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(54) Title: POLYETHER ALCOHOLS CONTAINING PARTICLES
(54) Bezeichnung : PARTIKEL ENTHALTENDE POLYETHERALKOHOLE

(57) Abstract: The invention relates to polyether alcohols which contain particles, can be produced by in-situ polymerization of
olefinically unsaturated monomers in a polyether alcohol, and are characterized in that the polymerization process is carried out in
the presence of at least one compound (A) containing a polyether siloxane chain on which at least one polyether chain containing at
least one reactive hydrogen atom, and a polyether chain containing at least one olefinic double bond are located.

(57) Zusammenfassung: Gegenstand der Erfindung sind Partikel enthaltende Polyetheralkohole, herstellbar durch in-situ
Polymerisation von olefinisch ungeséttigten Monomeren in einem Polyetheralkohol, dadurch gekennzeichnet, dass die
Polymerisation in Anwesenheit von mindestens einer Verbindung (A) durchgefiihrt wird, die eine Polyethersiloxankette enthalten,
an der sich mindestens eine Polyetherkette, die mindestens ein reaktives Wasserstoffatom enthélt, und eine Polyetherkette, die
mindestens eine olefinische Doppelbindung enthilt, befinden.
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Particle-comprising polyether alcohols
Description

The invention relates to particle-comprising polyether alcohols, their preparation and their use,
in particular in the production of polyurethanes, preferably of rigid polyurethane foams.

Particle-comprising polyols have been known for a long time and are widely used for producing
polyurethanes. A frequently used variant of particle-comprising polyols is graft polyols. These
are usually prepared by in-situ polymerization of olefinically unsaturated monomers in polyols,
known as carrier polyols. The polymerization is usually carried out in the presence of
compounds which ensure a stable dispersion of the particles in the polyols and are frequently
referred to as macromers.

As indicated above, the graft polyols are used for producing polyurethanes. An important field
here is the production of rigid polyurethane foams.

These have been known for a long time and are widely described in the literature. They are
usually produced by reacting polyisocyanates with compounds having at least two hydrogen
atoms which are reactive toward isocyanate groups, in particular polyfunctional alcohols. The
rigid polyurethane foams are preferably used for insulation in refrigeration appliances or for
construction elements.

Improving the properties of rigid polyurethane foams is an ongoing objective. In particular, the
thermal conductivity and the demolding time should be improved and the processibility of the

formative components for the rigid polyurethane foams, in particular the compatibility with the
blowing agents, should always be ensured.

It has been found that the use of polyether alcohols which comprise polymer particles prepared
by in-situ polymerization of olefinically unsaturated monomers, in particular styrene and
acrylonitrile, enables the ability of the rigid polyurethane foams to be removed from the mold to
be improved. Such polyols are frequently also referred to as graft polyols in industry.

Thus, WO 2004/035650 describes a process for producing rigid polyurethane foams using graft
polyols. The graft polyols described there are prepared using 2- to 8-functional polyether
alcohols and styrene and acrylonitrile, preferably in a weight ratio of 2:1, and are used in
admixture with other polyols, for example polyols based on sugar and on aromatic amines such
as toluenediamine for producing the rigid polyurethane foams. The rigid foams described there
display good curing and demoldability and good flow behavior. However, disadvantages are the
unsatisfactory miscibility of the graft polyols with polyols and the blowing agents and also the
poor storage stability of the polyol component, in particular when hydrocarbons are used.
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WO 2005/097863 describes a process for producing rigid polyurethane foams using graft
polyols which have been prepared using polyether alcohols having a high proportion of ethylene
oxide in the chain. This is said to improve the compatibility with the polyols of the formulation.

EP 1108514 describes a process for producing rigid foam panels, in which a graft polyol is
used. This is prepared using a polyol mixture comprising a polyether alcohol having an ethylene
oxide content of at least 40% by weight. These foams are said to display reduced shrinkage.

JP 2000 169541 describes rigid polyurethane foams having improved mechanical strength and
a low shrinkage. They are produced using a graft polyol prepared using exclusively acrylonitrile
as monomer.

JP 11060651, too, describes a process for producing rigid polyurethane foams using graft
polyols prepared using a polyether alcohol having an ethylene oxide content of at least 40% by
weight.

However, the use of such large amounts of ethylene oxide in the graft polyols also has
disadvantages. Thus, the solubility of the hydrocarbons which are usually used as blowing
agent in such polyols is poorer. Furthermore, such polyols have an increased intrinsic reactivity.
This reduces the opportunities of controlling the polyurethane formation by means of catalysts.

Particularly when polyols initiated by means of sucrose are used, great miscibility problems with
the graft polyols occurs.

It was an object of the present invention to provide polyurethanes, in particular rigid
polyurethane foams, which display a high compatibility of the polyol component and use a
polyol component having a low viscosity. The resulting rigid foams should display a short
demolding time, a low thermal conductivity and good mechanical properties.

The object has surprisingly been able to be solved by a specific particle-comprising polyether
alcohol, hereinafter also referred to as graft polyol, and its use for producing polyurethanes, in
particular rigid polyurethane foams.

