as a precursor stabiliser in the preparation of
pol yner polyols are known in the art. Suitahle coupled polyols are those

di scl osed in EP-A-0,495,551, that is, coupled polyols consisting
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isocyanate groups is in the range of from 2.1 to 10.0
and most preferably is as close to 2.1 as possible. A
very much preferred trifunctional polyoxyalkylene polyol
is the reaction product of glycerol and ethylene oxide,
propylene oxide or a mixture thereof, whilst much
preferred diisocyanates are 4,4'-diphenylmethane
diisocyanate, familiarly known as MDI, and 2,4~ and 2,6~
tdlylene diisocyanate and mixtures thereof, familiarly
.known as TDI.

Another class of suitable coupled polyol dispersion
stabilisers are those of which the molecules comprise at
least one reactive olefinic bond beside one or more
polyol tails. Such stabilising agents are also described
as macromers and can react with ethylenically |
unsaturated monomer molecules, thus becoming part of a
polymeric chain. Examples of such macromer stabilisers
are acrylate functionalised polyols, -such as, for
example, described in US-4,390,645, and the
maleate/fumarate functionalised polyols described in,
amongst others, US-5,364,906 and EP-A-0,461,800. The
use of the coupled polyols consisting essentially of the
reaction product of a base polyol with a polyisocyanate



Anot her class of suitable coupled polyol dispersion stabilisers are those
of which the nol ecules conprise at | east one reactive ol efinic bond beside
one or nore polyol tails. Such stabilising agents are al so described as
macronmers and can react with ethylenically unsaturated nononmer nol ecul es,

t hus becom ng part of a polyneric chain. Exanples of such nmacroner
stabilisers are acrylate functionalised polyols, such as, for exanple,
described in US-4,390, 645, and the nal eatef fifhrarate functionalised pol yols
described in, anongst others, US-5,364,906 and EP-A-0, 461, 800. The use of
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dynamic viscosity of the polymer seed dispersion and

desired solids content of the final polymer polyol.

Typically, a maximal working viscosity can be of the

order of 50,000 mPa.s (25 °C).

In step (c) of the present process the polymer
particles present in the polymer seed dispersion further
grow in size by polymerising ethylenically unsaturated
monomer added in step (b) in the presence of a free
radical initiator. It is important that in step (c)
nucleation or formation of new polymer particles is at
least minimised and preferably essentially avoided in
order to ensure that a uﬁiform, monomodal and narrow
particle size distribution is obtained in the final
polymer polyol. This is attained by maximising the.
concentration of ethylenically unsaturated monomer in

~the liquid phase of the "growth reaction system" in step
(c). B

In practice this implies that step (b) can, for
instance, be carried out by first preparing a blend of
base polyol, additional ethylenically unsaturated
monomer and optionally free radical initiator in the
amounts required to arrive at the desired end product



nmononer added in step (b) in the presence of a free radical initiator. It
“is inportant that . in-step (c) nucleation or formation of new pol yner
particles is at |least mnimsed and preferably essentially avoided in order
to ensure that a uniform nononodal and narrow particle size distribution
I's obtained in the final polyner polyol. This is attained by maxi m sing the
concentration of ethylenically unsaturated npnomer in the liquid phase of
the "growth reaction system' in step (c).~ 11 tn practice this inplies that
step (b) can, faqr ipstance rried out arin bl.end of
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Accordi ngly, 3€B3xiBy eandiféensns{AndBY ﬁﬁeﬁbnﬁﬁﬁpehPlym%ﬁFrP%d out at

roomtenperat ga@ried out under such conditions that polymerization of
added monomer(s) is substantially prevented. This is
effectively achieved by maintaining the temperature
below the temperature at which the polymerization
reaction will start, i.e. usually below 60 °C.
Accordingly, step (b) can, for instance, be conveniently
carried out at room temperature.
As has been stated, it is important that the

concentration of ethylenically unsaturated monomer in

- the liquid phase of the growth reaction system is
maximised and that in practice this implies that all the
additional ethylenically unsaturated monomer be admixed
in step (b). The total quantity of free radical
initiator may be added either during step (b) or during
step (c), and either in one batch or in portions (or
doses) over time. Alternatively, a portion of the free
radical initiator may be added, or dosed, during step
.{b) and the remainder during step (c), whilst yet
another alternative is that the majority of free radical
initiator is added, or dosed, during step (c). It may be
advantageous to dose the free radical initiator during
step (c) in order to allow optimum control of the
polymerization reaction and, thereby, the heat generated
during this polymerization reaction. Suitably where



As has been stated, it is inportant that the concentration of ethylenically
unsat urated nononer in the liquid phase of the growh reaction systemis
maxi m sed and that in practice this inplies that all the additional
ethylenlcally unsat urated nononer be adm xed in step (b). The total
quantity of free radical initiator may be added either during step (b) or
during step (c), and either in one batch or in portions (or doses) over
time. Alternatively, a portion of the free rbdlital initiator may be added,
or dosed, dur| step %b% ? t he r durlng step (c),. whilst yet
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from10 to 55@%b¥y%§kgseegaalsperSLOn ﬁrepared in step (a). The amount
of monomer used in step (b) should in any event be such
that the solids content of the final polymer polyol is
in the range of from 10 to 55% by weight based on total
weight of polymer polyol. Preferably, the amount of
monomer used is such that the solids content of the
final polymer polyol is from 20 to 45% by weight. The
free radical initiator used in step (b) and/or {c), may
be, but not necessarily is, the same initiator as used
in the preparation of the seed dispersion in step (a).

