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Hydrolysis resistant polyurethane mouldings composed of polyester polyurethane 

The present invention relates to a process for producing polyurethane moldings, 

wherein (a) organic polyisocyanates are mixed with (b) polyol comprising polyesterols, 

	

5 	(c) optionally blowing agents, (d) chain extenders and/or crosslinkers, (e) amine cata- 

lyst, (f) carbodiimide of the general formula Z-N=C=N-Z, where Z is an organic radical 

and the nitrogen atom of the carbodiimide group -N=C=N- is bound either to a tertiary 

carbon atom or to a carbon atom of an aromatic system which on the ring positions 

adjacent to the C-N bond in the aromatic system bears an organic radical bound via a 

	

10 	secondary or tertiary carbon atom to the aromatic system, (g) at least one member 

selected from the group consisting of (i) an ester of a monobasic carboxylic acid, and 

(ii) an ester of a polybasic carboxylic acid, the (first) dissociation constant (pK) of each 

acid being 0.5 to 5, and optionally (h) other auxiliaries and/or additives, to form a reac-

tion mixture, the mixture is introduced into a mold and allowed to react to form a polyu- 

	

15 	rethane molding, wherein the polyesterols comprise a polyesterol (b1) obtainable by 

esterification of an aliphatic dicarboxylic acid having 2 to 10, carbon atoms and at least 

one higher functional alcohol having 5 to 20 carbon atoms and optionally one higher 

functional alcohol having 2 to 4 carbon atoms wherein at least 20 wt.-% of higher func-

tional alcohol is a higher functional alcohol having 5 or more carbon atoms, based on 

	

20 	the total amount of the higher functional alcohol in component (bl), and optionally a 

polyesterol (b2) obtainable by esterification of an aliphatic or aromatic dicarboxylic acid 

having 2 to 10 carbon atoms and at least one higher functional alcohol having 2 to 4 

carbon atoms and less than 20 wt.-% of at least one higher functional alcohol having 5 

or more carbon atoms, based on the total amount of the higher functional alcohol in 

	

25 	component (b2), and optionally a further polyesterol (b3) wherein the acid component 

comprises at least one dimer acid. The present invention further relates to polyure-

thane mouldings obtainable by such a process and the use of these polyurethane 

mouldings as shoe soles, in particular for army boots which are often stored for years 

before use. 

30 

Polyester polyurethanes are used, for example, as compact or foamed elastomers in, 

for example, shoe applications. Here, the polyester polyurethanes have better mechan-

ical properties than polyether polyurethanes. Furthermore, the PESOL polyurethanes 

display improved swelling resistance in the presence of organic materials such as iso- 

	

35 	octane. This swelling resistance is an important requirement for use as safety shoe and 

cannot be fulfilled by polyether polyurethane. A disadvantage of polyester polyure-

thanes is that they are susceptible to hydrolysis especially in a humid hot environment. 

This hydrolysis does not only take place during use but also during storage. This is 

especially detrimental in areas where fashion does not play a major role and boots are 

	

40 	usually stored for several years like army boots. 



2 

Polyurethanes based on polyesterols are usually produced using polyesterols obtained by 

polycondensation of C4-C6-dicarboxylic acids with polyfunctional alcohols. However, these 

polyurethanes have the disadvantage that they have only unsatisfactory hydrolysis stability. 
To improve the hydrolysis stability of polyurethanes based on polyesterols, these C4-C6-

dicarboxylic acids are, for example, replaced by more hydrophobic dicarboxylic acids. Thus, 

US 2005124711 describes microcellular polyester polyurethanes which are obtained from 

polyesterols obtained from dimeric fatty acids. Nevertheless the approach as disclosed in US 

2005124711 does not lead to a major improvement of hydrolysis stability. 

WO 2004/050735 describes the use of polyesterols based on a combination of orthophthalic 

acid and a dicarboxylic acid having 8-12 carbon atoms in order to improve the hydrolysis 

stability. 

A disadvantage of these polyesters having improved hydrolysis stability is that the raw 

materials used are expensive. Furthermore, the mechanical properties are poorer compared 
to polyurethanes based on classical polyesterols which are obtained by polycondensation of 

C4-C6-dicarboxyliac acids with polyfunctional alcohols. 

US 20020120027 discloses a process in which esters of monobasic or polybasic carboxylic 

acids are utilized in substoichiometric ratios to the amine catalyst used in order to improve the 

hydrolysis stability. A disadvantage of the process disclosed here is that the improvement in 

the hydrolysis stability lasts for only a short time (about 9 days at 70°C and 95% r.H.). 

It was an object of the embodiments disclosed herein to provide polyurethanes which are 

based on polyesterols and have improved hydrolysis stability and excellent mechanical 

properties. It was further object of the embodiments disclosed herein to provide polyurethane 

mouldings that pass the hydrolysis testing using SATRA TM344 (storing at 70 °C and 95 % 

relative humidity) for at least 28 days with tensile strength retention of more than 80 % of the 

initial value. Further it was an object of the embodiments disclosed herein to provide 

polyurethane mouldings that are suitable as sole material for army boots. 

There is provided a polyurethane molding which can be produced by a process, in which (a) 

organic polyisocyanates are mixed with (b) polyol comprising polyesterols, (c) optionally 

blowing agents, (d) chain extenders and/or crosslinkers, (e) amine catalyst, (f) carbodiimide of 

the general formula Z-N=C=N-Z, where Z is an organic radical and the nitrogen atom of the 

carbodiimide group -N=C=N- is bound either to a tertiary carbon atom or to a carbon atom of 

an aromatic system which on the ring positions adjacent to the C-N bond in the aromatic 

system bears an organic radical bound via a secondary or tertiary carbon atom to the aromatic 

system, (g) at least one member selected from the group consisting of (i) an ester of a 

monobasic carboxylic acid, and (ii) an 
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ester of a polybasic carboxylic acid, the (first) dissociation constant (pK) of each acid being 0.5 

to 5, and optionally (h) other auxiliaries and/or additives, to form a reaction mixture, the 

mixture is introduced into a mold and allowed to react to form a polyurethane molding, wherein 

the polyesterols comprise a polyesterol (b1) obtainable by esterification of an aliphatic 

dicarboxylic acid having 2 to 10, carbon atoms and at least one higher functional alcohol 

having 5 to 20 carbon atoms and optionally one higher functional alcohol having 2 to 4 carbon 

atoms wherein at least 20 wt.-% of higher functional alcohol is a higher functional alcohol 

having 5 or more carbon atoms, based on the total amount of the higher functional alcohol in 

component (b1), and optionally a polyesterol (b2) obtainable by esterification of an aliphatic or 

aromatic dicarboxylic acid having 2 to 10 carbon atoms and at least one higher functional 

alcohol having 2 to 4 carbon atoms and less than 20 wt.-% of at least one higher functional 

alcohol having 5 or more carbon atoms, based on the total amount of the higher functional 

alcohol in component (b2), and optionally a further polyesterol (b3) wherein the acid 

component comprises at least one dimer acid. 