The invention accordingly provides particle-comprising polyether alcohols which can be
prepared by in-situ polymerization of olefinically unsaturated monomers in a polyether alcohol,
wherein the polymerization is carried out in the presence of at least one compound (A)
comprising a polysiloxane chain to which at least one polyether chain comprising at least one
reactive hydrogen atom and a polyether chain comprising at least one olefinic double bond are
bound.

The invention further provides a process for preparing the particle-comprising polyether alcohols
by in-situ polymerization of olefinically unsaturated monomers in a polyether alcohol, wherein
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the polymerization is carried out in the presence of at least one compound (A) comprising a
polysiloxane chain to which at least one polyether chain comprising at least one reactive
hydrogen atom and a polyether chain comprising at least one olefinic double bond are bound.

The invention further provides for the use of the graft polyols of the invention for producing
polyurethanes, in particular rigid polyurethane foams.

The invention further provides a process for producing polyurethanes, in particular rigid
polyurethane foams, by reacting

a) polyisocyanates with

b) compounds having at least two hydrogen atoms which are reactive toward isocyanate
groups,

wherein the component b) comprises at least one particle-comprising polyether alcohol b1)
according to the invention.

The compounds (A) preferably have the general formula (l),

Me

Me— éi —Me
TY
B, (1)
3
5

Me—éi —Me

Me

where
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0
A= Me—Slli—/\/o\[\/\O/}ﬂ[/\‘/ S

7
Me—Si—Me

@
1}

| R

c= Me—é[i—/\/o\[\/\o/]?m/O\}FM&

where A, B and C are arranged randomly and x, y and z are selected so that the weight ratio of
polysiloxane chain to total molecular weight is from 0.1 to 0.4,

5
Me a methyl group,
R an alkyl group having from 1 to 10 carbon atoms,

10 M an alkylene or arylene group or araliphatic group having from 2 to 10 carbon atoms,
which can be bound to the polyether chain via an ether, ester, urethane, carbonate or
acetal bond,

m, n integers which are selected so that the molecular weights Mn of the units A and C are in

15 the range from 500 to 2000 and the ratio n:m is in the range from 25:75 to 75:25,

where the polysiloxane chain
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Me—Sli—Me
Me
has a molecular weight Mn in the range from 2000 to 4500.

In a preferred embodiment of the invention, the compounds (A) have the general formula (I1)

where the variables Me and m, n, x, y and z have the same meanings as in formula (I).
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The molecular weight Mn of the compounds (A) is generally less than 30 000 and is preferably
8000 to 30 000 g/mol, particularly preferably 10 000 to 30 000 g/mol.

In a further preferred embodiment of the invention, the compound (A) has from 8 to 25 units A
and/or C in the molecule.

In a further preferred embodiment, between each two units A and/or C there are on average
from 2 to 8 units B.

In the compound (A), the ratio h of the molecular weight of the polysiloxane chain to the total
molecular weight of the compound (A) is from 0.1 to 0.4.

in a further preferred embodiment, the average number of groups C in the compound (A} is from
0.7 to 1, for example 0.85-0.95.

The preparation of compounds (A) can, for example, be carried out as follows: in a first step, the
polysiloxane backbone is produced by means of an equilibrium reaction of hexamethyl-
disiloxane (HMDS), octamethyidisiloxane (OMTS) and polymethylhydrosiloxane (PMHS) in the
presence of trifluoromethanesulfonic acid. Ring opening of OMTS and depolymerization of
PMHS occurs here. HMDS reacts with the oligomers formed and produces the end groups. In a
second step, allyl alcohol is alkoxylated by means of ethylene oxide and/or propylene oxide to
produce an allyl polyetherol. In a third step, a platinum-catalyzed hydrosilylation of the allyl
group of the allyl polyetherol is carried out to form a polyethersiloxane. Here, Si-C bonds are
formed by insertion of double bonds of the allyl groups of the allyl polyetherol into Si-H bonds of
the polysiloxane. For example, 1.5 equivalents of allyl polyetherol are used. In a fourth step, the
polyethersiloxane is reacted, for example, with dimethylmetaisopropylbenzyl isocyanate (TMI)
or a similar compound. Here, radicals having polymerizable double bonds, for example
dimethylmetaisopropenylbenzyl| radicals, are inserted into the polymer to form urethane groups.
This synthesis step can be carried out at 80°C. Preference is given to using a substoichiometric
amount of TMI here, so that on average less than one OH group of the polyethersiloxane per
molecule reacts with TMI. Selection of the stoichiometric ratios enables the variables x, y, z, n
and m to be set in a targeted manner.

The graft polyols b1) of the invention are usually prepared by in-situ polymerization of
olefinically unsaturated monomers in polyether alcohols, hereinafter also referred to as carrier
polyols, in the presence of at least one compound (A). The compound (A) will hereinafter also
be referred to as macromer.

The graft polyols b1) of the invention generally have a hydroxyl number in the range of 40 to
260 mg KOH/g, preferably of 40 to 150 mg KOH/g.