The base polyol used in step (b) in principle can be

any polyol or mixture of polyols known to be suitably
applied in polymer polyol systems. In general, suitable
polyols are those compounds having at least two
aliphatic hydroxyl groups. The base polyol used in step
(b) may, but not necessarily is, the same polyol as is
used to prepare the coupled polyol in step (a). For the
purpose of the present invention, a very suitable class
of polyols are the polyether polyols, also normally
referred to as polyoxyalkylene polyols. Such polyether
polyols are typically obtained by reacting a starting
compound having a plurality of active hydrogen atoms
with one or more alkylene oxides, such as ethylene



wei ght of pol yner polyol. Preferably, the amobunt of nononer used is such
that the solids content of the final polyner polyol is from20 to 45% by
weight. The free radical initiator used in step (b) and/or (c), may be, but
not necessarily is, the sane initiator as used in the preparation of the
seed dispersion in step (a). The base polyol used in step (b) in
priznci pl e can be any polyol or m xture of poh;ols known to be suitably
applied in polymer polyol systens. In genetal3 suitable polyols are those
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mar k) . The amount of pol ynmer seed di spersion used in step.(b) should be
such that the couptR® FRPURE f Rkimer seedt sHaAnauaion upathdn HFRP of from

1 to 15% by we{ghtsbuldiené ofidh venahtitd ddiplddaio BAIY Brredityoln ifhis is
constitutes in the range of from 1 to 15% by weight of
the total weight of the final polymer polyol. This is
important in order to ensure optimum stabilisation of
the polymer particles in the final polymer polyol. In a
preferred embodiment the amount of seed dispersion used
in step (b) is such that the coupled polyol present in
it constitutes in the range of from 2 to 10% by weight
of the final polymer polyol.

In step (b) a small amount of chain transfer agent
may be added in addition to the other compeonents. The
use of such chain transfer agents and their nature is
known in the art as exemplified by US-4,689,354; EP-A-
0,365,986; EP-A-0,510,533 and EP-A-0,640,633. Chain
transfer agents enable a control of crosslinkind between
the various polymer molecules and hence may effect
stability and filterability of the polymer polyol. It
has been found within the framework of the present
invention that the addition of a small amount of chain
transfer agent may considerably suppress reactor
fouling, which occurs during the polymerization in step
(c). If used at all, a chain transfer agent is suitably
used in an amount of from 0.1 to 5% by weight,
preferably 1 to 4% by weight, based on total weight of



lnportant in order to ensure optinum stabilisation of the polyner particles
in the final polynmer polyol. In a preferred enbodi nent the anount of seed
di spersion used in step (b) is such that the coupled polyol present in it
constitutes in the range of from2 to 10% by wei ght of the final polyner

pol yol . In step (b) a small anmount of chain transfer agent may be added
~in addition to the 'other conmponents. The use of such chain transfer agents
and their nature is known in the art as exenplified by US-4, 689, 354; EP-A-
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added in the pire@sdiffiag it has not already been added in the preceding
step (b), may also be added at this stage, either in one
batch or in a dosed manner. Whilst the polymerization
reaction proceeds, stirring may be continued at a modest:
level in order to promote a smooth release of the heat
generated during the exothermic polymerlzatlon reaction.

After step (c) the volatile components, i.e.
residual monomer and free radical initiator
decomposition products, are conveniently removed by
stripping. Such stripping is suitably carried out by
heating to a temperature in the range of from 100 to -
150°C with stirring and application of light nitrogen
purge or of wvacuum.

One of the advantages of the present process-is that
the final polymerization step may be a one-pot process,
which allows the use in commercial operation of a
continuous-type of reactor, for instance a continuous
pipe reactor. Polymer seed dispersion, base polyol,
monomer (s) and catalyst -and suitably chain transfer
agent- are continuously loaded and mixed at the entry of
the pipe and subsequently are passed through the pipe-
shaped reactor chamber, which is being heated and kept
at the desired temperature. Whilst flowing through the
pipe the polymerization reaction takes place and at the



step (b), may also be added at this stage, either in one batch or in a
dosed manner. Wil st the polynerization reaction proceeds, stirring may be
continued at a nodest |evel in.order to pronbte a snooth rel ease of the
~heat generated during the exothernic polynerization reaction.. After step
(c) the volatile conponents, i.e. residual nononer and free radical
initiator deconposition products, are conveniently rempved by stripping.
'Such stripping is suitably carried out by~ héat 'ng to a tenperature in the
range of from 100 to 150[err ]C Wi th stirri % and  a |IcatIOH | i ght
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present in the r%ﬁfiéég]fgo ﬁ %%'tbgngﬁ% %ase& on total weight
of polymer polyol of solid polymer particles stably
dispersed therein, wherein the polymer particles consist
essentially of polystyrene and have a mean particle size
in the range of from 0.5 to 2.5 micron with a particle
size span of at most 1.3. Preferred mean particle sizes
are those within the range of from 0.6 to 2.0 micron,
whilst a preferred particle size span is in the range of -
from 0.4 to 1.0. It will be understood that in the above -
characterization of the polymer polyol according to the
present invention any stabiliser present on the outer
surface of the polymer particles is not taken into
account.

