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POLYMER POLYOL AND PROCESS FOR THE 
PREPARATION OF POLYMER POLYOLS 

TS 0447 

The present invention relates to a polymer polyol 
and to a process for the preparation of a polymer 
polyol. More specifically, the present invention relates 
to polystyrene polyols of which the polystyrene 
particles are relatively small and have a narrow 
particle size distribution. In addition, the present 
invention relates to a process for preparing polymer 
polyols, including the above polystyrene polyols, 
wherein use is made of a specific seed dispersion. 

Polymer polyols are known in the art. In general, a 
polymer polyol is a stable dis.persion 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 
stabiiising 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 pol00.er polyols. As such, this 
is a known technique, which basically involves adqing a 
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dispersion of polymer particles to a polyol and 
subsequently polymerising additional monomer in the 
presence of the seed dispersion. The seed polymer 
particles will grow in size as a result of the 
polymerization of the additional monomer. 

For instance, in EP-A-0,365,986 a two-step process 
for preparing graft polymer dispersions is disclosed 
comprising the steps of first preparing in a continuous 
mode an intermediate graft polymer dispersion having a 
solids content below 30% by weight and having a broad 
particle size distribution of the polymer particles 
followed by charging this intermediate graft polymer . 
dispersion to a semi-batch reactor as seeds 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 polyol, 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 
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monomer, resulted in polymer polyols with polymer 
particles having particle sizes above 30 micron. 

In EP-A-0,510,533 a process for the preparation of 
polymer polyols is disclosed using a coupled polyether 
polyol as stabiliser. The stabiliser is used in an 
amount of from 0.1 to 10% by weight. The polymer polyol 
is suitably formed by the free radical polymerization of 
ethylenically unsaturated monomer(s} in a medium 
comprising a liquid polyol, the stabilizer and a seed 
dispersion. The seed dispersion may have a solids 
content of from 5 to 50% by weight and contains polymer 
particles having diameters of at least 30 nm and more 
suitably between SO 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 weight 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 
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system used, with a selected polyol. The preferred 
reactive unsaturated compound is a compound that causes 
the stabiliser to have fumarate-type unsaturation, such 
as maleic anhydride. The stabiliser is used in amounts 
up to 20% by weight, the exact amount being determined 
by the end-use application. Again, styrene-acrylonitrile 
copolymers are the preferred polymers. 

None of the prior art references cited hereinbefore 
actually describe the preparation of polymer polyols 
containing polymer particles having styrene contents 
above 80% by weight, whilst at the same time having a 
small particle size (i.e. below 10 micron, more suitably 
below 5 micron) in combination with a narrow particle 
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 polyol 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 present invention 
aims to provide a process for preparing 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 preparing the final polymer polyol. The present 
invention aims to provide such process that in said 
subsequent polymerization step nucleation or formation 
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of new polymer particles is minimised as much as 
possible, suitably to a zero level, so that only growth 
of existing seed polymer particles occurs in order to 
ensure the formation of small polymer particles having a 
uniform, monomodal and narrow polymer particle size 
distribution. Furthermore, the present invention aims to 
provide a process wherein the growth stage can be 
carried out, if desired, via an all-in-one-pot process, 
thus allowing operating this stage in a continuous mode 
in industrial application. 

It has been found that the these and other aims can 
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 5 
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 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, 
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whereby a fre·e 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 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 io to 55% by weight based on 
total weight of polymer polyol. 

The polymer present in the stable polymer polyol 
prepared by the present process is obtained by 
polymerizing ethylenically unsaturated monomers, at 
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 vinyl aromatic hydrocarbons, like alpha­
methyl styrene and methyl styrene, acrylonitrile, 
methacrylonitrile,. 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 
present 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% polystyrene polyol 
product. 

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 
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size of less than 1 micron, preferably from 0~1 to 0.7 
micron, more preferably from 0.15 to 0.5 micron. Such 
small polymer particles can be obtained by employing a 
high concentration of coupled polyol, which acts as a 
dispersion stabiliser, in the reaction mixture. The 
coupled polyol may chemically interact with the 
ethylenically unsaturated monomer(s) to form stabiliser 
molecules, either by grafting onto a chain of 
polymerised monomer or by incorporation of one or more 
coupled polyol units. in the polymer chain via 
copolymerization with the monomer. A usual precondition 
for such chemical interaction is that 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 
stemmi~~ 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 polyether 
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 
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weight of the liquid polyol medium is constituted by 
coupled polyol. It is, however, preferred that the 
liquid polyol medium consists for at least 50% by 
weight, more preferably at least 75% by weight, of 
coupled polyol. A liquid polyol medium consisting 
essential~y of coupled polyol has been found most 
advantageous. 

