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4 In a further preferred enbodi nent of the invention, R3 is an
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In a further preferred embodiment of the invention, R2 is an aliphatic hydrocarbon having 16 or
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The present invention further provides a process for preparing one of the polyetherester polyols
of the invention defined above, by catalyzed reaction of at least one alkylene oxide with at least
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preferably between 300 and 1000 g/mol, and are obtained in general via the alkali-metal-
catalyzed addition reaction of alkylene oxides.



agents, c¢) blow ng agents, d) catalysts, and optionally e)
auxiliaries and additives, and this 25reaction m xture is reacted,
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As mentioned, in one preferred embodiment of the process of the invention an alkyl-chain-
substituted acid anhydride is used; in this case the alkyl-chain-substituted acid anhydride is
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30  dodecylbenzene- or dinaphthylmethane-disulfonic acid and ricinoleic acid; foam stabilizers,
such as siloxane-oxalkylene copolymers and other organopolysiloxanes, oxethylated
alkylphenols, oxethylated fatty alcohols, liquid paraffins, castor oil esters and ricinoleic esters,
turkey red oil and peanut oil, and cell regulators, such as paraffins, fatty alcohols, and
dimethylpolysiloxanes. Stabilizers employed are predominantly organopolysiloxanes which are
35 water-soluble. These are polydimethylsiloxane radicals grafted to which there is a polyether
chain comprising ethylene oxide and propylene oxide. The surface-active substances are used
typically in amounts of 0.01% to 5% by weight, based on 100% by weight of the other
components employed.

40  Fillers, more particularly reinforcing filiers, are the conventional, typical organic and inorganic
fillers, reinforcing agents, weighting agents, agents for improving abrasion performance in
paints, coating materials, etc. Specifically, mention may be made, by way of example, of the
following: inorganic fillers, such as silicatic minerals, examples being phyllosilicates, such as
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elastomers, RIM elastomers, spraying elastomers, elastomeric coatings, and "millable gums".
Examples of microcellular elastomers are integral foams, footwear soles, and ancillary springs
40  for the automobile industry (Cellasto®, BASF SE). Spraying elastomers are used primarily in
coating applications. The polyols of the invention may be used, furthermore, for producing
flexible foams, semi-rigid foams, and carpeting foams, and also, for example, in packaging
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Application exanples 1-5: 19 The inventive polyols of synthesis
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Pentasize 8 is a C18 alkenylsuccinic anhydride from Trigon GmbH.

30 Glissopal® SA is a poly(isobutylene)succinic anhydride with molecular weight of 1000 g/mol
(PIBSA 1000) from BASF SE.

Sovermoi® 908 is a fat-based dimer diol from Cognis GmbH.

35  For synthesis example 8, castor oil was used from Alberdingk & Boley GmbH, with the
designation Albodry castor oil Pharma DAB Spezial (Hydroxyl number = 165 mg KOH/g to DIN
53240).

Synthesis example 1

40 634 g of Lupranol® 1200, 1345 g of Pentasize 8, and 20.5 g of a DMC catalyst suspension
(5.4% in Lupranol® 1100) are charged to a 5L reactor and inertized three times with nitrogen,
and the starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for
60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture.
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14
Following activation of the catalyst, which is manifested in a drep in pressure in combination
with the release of heat, a further 2360 g of propylene oxide are metered in to the reaction
mixture over the course of 120 minutes. When the metering is at an end, there is a subsequent
reaction until the pressure is constant. The reaction mixture is freed from the residual monomer
under reduced pressure. This gives 4500 g of the polyetherester polyol of the invention, in the
form of a viscous liquid.