The expression "particle size span”" refers to the
width of the peak indicating the monomodal polymer
particle size distribution. The particle size span (PS
span) is defined as

PS span = d(90%) - d{10%)
' d(50%)

wherein d(x%) is the particle diameter in micron at
which x% by volume of the particles has a smaller



ILn a further aspect the present invention also relates to a pol yner polyol
conprising a liquid polyol phase and from 10 to 55% by wei ght based on
total weight of polyner polyol of solid polynmer particles stably dispersed
t herein, wherein the polyner particles consist essentially of polystyrene
and have a nmean particle size in the range of from0.5 to 2.5 mcron with a
particle size span of at nobst 1.3. Preferreg mean particle sizes are those
within the range of fromO0.6 to 2.0 nicroﬁ BhT1 st a preferred particle
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pol ystyrene in EP-A-0,495,551 have a PS span which is greater than
1.3.

As has already been indicated hereinbefore, the
present polymer polyols have a lower viscosity at a
given solids content predominantly due to the low
concentration of coupled polyol which is éresent in the
reaction mixture resulting from step (b). Such'lower
viscosity is highly desired from a processing point of
view, for instance, when using the polymer polyols in
polyurethane production.

In a preferred embodiment of the present invention,
the polymer polyol has a solids content in the range of
from 20 to 45% by weight based on total weight of '
polymer polyol. The liquid polyol phase of the polymer
polyol suitably contains a coupled polyol in an amount
of from 1 to 15% by weight, preferably from 2 to 10% by
wéight, based on total weight of polymer polyol, which .
coupled polyol consists essentially of the reaction
product of a base polyol having an'éVerage nominal
functionality of at least 2 with a polyisocyanate in
such proportion that the ratio of equivalents hydroxyl
groups to equivalents isocyanate groups is greater than
1. Such coupled polyols ahd preferred species thereof
have been described in more detail hereinbefore when
discussing the preparation process according to the
present invention.



pol ymer polyols disclosed therein have broader particle size distributions

than those of the present polystyrene polyner polyols, i.e. the polystyrene
pol yol s di scl osed in EP-A-0, 495,551 have a PS span which i-s greater than
1.3. As has al ready been indicated herei nbefore, the present polyner

pol yol s have a | ower viscosity at a given solids content predom nantly due
to.the [ ow concentration of coupled polyol which is present in the reaction
m xture resulting fromstep (b). Such | ower Wi scosity is h|ghly deS|red

froma processing of view, for instang en usin

pol yol s in polyuréﬁﬁé%? Sl opresent; %ﬁpgheﬁﬁeé §%ﬁ%89 ﬁ? the
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polyol in an ammnrenfttfemfm ta@dlmeb;pqﬂenl@wyamaéfewablay from2 to 10% by
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consi sts essent_al

reacti product o avin
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di scussi ng t hédgaeralidloh gnoddeseacesatiipd above phesedd scissAnigon.
- 17 - Theh Py MaloPTHRRIYsSui tably is a trifunctional

pol yoxyal kyl ene pal yol, preferahly the reaction product of glycerol and
et hyl ene oxi de, Qﬂﬁﬂﬂﬁﬁ§QBﬁ(ﬂ9LﬁmQ§ Folydle ish¥egyr usghyl e t

ponisocyanat@mﬁﬁuttlon of various polyurethane articles,
particularly polyurethane foams which can be of a -
flexible or of a rigid nature depending on the reactants
used and the amounts in which the various reactants are
used. In general, the polyurethane is formed by reacting
the present polymer polyol with a polyisocyanate in the
presence of a suitable catalyst. If a polyurethane foam
is to be prepared, a blowing agent should be used as
well. Other additives, such as flame retardants, foam
stabilizers and crosslinking agents may also be used
when forming the polyurethane article.

Polyisocyanates that may be used are those
conventionally applied in the production of (flexible)
polyurethane foams. Useful polyisocyanates should
contain at least two isocyanate groups and include both
aliphatic -usually alkylene- and aromatic di-, tri-,
tetra- and higher isocyanates known in the art to be
suitably applied in the production of flexible
polyurethane foams. Mixtures of two or more of such
aliphatic and/or aromatic polyisocyanates may also be
applied. Most commonly applied polyisocyanates are 2,4—'
toluene diisocyanate (2,4-TDI), 2,6~-TDI, mixtures of
2,4-TDI and 2,6-TDI, 4,4'-diphenyimethane diisocyanate
(MDI) and polymeric MDI.



di functional organic polyisocyanate, preferably MO or TDI, which are
reacted in such proportion that the ratio of equival ents hydroxyl groups to
equi val ents isocyanate groups is in the range of from2.0 to 10.0. Suitable
base polyols are those descri bed above when di scussing the preparation
process. The present polymer polyol is very useful in the production of
various pol yurethane articles, particularly golyurethane foans whi ch can be
‘of aflexibie or of a rigid nature dependindg8on the reactants used and the
amounts in which the varioys reactants are used era e

Do yur ot hane. | 1 GPed TPALIRE: LRg ioHe COFEBER: TpoHgHErCEt: bY tBE h

pol yi socyanat €alilawisgreesmpdesoividhauitt alelsé raatdhygsthel Ecappobyfutaehane
foamis to be.pr. (o] as well. Oher

addi ti ves, suc%v%gﬁ%ggﬂé§#2#§¥%h% Qq%%%%?é%gg Pl?giggand crosslinking
agents nay al §&amolesdd when forning the pol yurethane article.
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production of erX|bI po r et hane oans
contain’ at §§W§ﬁ§ dyPedye tak® PnEFG&€°EoPH 2 VB gplc -usual l'y
al kyl ene- andnwﬁmGMUﬂ:styredéﬂcoupuear@olQQd bifgRer 80soayanategeknown in
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T8 - MDT (W oo Ly MRS Tolvede! 2Pad BY WWREYPOKNORPRg

exanmpl es wit h(iidilyfdas,t rire tdet@irinh) e wagoRReOfreldd®ion product of glycerol
and a mixture of ethylene oxide and propylene oxide. The
average molecular weight of the coupled polyol (as
determined by GPC) was approximately 50,000.