In an aspect, there is provided a process for producing polyurethane moldings, wherein 

a) organic polyisocyanates are mixed with 

b) polyol comprising polyesterols, 

c) optionally blowing agents, 

d) chain extenders and/or crosslinkers, 

e) amine catalyst 

f) carbodiimide of the general formula Z-N=C=N-Z, where Z is an organic radical 

and the nitrogen atom of the carbodiimide group -N=C=N- is bound either to a 

tertiary carbon atom or to a carbon atom of an aromatic system which on the 

ring positions adjacent to the C-N bond in the aromatic system bears an organic 

radical bound via a secondary or tertiary carbon atom to the aromatic system, 

g) at least one member selected from the group consisting of (i) an ester of a 

monobasic carboxylic acid, and (ii) an ester of a polybasic carboxylic acid, the 

(first) dissociation constant (pK) of each acid being 0.5 to 5, and optionally 

h) other auxiliaries and/or additives, 

to form a reaction mixture, the mixture is introduced into a mold and allowed to react to 

form a polyurethane molding, 

wherein the total weight of polyesterols (b1), (b2) and (b3) comprise 

15 to 60 % by weight of a polyesterol (b1) obtainable by esterification of an aliphatic 

dicarboxylic acid having 2 to 10, carbon atoms and at least one higher functional 

alcohol having 5 to 20 carbon atoms and optionally one higher functional alcohol 

having 2 to 4 carbon atoms wherein at least 20 wt.-% of higher functional alcohol is a 

higher functional alcohol having 5 or more carbon atoms, based on the total amount of 

the higher functional alcohol in component (b1) and 
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20 to 80 % by weight of a polyesterol (b2) obtainable by esterification of an aliphatic or 

aromatic dicarboxylic acid having 2 to 10 carbon atoms and at least one higher 

functional alcohol having 2 to 4 carbon atoms and less than 20 wt.-% of at least one 

higher functional alcohol having 5 or more carbon atoms, based on the total amount of 

the higher functional alcohol in component (b2), and 

5 to 20 % by weight of a further polyesterol (b3) wherein the acid component 

comprises at least one dimer acid. 

In another aspect, there is provided a polyurethane moulding obtainable by a process as 

defined above. 

In another aspect, there is provided the use of a polyurethane molding as defined above as 

shoe sole. 

In particular, the polyurethane moldings of the invention are elastomers. These comprise 

compact polyurethane elastomers, also referred to as cast resins, and elastomeric 

polyurethane foams, preferably integral polyurethane foams. For the purposes of the present 

invention, the term elastomeric polyurethane foam refers to polyurethane foams in accordance 

with DIN 7726 which after brief deformation by 50% of the thickness in accordance with 

DIN 53 577 have no remaining deformation of more than 2% of their initial thickness after 10 

minutes. For the purposes of the invention, integral polyurethane foams are polyurethane 
foams in accordance with DIN 7726 having an outer zone which, due to the shaping process, 

has a higher density than the core. The overall foam density averaged over the core and the 

outer zone is preferably from > 150 g/I to 850 g/I, preferably from 180 g/I to 750 g/I, more 

preferably from 200 g/I to 650 g/I. The density of compact polyurethane elastomers is from 
> 850 g/I to 1400 g/I, preferably from 900 to 1300 g/I and in particular from 950 to 1200 g/I. 

The organic and/or modified polyisocyanates (a) used for producing the polyurethane 

moldings of the invention comprise the aliphatic, cycloaliphatic and aromatic bifunctional or 

polyfunctional isocyanates known from the prior art (constituent a-1) and also any mixtures 

thereof. Examples are monomeric diphenylmethane diisocyanate (MDI), e.g. diphenylmethane 

4,4'-diisocyanate, diphenylmethane 2,4"-diisocyanate, the mixtures of monomeric 

diphenylmethane diisocyanates and homologues of diphenylmethane diisocyanate having 

more than two rings (polymeric MDI), tetramethylene diisocyanate, hexamethylene 

diisocyanate (HDI), isophorone diisocyanate (IPDI), tolylene 2,4- or 2,6-diisocyanate (TDI) or 

mixtures of the isocyanates mentioned. 

Preference is given to using 4,4'-MDI. The 4,4'-MDI which is preferably used can comprise 

from 0 to 20% by weight of 2,4'-MDI and small amounts, up to about 10% by 
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weight, of allophanate- or uretonimine-modified polyisocyanates. Small amounts of 

polyphenylenepolymethylene polyisocyanate (polymeric MDI) can also be used. The 

total amount of these high-functionality polyisocyanates should preferably not exceed 

5% by weight of the isocyanate used. 

The polyisocyanate component (a) is preferably used in the form of polyisocyanate 

prepolymers. These polyisocyanate prepolymers can be obtained by reacting polyiso-

cyanates (a-1) of the type described above, for example at temperatures of from 30 to 

100°C, preferably at about 80°C, with polyols (a-2), to form the prepolymer. 

Polyols (a-2) are known to those skilled in the art and are described, for example, in 

"Kunststoffhandbuch", volume 7, Polyurethane, Carl Hanser Verlag, 3rd edition 1993, 

chapter 3.1. Preference is given to using the polyesterols described under b) as polyols 

(a-2). 

Conventional chain extenders or crosslinkers are optionally added to the abovemen-

tioned polyesterols in the preparation of the isocyanate prepolymers. Such substances 

are described below under (d). 

20 	The polyols (b) comprise polyesterols. As polyesterols, use is made of polyesterols 

having at least two hydrogen atoms which are reactive toward isocyanate groups. Pol-

yesterols preferably have a number average molecular weight of greater than 

450 g/mol, particularly preferably from > 500 to < 6000 g/mol and in particular from 600 

to 3500 g/mol. Preferably the component (b) contains only polyesterpolyols. 

25 

Polyester polyols for the production of polyesterbased polyurethanes in general can be 

prepared from organic dicarboxylic acids for example organic acids having from 2 to 12 

carbon atoms, preferably aliphatic dicarboxylic acids having from 2 to 10 carbon atoms 

and particularly preferably from 4 to 6 carbon atoms, and polyhydric alcohols, prefera- 

30 	bly diols, having from 2 to 12 carbon atoms, preferably from 2 to 6 carbon atoms. 