As carrier polyols, preference is given to using those having a functionality of from 2 to 4, in
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particular from 3 to 4. They are usually prepared by addition of alkylene oxides, in particular
propylene oxide or mixtures of propylene oxide and ethylene oxide comprising not more than
20% by weight, based on the weight of the polyether alcohol, of ethylene oxide, onto
H-functional starter substances. The starter substances are usually alcohols or amines having
the appropriate functionality. Starter substances which are preferably used are ethylene glycol,
propylene glycol, glycerol, trimethylolpropane, ethylenediamine and toluenediamine (TDA). In a
particularly preferred embaodiment of the invention, TDA is used as starter substance, with the
ortho-isomers of TDA being preferred.

The carrier polyols preferably have a hydroxyl number of greater than 100 mg KOH/g,
particularly preferably in the range from 100 to 300 mg KOH/q.

The carrier polyols are prepared by the customary and known processes for preparing polyether
alcohols, which are described in more detail below.

The carrier polyols are preferably used singly, but it is also possible to use them in the form of
any mixtures with one another.

In the preferred use of TDA, a mixture of ethylene oxide and propylene oxide is preferably used
as alkylene oxide, with preference being given to firstly ethylene oxide and then propylene oxide
being added on and the addition reaction of the ethylene oxide preferably being carried out in
the absence of a catalyst.

During the free-radical polymerization, the compounds (A) are incorporated into the copolymer
chain. This results in formation of block copolymers having a polyether block and a poly-
acrylonitrile-styrene block which act as phase compatibilizers at the interface of continuous
phase and dispersed phase and suppress agglomeration of the graft polyol particles. The
proportion of the compound (A) is usually from 1 to 20% by weight, particularly preferably from 1
to 15% by weight, based on the total weight of the monomers used for preparing the graft
polyol.

Moderators, also referred to as chain transfer agents, are usually used for preparing graft
polyois. The use and function of these moderators is described, for example, in US 4 689 354,
The moderators effect chain transfer of the growing free radical and thus reduce the molecular
weight of the copolymers being formed, as a result of which crosslinking between the polymer
molecules is reduced, which influences the viscosity and the dispersion stability and also the
filterability of the graft polyols. The proportion of moderators is usually from 0.5 to 25% by
weight, based on the total weight of the monomers used for preparing the graft polyol.
Moderators which are usually used for preparing graft polyols are alcohols such as 1-butanol,
2-butanol, isopropanol, ethanol, methanol, cyclohexane, toluene, mercaptans such as ethane-
thiol, 1-heptanethiol, 2-octanethiol, 1-dodecanethiol, thiophenol, 2-ethylhexyl thioglycolates,
methyl thioglycolates, cyclohexyl mercaptan and also enol ether compounds, morpholines and
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a-(benzoyloxy)styrene.

The free-radical polymerization is usually initiated using peroxide or azo compounds, e.g.
dibenzoyl peroxide, lauroyl peroxide, t-amyl peroxy-2-ethylhexanoate, di-t-buty! peroxide,
diisopropyl peroxide carbonate, t-butyl peroxy-2-ethylhexanoate, t-butyl perpivalate, t-butyl
perneo-decanoate, t-butyl perbenzoate, t-butyl percrotonate, t-butyl perisobutyrate, t-butyl
peroxy-1-methylpropanoate, t-butyl peroxy-2-ethylpentanoate, t-butyl peroxyoctanoate and di-t-
butyl perphthalate, 2,2'-azobis(2,4-dimethylvalereronitrile), 2,2’-azobisisobutyronitrile (AIBN),
dimethyl-2,2'-azobisisobutyrate, 2,2’-azobis(2-methylbutyronitrile (AMBN), 1,1°-azobis(1-cyclo-
hexanecarbonitrile). The proportion of initiators is usually from 0.1 to 6% by weight, based on
the total weight of the monomers used for preparing the graft polyol.

The free-radical polymerization for preparing graft polyols is, due to the reaction rate of the
monomers and the half-life of the initiators, usually carried out at temperatures of from 70 to
150 °C and a pressure of up to 20 bar. The preferred reaction conditions for preparing graft
polyols are temperatures of from 80 to 140 °C at a pressure ranging from atmospheric pressure
to 15 bar.

The graft polyols b1) preferably have a content of polymerized particles, also referred to as
solids content, of at least 35% by weight, based on the weight of the graft polyol. The solids
content should usually not exceed 65% by weight since otherwise the viscosity of the polyols
increases too greatly and problems can thus occur in processing.

The graft polyols b1) preferably have a particle size of the polymers of from 0.1 pm to 8 ym,
preferably from 0.2 um to 4 um with a maximum at a particle size of from 0.2 to 3 ym, preferably
from 0.2 to 2.0 ym.

In a further preferred embodiment of the graft polyols b1), the particle size distribution is
bimodal, i.e. the distribution curve of the particle size has two maxima. Such graft polyols can,
for example, be produced by mixing graft polyols having a monomodal particle size distribution
and different particle sizes in the appropriate ratio but also by using a polyol which already
comprises polymers of olefinically unsaturated monomers as carrier polyol in the initial charge
for the reaction. In this embodiment, too, the particle size is in the above-described range.