The mixture was stirred and the temperature was
raised to 90 °C. The polymerization started and
proceeded for 7 hours under continuous stirring, whilst
the temperature was maintained at 90 °C.

The resulting polymer seed dispersion was
subsequently diluted at a 1:1 volume to volume ratio
with the polyether polyol CARADOL SC46-02, a propylene
oxide/ethylene oxide adduct of glycerol having a number
average molecular weight of about 3,500. Further details
of the diluted polymer seed dispersion are given in
Table I.- '

Subsequently, a blend was prepared containing 9% by
weight of diluted polymer seed dispersion, 52% by weight
of CARADOL SC46-02 and 392% by weight of styrene monomer.
In addition, 75 mmol/kg styrene of the free radical
initiator LUPEROX 575 (t-amylperoxy-2-ethylhexanoate;
LUPEROX is a trade mark) and isopropanol (5% by weight
on total weight of reactants) were added. All components
were rapidly mixed at 30 °C until a uniform dispersion
was obtained. Then, the reaction mixture was heated from



I nvention to these particular enbodi nents. Exanple 1 A pol yner seed

di spersion was prepared by adding styrene and coupl ed polyol to a reactor
in a weight ratio of styrene/coupled polyol of 20/80. Al so added were 150
mol / kg styrene of free radical initiator LUPEROX 575

(t-anyl peroxy-2-et hyl hexanoate; LUPEROX is a trade mark). The coupl ed
polyol was obtained by reacting MDI with a_pPényyaIkerne polyol . This

pol yoxyal kyl ene polyol, in return, was the reaction product of glycerol and

nelght "of the coubieq ool val fan Bor b aL gt SO S R S L S s

50, 000. Thelkbyet BouBZoserR af §F\d. Fh'énF\{.%p%?lﬁEh%i%gs raised to 90 C.
The pol yneri zat{approkamnbedlgnd hoaeegded for 7 hours under continuous
stirring, whilst the tgnggra&ure was naintaiqu at 90 %g%%éC;. .tThe
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di spersi on ar eRégt¥egepnPragRe The POlYFE¥ERRENPPHYRAr PRI haRT PEephr ed

contai ni ng 9% Weswai ght tef didspetsilonohyvEhgsgesoligpecsnodnt S@Ro H9% ey ght
of CARADOL SC46-02 ?nd 39%63¥ meLght ﬁf stgrene mononer. Ln_additi nb 75
5°r8drtaf FARrERS y

mol / kg st yren¥eFEnePRF BF LE UPERGE B sdetermine
(t-anyl per oxy- 2aeehylLhighéinsgattekiPgRaXalygsast uaieg nar¥alwexni sopr opanol
(5% by wei ght { A i of, t , d. Al conponents were
rapi dly m xed g sgggﬁgf%?cggggi#tgsggiﬁg%%?d[ %?gﬁg%'mas obt ai ned. Then

the reaction m xtuFBewasSnéhfedrer bpflicated in Table I.

- 19 - Comparative Example 1

A polymer polyol was prepared by the single step
dosing-technique by adding to a stirred mixture of
CARADOL SC46-02 (87.5% by weight) and the coupled polyol
used in Example 1 (12.5% by weight) at 90 °C, via
linearly dosing over a period of 3 hours, 40% by weight
-based on total weight of final reaction mixture- of
styrene monomer and 150 mmol/kg styrene of the peroxide
initiator LUPEROX 575. After all styrene monomer and
peroxide initiator were added, the polymerization
reaction was allowed to proceed to completion for 2
hours. Volatiles were subsequently stripped from the
product (120 °C for 15 hours under light nitrogen
purge) . The resulting polystyrene polymer polyol product
was a white dispersion having a solids content of 39.9%

by weight.
Further details are given in Table I. The following
abbreviations are used in Table I: -
[C.P;]liq : Weight percentaQe of coupled'poiyol in the
liquid phase
{Solids] : Solids content in weight percent
vd, 25 : Dynamic viscosity at 25 °C in mPa.s
Mean PS : Mean particle size in micron



30 to 80 [err]C over a period of 1 hour and the reaction was allowed to
proceed at 80 [err]C until conpletion (approximately 7 hours). Resi dua
styrene nononer and peroxi de deconposition products were subsequently
renoved by heating the product to 125 [err] C under continuous stirring and
a light nitrogen purge. The pol ystyrene pol ynmer polyol product was a white
di spersion having a solids content of 40% by ight. Particle size
characteristics were determ ned by |aser ITg%&eécattering anal ysis using a