To prepare the polyester polyols, the organic, for example aromatic and preferably ali-

phatic, polycarboxylic acids and/or derivatives and polyhydric alcohols can be polycon-

densed in the absence of catalyst or preferably in the presence of esterification cata- 

35 	lysts, advantageously in an atmosphere of inert gas, e.g. nitrogen, carbon monoxide, 

helium, argon etc., in the melt at temperatures of from 150 to 250°C, preferably from 

180 to 220°C, optionally under reduced pressure, to the desired acid number, which is 

preferably less than 10, particularly preferably less than 2 and even more preferred 

less than 1. In a preferred embodiment, the esterification mixture is polycondensed at 

40 	the abovementioned temperatures to an acid number of from 80 to 30, preferably from 

40 to 30, under atmospheric pressure and subsequently under a pressure of less than 

500 mbar, preferably from 50 to 150 mbar. Possible esterification catalysts are, for ex- 

5 

10 

15 
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ample, iron, cadmium, cobalt, lead, zinc, antimony, magnesium, titanium and tin cata-

lysts in the form of metals, metal oxides or metal salts. However, the polycondensation 

can also be carried out in the liquid phase in the presence of diluents and/or entrainers 

such as benzene, toluene, xylene or chlorobenzene to azeotropically distill off the water 

	

5 	of condensation. To prepare the polyester polyols, the organic polycarboxylic acids 

and/or derivatives and polyhydric alcohols are advantageously polycondensed in a 

molar ratio of 1 : 1-1.8, preferably 1 : 1.05-1.2. 

The polyester polyols obtained preferably have a functionality of from 2 to 4, in particu- 

	

10 	lar from 2 to 3, and a number average molecular weight of from 480 to 8000 gmol, 

preferably from 700 to 5000 g/mol and in particular 1000 to 3000 g/mol. 

Further suitable polyesterols are polymer-modified polyesterols, preferably graft polyes-

terols. Such a polyesterol is a polymer polyesterol which usually has a content of pref- 

	

15 	erably thermoplastic polymers of from 5 to 60% by weight, preferably from 10 to 55% 

by weight, particularly preferably from 15 to 50% by weight and in particular from 20 to 

40% by weight. These polymer polyesterols are described in WO 05/098763 and EP-A-

250 351, for example, and are usually prepared by free-radical polymerization of suita-

ble olefinic monomers, for example styrene, acrylonitrile, (meth)acrylates, (meth)acrylic 

	

20 	acid and/or acrylamide, in a polyesterol serving as graft base. The side chains are 

generally formed by transfer of the free radicals from growing polymer chains to polyes-

terols or polyetherols. The polymer polyesterol comprises, apart from the graft copoly-

mer, predominantly the homopolymers of the olefins dispersed in unchanged polyes-

terol. 

25 

In a preferred embodiment, acrylonitrile, styrene, preferably acrylonitrile and styrene, 

are used as monomers. The monomers are optionally polymerized in the presence of 

further monomers, a macromer, i.e. an unsaturated, free-radically polymerizable polyol, 

a moderator and with use of a free-radical initiator, usually azo or peroxide compounds, 

	

30 	in a polyesterol or polyetherol as continuous phase. This process is described, for ex- 

ample, in DE 111 394, US 3 304 273, US 3 383 351, US 3 523 093, DE 1 152 536 and 

DE 1 152 537. 

During the free-radical polymerization, the macromers are concomitantly incorporated 

	

35 	into the copolymer chain. This forms block copolymers having a polyester block and a 

poly(acrylonitrile-styrene) block which at the interface of continuous phase and dis-

persed phase act as phase compatibilizers and suppress agglomeration of the polymer 

polyesterol particles. The proportion of macromers is usually from 1 to 20% by weight, 

based on the total weight of the monomers used for preparing the polymer polyol. 

40 

If polymer polyol is comprised, it is preferably present together with further polyesterols. 

The proportion of polymer polyol is particularly preferably greater than 5% by weight, 
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based on the total weight of the component (b). The polymer polyesterols can, for ex-

ample, be comprised in an amount of from 7 to 90% by weight or from 11 to 80% by 

weight, based on the total weight of the component (b). 

	

5 	The polyols (b) comprise at least one a polyesterol (b1) obtainable by esterification of 

an aliphatic dicarboxylic acid having 2 to 10, carbon atoms and at least one higher 

functional alcohol having 5 to 20 carbon atoms and optionally one higher functional 

alcohol having 2 to 4 carbon atoms wherein at least 20 wt.-%, preferably at least 30 

wt.-% and more preferably at least 40 wt.-% and especially more than 50 wt.-% of 

	

10 	higher functional alcohol is a higher functional alcohol having 5 or more carbon atoms. 

In addition to polyesterol (b1) in a preferred embodiment the polyols (b) comprise a 

polyesterol (b2) obtainable by esterification of an aliphatic or aromatic dicarboxylic acid 

having 2 to 10 carbon atoms and at least one higher functional alcohol having 2 to 4 

carbon atoms and less than 20 wt.-%, preferably less than 10 wt.-% and more prefera- 

	

15 	bly less than 5 wt.-% of at least one higher functional alcohol having 5 or more carbon 

atoms, based on the total amount of the higher functional alcohol in component (b2). 

Preferably the number of carbon atoms is only calculated for the structure having the 

largest amount of interconnected carbon atoms, i.e. the number of carbon atoms in a 

linear or branched alkyl chain. This means that in this preferred embodiment the rele- 

	

20 	vant number of carbon atoms in a structure is determined by only considering the car- 

bon atoms which are linked to each other in a linear or branched alkyl chain. In case 

that such a structure is interrupted by a hetero atom like in an ether structure, for ex-

ample as in diethylene glycol, only the largest carbon structure where the carbon atoms 

are linked to each other which in this case is the ethylene structure is considered hav- 

	

25 	ing two carbon atoms. 

Possible dicarboxylic acids are, for example: succinic acid, glutaric acid, adipic acid, 

suberic acid, azelaic acid, sebacic acid, decanedicarboxylic acid, maleic acid, fumaric 

acid, phthalic acid, isophthalic acid and terephthalic acid. The dicarboxylic acids can be 

	

30 	used either individually or in admixture with one another. Instead of the free dicarbox- 

ylic acids, it is also possible to use the corresponding dicarboxylic acid derivatives such 

as dicarboxylic esters of alcohols having from 1 to 4 carbon atoms or dicarboxylic an-

hydrides. Preference is given to using dicarboxylic acid mixtures of succinic, glutaric 

and adipic acid in weight ratios of, for example, 20-35 : 35-50 : 20-32 and in particular 

	

35 	adipic acid. Polyester polyols derived from lactones, e.g. c-caprolactone, or hy- 

droxycarboxylic acids, e.g. co-hydroxycaproic acid, can also be used. For the above 

calculation these polyesterpolyols are considered as acids. 