Analysis:

Hydroxyl number = 39.9 mg KOH/g DIN 53240
Viscosity = 1603 mPas DIN 13421
Acid number = 1.01 mg KOH/g DIN 53402
Water value = 0.02% DIN 51777

Synthesis example 2

1017 g of Lupranol® 1200, 1356 g of Pentasize 8, and 20.8 g of a DMC catalyst suspension
(5.4% in Lupranol® 1100) are charged to a 5L reactor and inertized three times with nitrogen,
and the starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for

60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture.
Following activation of the catalyst, which is manifested in a drop in pressure in combination
with the release of heat, a further 1948 g of propylene oxide are metered in to the reaction
mixture over the course of 120 minutes. When the metering is at an end, there is a subsequent
reaction until the pressure is constant. The reaction mixture is freed from the residual monomer
under reduced pressure. This gives 4500 g of the polyetherester polyol of the invention, in the
form of a viscous liquid.

Analysis:

Hydroxyl number = 56.9 mg KOH/g DIN §3240
Viscosity = 931 mPas DIN 13421
Acid number = 0.93 mg KOH/g DIN 53402
Water value = 0.02% DIN 51777

Synthesis example 3

In a 5L steel autoclave, 795.4 g of Lupranol® 1200 are admixed with 1183.8 g of Pentasize 8
and the reaction mixture is heated at 150°C for 300 minutes. The resultant acid-functionalized
intermediate (acid number = 107.3 mg KOH/g to DIN 53402) is subsequently reacted
autocatalytically to constant pressure with 659 g of propylene oxide at 150°C. 1822.1 g of the
propylene oxide-capped intermediate obtained in this way (hydroxyl number = 90 mg KOH/g to
DIN 53240 and acid number = 0.434 mg KOH/g to DIN 53402) are subsequently admixed with
17.1 g of a DMC catalyst suspension {5.4% in Lupranol® 1100). Then, at 130°C, first 200 g of
propylene oxide are metered into the reaction mixture. Following activation of the catalyst,
which is manifested in a drop in pressure in combination with the release of heat, the reaction
temperature is raised to 160°C and a further 1622.1 g of propylene oxide are metered in to the
reaction mixture over the course of 150 minutes. When the metering is at an end, there is a
subsequent reaction until the pressure is constant. The reaction mixture is freed from the
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residual monomer under reduced pressure. This gives 3500 g of the polyetherester polyol of the
invention, in the form of a viscous liquid.

Analysis:

Hydroxyl number = 44.2 mg KOH/g DIN 53240
Viscosity = 1104 mPas DIN 13421
Acid number = 0.306 mg KOH/g DIN 53402
Water value = 0.02% DIN 51777

Synthesis example 4

846 g of Sovermol® 908, 1437 g of Pentasize 8, and 22.9 g of a DMC catalyst suspension (5.4%
in Lupranol® 1100) are charged to a 5L reactor and inertized three times with nitrogen, and the
starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for 60 minutes.
Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture. Following
activation of the catalyst, which is manifested in a drop in pressure in combination with the
release of heat, a further 2527 g of propylene oxide are metered in to the reaction mixture over
the course of 120 minutes. When the metering is at an end, there is a subsequent reaction until
the pressure is constant. The reaction mixture is freed from the residual monomer under
reduced pressure. This gives 5000 g of the polyetherester polyol of the invention, in the form of
a viscous liquid.

Analysis:

Hydroxyl number = 37.0 mg KOH/g DIN 53240
Viscosity = 1678 mPas DIN 13421
Acid number = 0.68 mg KOH/g DIN 53402
Water value = 0.01% DIN 51777

Synthesis example 5

902 g of Lupranel® 1200, 1202 g of Glissopal® SA, and 18.5 g of a DMC catalyst suspension
(5.4% in Lupranol® 1100) are charged to a 5L reactor and inertized three times with nitrogen,
and the starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for

60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture.
Following activation of the catalyst, which is manifested in a drop in pressure in combination
with the release of heat, a further 1704 g of propylene oxide are metered in to the reaction
mixture over the course of 120 minutes. When the metering is at an end, there is a subsequent
reaction until the pressure is constant. The reaction mixture is freed from the residual monomer
under reduced pressure. This gives 4000 g of the polyetherester polyol of the invention, in the
form of a viscous liquid.