Mal vern Mastersi zer MS2P4 r tu yts are

i ndi cated in TIZbI e |. COITDaI’:fI ve é@lr%%gﬁrf% %OAL\ y%rl % on was

prepared by thle single step dogi h |que by addlng t sthrred m xture
of CARADOL SCAB-02 (87.5% by "fj@“ﬁpq%@ +hre—eotphed m.@iﬁ?p wﬂi’i P Banpl e
1 (12.5% by wefi ght) at 90 [err]€eed a |ineafPglemeing dvelymeerPolyoi |3
hours, 40% by mei ght -based on|ifisple  \dRioHt gglpb@al reactlon m xt ur e- | of
styrene nnnoneF'anG'ﬁj?ﬂﬂﬂﬂ#ﬁqrsfyFEﬂE-UP-* ere=rrrtreter—tREROX
575. After all| E€yFehklid@oh¥wier |$9 peroxi de BBt at or v&&%e%dded t he

pol yneri zati on [S8Cid&n wﬁﬁtpllgqu to procggd o conpllejg op for 2 houfs.
Vol ati |l es wer ¢ bseq sthi.pp fromth duct (|220 [err]C for 15
hour s under I|d§# %gtﬁﬁg%ng ﬁ!giﬁe resu g ﬁ 8polystylr %olyner pol yo
product was a pitear m&pmmm)n lBa’isng a sol | gsosont ent jaf. BP. 9% by wei ght .
Further detaills ven in Tah The fp}l ng ablrevj ations are lsed
In Tablel [C gljl %%9 &4 tuvégynnnlnrl 111 |n fhg
| i qui d phase [So&fde; dllutsbnldstho@h&thLnS@kﬁgmm percent Vd 25 ;
Dynami ¢ viscosity at 25 [err]C in nPa.s Mean PS . Mean partlcle size in
m cron

nokconlt aon

From Table I it can be seen that the seeding process
according to the present invention indeed results in
100% polystyrene polymer polyols of which the polymer
particles are very small (1.03 micron) whilst at the
same time having a more uniform and narrow particle size
distribution (PS span of only 0.85, versus 1.74 for the
one step dosing process). In addition, the viscosity at
equal solids content is significantly better (8,910
mPa.s, versus 14,020 mPa.s for the one step dosing
process) .

Example 2

A diluted polymer seed dispersion was prepared in
the same way as in Example 1 except that a coupled
polyol was used having an average molecular weight of
40,000, that the polymerization time was 6 hours and
that CARADOL MHS6-03 (a propylene oxide/ethylene oxide
adduct of glycerol having a nﬁmber average molecular
weight of about 3,000) was used as the polyol. Further
details of the diluted polymer seed dispersion are given
in Table II.

Subsequently, a blend was prepared containing 11% by
weight of diluted polymer seed dispersion, 64% by weight
of CARADOL MHS56-03 and 25% by weight of styrene monomer.
The components were rapidly mixed at 30 °C until a



- .20 - TABLE | Pol ystyrene Pol yner Pol yol s

Exanple 1 Conmp. Ex. 1 Seed Pol yner
Pol ymer Pol yol Dispersion[ferr] Polyol [C.P.]Jliq (%) 50 6.8
12.5 [Solids] (%) 9.1 39.5 39.9 Vd, 25 (nPa. s) 11, 214
8,910 14,020 Mean PS(mcron) 0.25 1.03 1. 33 PS span
0. 80 0. 85 1.74 after diluti wi t h CARADOL SC46-02

From Table | it can be seen that the seeding“grocess according to the

present inventigy ¢ddee g {sh I“n“sl%%{loﬁnl%(é?o her?ingr ﬁl) th?‘l ol s of

whi ch the pol ynmer partic are ver t he sane
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of oty 0.85 varébrde Thditiall N0 e R0N SS0GREE) 1 1hdaR4Y TN,

the viscosity a eegilafiﬂ ds content I's signifticantl etter
versus 14, 020 r#ﬂ‘f f ted YaS&iidgasy 6@é§§)10nE5@aPﬁ§P€ezover A
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of 40,000, ' ha TIETH gmr.zﬁﬁ%ﬁﬁ%ﬂéﬁrﬁ?@%ﬁaﬁs BrateRaD BaRRBCL O
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nunber aver age Radan s‘éfq\fél?: ol yol
Furt her det algl gf?f t esaéﬁlmol yma(E é’ E?ngl )582/?’ o%ggggagﬁggnpl nyTabI e

Il Subseq®RRAAYF SNleg, SOBH LOUANE AEAGE1R%; BRGNS JhEnGT
di | uted pol ynem iteesdeti TG .0ITheb YLK tyRictlat pofl yR&RADEL y Ntl5 r8duagd 25%
Fgrrfkgnht?r ZR%Je@FuﬁBﬂPn%ﬁsﬁggglgonB%%%gbsa“%gilds Egh ent og 34 %g
: by weight. Particle size characteristics were determined
in the same way as in Example 1.

The results are indicated in Table II.
Comparative Example 2

A polymer polyol was prepared by the single step
dosing-technique by adding to a stirred mixture of
CARADOL MHS56-03 (90% by weight) and the coupled polyol
used in Example 1 (10% by weight) at 90 °C, via linearly
dosing over a period of 3 hours, 25% by weight -based on
total weight of final reaction mixture- of styrene
monomer and 150 mmol/kg styrene of the peroxide
initiator LUPEROX 575. After all styrene monomer and
peroxide initiator were added, the polymerization
reaction was allowed to proceed to completion for 2
hours. Volatiles were subsequently stripped from the
product (120 °C for 15 hours under.light nitrogen
purge) . The resulting polystyrene polymer polyol product
was a white dispersion having a solids content of 23.9%
by weight.

Further details are given in Table II.