Examples of dihydric and polyhydric alcohols, in particular diols, are: ethanediol, di- 

	

40 	ethylene glycol, 1,2- or 1,3-propanediol, dipropylene glycol, 1,4-butanediol, 

1,5-pentanediol, 1,6-hexanediol, 1,10-decanediol, glycerol and trimethylolpropane. 

Preference is given to using ethanediol, diethylene glycol, 1,4-butanediol, 
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1,5-pentanediol, 1,6-hexanediol and neopentylglycol wherein 1,5-pentanediol, 

1,6-hexanediol and neopentylglycol are considered as diols having 5 or more carbon 

atoms. 

	

5 	In a preferred embodiment the polyols (b) further comprise a polyester polyol (b3) 

based on dimer acids. In polyester polyols (b3) the acid component comprises a dimer 

acid. The polyesterol (b3) is obtainable by reacting a dimer acid, optionally an aromatic 

or aliphatic dicarboxylic acid having 2 to 15 carbon atoms and at least one higher func-

tional alcohol having 2 to 20 carbon atoms. As dicarboxylic acid and dihydric or polyhy- 

	

10 	dric alcohol preferably the above defined compounds can be used. 

The term dimer fatty acid is well known in the art and refers to the dimerisation product 

of mono- or polyunsaturated fatty acids and/or esters thereof. Preferred dimer fatty 

acids are dimers of C10 to C30, more preferably C12 to C24, particularly C14 to C22, 

	

15 	and especially C18 alkyl chains. Suitable dimer fatty acids include the dimerisation 

products of oleic acid, linoleic acid, linolenic acid, palmitoleic acid, and elaidic acid. The 

dimerisation products of the unsaturated fatty acid mixtures obtained in the hydrolysis 

of natural fats and oils, e.g. sunflower oil, soybean oil, olive oil, rapeseed oil, cotton-

seed oil and tall oil, may also be used. Hydrogenated, for example by using a nickel 

	

20 	catalyst, dimer fatty acids may also be employed. 

In addition to the dimer fatty acids, dimerisation usually results in varying amounts of 

oligomeric fatty acids (so-called "trimer") and residues of monomeric fatty acids (so-

called "monomer"), or esters thereof, being present. The amount of monomer can, for 

	

25 	example, be reduced by distillation. Suitable dimer fatty acids have a dicarboxylic (or 

dimer) content of greater than 60%, preferably greater than 75%, more preferably in 

the range from 80 to 96%, particularly 85 to 92%, and especially 87 to 89% by weight. 

The trimer content is suitably less than 40%, preferably in the range from 2 to 25%, 

more preferably 5 to 15%, particularly 7 to 13%, and especially 9 to 11% by weight. 

	

30 	The monomer content is preferably less than 10%, more preferably in the range from 

0.2 to 5%, particularly 0.5 to 3%, and especially 1 to 2% by weight. All of the above % 

by weight values are based on the total weight of trimer, dimer and monomer present. 

In a preferred embodiment the content of dimer acid in polyesterol (b3), based on the 

	

35 	total amount of diacid in polyol (b3) is at least 20 wt.-%, more preferably in the range of 

30 to 90 wt.-% and in particular 40 to 80 wt.-%. Polyesterol (b3) based on dimer acid is 

commercially available for example under the trade name Priplast® from Corda Inter-

national Plc. 

	

40 	The molecular weight of the polyesterol (b3) preferably is in the range of 450 to 6000 

g/mol, more preferably 1000 to 3000 g / mol and most preferably 1500 to 2500 g/mol. 

More preferable the polyesterol (b3) has a hydroxyl value in the range from 10 to 100, 
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more preferably 30 to 80, particularly 40 to 70, and especially 50 to 60 mg KOH/g. In 

addition, the polyesterol (b3) preferably has an acid value of less than 2, more prefera-

bly less than 1.7, particularly less than 1.3, and especially less than 1.0. 

	

5 	Apart from polyesterols, further polyols having a number average molecular weight of 

greater than 500 g/mol, for example polyetherols, can also be used as polyols (b), 

however, in a preferred embodiment as polyols (b) only polyesterols are used. In a 

more preferred embodiment essentially only polyesterols (b1) and (b2) and optionally 

(b3) are used as component (b). If graft polyester polyols are part of the polyols (b) 

	

10 	only the carrier polyol is considered to judge whether the graft polyols are considered 

as one of the polyols (b1), (b2) or (b3). 

Preferably the content of polyesterol (b1) is 15 to 60 % by weight, more preferred 20 to 

50 % by weight, the content of polyesterol (b2) is 20 to 80 % by weight, more preferred 

	

15 	35 to 70 % by weight and the content of polyesterol (b3) is 5 to 20 % by weight, more 

preferred 10 to 15 % by weight, each based on the total weight of the polyesterols (b1), 

(b2) and (b3). 

Furthermore, blowing agents c) are present in the production of polyurethane foam 

	

20 	moldings. These blowing agents c) can comprise water. Apart from water, generally 

known chemically and/or physically acting compounds can additionally be used as 

blowing agents c). For the purposes of the present invention, chemical blowing agents 

are compounds which react with isocyanate to form gaseous products, for example 

water or formic acid. Physical blowing agents are compounds which are dissolved or 

	

25 	emulsified in the starting materials for polyurethane production and vaporize under the 

conditions of polyurethane formation. These are, for example, hydrocarbons, halogen-

ated hydrocarbons and other compounds, for example perfluorinated alkanes, e.g. per-

fluorohexane, chlorofluorocarbons and ethers, esters, ketones, acetals or mixtures 

thereof, for example (cyclo)aliphatic hydrocarbons having from 4 to 8 carbon atoms, or 

	

30 	fluorinated hydrocarbons such as Solkane®  365 mfc from Solvay Fluorides LLC. In a 

preferred embodiment, a mixture comprising at least one of these blowing agents and 

water is used as blowing agent and in particular water is used as sole blowing agent. If 

no water is used as blowing agent, preference is given to using exclusively physical 

blowing agents. 

35 

The water content is, in a preferred embodiment, from 0.1 to 2% by weight, preferably 

from 0.2 to 1.5% by weight, particularly preferably from 0.3 to 1.2% by weight, based 

on the total weight of the components a) to h). 

	

40 	In a further preferred embodiment, hollow microspheres comprising physical blowing 

agent are added as additional blowing agent to the reaction of the components a) to h). 
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The hollow microspheres can also be used in admixture with the abovementioned 

blowing agents. 

The hollow microspheres usually comprise a shell of thermoplastic polymer and are 

	

5 	filled in the core with a liquid, low-boiling substance based on alkanes. The production 

of such hollow microspheres is described, for example, in US 3 615 972. The hollow 

microspheres generally have a diameter of from 5 to 50 [tm. Examples of suitable hol-

low microspheres can be obtained under the trade name Expancell®  from Akzo Nobel. 