The graft polyols b1) can be prepared in continuous processes and batch processes. The
synthesis of graft polyols by the two methods is known and is described in a number of
examples. Thus, the synthesis of graft polyols by the semibatch process is, for example,
described in EP 439755. A special form of the semibatch process is the semibatich seed
process in which a graft polyol is additionally used as seed in the initial charge for the reaction,
for example as described in EP 510533. The synthesis of graft polyols by a continuous process
is likewise known and is described, inter alia, in WO 00/59971.
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As described above, the graft polyols of the invention are preferably used for producing
polyurethanes, in particular rigid polyurethane foams.

The polyurethanes are produced by customary and known methods by reacting polyols b) with
isocyanates a), with the polyols b) comprising at least one graft polyol according to the
invention, hereinafter referred to as polyol b1).

The graft polyol b1) can in principle be used as only compound b) having at least two hydrogen
atoms which are reactive toward isocyanate groups. However, preference is given to using this
compound b1) in admixture with other compounds having at least two hydrogen atoms which
are reactive toward isocyanate groups.

In this case, the polyether alcohol b1) is preferably used in an amount of from 10 to 30% by
weight, based on the weight of the polyether alcohol.

For this purpose, the customary and known compounds having at least two hydrogen atoms
which are reactive toward isocyanate groups can preferably be used. Preference is given to
using polyether alcohols and/or polyester alcohols in combination with the graft polyols b1).

The polyester alcohols used together with the graft polyois b1) are usually prepared by
condensation of polyfunctional alcohols, preferably diols, having from 2 to 12 carbon atoms,
preferably from 2 to 6 carbon atoms, with polyfunctional carboxylic acids having from 2 to 12
carbon atoms, for example succinic acid, glutaric acid, adipic acid, suberic acid, azelaic acid,
sebacic acid, decanedicarboxylic acid, maleic acid, fumaric acid and preferably phthalic acid,
isophthalic acid, terephthalic acid and the isomeric naphthalenedicarboxylic acids.

The polyether alcohols used together with the graft polyols b1) usually have a functionality in
the range from 2 to 8, in particular from 3 to 8.

In particular, polyether alcohols prepared by known methods, for example by anionic
polymerization of alkylene oxides in the presence of catalysts, preferably alkali metal
hydroxides, are used.

As alkylene oxides, use is usually made of ethylene oxide and/or propylene oxide, preferably
pure 1,2-propylene oxide.

As starter molecules, use is made of, in particular, compounds having at least 3, preferably from
4 to 8, hydroxyl groups or at least two primary amino groups in the molecule.

As starter molecules having at least 3, preferably from 4 to 8, hydroxyl groups in the molecule,
preference is given to using trimethylopropane, glycerol, pentaerythritol, sugar compounds such
as glucose, sorbitol, mannitol and sucrose, polyhydric phenols, resols such as oligomeric
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condensation products of phenol and formaldehyde and Mannich condensates of phenols,
formaldehyde and dialkanolamines and also melamine.

As starter molecules having at least two primary amino groups in the molecule, preference is
given to using aromatic diamines and/or polyamines, for example phenylenediamines, 2,3-,
2,4-, 3,4- and 2,6-toluenediamin (TDA), in particular 2,3- and 3,4-TDA, and 4,4'-, 2,4’- and 2,2’-
diaminodiphenylmethane, and also aliphatic diamines and polyamines such as
ethylenediamine.

The polyether alcohols have a functionality of preferably from 3 to 8 and hydroxyl numbers of
preferably from 100 mg KOH/g to 1200 mg KOH/g and in particular from 240 mg KOH/g to
570 mg KOH/qg.

In a preferred embodiment of the process of the invention, a mixture of the graft polyol b1) and
a sucrose-initiated polyether alcohol b2) is used as compounds having at least two hydrogen
atoms which are reactive toward isocyanate groups. A polyether alcohol b3) initiated using a
trifunctional alcohol or an aromatic amine is particularly preferably additionally used.

The polyether alcohol b2) preferably has a hydroxy! number in the range from 375 to 525 mg
KOH/g and a functionality of from 5 to 7.5. The sucrose is usually reacted in admixture with
water and/or other bifunctional and trifunctional alcohols which are liquid at room temperature,
e.g. ethylene glycol, propylene glycol and/or glycerol, with the alkylene oxides, preferably
propylene oxide and/or ethylene oxide. The reaction can be catalyzed by means of alkali metal
or alkaline earth metal hydroxides or amines.

The polyether alcohol b3) preferably has a hydroxyl number in the range from 100 to 250 mg

KOH/g and a functionality of from 3 to 4. As trifunctional aicohols, preference is given to using
glycerol or trimethylolpropane. As aromatic amine, preference is given to using TDA, with the
2,3- and 3,4-isomers being particularly preferably used.

In this embodiment of the invention, the component b) comprises from 10 to 25% by weight of
the component b1), from 25 to 65% by weight of a sucrose-initiated polyether alcohol b2) and
10 - 40% by weight of a polyether alcohol b3) initiated using an aromatic amine or a polyether
alcohol b3) initiated using a trivalent alcohol.

As regards the other starting materials used for the process of the invention, the following
details may be provided:

As organic polyisocyanates a), preference is given to aromatic polyfunctional isocyanates.