- 21 - uniformdispersion was obtai ned. Then, the reaction m xture was
heated to 80 [err]C and 75 mmol / kg styrene of the free radical initiator
LUPEROX 575 were linearly dosed to the noderately stirred reaction m xture
over a period of 4 hours. The reaction was then allowed to proceed at 80
[err]C to conpletion for a further 2 hours. Resi dual styrene nononer
and peroxi de deconposition products were subsequently renoved by heating
the product to 125 [err] C under continuous-s23rring and a |ight nitrogen

purge. The pol ystyrene polymer pol yol product was a white dlsger3|on havi ng
a solids content of JUA &ﬁ | & YSPXFﬁpéIBOéVEGrcﬁaiﬁéiérK fics were
determned in e Wy dnple 1 The TeputtsSare Tdrgat ed

in Table I1. <onparat|ve Exanp Examp 2 polyner pal yol COAR -pE&pared|by t he
singl e step dgsing-techni que bysagdi ng to Falyhkﬁd M kg omak CARA
MH56- 03 (90% ly wei ght) and th | ed plyol u ed in e 1 (10% by
wei ght) at 90t j War= e .q£ difgl i_BEnghn“rsf 5% by
wei ght -based|qe tpot]e]_llq/veu%g}tt) $of| naI react5 on m xturgjpof styrene nomer
and 150 mmol / t.V. f thel peroxide iniftjator LUPEROX 575. After |al
styrene nono g[sf&ld"%g o(%i inrtrator werd %Ag'osgd thngal' merizatio
reaction was dﬂdyﬂﬁjﬂm?ameceeolspSOOnpleticﬂ;émn 2 houes 8290l atil es|jwere
?guct (124 deﬁr‘{] C for{dSghours undef Iight
o)

subsequent|ly 3

ni trogen purge styrene pol ymer pol Yol product was a
_ : ‘080, by whighl  Eurfher

details are gi VeaftErTék?!Lﬁth with CARADOL MHS56-03

whi te di spersilgtP

Table II shows that also at lower solids content,
the same advantages as indicated in Table I occur, that
is, the seeding process according to the present
invention results in 100% polystyrene polymer polyols of
which the polymer particles are very small whilst at the
same time having a highly uniform and narrow particle
size distribution. The wviscosity at about equal solids
content is again significantly better for the present
polystyrene polyol.

Example 3

A polymer polyol was made by preparing a blend
containing 9% by weight of the diluted polymer seed
dispersion prepared as in Example 1, 60% by weight of
CARADOL SC46~-02 and 30% by weight of styrene monomer,
whilst keeping the temperature below 60°C. All
components were mixed and then heated to 100°C.
Subsequently, 75 mmol/kg styrene of the free radical
initiator LUPEROX 575 were linearly dosed over 5 hours.
After all the peroxide was added, the polymerisation
reaction was allowed to proceed to completion for 2
more hours at 100°C. Volatiles were subsequently
stripped from the product. The resulting polystyrene
polymer polyol product was a white dispersion having a
solids content of 31.5% by weight, a viscosity at 25°C



- 22 - TABLE 1|1 Pol ystyrene Pol ynmer Pol yols (2)

Exanple 2 Comp. Ex. 2 Seed Pol yner
Pol yer Di spersion[err] Polyol Polyol [C.P.]liq
(%) 50 5 10 [Solids] (%w) 9.1 24. 6

23.9 Vd, 25 (nPa. s) 13, 500 2,410 2,828 Mean PS(micron) 0.25
0.:64 0. 80 PS span 0.71 0. 88 1.41 after
dilution with CARADCL MH56- 03 Tabl e 71 123sRows that also at | ower

solids content,_t advant ages i ndi cated.in Table | ocgur, that is,
t he seeding prqj%eg?é@g%ad‘i%g & gget%a%r é’?ejrﬂ'aﬁ%%ﬁrio& ABS At %gl FPE50%

pol ystyrene pafyrier24ol yol s of which the polyner particles are very snall
whi | st at thegﬁrﬁ%ﬁfé ng having a highly uniformand narrow particle size

di stribution. sity at about equal solids content is again
significantly bettlre fRiroqedigs efefxammlhestd) wase fodllpped BEanRgl @ 3 A
pol ynmer pol yolpd@andBdso o PIsRaid sl P IEh G aisnivyd wdighy W ¢hle Of the
di l uted pol ymapr, seed ﬁﬁ?ebr sion C{e ar e% as | nqganp:bggl, _Eg%%b wei ght of
CARADOL SMG-@%%@%W“%i@é) ispensaR ReREed R L&t EXEERSy t he

t enper at ure bel ,0vBEO [y rightl ICARNDINSTYSE-02 and B¢ dydwelieghthedt ed to

100[err] C. Subﬁgg:{ I mml/kg styrene of the free radical initiator
LUPEROX 575 wer ﬁ:{r.lgee{&r/qriloz%osbd over 5 hour.s. After all the peroxide was:

added, the pol ynerihsatsane razmssinitop fvddienderoxd deo LFPEROEA S8 wespl eti on for

2 more hours ajodQP[1es rife POIyildd SoMRIIE Srdis Ukl Bluti RREErfilsom the
product. The resulting polystyrene pol'ynmer pol yaol product was a white
di spersi on hafaRf £S5 i(FLWriemd HY ﬁ%%m SC48710<cosity at

25[err]C The resulting polystyrene polymer polyol had a
solids content of 31.0%, a wviscosity (25°C) of
‘3,980 mPa.s, a Mean PS of 0.73 micron, and a PS span of
1.45.
Example S

A polymer polyol was made by preparing a blend

containing 9% by weight of the diluted polymer seed
dispersion prepared as in Example 2, 60% by weight of
CARADOL SC46-02 and 30% by weight of'styrene monomer,
whilst keeping the temperature below 60°C. All
components were mixed and then heated to 100°C.
Subsequently 75 mmol/kg styrene of the free radical
initiator LUPEROX 575 was linearly dosed over 5 hours.
After all the peroxide was added, the polymerisation
reaction was allowed to proceed to completion for 2
more hours at 100°C. Volatiles were subsequently
stripped from the product. The resulting polystyrene
polymer polyol product was a white dispersion having a
solids content of 30% by weight, a viscosity (25°C) of
3,300 mPa.s, a Mean PS of 0.72 micron and a PS span of
1.28.