Analysis:

Hydroxyl number = 61.3 mg KOH/g DIN 53240
Viscosity = 1876 mPas DiN 13421
Acid number = 1.45 mg KOH/g DIN 53402
Water value = 0.01% DIN 51777

Synthesis example 6
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1505 g of castor oil, 777 g of Pentasize 8, and 22.7 g of a DMC catalyst suspension (5.4% in
Luprancl® 1100) are charged fo a 5L reactor and inertized three times with nitrogen, and the
starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for 60 minutes.
Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture. Following
activation of the catalyst, which is manifested in a drop in pressure in combination with the
release of heat, a further 2485 g of propylene oxide are metered in to the reaction mixture over
the course of 120 minutes. When the metering is at an end, there is a subsequent reaction until
the pressure is constant. The reaction mixture is freed from the residual monomer under
reduced pressure. This gives 4900 g of the polyetherester polyo! of the invention, in the form of
a viscous liguid.

Analysis:

Hydroxyl number = 47.0 mg KOH/g DiIN 53240
Viscosity = 1358 mPas DiN 13421
Acid number = 0.04 mg KOH/g DIN 53402
Water value = 0.03% DIN 51777

Synthesis example 7

790 g of Lupranol® 1200, 1249 g of Pentasize 8, and 20.0 g of a DMC catalyst suspension
(5.47% in Lupranol® 1100) are charged to a 5L reactor and inertized three times with nitrogen,
and the starter compounds mixture is dried at 130°C under reduced pressure (15 mbar) for

60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the reaction mixture.
Following activation of the catalyst, which is manifested in a drop in pressure in combination
with the release of heat, a further 2170 g of propylene oxide are metered in to the reaction
mixture over the course of 120 minutes. When the metering is at an end, there is a subsequent
reaction until the pressure is constant. The reaction mixture is freed from the residual monomer
under reduced pressure. This gives 4400 g of a polyetherester polyol, in the form of a viscous

liquid.

Analysis:

Hydroxyl number = 48.9 mg KOH/g DIN 53240
Acid number = 0.66 mg KOH/g DIN 53402
Water value = 0.01% DIN 51777

Synthesis example 8

892 g of Lupranol® 1200, 1411 g of Pentasize 8, and 0.5 g of titanium(IV) tert-butoxide and also
22.8 g of a DMC catalyst suspension (5.47% in Lupranol® 1100) are charged to a 5L reactor
and inertized three times with nitrogen, and the starter compounds mixture is dried at 130°C
under reduced pressure (15 mbar) for 60 minutes. Then, at 130°C, first 200 g of propylene
oxide are metered into the reaction mixture. Following activation of the catalyst, which is
manifested in a drop in pressure in combination with the release of heat, a further 2479 g of
propylene oxide are metered in to the reaction mixture over the course of 120 minutes. When
the metering is at an end, there is a subsequent reaction until the pressure is constant. The
reaction mixture is freed from the residual monomer under reduced pressure. This gives 4900 g
of a polyetherester polyol, in the form of a viscous liquid.
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Analysis:
Hydroxyl number = 51.2 mg KOH/g DIN 53240
Viscosity = 873 mPas DIN 13421
Acid number = 0.27 mg KOH/g DIN 53402
Water vaiue = 0.016% DIN 51777

Synthesis counterexample A:

915.3 g of Lupranol® 1200, 605 g of phthalic anhydride, and also 31.0 g of a DMC catalyst
suspension (5.47% in Lupranol® 1100) are charged to a 5L reactor and inertized three times
with nitrogen, and the starter compounds mixture is dried at 130°C under reduced pressure
(15 mbar) for 60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the
reaction mixture. Following activation of the catalyst, which is manifested in a drop in pressure
in combination with the release of heat, a further 3296.3 g of propylene oxide are metered in to
the reaction mixture over the course of 120 minutes. When the metering is at an end, there is a
subsequent reaction until the pressure is constant. The reaction mixture is freed from the
residual monomer under reduced pressure. This gives 5000 g of a polyetherester polyol, in the
form of a viscous liquid.