Specific examples are: tolylene 2,4- and 2,6-diisocyanate (TDI) and the corresponding isomer
mixtures, diphenylmethane 4,4’-, 2,4'- and 2,2’-diisocyanate (MDI) and the corresponding
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isomer mixtures, mixtures of diphenylmethane 4,4’- and 2,4’-diisocyanates, polyphenylpoly-

methylene polyisocyanates, mixtures of diphenylmethane 4,4'-, 2,4'- and 2,2'-diisocyanates and
polyphenylpolymethylene polyisocyanates (crude MDI) and mixtures of crude MD] and tolylene
diisocyanates. The organic diisocyanates and polyisocyanates can be used individually or in the
form of mixtures.

Modified polyfunctional isocyanates, i.e. products which are obtained by chemical reaction of
organic diisocyanates and/or polyisocyanates, are frequently also used. Examples which may
be mentioned are diisocyanates and/or polyisocyanates comprising isocyanurate and/or
urethane groups. The modified polyisocyanates can optionally be mixed with one another or
with unmodified organic polyisocyanates such as diphenylmethane 2,4’-, 4,4’-diisocyanate,
crude MDI, tolylene 2,4- and/or 2,6-diisocyanate.

In addition, it is also possible to use reaction products of polyfunctional isocyanates with
polyhydric polyols and mixtures thereof with other diisocyanates and polyisocyanates.

Crude MDI having an NCO content of from 29 to 33% by weight and a viscosity at 25°C in the
range from 150 to 1000 mPa.s has been found to be particularly useful as organic
polyisocyanate.

Further polyols which can be used in place of or in combination with the polyols b2) and b3)
have been described above,

The compounds b) having at least two hydrogen atoms which are reactive toward isocyanate
also include the chain extenders and crosslinkers which can optionally be concomitantly used.
The polyurethane foams can be produced with or without the use of chain extenders and/or
crosslinkers. The addition of bifunctional chain extenders, trifunctional and higher-functional
crosslinkers or optionally mixtures thereof can be advantageous for modifying the mechanical
properties. As chain extenders and/or crosslinkers, preference is given to using alkanolamines
and in particular diols and/or triols having molecular weights of less than 400, preferably from 60
to 300.

Chain extenders, crosslinkers or mixtures thereof are advantageously used in an amount of
from 1 to 20% by weight, preferably from 2 to 5% by weight, based on the compounds b) having
at least two hydrogen atoms which are reactive toward isocyanate groups.

The reaction is usually carried out in the presence of catalysts, blowing agents and customary
auxiliaries and/or additives.

Catalysts used are, in particular, compounds which strongly accelerate the reaction of the
isocyanate groups with the groups which are reactive toward isocyanate groups.
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Such catalysts are strongly basic amines, e.g. secondary aliphatic amines, imidazoles, amidines
and alkanolamines, or organic metal compounds, in particular organic tin compounds.

When isocyanurate groups are also to be incorporated in the rigid polyurethane foam, specific
catalysts are necessary for this. Metal carboxylates, in particular potassium acetate and
solutions thereof, are usually used as isocyanurate catalysts.

The catalysts can, depending on requirements, be used either alone or in any mixtures with one
another.

As blowing agent, preference is given to using water which reacts with isocyanate groups to
eliminate carbon dioxide. Physical blowing agents can also be used in combination with or in
place of water. These are compounds which are inert toward the starting components and are
usually liquid at room temperature and vaporize under the conditions of the urethane reaction.
The boiling point of these compounds is preferably below 50°C. Physical blowing agents also
include compounds which are gaseous at room temperature and are introduced under pressure
into the starting components or are dissolved therein, for example carbon dioxide, low-boiling
alkanes and fluoroalkanes.

The compounds are usually selected from the group consisting of alkanes and/or cycloalkanes
having at least 4 carbon atoms, dialkyl ethers, esters, ketones, acetals, fluoroalkanes having
from 1 to 8 carbon atoms and tetraalkylsitanes having from 1 to 3 carbon atoms in the alkyl
chain, in particular tetramethylsilane.

Examples which may be mentioned are propane, n-butane, isobutane and cyclobutane,
n-pentane, isopentane and cyclopentane, cyclohexane, dimethyl ether, methyl ethyl ether,
methyl butyl ether, methyl formate, acetone and also fluoroalkanes which can be degraded in
the troposphere and therefore do not damage the ozone layer, e.g. triffuoromethane, difluoro-
methane, 1,1,1,3,3-pentafluorobutane, 1,1,1,3,3-pentafluoropropane, 1,1,1,2-tetraflucroethane,
diflucroethane and 1,1,1,2,3,3,3-heptafluoropropane and also perfluoroalkanes such as C;Fs,
CaF 10, CsF12, CeF14 and C7F17. The abovementioned physical blowing agents can be used either
alone or in any combinations with one another.

The blowing agent particularly preferably comprises at least one aliphatic or cycloaliphatic
hydrocarbon which preferably comprises at least 4 carbon atoms. This is, in a preferred
embodiment of the process of the invention, used in a combination of water and an aliphatic
hydrocarbon as blowing agent. Preferred hydrocarbons are n-pentane, isopentane and
cyclopentane.