-. 23 - of 4,220 nPa.s, a Mean PS of 0.72 mcron, and a PS span of 1.24.
Exanpl e 4 The procedure of Exanple 3 was followed using a polymer

pol yol prepared by btending—9%-by wei ght of the diluted pol yner seed
di'spersion prep 0 Exanpl e 1, 50% by wei ght CARADOL SC46-02 and 30%
by wei ght of stmmmﬂ "m’ The sane anmount of the peroxi de LUPEROX
575 was dosed to= yol over 5 hours, but in this case as a

bl end in 9% by wei ght CARADOL SCA46- 02. - ?He'resulting pol ystyrene
pol yner polyol had a solids content of 31.0% a viscosity (25] ] 4fﬁ-
3,980 nPa.s, a Mean PS of - 0. 73 mcron, and a PS span of 1.45. 5

A pol yner polyol was nade by preparing a blend containing 9% by wei ght of
the diluted polyner seed dispersion @reparé&dMa8 in Exanple 2, .60% by wei ght
of CARADOL SC46-02 and 30% by wei ght of styrene nononer, whilst keeping the
tenperature belomhg%{err conponents were m xed and then heated to

100[err] C. Subseq Q%F%%%'?I&:hﬂ«@’rm% ofhe Ftableadrdymerniti at or
LUPEROX 575 wasolydieadidwirpsethart®iv pdlgmer pAidtdiclal Isitzke peroxi de was
gdded, t he pol i%sna}%on reacpti.or}_ mj&é‘?el IS wed tq proceed to conpletion for
nore hours a e ﬁQE SRS e’s 5%& eéntly stripped fromthe
product. The réslulpterppioly st p@mqmolsprugk disipeals ipno tyc polgmen iwtinige
o B hen e Saginge el e Pt e, ol 95 o111 O
R range of from 5 to 40% by weight of one or more
ethylenically unsaturated monomers, at least 80% by
weight of which is styrene, in (ii) in the range of from
95 to 60% by weight of a liquid polyol medium comprising
at least 30% by weight based on total weight of the
liquid polyol medium of a coupled polyol;
(b) admixing a base polyol and one or more ethylenically
unsaturated monomers, at least 80% by weight of which is
styrene, with at least part of the polymer seed '
dispersion obtained in step (a) at a temperature below
the polymerization temperature; and subsequently
(c) heating the resulting mixture to a temperature at
which polymerization occurs and allowing the
polymerization to proceed until completion, thus
yielding the polymer polyol, '
whereby a free radical initiator is added in step (b)
and/or (c), whereby the polymer seed dispersion is used
in such amount in step (b) that the coupled polyol
present in it constitutes in the range of from 1 to 15%
by weight of the final polymer polyol and whereby the
amount of ethylenically unsaturated monomer (s) used in
step (b) is such that the solids content of the final
‘polymer polyol is in the range of from 10 to 55% by
weight based on total weight of polymer polyol.
2. Process according to claim 1, wherein at least 95%
by weight, and preferébly essentially 100% by weight, of
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CLAI MS 1._Process—tfor—the—preparation of a stable pol ymer pol yo
havi ng a narrom/polyner art\ﬂtﬁ! i ze distribution conprising the steps of:

(&) preparing a p?“mm“ ‘ rsion by polymerizing in the presence of
a free radical e range of from5 to 40% by wei ght of one

or: nore ethylenlcally unsaturated nonomners; 23 | east 80% by wei ght of which
is styrene, in (ii) in the range of from 95%P0 60% by weight of a liquid

polyol redi UM, (a8 1125 00 DY olehgbabases] UchoLAl spabght of

the liquid polyo 'ng a base  pol yo
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of which is styrepgocdiskhadbok8dnl Rark19imt ﬁ]%P%?’”ﬁﬁe%S@H gh&per si on
obtained in ste a), at .a tenperature bel ow,t nerization tenperature;

and subsequenF P P@&WP&QCPH€15§§UPFFﬁBtﬁP}$MrthBhﬁ FeARELSRure at
whi ch polynerpzaﬁmam QtCc ¥ dbasedpalllyow hgvihg pal yrerazet homihalproceed

til | et t | I ; di cal
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final polyner polyol whereby the anbunt of “ethylenically unsaturated
nonomner ( s) usédd in step (b) is such that the solids content of the final
pol yner pol yols4, iSPEbcbh% aeeoeddhgl EONTl@if0355Whbyeini ghe based on total

5555 by vei ght FORYT i & LR UCaRed FOLEa0tenf Tefgnporgpis o M & T east
preferably the reaction product of glycerol and ethylene
oxide, propylene oxide or a mixture thereof, and the
polyisocyanate is a difunctional organic polyisocyanate,
preferably MDI or TDI, which are reacted in such
proportion that the ratio of equivalents hydroxyl groups
to equivalents isocYanate groups is in the range of from
2.1 to 10.0. '

5. Process according to any one of the preceding
claims, wherein the liquid polyocl medium used in step
(a) comprises at least 50% by weight, preferably at
least 75% by weight, based on total weight of the liquid
polycl medium of the coupled polyol.

6. Process according to claim 5, wherein the liquid
polyol medium consists essentially of the coupled
polyol. S

7. Process according to any one of the preceding
claims, wherein the base polyol used in step (b) is a
polyether polyol having a number average molecular
weight of at least 500.