Analysis:
Hydroxyl number = 46.1 mg KOH/g DIN 53240
Viscosity = 1313 mPas DIN 13421

Synthesis counterexample B:

617.8 g of Lupranol® 3300, 481.3 g of phthalic anhydride, and also 23.1 g of a DMC catalyst
suspension (5.47% in Lupranol® 1100) are charged to a 5L reactor and inertized three times
with nitrogen, and the starter compounds mixture is dried at 130°C under reduced pressure
(15 mbar) for 60 minutes. Then, at 130°C, first 200 g of propylene oxide are metered into the
reaction mixture. Following activation of the catalyst, which is manifested in a drop in pressure
in combination with the release of heat, a further 3512.5 g of propylene oxide are metered in to
the reaction mixture over the course of 120 minutes. When the metering is at an end, there is a
subsequent reaction until the pressure is constant. The reaction mixture is freed from the
residual monomer under reduced pressure. This gives 4800 g of a polyetherester polyol, in the
form of a viscous liquid.

Analysis:

Hydroxyl number = 52.7 mg KOH/g DIN 53240
Viscosity = 1594 mPas DIN 13421
Acid number = 0.11 mg KOH/g DIN 53402

Synthesis counterexample C:
1740.0 g of Pentasize 8, 961.3 g of tripropylene glycol, and 0.2 g of dibutyltin dilaurate (DBTL)
are weighed out at room temperature into a 4L four-neck flask fitted with a distillation bridge.

. The reaction mixture is subsequently heated at 185°C for 14 hours under 450 mbar. After the

end of reaction, the reaction mixture is cooled and the reaction product is analyzed.
Analysis:
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Production of test specimens
Materials for producing the test specimens:

Byk 080 defoamer from Byk, Wesel

Thorcat 535 mercury catalyst from Thor Chemie, Speyer
10  1,4-butanediol chain extender from BASF, Ludwigshafen

DPG dipropylene glycol from BASF, Ludwigshafen

Dabco 33LV amine catalyst, Air Products

Zeolite paste K-Ca-Na-zeolite A in castor ol

15 Isocyanate 1 A mixture of Lupranat® MP102 and Lupranat® MM103, from BASF,
Ludwigshafen, in a weight ratio of 1/1. Lupranat® MP102 is a prepolymer based on 4,4’-MDI
and a glycol mixture, and has an NCO value of 23.0%. Lupranat® MM103 is a carbodiimide-
modified 4,4-MDI and has an NCO value of 29.5%. The mixture has an NCO value of 26.2%.

20 Isocyanate 2 Lupranat® MP102

The reaction components and additives are stored and processed at room temperature. The
polyol component (component A; see tables) is made up and then left to stand for around
20 minutes. The amount of isocyanate added is caiculated such that the index is 992.9 or 105.
25 Component A is stirred with the isocyanate in 2 Speed Mixer for 60 seconds. The mixture is
poured into a heated, open mold with dimensions of 15*20%0.6 cm3. The mold temperature is
70°C. The resultant sheet remains in the hot mold for half an hour, after which it is taken from
the mold. The sheets are subsequently conditioned at 80°C for four hours. The samples are
stored at room temperature for a day and then split to 2 mm and tested for mechanical
30 properties.