	

10 	The hollow microspheres are generally added in an amount of from 0.5 to 5% by 

weight, based on the total weight of the components b), c) and d). 

As chain extenders and/or crosslinkers d), use is made of substances having a molecu-

lar weight of preferably less than 450 g/mol, particularly preferably from 60 to 

	

15 	400 g/mol, with chain extenders having 2 hydrogen atoms which are reactive toward 

isocyanates and crosslinkers having 3 hydrogen atoms which are reactive toward iso-

cyanate. These can preferably be used individually or in the form of mixtures. Prefer-

ence is given to using diols and/or triols having molecular weights below 400, particu-

larly preferably from 60 to 300 and in particular from 60 to 150. Possibilities are, for 

	

20 	example, aliphatic, cycloaliphatic and/or araliphatic diols having from 2 to 14, preferably 

from 2 to 10, carbon atoms, e.g. ethylene glycol, 1,3-propanediol, 1,10-decanediol, 

1,2-, 1,3-, 1,4-dihydroxycyclohexane, diethylene glycol, dipropylene glycol and 

1,4-butanediol, 1,6-hexanediol and bis(2-hydroxyethyl)hydroquinone, triols, such as 

1,2,4-, 1,3,5-trihydroxycyclohexane, glycerol and trimethylolpropane and low molecular 

	

25 	weight hydroxyl-comprising polyalkylene oxides based on ethylene oxide and/or 

1,2-propylene oxide and the abovementioned diols and/or triols as starter molecules. 

Particular preference is given to using monoethylene glycol, 1,4-butanediol, diethylene 

glycol, glycerol or mixtures thereof as chain extender (d). 

	

30 	If chain extenders, crosslinkers or mixtures thereof are employed, they are advanta- 

geously used in amounts of from 1 to 60% by weight, preferably from 1.5 to 50% by 

weight and in particular from 2 to 40% by weight, based on the weight of the compo-

nents b) and d). 

	

35 	As catalysts for producing the polyurethane foams, preference is given to using com- 

pounds which strongly accelerate the reaction of the polyols (b) and optionally chain 

extenders and crosslinkers (d) with the organic, optionally modified polyisocyanates 

(a). These comprise amine catalysts. Mention may be made of, for example, amidines 

such as 2,3-dimethyl-3,4,5,6-tetrahydropyrimidine, tertiary amines such as triethyla- 

	

40 	mine, tributylamine, dimethylbenzylamine, N-methylmorpholine, N-ethylmorpholine, 

N-cyclohexylmorpholine, N,N,N',N'-tetramethylethylenediamine, 

N,N,N',N'-tetramethylbutanediamine, N,N,N',N'-tetramethylhexanediamine, pentame- 
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thyldiethylenetriamine, bis(dimethylaminoethyl) ether, bis(dimethylaminopropyl)urea, 

dimethylpiperazine, 1,2-dimethylimidazole, 1-azabicyclo[3.3.0]octane and preferably 

1,4-diazabicyclo[2.2.2]octane and alkanolamine compounds such as triethanolamine, 

triisopropanolamine, N-methyldiethanolamine and N-ethyldiethanolamine and di- 

	

5 	methylethanolamine. Preference is given to using triethylamine, tributylamine, dime- 

thylbenzylamine, N-methylmorpholine, N-ethylmorpholine, N-cyclohexylmorpholine, 

N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-tetramethylbutanediamine, N,N,N',N'-

tetramethylhexanediamine, pentamethyldiethylenetriamine, bis(dimethylaminoethyl) 

ether, bis(dimethylaminopropyl)urea, dimethylpiperazine, 1,2-dimethylimidazole, 1- 

	

10 	azabicyclo[3.3.0]octane, 1,4-diazabicyclo[2.2.2]octane, 1,8-diazabicyclo[5.4.0]undec-7- 

ene (DBU) and mixtures thereof as amine catalysts. In particular, 1,4-

diazabicyclo[2.2.2]octane is used as amine catalyst. 

Apart from amine catalysts, it is also possible to use further, catalytically active com- 

	

15 	pounds such as organic metal compounds, preferably organic tin compounds such as 

the tin(II) salts of organic carboxylic acids, e.g. tin(II) acetate, tin(II) octoate, tin(II) 

ethylhexanoate and tin(II) laurate, and the dialkyltin(IV) salts of organic carboxylic ac-

ids, e.g. dibutyltin diacetate, dibutyltin dilaurate, dibutyltin maleate and dioctyltin diace-

tate, and also bismuth carboxylates such as bismuth(III) neodecanoate, bismuth 

	

20 	2-ethylhexanoate and bismuth octanoate, or mixtures thereof as catalysts. Preference 

is given to using exclusively amine catalysts. 

Preference is given to using from 0.001 to 5% by weight, in particular from 0.05 to 2% 

by weight, of catalyst or catalyst combination, based on the weight of the component 

	

25 	b). 

As carbodiimide (g), use is made of a compound of the general formula Z-N=C=N-Z, 

where Z is an organic radical and the nitrogen atom of the carbodiimide 

group -N=C=N- is either bound to a tertiary carbon atom or to a carbon atom of an ar- 

	

30 	omatic system which in the ring positions of the aromatic system adjacent to the C-N 

bond bears a radical bound via a secondary or tertiary carbon atom to the aromatic 

system. Examples of suitable radicals Z are tert-butyl groups, isopropyl groups and aryl 

groups substituted by bulky groups. 

	

35 	It has been found to be advantageous to use a phenyl group substituted by substitu- 

ents in the 2 and 6 positions as bulky group, where the substituents are in turn bulky 

groups such as tert-butyl groups or preferably isopropyl groups. 

In a preferred embodiment, a compound having the general formula (1), 

40 
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5 	where R1 is an isopropyl or isobutyl group or a mixture thereof and R2 to R3 are each 

a hydrogen atom or an organic radical, is used as sterically hindered carbodiimide (b). 

In formula 1, R2 is preferably a hydrogen atom. 

In formula 1, R3 is preferably a hydrogen atom or a 1-methyl-l-phenylethyl radical, a 

	

10 	phenoxy radical or a tert-butyl radical. 

R1 in formula 1 is particularly preferably an isopropyl radical. 