Free radical polymerization catalysts or free 
radical initiators are known in the art and include both 
peroxide compounds and azo compounds. Examples of 
suitable free radical initiators are peroxide catalysts 
like dibenzoyl peroxide, lauroyl peroxide, t-amylperoxy-
2-ethylhexanoate, di-t-butyl peroxide, diisopropyl 
peroxide carbonate, t-butyl peroxy-2-ethylhexanoate, t­
butylperpi valate, t-butylperneo-decanoate, t­
butylperbenzoate, t-butyl percrotonate, t-butyl 
perisobutyrate, t-butylperoxy-1-methylpropanoate, 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. Sui table coupled polyols are thos·e 
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 
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least 2 with a polyisocyanate in such proportion that 
the ratio of equivalents hydroxyl groups to equivalents 
isocyanate groups is greater than 1. In a· preferred 
embodiment the base polyol has an average nominal 
functionality of from 3 to 6 and is reacted with a 

difunctional polyisocyanate in such proportion that the 
initial ratio of equivalents hydroxyl groups to 
equivalents isocyanate groups is greater than 1. In a 
more preferred embodiment the base polyol is a 
trifunctional polyoxyalkylene polyol and the 
polyisocyanate is a difunctional organic polyisocyanate, 
which are reacted in such proportion that the ini~ial 
ratio of equivalents hydroxyl groups to equivalents 
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-
tolylene 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 



- 10 -

as described above, is, however, preferred.- Depending on 
solids content and viscosity of the polymer seed 
dispersion, it may be diluted with a polyol between 
steps (a) and (b) . Due to the relatively high molecul_ar 
weight and corresponding high dynamic viscosity of the 
coupled polyol, the polymer seed dispersion may have · 
such high dynamic viscosity that it is difficult to 
handle. In such a case dilution with a polyol, suitably 
the same polyol which is used as the base polyol in 
subsequent step (b), may reduce the viscosity to such a 
level that handling of the polymer seed dispersion is 
facilitated. It will be appreciated that the exact 
amount of polyol to be added depends on the desired 
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 uniform, 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) • 

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 
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and subsequently admixing th.is blend with the desired 
amount of polymer seed dispersion obtained in step (a) . 
Alternatively, step (b) can be carried out by adding 
base polyol, additional ethylenically unsaturated 
monomer and optionally free radical initiator separately 
to the polymer seed dispersion under admixing 
conditions, e.g. stirring. On this latter option several 
variations are possible, such as adding monomer(s) and a 
preblend of polyol and optionally catalyst as two 
separate components to the polymer seed dispersion under 
admixing conditions. In any event step (b) must be 
carried 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. 
Accordinqly, 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 

.· •... 



- 12 -

dosing of the free radical initiator occurs, this may 
take place over a time period in the range of from 1 to 
10 hours, very suitably from 3 to 6 hours, preferably 4 
or 5 hours, and the portions added evenly over time; 
i.e. linearly dosed. 

The monomer(s) added in step (b) should consist for 
at least 80% by weight, preferably at least 95% by 
weight, of styrene, but most preferably consists of 
essentially 100% by weight of styrene. The exact amount 
of ethylenically unsaturated monomer(s) to be used in 
step (b) depends on the desired solids content of the 
final polymer polyol and on the solids content of the 
polymer seed dispersion prepared 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 
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oxide, propylene oxide, butylene oxide and mixtures of 
two or more of these. Suitable polyether polyols are 
those having a number average molecular weight of at 
least 500, more suitably from 1,500 to 6,500. In 
addition, the base polyol suitably has an average 
nominal functionality (Frt) of at least 2.0, preferably 
of from 2.5 to 6.0. Examples of suitable base polyols, 
which are commercially available, are CARADOL MC36-03, 
CARADOL SC46-02, CARADOL MH56-03 and CARADOL SA36-0l 
(CARADOL is a trade mark) . 

The amount of polymer seed dispersion used in step 
(b) should be such that the coupled polyol present in it 
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 components. 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 crosslinking 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 
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reactants. Examples of suitable chain transfer agents 
are l~but~nol, 2-butanol, isopropanol, ethanol, 
methanol, water, cyclohexane, toluene and mercaptans, 
such as ethanethiol, 1-heptanethiol, 2-octanethiol and 
toluenethiol. 