Swelling test:
A section with dimensions of 4x4 cm?2 is cut from the 2 mm sheet, and its mass is ascertained.
The sample is then placed in a 2.5L glass vessel filled with water, the vessel spending 5 hours
35 in a heating cabinet at 100°C. In order to prevent the sample rising, a mesh is used. When the
glass vessel has been removed from the heating cabinet, the sample is removed and is dried off
gently with filter paper. When the sample is cooled to room temperature, its mass is ascertained
and from these figures a calculation is made of the degree of swelling, in percent ((m2-
m1)/m1)x100%)). The measurement error is below 0.1%; differences in the measured values of
40  0.2% are significant.

Application examples 1-5;



6 Units Polyol fromsynthesis exanple 6 parts 100 DPG parts 3.0
Dabco 33 LV parts 0.8 K-Ca-Na-Zeolite Ain castor oil parts 5.0

| socyanate 2 index = 105 Shor e A:ighardness

The inventive polyols of synthesis examples 1 to 5 all have a functionality of 2. They were
processed as described above to form polyurethane elastomer sheets. The degrees of swelling
(table 1) are in all cases below 1.2%.
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Palyol from synthesis ex. 5 pants 895
Thorcat 535 parts 0.7 0.7 0.7 0.7 0.7
BYK-080 parts 0.3 0.3 0.3 0.3 0.3
1,4-Butanediol parts 4.0 4.0 4.0 4.0 4.0
Isocyanate 1 Index = 958.9
2 mm sheet Standard
Density 1ISO 1183-1, A glcm*3 1.06 1.071 1.064 1.041 1.063
Shore hardness DIN 53505 MPa 51 49 50 54 43
Tensile strength DIN 53504 MPa 9 7 14 8 8
Elongation at break DIN 53504 % 400 330 550 290 650
Degree of swelling wt. % incraase 0.9 1.0 1.0 1.2 1.2

5 Application example 6:
The polyol from synthesis example 6 has a functionality of 3. It was processed as described
above to form a polyurethane elastomer sheet. The degree of swelling (table 2) is not more than

1.6%.
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Table 2:
Application ex. 6
Units
Polyol from synthesis
example 6 parts 100
DPG parts 3.0
Dabco 33 LV parts 0.8
K-Ca-Na-Zeolite A in
castor oil parts 5.0
index =
Isocyanate 2 105
Shore A hardness MPa 44
Tensile strength MPa 2.0
Elongation at break % 170
Density g/cm3 1.064
wi. %
Degree of swelling increase 1.6

Application examples 7-8:

99. 9 | ndex

99.9

The inventive polyols from synthesis examples 7 and 8 have a functionality of 2. They were

processed as described above to form polyurethane elastomer sheets. The degrees of swelling

(table 3) shows that the polyurethane based on the polyetherester poiyol prepared in the
presence of Lewis acid catalyst is significantly more hydrophobic by comparison with
polyurethane based on the polyetherester polyol prepared without Lewis acid catalyst.



Density g/cnB 1.067 1.067 Shore hardness MPa 49 45 Tensile strength
MPa 7 8 Elongation at break % 370 500 Degree of swelling wt. %
increase 1.1 0.8 Application counterexanples A and B: The polyol
from synthesi s counterexanple A has a fahctionality of 2, the polyol
from symaiests 5 counterexanple B a functionality of 3. These polyols

wer e prjocessed T the correspondi g Systens jto grve potygrethane
el ast orper—sheets—The swel ling{{table 4) in water of sangles A and B
i s si gnfeplicatien §xamRie er than that of sanpleg 1-5. 723 Tahle 4: 8
Applicgtion counterexanpl es:
Units
Polyol from synth. ex. 7 parts 95.0
Polyol from synth. ex. 8 parts 95
Thorcat 535 parts 0.7 0.7
BYK-080 parts 0.3 0.3
1,4-Butanediol parts 4 4
Isocyanate 1 Index = 29.9 Index = 99.9
Density gfcm3 1.067 1.067
Shore hardness MPa 49 45
Tensile strength MPa 7 8
Elongation at break % 370 500
Degree of swelling wt. % increase 1.1 0.8

Application counterexamples A and B:

The polyol from synthesis counterexample A has a functionality of 2, the polyol from synthesis
9  counterexample B a functionality of 3. These polyols were processed in the corresponding

systems to give polyurethane elastomer sheets. The swelling (table 4) in water of samples A

and B is significantly poorer than that of samples 1-5.