In a preferred embodiment, a compound of the general formula (2), 

20 	where the radicals R1 are identical or different and are each an organic radical, prefer-

ably a hydrogen atom, 

the radicals R2 are identical or different and are each an alkyl radical, preferably a me-

thyl group, and 

25 	the radicals R3 are identical or different and are each a hydrogen atom, an alkyl radical 

or are selected from the group consisting of -NCO, -NHCONHR4, -NHCONR4R5  

and -NHCOOR6  radicals, where R4  and R5  are identical or different and are each an 

alkyl, cycloalkyl or aralkyl radical and R6  is R4  or an alkoxypolyoxalkylene radical and 

n is an integer from 0 to 10, 

30 	is used as sterically hindered carbodiimide (b). 
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Commercial uretonimine- or carbodiimide-modified polyisocyanates, as can be ob-

tained, for example, under the trade name Lupranat°  MM103, are, for the purposes of 

the present invention, not included among the above-described compounds of the gen- 

	

5 	eral formula Z-N=C=N-Z. 

Such carbodiimides are used, for example, for improving the hydrolysis properties. 

Such carbodiimides are known and are commercially available under the trade name 

Elastostab H01 or Stabaxol I. 

10 

Esters of mono- or polybasic carboxylic acids are used as component (g). The ester of 

a monobasic carboxylic acid (i), and/or the ester of a polybasic carboxylic acid (ii) com-

prises at least one ester of a monobasic carboxylic acid (i), and/or the ester of a poly-

basic carboxylic acid (ii) acid. The pK values, as determined in aqueous solution at 25 

	

15 	°C, of the (first) dissociation constant of these carboxylic acids generally range from 0.5 

to 5, preferably from 0.5 to 4 and more preferably from 1 to 3. Examples of suitable 

acid components include alkylmonocarboxylic acids such as formic acid, alkylpolycar-

boxylic acids, such as oxalic acid, malonic acid, maleic acid, fumaric acid and citric 

acid, arylmonocarboxylic acids such as [alpha]-naphthoic acid and arylpolycarboxylic 

	

20 	acids, such as isomers and alkyl-substituted derivatives of phthalic acid, trimellitic acid, 

and pyromellitic acid, isomers of naphthalene-dicarboxylic acid, and cyclic double es-

ters of [alpha]-hydroxycarboxylic acids such as mandelic acid or lactic acid. Saturated 

C2-C4 alkylpolycarboxylic acids are preferably used; oxalic acid is particularly pre-

ferred. Examples of suitable alcohol components include aliphatic mono- and polyols 

	

25 	such as methanol, ethanol, propanol, iso-propanol, ethylene glycol, 1,2- and 1,3- 

propanediol, isomers of butanol, 2-butene-1,4-diol, 2-butyne-1,4-diol, neopentyl glycol, 

glycerol, trimethylolpropane and pentaerythritol. Examples of suitable aryl alcohols in-

clude phenol and substituted derivatives thereof, naphthol and alkyl-substituted deriva-

tives thereof, hydroquinone, resorcinol, trihydroxybenzenes, and all the polyether and 

	

30 	polyether ester polyols cited under (d) chain extenders and/or crosslinkers. Aliphatic 

monools are preferred, particularly methanol, ethanol, n- or i-propanol, or n-, i- or tert.-

butanol. Most preferred are oxalic acid esters as diethyloxalate. 

In a prefered embobiment compound (g) comprises (g1) at least one ester of a mono- 

	

35 	basic carboxylic acid (i), and/or the ester of a polybasic carboxylic acid (ii) acid having 

a (first) dissociation constant (pK) of 0.5 to 4, preferably 1 to 3, as disclosed above, and 

(g2) one cyclic ester. Preferably the cyclic ester has 5 to 8, more preferably 5 or 6 

atoms in the ring structure and can carry substituents like aliphatic groups or can be 

unsubstituted. Examples for such cyclic esters are cyclic esterification products of 4- 

	

40 	hydroxy butanoic acid (y-butyrolactone), 5-hydroxy pentanoic acid and 6- 

hydroxyhexanoic acid. In addition cyclic carbonates as ethylene carbonate, 1,2 propyl-

ene carbonate or 1,3 propylene carbonate can be applied as cyclic ester (g2).. Most 
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preferred as cyclic ester (g2) is 7-butyrolacton or 1,2 propylene carbonate. Preferably 

the weight ratio between compound (g1) and compound (g2) is 1 : 15 to 15 to 1, more 

preferably 1 : 10 to 10 : 1. Preferably the compound (g) is used in an amount from 0.01 

to 10 % by weight, more preferably 0.05 to 5 % by weight, based on the total weight of 

	

5 	compounds (a) to (h). 

Auxiliaries and/or additives (h) can optionally also be added to the reaction mixture for 

producing the polyurethane foams. Mention may be made by way of example of mold 

release agents, fillers, dyes, pigments, hydrolysis inhibitors, odor-absorbing substances 

	

10 	and fungistatic and/or bacteriostatic substances. 

As suitable mold release agents, mention may be made by way of example of: reaction 

products of fatty acid esters with polyisocyanates, salts of polysiloxanes comprising 

amino groups and fatty acids, salts of saturated or unsaturated (cyclo)aliphatic carbox- 

	

15 	ylic acids having at least 8 carbon atoms and tertiary amines and also, in particular, 

internal mold release agents such as carboxylic esters and/or carboxamides prepared 

by esterification or amidation of a mixture of montanic acid and at least one aliphatic 

carboxylic acid having at least 10 carbon atoms by means of at least bifunctional alka-

nolamines, polyols and/or polyamines having molecular weights of from 60 to 

	

20 	400 g/mol, as disclosed, for example, in EP 153 639, mixtures of organic amines, metal 

salts of stearic acid and organic monocarboxylic and/or dicarboxylic acids or anhy-

drides thereof, as disclosed, for example, in DE-A-3 607 447, or mixtures of an imino 

compound, the metal salt of a carboxylic acid and optionally a carboxylic acid, as dis-

closed, for example, in US 4 764 537. Reaction mixtures according to the invention 

	

25 	preferably do not comprise any further mold release agents. 

For the purposes of the present invention, fillers, in particular reinforcing fillers, are the 

customary organic and inorganic fillers, reinforcing materials, weighting agents, coating 

agents, etc., known per se. Specific examples are: inorganic fillers such as siliceous 

	

30 	minerals, for example sheet silicates such as antigorite, bentonite, serpentine, horn- 

blendes, amphibols, chrysotile and talc, metal oxides such as kaolin, aluminum oxides, 

titanium oxides, zinc oxide and iron oxides, metal salts such as chalk and barite, and 

inorganic pigments such as cadmium sulfide, zinc sulfide and also glass, etc. Prefer-

ence is given to using kaolin (China clay), aluminum silicate and coprecipitates of bari- 

	

35 	um sulfate and aluminum silicate. Possible organic fillers are, for example: carbon 

black, melamine, rosin, cyclopentadienyl resins and graft polymers and also cellulose 

fibers, polyamide fibers, polyacrylonitrile fibers, polyurethane fibers and polyester fibers 

based on aromatic and/or aliphatic dicarboxylic esters and in particular carbon fibers. 