8. Process according to any one of the preceding
claims, wherein the polymer seed dispersion is used in
such amount in step (b) that the coupled polyol present
in it constitutes in the range of from 2 to 10% by
weight of the final polymer polyol.



the ethylenically unsaturated mononer (s) used in steps (a) and/or (b) is

styrene. 3. Process—aecoerding—to claiml or 2, wherein the coupled polyo
consi sts essentiallﬁ [

ction product of a base polyol having an
aver age noni na“mm ll m&ﬁﬁ'waﬂf at least 2 with a polyisocyanate in such
proportion that'® ui val ents hydroxyl groups to equivalents
| socyanate groups is greater than 1. 4. Prgéess according to claim 3,

wherein the base polyol is a trifunctional “pol yoxyal kyl ene pol yol ,
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I socyanate groups 1s in of 5. Process according
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in step (a) ¢amde 9FS faom QQStOSQ%@bewaég ht BaséereR! ¥oahll Rashh#S5% by
wei ght, based _on tot al we&gh& of the liquid polyol mediumof the coupled
pol yol . 6. PPEcESIYREEPRLYGLro claim5, wherein the |iquid polyol medium
consi sts esséfti 8rbgess akeordipfyetdopahyobne7ofPtbeessoaeedidgng to any one

of the preced | a ereLn | yQk ¢ | BeS s a
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pol ymer seedp@iygersion is used in such anount in step (b) that the coupled
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claims, wherein the total quantity of free radical
initiator is added during step (c).

12. Polymer polyol comprising a liquid polyol phase and
in the range of from 10 to 55% by weight based on total
weight of polymer polyol of solid polymer particles
stably dispersed therein, wherein the polymer particles
consist essentially of polystyrene and have a mean
particle size in the range of from 0.5 to 2.5 micron
with a particle size span of at most 1.3.

13. Polymer polyol according to c¢laim 12 having a solids
content in the range of from 20 to 45% by weight.

14. Polymer polyol according to claim 12 or 13, wherein
the liquid polyol phase contains a coupled polyol in an
amount in the range of from 1 to 15% by weight,
preferably from 2 to 10% by weight, based on total
weight of polymer polyol, which coupled polyol consists
essentially of the reaction product of a base polyol
having an average nominal functionality of at least 2
with a polyisocyanate in such proportion that the ratio
of equivalents hydroxyl groups to equivalents isocyanate
groups is greater than 1.

15. Polymer polyol according to claim 14, wherein the
base polyol is a trifunctional'polyoxyalkylene polyol,
preferably the reaction product of glycerol and ethylene
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i s such that the 7 numl the final polynmer polyol is in the range
of from20 to 45%1 “ l‘ﬁ““m Wibn total weight of polynmer polyol. 10.
Process according to anyton® of t'he proceeding clains, wherein the free
radical initiator is linearly dosed over a tinme period in the range of from
3 to 6 hours. 11. Process according to any 3de-of the proceedi ng cl ai s,
wherein the total quantity of free radical ,initiator is added ring step
(c). 12. Pol yfE9s ﬁﬁ%%lrﬁm AXIGe 95 Ui KFSERo IFRSFES 'aﬁd‘qﬂ: e range
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claim112 or 1§°W&%Qhe | i qui d pol yol phase contains a coupled polyol

10% by el Ght L ASa o L OCA it o PO paLyo e Pl od
0 , .
pol yol consi stcslbag'grgscejn]tcﬂlqaﬁtq Q"B‘J'of:"\%e S &k Fo %8&8‘?“&%’ ?élepol yol havi ng

an average nom nal functionality of at least 2 wth a polyisocyanate in
such proportion that the ratio of equival ents hydroxyl groups to
equi val ents 1 socyanate groups is greater than 1. 15. Pol yner polyol

according to claim 14, wherein the base polyol is a trifunctional
pol yoxyal kyl ene pol yol ,
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preferably the reaction product of glycerol and ethyl ene

- 27 - oxide, propylene oxide or a mxture thereof, and the polyisocyanate
is a difunctional organic polyisocyanate, preferably MDI, which are reacted
in such proportion that the ratio of equival ents hydroxyl groups to
equi val ents isocyanate groups is in the range of from2.0 to 10.0. 16. Use
of a polyner polyol according to any one of clains 12 to 15 in the
production of polyurethane.
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ABSTRACT

POLYMER POLYOL AND PROCESS FOR THE
PREPARATION OF POLYMER POLYOLS

Process for the prebaration of a stable polymer
polyol having a narrow polymer particle size
distribution comprising the steps of:

(a) preparing a polymer seed dispersion wherein the
liquid polyol medium comprises at least 30% by weight of
a coupled polyol;

(b) admixing a base polyol and one or more ethylenically
unsaturated monomers, at least 80% by weight of which is
styrene, with at least part of the polymer seed
dispersion obtained in step (a) at a temperature below -
the polymerization temperature; and subsequently

{(c} heating the resulting mixture to a temperature at
which polymerization occurs and allowing the
polymerization to proceed until completion, thus
yielding the polymer polyol. _

Polymer polyol comprising a liquid polyol phase and
from 10 to 55% by weight based on total weight of
polymer polyol of solid polymer particles stably
dispersed therein, wherein the polymer particles consist
essentially of polystyrene and have a mean parEicle size
in the range of from 0.5 to 2.5 micron with a particle
.size span of at most 1.3.

The above polymer polyols are very useful in the
production of polyurethane articles, particularly
polyurethane foams. '
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