In step (c) the mixture resulting from step {b), 
suitably a uniform dispersion, is heated to a 
temperature in the range of from 60 to 140°C -and, if 
necessary, is brought onto the desired pressure- in 
order to effect polymerization. As described 
hereinbefore, all or part of the free radical initiator 
in as far 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 polymerization 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 vacuum. 

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) arid catalyst -and suitably chain transfer 
agent- are continuously loaded and mixed at the ~ntry 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 
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end of the pipe the polymer polyol is recovered. An 

additional advantage of using such a continuous reactor 
system is that problems associated with the removal of 
the reaction heat released as polymerization occurs ·are 
minimised due to the high ratio of reactor wall surf ace 
to product volume. A further advantage of the present 
process is that the· resulting polymer polyols have a 
lower viscosity at a given solids content predominantly 
due to the low concentration of coupled polyol which is 
present in the reaction mixture resulting from step (b). 

In a further aspect the present invention also 
relates to a 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 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 1.6. It will be understood that in the above 
characterization of the polymer polyol according to the 
present invention any stabiliser present on the outer 
surf ace 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(l0%) 
d(50%) 

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



- 16 -

particle diameter. Particle size measurements are on a 
volume basis and can be carried out by methods known in 
the art, such as the laser light scattering technique. 

Polymer polyols comprising a liquid polyol phase and 
a polymer consisting essentially of polystyrene are 
known from EP-A-0,495,551. However, the polystyrene 
polymer polyols disclosed therein have broader particle 
size distributions than those of the present polystyrene 
polymer polyols, i.e. the polystyrene polyols disclosed 
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 present 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 amouri.t 
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. Such coupled polyols and preferred species thereof 
have been described in more detail hereinbefore when 
discussing the preparation process according to the 
present invention. 



- 17 -

The base polyol present suitably is a trifunctional 
polyoxyalkylene polyol, 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 
TOI, which are reacted in such proportion that the ratio 
of equivalents hydroxyl groups to equivalents isocyanate 
groups is in the range of from 2.0 to 10.0. Suitable 
base polyols are those described above when discussing 
the preparation process. 

The present polymer polyol is very useful in the 
production 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'-diphenylmethane diisocyanate 
(MDI) and polymeric MDI. 
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The invention is now further illustrated by the 
following examples without restricting the scope of the 

invention to these particular embodiments. 
Example 1 

A polymer seed dispersion was prepared by adding 

styrene and coupled polyol to a reactor in a weight 
ratio of styrene/coupled polyol of 20/80. Also added 
were 150 mmol/kg styrene of free radical initiator 
LUPEROX 575 (t-amylperoxy-2-ethylhexanoate; LUPEROX is a 
trade mark) . The coupled polyol was obtained by reacting 

MDI with a polyoxyalkylene polyol. This polyoxyalkylene 

polyol, in return, was the reaction product of glycerol 

and a mixture of ethylene oxide and propylene oxide. The 
average molecular weight of the coupled polyol (as 

determined QY 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 39% by weight of styrene monomer. 

In addition, 75 mm.al/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 
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30 to 80 °C over a period of 1 hour and the reaction was 
allowed to proceed at 80 °C until completion 
(approximately 7 hours) . 

Residual styrene monomer and peroxide decomposition 
products were subsequently removed by heating the 
product to 125 °C under continuous stirring and a light 
nitrogen purge .. The polystyrene polymer polyol product 
was a white dispersion having a solids content of 40% by 
weight. Particle size characteristics were determined by 
laser light scattering analysis using a Malvern 
Mastersizer MS20 (trade mark) apparatus. 

The results are indicated in Table I. 
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 o~ 39.9% 
by weight. 