The process of the invention can, if required, be carried out in the presence of flame retardants
and also customary auxiliaries and/or additives.
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As flame retardants, it is possible to employ organic phosphoric and/or phosphonic esters.
Preference is given to using compounds which are not reactive toward isocyanate groups.
Chlorine-comprising phosphoric esters are also among the preferred compounds,

Typical representatives of this group of flame retardants are triethyl phosphate, diphenyl cresyl
phosphate, tris(chloropropyl) phosphate and diethyl ethanephosphonate.

In addition, it is also possible to use bromine-comprising flame retardants. As bromine-
comprising flame retardants, preference is given to using compounds which have groups which
are reactive toward the isocyanate group. Such compounds are usually esters of
tetrabromophthalic acid with aliphatic diols and alkoxylation products of dibromobutenediol.
Compounds derived from the group of brominated neopentyl compounds comprising OH groups
can also be employed.

As auxiliaries and/or additives, use is made of the materials known per se for this purpose, for
example surface-active substances, foam stabilizers, cell regulators, fillers, pigments, dyes,
flame retardants, hydrolysis inhibiters, antistatics, fungistatic and bacteriostatic agents.

Further details regarding the starting materials, blowing agents, catalysts and auxiliaries and/or
additives used for carrying out the process of the invention may be found, for example, in the
Kunststoffhandbuch, Volume 7, “Polyurethane” Carl-Hanser-Verlag. Munich, 1st Edition, 1966,
2nd Edition, 1983 and 3rd Edition, 1993.

To produce the rigid polyurethane foams, the polyisocyanates a) and the compounds b) having
at least two hydrogen atoms which are reactive with isocyanate groups are reacted in such
amounts that the isocyanate index is in the range from 100 and 220, preferably from 115 to 195.
The rigid polyurethane foams can be produced batchwise or continuously by means of known
mixing apparatuses.

The production of polyisocyanurate foams can also be carried out with a higher index,
preferably up to 350.

The rigid PUR foams of the invention are usually produced by the two-component process. In
this process, the compounds b) having at least two hydrogen atoms which are reactive toward
isocyanate groups are mixed with the flame retardants, the catalysts c), the blowing agents d)
and the further auxiliaries and/or additives to form a polyol component and this is reacted with
the polyisocyanates or mixtures of the polyisocyanates and optionally blowing agents, also
referred to as isocyanate component.

The starting components are usually mixed at a temperature of from 15 to 35°C, preferably from
20 to 30°C. The reaction mixture can be introduced by means of high- or low-pressure metering
machines into closed support tools. Sandwich elements, for example, are manufactured
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batchwise by this technology.

The reaction mixture can also be poured or sprayed free onto surfaces or into hollow spaces.
Roofs or complicated containers can be produced in situ by this process. The reaction mixture
can also be introduced simultaneously at one place or at a plurality of places into a closed mold
having even a complex geometry. The position of injection of the reaction mixture can aiso be
located at various places on the mold. The mold can be aligned differently in respect of the
directions in space at the point in time of injection of the reaction mixture. Such processes are
typical for, for example, the production of refrigeration appliances. The reaction mixture can
likewise be poured into an open mold which is closed after the completion of the filling
operation. This procedure is, for example, typical of the production of doors for refrigeration
appliances.

The continuous mixing of the isocyanate component with the polyol component for producing
sandwich or insulation elements on double belt plants is also a preferred embodiment of the
process of the invention. In this technology, it is usual to meter the catalysts and the blowing
agents into the polyol component via further metering pumps. Here, the components used can
be divided into up to 8 individual components. The foaming formulations can, on the basis of the
two-component process, be converted in a simple manner to the processing of multicomponent
systems.

The rigid polyurethane foams produced by the process of the invention can be produced with a
very short demolding time on the basis of a phase-stable polyol component, which makes
significantly shortened cycle times possible. Despite the presence of the graft polyol, large
amounts of physical blowing agents are soluble in the polyol component, so that foam densities
in the component of less than 30 g/l can be achieved. The foam properties in respect of
compressive strength, thermal conductivity and quality of the foam surface/formation of sink
holes are excellent.

The invention is illustrated by the following examples.

Examples

a) Preparation of the graft polyols

To prepare graft polyols, the carrier polyol, the initiator, the moderator and 10% by weight of the
amount of macromer are placed in a reactor provided with a stirrer and the mixture is heated to
100°C. The monomers and 90% of the macromer are subsequently metered in continuously.
After a reaction time of 165 minutes at 115°C, the unreacted monomers are distilled off at

10 mbar and 125°C over a period of 2 hours.

Moderator: 1% of dodecanethiol (based on the amount of monomers)
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Initiator: 0.45% of Wako® V601 (dimethyl 2,2"-azobis(2-methylpropionate) (based on the amount
of monomers)

The other starting materials and the properties of the graft polyols are shown in Tables 1 and 2.
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Table 1 Graft polyols

Graft polyol C2 C3 1 2 3
Carrier polyol | Polyol 3 Polyol 3 Polyol 3 Polyol 3 Polyol 3 Polyol 3
Polyether- 15% 15% 15% 15% 12%
siloxane
Solids 35% 35% 40% 40% 40%
content
ACN:STY 3:1 3:1 3:1 3:1 3:1
Macromer GV50 GV46 GV41 H GV41 GV10
Particle size 60 pm S um 0.2 ym 0.4 um 0.8 um
Stability Separation |Poor Poor Phase- Phase- Phase-

stabilization |stabilization |stable in stable in stable in

particles in |of the graft |of the graft |[formulation |formulation (formulation
formulation |polyol. polyol.