Application counterexanple A B Units Pol yol from synthesis
counterexanple A parts 95 Polyol from synthesis counterexanple B
parts 100 DPG parts 3.0 Dabco 33 LV parts 0.8 K-Ca-Na-Zeolite Ain
castor oil parts 23

Table 4: Application counterexamples:

Application counterexample A B
Units

Polyol from synthesis

counterexample A parts 95

Poiyol from synthesis

counterexample B parts 100

DPG parts 3.0

Dabco 33 LV parts 0.8

K-Ca-Na-Zeolite A in castor oil parts 5.0

Thorcat 535 parts 0.7

BYK-080 parts 0.3

1,4-Butanediol parts 4.0

Isocyanate 1 Index = 99.9

isocyanate 2 Index = 105

Degree of swelling wt. % increase 2.1 2.7

Counterexample C:
It was not possible to produce a bubble-free sheet from the polyol from synthesis
5 counterexample C. The formation of bubbles is a consequence of the high acid number.

From the experimental results, therefore, it is apparent that it is possible to prepare polyether-
ester polyols which, when used in the production of a polyurethane, produce a significant
enhancement of the hydrophobic properties of the polyurethane.
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Claims

A polyetherester polyol having an acid number of less than 20 mg KOH/g and a composi-

tion as follows:
Y-{O-[CH2-CHR1-OJn-{[C(O)-CHR2-CHR3-X-0-]¢-[CH2-CHR5-0]}-[CH2-CHR4-0)-H}s,

where

e m, nand z are each integers, with m being situated in the range 0-10, n in the range
1-20, and z in the range of 1-50, and where

o Xis selected from =CO or—(CH.).-, where o is an integer and is in the range of 0-10,
and where

* Y is the hydrocarbon radical of a polyhydroxy-functional polyol having a functionality
of 1.5 - 8 and an equivalent weight of 100 to 1000, and where

. R1 is selected from the group encompassing -H; -(CH2)~CHs3; -aryl; -cycloalkyl,
where p is an integer and is in the range of 0-22, and where

. R2 is selected from the group encompassing hydrogen and the aliphatic hydrocar-
bons having 5 to 150 carbon atoms

. R3 is selected from the group encompassing hydrogen and the aliphatic hydrocar-
bons having 5 to 150 carbon atoms, and at least one of the two radicals R2 and R3
is not hydrogen, and where

* R4 is selected from the group encompassing -H; -(CH.),-CHa; -aryl; -cycloalkyl,
where p is an integer and is in the range of 0-22, and where

. RS is selected from the group encompassing -H; -(CHz)p,-CHs; -aryl; -cycloalkyl,

where p is an integer and is in the range of 0-22, and where
e qis an integer in the range from 1 to 10, ris an integer in the range from 1 to 10, and
s is an integer in the range from 1 to 10.

The polyol according to claim 1, where X is a carbonyl unit.

The polyol according to either of claims 1 and 2, where m is in the range 1 to 5.

The polyol according to any of claims 1 to 3, where n is in the range 1 to 10.

The polyol according to any of claims 1 to 4, where z is in the range 1 to 30.

The polyol according to any of the preceding claims, where R1, R4, and R5 each inde-

pendently of one another are selected from the group encompassing -H and -(CHa),-CHs

where p = Q.

The polyol according o any of the preceding claims, where at least one of the two radi-
cals R2 and R3 is an aliphatic hydrocarbon having 16 to 22 or 50 to 70 carbon atoms.

The polyol according to any of the preceding claims, where o is in the range from 1 to 5,

preferably 1 to 3, and/or q is in the range from 1 to 5.
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