Further details are given in Table I. The following 
abbreviations are used in Table I: 
[C.P.]liq Weight percentage of coupled.polyol in the 

liquid phase 
[Solids] 
Vd,25 
Mean PS 

Solids content in weight percent 
Dynamic viscosity at 25 °C in mPa.s 
Mean particle size in micron 



- 20 -

TABLE I Polystyrene Polymer Polyols 

Example 1 Comp. Ex. 1 I 
Seed Polymer Polymer Polyol 
Dispersion 1 Polyol 

[C.P.]liq (%wt) 50 6.8 12.5 
[Solids] (%wt) 9.1 39.5 39.9 
Vc:f,25 (mPa. s) 11,214 8,910 14,020 
Mean PS (micron) 0.25 1.03 1. 33 
PS span 0.80 0.85 1. 74 

1 after dilution with CARADOL SC46-02 

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 (l.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 MH56-03 (a propylene oxide/ethylene oxide 
adduct of glycerol having a number 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 MH56-03 and 25% by weight of styrene monomer. 
The components were rapidly mixed at 30 °C until a 
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uniform dispersion was obtained. Then, the reaction 
mixture was heated to 80 °C and 75 mmol/kg styrene of 
the free radical initiator LUPEROX 575 were linearly 
dosed to the moderately.stirred reaction mixture over a 
period of 4 hours. The reaction was then allowed to 
proceed at 80 °C to completion for a further 2 hours. 

Residual styrene monomer and peroxide decomposition 
products were subsequently removed by heating the 
product to 125 °C under continuous stirring and a light 
nitrogen purge. The polystyrene polymer polyol product 
was a white dispersion having a solids content of 24.6% 
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 MH56-03 (90% by weight) and the coupled polyol 
used in Example 1 (10% by weight) at 90 °C, via linearly 
do~ing 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. 
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TABLE II Polystyrene Polymer Polyols (2) 

Example 2 Comp. Ex. 2 

Seed Polymer Polymer 
Dispersioni. Polyol Polyol 

[C.P.]liq (%wt) 50 5 10 
(Solids] (%wt) 9.1 24.6 23.9 
Vd,25 (mPa. s) 13,500 2,410 2,828 
Mean PS (micron) 0.25 0.64 0.80 
PS span 0.71 0.88 1.41 

i. after dilution with CARADOL MH56-03 

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 viscosity at about equal solids 
content is again siqnif icantly 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/kq 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 
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of 4,220 mPa.s, a Mean PS of 0.72 micron, and a PS span 
of 1.24. 
Example 4 

The procedure of Example 3 was followed using a 
polymer polyol prepared by blending 9% by weight of the 
diluted polymer seed dispersion prepared as· in Example 
1, 50% by weight CARADOL SC46-02 and 30% by weight of 
styrene monomer. . 

The same amount of the peroxide LUPEROX 575 was 
dosed to the polymer polyol over 5 hours, but in this 
case as a blend in 9% by weight CARADOL SC46-02. 

The resulting polystyrene polymer polyol had a 
solids content of 31.0%, a viscosity (25°C) of 
·J,980 mPa.s, a Mean PS of 0.73 micron, and a PS span of 
1.45. 
Example 5 

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. 
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1. 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) in the 
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 weig?t of polymer polyol. 
2. Process according to claim 1, wherein at least 95% 
by weight, and preferably essentially 100% by weight, of 

. ·, ~ ·, 
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the ethylenically unsaturated monomer(s) used in steps 
(a) and/or (b) is styrene. 
3. Process according to claim 1 or 2, wherein the 
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. 

4. Process according to claim 3, wherein the base 
polyol is a trifunctional polyoxyalkylene polyol, 
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, where-in the liquid polyol medium used in step 
(a) comprises at least 50% by weight, preferably at 
least 75% by weight, based on total weight of the liquid 
polyol medium of the coupled polyol. 
6. Process according to claim 5, wherein the liquid 
polyol medium consists essentially of the coupled 
polyol. 
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 prec~ding 
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. 
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9. Process according to any one of the preceding 
claims, wherein the amount of ethylenically unsaturated 
monomer(s) polymerised in step (bl is such that the 
solids content of the final polymer polyol is in the 
range of from 20 to 45% by weight based on total weight 
of polymer polyol. 
10. Process according to any one of the proceeding 
claims, wherein the free radical initiator is linearly 
dosed over a time period in the range of from 3 to 6 
hours. 
11. Process according to any one of the proceeding 
claims, wherein the total quantity of free radical 
initiator is added during step (c} . 
12. Polymer polyol comprising a liql.iid 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 claim 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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oxide, propylene oxide or a mixture thereof, and the 
polyisocyanate is a difunctional organic polyisocyanate, 
preferably MDI, which are reacted in such proportion 
that the ratio of equivalents hydroxyl groups to 
equivalents isocyanate groups is in the range of from 
2.0 to 10.0. 

16. Use of a polymer polyol according to any one of 
claims 12 to 15 in the production of polyurethane. 
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