Separation {Phase-

of the stable in

particles in  |formulation

formulation

Continuation of Table 1
4 5 6 7
Carrier polyol Polyol 3 Polyol 3 Polyol 3 Polyol 4
Polyethersiloxane | 15% 15% 12% 12%
Solids content 40% 40% 40% 40%
ACN:STY 3:1 3:1 1:1 3:1
Macromer E GV16 GV41 GV41
Particle size 0.4 uym 0.4 um 0.8 pm 0.8 um
Stability Phase-stable | Phase-stable | Phase-stable | Phase-stable
in formulation | in formulation | in formulation | in formulation
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Table 2: Macromers used
Macromer a b c d e f g h
GVv41 4400 | 3.6 | 1020 17 | 68:32 | 0.9 22000 | 0.21
GVv41H 2200 | 3.2 | 1020 8 68:32 | 0.9 [ 10500 | 0.21
E 4000 | 2.4 900 25 | 60:40 | 0.9 | 26000 ] 0.15
GV 10 4400 | 6.0 900 86 | 69:31 | 09 [12100; 0.36
GV16 3000 | 6.3 | 1700 | 51 | 60:40 | 0.9 |11700| 0.26
Comparison
GV46 4050 | 9.5 970 46 | 60:40 | 0.9 | 8500 0.48
GV50 5050 { 22.1 | 1870 2 68:32 | 0.9 | 8800 0.57

The following definitions relate to the general formula (1)

a - molecular weight of the polysiloxane chain

b - average number of Si atoms between the branches

¢ - molecular weight of a side chain

d - average number of branches in the molecule

e - ratio of ethylene oxide to propylene oxide in the side chain

f - average number of OH groups which are converted into a terminal C=C bond

g - total molecular weight of the macromer (polyethersiloxane chain)

h - ratio of the hydrophobic constituents of the molecule {polysiloxane chain} to the total
molecular weight (a/g)

Foams
Production of rigid foams (machine foaming)

The various polyols, stabilizers, catalysts are mixed with water and the blowing agent in the
ratios indicated in table 1. 100 parts by weight of the polyol component were mixed with the
amount shown in each case in table 1 of a mixture of diphenylmethane diisocyanate and
polyphenylenepolymethylene polyisocyanate having an NCO content of 31.5% by weight and a
viscosity of 200 mPas (25°C) in a Puromat® HD 30 high-pressure foaming machine (Elastogran
GmbH). The reaction mixture was injected into a mold having the dimensions 200 cm x 20 cm x
S cmor40 cm x 70 cm x 9 cm and allowed to foam there. The properties and characteristic
data of the foams obtained are shown in table 1.

The rigid polyurethane foams produced by the process of the invention can be produced with a
very short demolding time on the basis of a phase-stable polyol component, which allows
significantly shortened cycle times. Despite the presence of the graft polyol, large amounts of
physical blowing agents are soluble in the polyol component, so that foam densities in the part
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of less than 30 g/l can be achieved. The foam properties in respect of compressive strength,
thermal conductivity and quality of the foam surfaces (formation of.blowholes) are excellent.

The thermal conductivity is determined in accordance with DIN 52616. To produce test
specimens, the polyurethane reaction mixture is poured into a mold having the dimensions
200 x 20 x 5 cm3 (10% overfilling) and a test specimen having the dimensions 20 x 20 x 2 cm3
is cut from the middie after a few hours.

The compressive strength is determined in accordance with DIN 53421/DIN EN SO 604.

Flowability is a dimensionless parameter and the ratio of core foam density to free-foamed foam
density. The crosslinking density is calculated from the raw materials used according to the
formula on p. 245 of T. Broennum “CFC-free polyurethane pipe insulation foams for use in
district heating systems”, PU World congress 1991, pp. 243-249.

Tmax is determined using a temperature measuring wire which is pushed into the core of the
foam during the foaming reaction.
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Compari~]ExampIe|ExampIe

20°C [mPas]

Comparison 1 Example|ExampIe Example
son 2 1 2 3 4 5

Polyol 2 47.9 47.9 47.9 47.9 47.9 47.9 50
Polyol 1 30 30 30 30 30 30 25
Polyol 3 16
Graft polyol V1 16
Graft polyol 1 16
Graft polyol 7 16
Graft polyol 4 16
Graft polyol 5 16
Graft polyol 3 18
Dipropylene glycol 1
[Thermal 19.7 19.6 19.8 20.0 19.6 19.9 19.7
conductivity
Water 27 2.7 2.7 2.7 27 2.7 27
Stabilizer 2 2 2 2 2 2 2
Amine catalyst 2.1 21 2.1 2.1 2.1 2.1 21
Cyclopentane 70 13 13 13 13 13 13 13
Demolding [MW/mK] 95.5 93.9 93.7 94.4 94 94 94
(3 min, 20%
overpack) [mm]
Flowability 1.31 1.34 1.34 1.32 1.31 1.32 1.33
Compressive 15.5 16.6 16.1 16.4 16.3 16.5 16.7
strength (15%
loverpack) [N/mm2)]
Crosslinking density 2.57 2.53 2.35 2.35 2.35 2.35 2.35
[Tmax [°C] 158 149 150 148 147 149 151
Polyol viscosity at 6900 16 000 | 10000 | 11000 | 11 000 | 10 000 | 10 000
20°C [mPas]
Phase stability at yes no yes yes yes yes yes