	

40 	The inorganic and organic fillers can be used individually or as mixtures and are advan- 

tageously added to the reaction mixture in amounts of from 0.5 to 50% by weight, pref- 

erably from 1 to 40% by weight, based on the weight of the components a) to (h). 
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As hydrolysis inhibitors, it is possible to use conventional hydrolysis inhibitors such as 

epoxides and oxazolidines. 

	

5 	In the process of the invention, the starting components (a) to (h) are mixed with one 

another in such amounts that the equivalence ratio of NCO groups of the polyisocya-

nates (a) to the sum of the reactive hydrogen atoms of the components (b), (c) and (d) 

is from 1 : 0.8 to 1 : 1,25, preferably from 1 : 0.9 to 1 : 1.15. Here, a ratio of 1 : 1 corre-

sponds to an isocyanate index of 100. For the purposes of the present invention, the 

	

10 	isocyanate index is the stoichiometric ratio of isocyanate groups to groups which are 

reactive toward isocyanate, multiplied by 100. 

To produce the cast polyurethane resins of the invention, the components of the cast 

polyurethane resin system are mixed, preferably at temperatures of from 30 to 90°C, 

	

15 	particularly preferably from 40 to 80°C, more preferably from 45 to 70°C and in particu- 

lar at from 50 to 60°C. The mixture is then cured, preferably in a mold, to give the cast 

polyurethane resin. The mold temperatures are usually from 0 to 130°C, preferably 

from 60 to 120°C and particularly preferably from 80 to 110°C. Mixing of the compo-

nents is usually carried out in low-pressure machines. The finished cast polyurethane 

	

20 	resins can be subjected to further heat treatment at elevated temperatures, for example 

from 50 to 120°C, preferably from 60 to 110°C and in particular from 80 to 100°C, for a 

period of usually from 10 to 24 hours after removal from the mold in order to further 

improve the mechanical properties. Here, the reaction mixture for producing the cast 

polyurethane resins comprises essentially no blowing agent (c). "Essentially no blowing 

	

25 	agent" means that no extra blowing agent is added. However, the polyol may, due to its 

method of production, comprise small amounts of water, for example. The compounds 

having groups which are reactive toward isocyanate preferably comprise desiccants, 

for example zeolites, in order to avoid accumulation of water in the components and 

thus foaming of the polyurethanes. 

30 

The inventive cast polyurethane resins are preferably used as engineering parts in in-

dustrial or agricultural applications such as rolls or rollers or as engineering parts in 

mining, e.g. sieves. 

	

35 	The polyurethane foam moldings of the invention are preferably produced by the one- 

shot process using the low-pressure or high-pressure technique in closed, advanta-

geously heated molds. The molds usually consist of metal, e.g. aluminum or steel. 

These processing techniques are described, for example, by Piechota and Rohr in 

"Integralschaumstoff, Carl-Hanser-Verlag, Munich, Vienna, 1975, or in "Kunststoff- 

	

40 	handbuch", volume 7, Polyurethane, 3rd edition, 1993, chapter 7. 
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The starting components (a) to (h) are for this purpose preferably mixed at a tempera-

ture of from 15 to 90°C, particularly preferably from 25 to 55°C, and the reaction mix-

ture is introduced into the mold, optionally under superatmospheric pressure. Mixing 

can be carried out mechanically by means of a stirrer or a stirring screw or under high 

	

5 	pressure in a countercurrent injection process. The mold temperature is advantageous- 

ly from 20 to 160°C, preferably from 30 to 120°C, particularly preferably from 30 to 

60°C. For the purposes of the invention, the mixture of the components a) to h) at reac-

tion conversions of less than 90%, based on the isocyanate groups, is referred to as 

reaction mixture. In a preferred embodiment the compounds are premixed in form of an 

	

10 	isocyanate component comprising isocyanates (a) and a polyol component comprising 

polyols (b), if present blowing agents (c), chain extenders and/or crosslinkers (d), cata-

lysts (e) and carbodiimide (f). Compound (g) and compound (h) can either be added to 

the isocyanate component or to the polyol component. In a preferred embodiment the 

isocyanate component comprises compound (g) while the polyol component comprises 

	

15 	compound (h). To produce the polyester polyurethane according to the invention the 

polyol compound and the isocyanate compound are mixed and processed as outlined 

above. 

The amount of reaction mixture introduced into the mold is selected so that the mold- 

	

20 	ings obtained, in particular integral foam, have a density of preferably from 150 g/I to 

850 g/I, more preferably from 180 g/I to 750 g/I, particularly preferably from 200 g/I to 

700 g/I and in particular from 200 to 650 g/I. The degrees of compaction for producing 

the integral polyurethane foams of the invention are in the range from 1.1 to 8.5, pref-

erably from 1.6 to 7.0. 

25 

The polyurethane foam moldings of the invention are preferably used as shoe soles 

and particularly preferably as midsoles, for example for street shoes, sport shoes, san-

dals and boots. Furthermore, polyurethane foams according to the invention can be 

used in the interior of vehicles, for example in cars as steering wheels, headrests or 

	

30 	gearstick knobs or as chair armrests. Further possible uses are as armrests for chairs 

or as motorcycle saddles. Cast polyurethane resins can be used, for example, as shoe 

outsoles or as seals. In particular, the polyurethane molding of the invention is used as 

shoe soles, in particular for safety shoes or army boots. These shoe soles can be com-

pact soles or foamed soles, in particular integral polyurethane foams. Surprisingly pol- 

	

35 	yurethane mouldings according to the present invention, especially polyurethane foams 

according to the present invention pass the hydrolysis testing using SATRA TM344 

(storing at 70 °C and 95 % relative humidity) for at least 28 days with tensile strength 

retention of more than 80 % of the initial value measured according to DIN 53504 and 

maintain a low abrasion. This corresponds to a shelf life under normal climate of low 

	

40 	moisture and 20 °C of at least about 8 years and under tropical climate with high mois- 

ture and 30 °C of about 4 years. 
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The invention is illustrated below with the aid of examples: 

Starting materials used: 

5 

Polyol 1: Polyester polyol based on adipic acid, monoethylene glycol (MEG) and 1,4- 

butanediol (BD) (weight ratio MEG : BD = 2:1) having an OH number of 

56 mg KOH/g 

Polyol 2: 	Polyesterol based on adipic acid, monoethylene glycol, diethylene glycol 

10 	 and trimethylolpropane and having an OH number of 60 mg KOH/g and a 

functionality of 2.65 

Polyol 3: 	Polyester polyol based on adipic acid, 1,4-butanediol and 1,5 pentane diol 