Polyol 1 - Polyether alcohol derived from vicinal TDA and ethylene oxide and propylene oxide

and having a hydroxyl number 390 mg KOH/g and a viscosity of 17 000 mPas at 25°C;

Polyol 2 - Polyether alcohol derived from sucrose, glycerol and propylene oxide and having a
hydroxyl number 440 mg KOH/g and a viscosity of 20 000 mPas at 25°C;
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Polyol 3- Polyether alcohol derived from vicinal TDA and ethylene oxide and propylene
oxide and having a hydroxyl number 160 mg KOH/g and a viscosity of 800 mPas at
25°C;

5 Polyol 4 — Polyether alcohol derived from glycerol and propylene oxide and having a
hydroxyl number of 400 mg KOH/g and a viscosity of 350 mPas at 25°C;

Stabilizer is Tegostab B8462 (silicone stabilizer);

10 Catalyst is a mixture of  N,N-dimethylcyclohexylamine, N,N,N’ N" N"-
pentamethyldiethylene-triamine and Lupragen N60O in the ratio 53:26:21;

2012299689 08 Jul 2015

Comparison 1: Base system without fillers;

15  Comparison 2: better demoldability, but too viscous, no phase stability;
Examples 1-5 according to the invention: better demoldability, acceptable viscosity and

phase-stable.

Comprises/comprising and grammatical variations thereof when used in this specification
20 are to be taken to specify the presence of stated features, integers, steps or components
or groups thereof, but do not preclude the presence or addition of one or more other

features, integers, steps, components or groups thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A particle-comprising polyether alcohol which can be prepared by in-situ
polymerization of olefinically unsaturated monomers in a polyether alcohol,
wherein the polymerization is carried out in the presence of at least one
compound (A) comprising a polysiloxane chain to which at least one polyether
chain comprising at least one reactive hydrogen atom and a polyether chain
comprising at least one olefinic double bond are bound.

2. The particle-comprising polyether alcohol according to claim 1, wherein the

compounds (A) have the general formula (1)

Me— Si —Me

Me

where
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l\l/le

Me—Si—Me
7 0

Me—Si— >~ \P/\O%h/o
-
?

Me—Si—Me
L
7 0

Me*Si—/\/ \P/\Om ﬁm\”/N%Q/U\
T O
?

Me—?i—Me
Me

(I

where the variables Me and m, n, X, y and z have the same meanings as in

formula (1)

The particle-comprising polyether alcohol according to claim 2 or 3, wherein the

compounds (A) have from 0.7 to 1 groups C in the molecule.

The particle-comprising polyether alcohol according to any one of claims 1 to 4,

wherein the compounds (A) have a molecular weight Mn of 8000 to 30 000.

The particle-comprising polyether alcohol according to claim 2 or 3, wherein the

compounds (A) have from 8 to 25 units A and/or C in the molecule.

The particle-comprising polyether alcohol according to any one of claims 2 to 6,
wherein between each two units A and/or C there are on average from 2 to 8

units C.

The particle-comprising polyether alcohol according to any one of claims 1 to 7
having a content of particles of from 35% by weight to 65% by weight, based on
the weight of the particle comprising polyether alcohol.
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9. The particle-comprising polyether alcohol according to any one of claims 1 to 8
having a hydroxyl number of 40-260 mg KOH/g.

10. The particle-comprising polyether alcohol according to any one of claims 1 to 9,
wherein styrene and/or acrylonitrile are used as olefinically unsaturated

monomers.

11. A process for preparing the particle-comprising polyether alcohols by in-situ
polymerization of olefinically unsaturated monomers in a polyether alcohol,
wherein the polymerization is carried out in the presence of at least compound (A)
comprising a polysiloxane chain to which at least one polyether chain comprising
at least one reactive hydrogen atom and a polyether chain comprising at least
one olefinic double bond are bound.

12. A process for producing polyurethanes by reacting
a) polyisocyanates with
b) compounds having at least two hydrogen atoms which are reactive toward
isocyanate groups,
wherein the component b) comprises at least one particle-comprising polyether
alcohol according to any one of claims 1 to 10.

13. The process according to claim 12, wherein the particle-comprising polyether
alcohol b1) is present in an amount of from 10 to 30% by weight, based on the

weight of the component b).

14. A polyurethane which can be obtained by the process according to claim 12 or
13.

15.  The use of particle-comprising polyether alcohols as defined in any one of claims

1 to 10 for producing polyurethanes.
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