(PD) (weight ratio BD : PD = 1:1.2) having an OH number of 70 mg 

KOH/g 

15 	Polyol 4: 	Polyester polyol based on adipic acid, 1,4-butanediol and neopentylglycol 

(NPG) (weight ratio BD : NPG = 1 :1 .7 having an OH number of 56 mg 

KOH/g 

Polyol 5: 	Dimer acid based polyesterol, based on Adipic Acid and Dimer Acid, OH 

number of 56 mg KOH/g sold under the trade name Priplast® 3192 from 

20 	 Corda International Plc. 

Polyol 6: 	Dimer acid based polyesterol based on dimer acid, adipic acid, monoeth-

ylene glycol and butanediol (weight ratio BD : MEG : dimer acid = 1 : 1,4 : 

4,9) OH number of 56 mg KOH/g, 

Cat 1: 	Triethylenediamine 33% strength dissolved in monoethylene glycol 

25 	Cat 2: 	Triethylenediamine blocked by acid 

Crosslinker: OH-number 270 mg KOH/g, functionality = 3 

KV: 	Monoethylene glycol 

Stabi 1: 	Cell stabilizer Dabco DC 193 from Air Products 

HS: 	Elastostab H01® from BASF Polyurethanes GmbH 

30 	ISO: 	Prepolymer based on 4,4'-MDI, carbodiimidmodified MDI, polyol 1 and 

polyol 2, having an NCO-content of 18% by weight containing 7% by 

weight y-butyrolactone and 1% by weight diethyloxalate 

The formulations for comparative examples and the examples according to the inven- 

35 	tion were produced according to the tables below. Processing for the foamed polyure-

thane moldings was carried out on a low-pressure machine EMB F20, with the temper-

ature of the polyol mixture and of the isocyanate being about 45°C. 

The optimum mixing ratio of polyol and isocyanate component (ISO was used as iso- 

40 	cyanate for all examples and comparative examples) was determined by means of a 

penetration test, which is prior art in the shoe industry. After the optimum mixing ratio 
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had been determined, a corresponding mixture was introduced into a mold in order to 

produce test plates. 

The materials were conditioned under standard conditions of temperature and humidity 

	

5 	for at least 2 days before the mechanical characterization was carried out. Here, the 

tensile strength was measured in accordance with DIN 53504. To determine the hy-

drolysis properties, the test specimens produced in accordance with DIN 53504 (SA-

TRA TM344) were stored at 70°C and 95% relative atmospheric humidity and the ten-

sile strength of the specimens was measured after 21, 28 and 35 days of hydrolysis 

	

10 	aging (ZF 21d HL; ZF 28 d HL and ZF35 d HL). Abrasion was measured according to 

DI N53516. 

Midsole recipe 

C1 C2 Examplel C3 Example2 

Polyol 1 84.83 63.62 56.12 42.42 37.42 

Polyol 3 - 21.21 18.71 42.42 37.42 

Polyol 5 - - 10 - 10 

KV 8.88 8.88 8.88 8.88 8.88 

Cat 1 1 1 1 1 1 

Crosslinker 2.49 2.49 2.49 2.49 2.49 

HS 2 2 2 2 2 

Surfactant 0.4 0.4 0.4 0.4 0.4 

water 0.4 0.4 0.4 0.4 0.4 

Mechanical property 

Density (g/cm3) 0.50 0.50 0.50 0.50 0.50 

Hardness (Shore A) 52 51 51 50 49 

Tensile strength (N/mm2) 5.6 5.4 5.7 5.8 6.1 

Tensile strength retention 

after 21days hydrolysis (% 

of initial value) 

- 109 118 107 111 

Tensile strength retention 

after 28days hydrolysis (% 

of initial value) 

14 63 126 84 110 

15 	Outsole recipe 

C4 
	

C5 
	

C6 
	

Example3 
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Polyol 1 90 60 45 40 

Polyol 4 45 40 

Polyol 6 - 30 - 10 

KV 4.5 4.5 4.5 4.5 

Cat 1 1.5 1.5 1.5 1.5 

Crosslinker 1 1 1 1 

HS 2 2 2 2 

Plasticizer 3 3 3 3 

Water 0.05 0.05 0.05 0.05 

Mechanical property 

Density (g/cm3) 1.0 1.0 1.0 1.0 

Hardness (shore A) 64 63 63 64 

Abrasion (mm3) 52 54 47 87 

Abrasion after 21 days hydrolysis (mm3) 57 94 61 90 

Abrasion after 28 days hydrolysis (mm3) 113 188 81 100 

Abrasion after 35 days hydrolysis (mm3) 283 313 187 137 

Tensile strength (N/mm2) 14.2 13.2 13.7 12.9 

Tensile strength retention after 21days 

hydrolysis (% of initial value) 

91 88 110 109 

Tensile strength retention after 28days 

hydrolysis (% of initial value) 

71 58 82 115 

Tensile strength retention after 35days 

hydrolysis (% of initial value) 

37 20 56 94 
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Single density recipe 

C7 Exam ple4 

Polyol 1 91.05 56.15 

Polyol 4 - 25 

Polyol 6 - 10 

MKV 5 5 

Cat. 1 0.9 0.9 

Cat. 2 0.3 0.3 

HS 2 2 

Niax L5305 0.3 0.3 

Water 0.35 0.35 

Mechanical property 

Density (g/cm3) 0.6 0.63 

Hardness (shore A) 44 46 

Abrasion (mm3) 242 50 

Abrasion after 21 days hydrolysis (mm3) 450 120 

Abrasion after 28 days hydrolysis (mm3) 569 194 

Abrasion after 35 days hydrolysis (mm3) destroyed 313 

Tensile strength (N/mm2) 6.8 6.3 

Tensile strength retention after 21 days 

hydrolysis (% of initial value) 

79 110 

Tensile strength retention after 28days 

hydrolysis (% of initial value) 

40 102 

Tensile strength retention after 35days 

hydrolysis (% of initial value) 

destroyed 86 

It can be seen that polyester polyurethane moldings according to the invention show 

5 

	

	superior hydrolysis aging. Especially when dimer acid is additionally applied the hydrol- 

ysis resistance is further increased. In contrast, is dimer acid is used without a polyol 

(b1) hydrolysis resistance cannot be increased. 
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Claims 

1. 	A process for producing polyurethane moldings, wherein 

	

5 	 a) organic polyisocyanates are mixed with 

b) polyol comprising polyesterols, 

c) optionally blowing agents, 

d) chain extenders and/or crosslinkers, 

e) amine catalyst 

	

10 	 f) carbodiimide of the general formula Z-N=C=N-Z, where Z is an organic 
radical and the nitrogen atom of the carbodiimide group -N=C=N- is 

bound either to a tertiary carbon atom or to a carbon atom of an aro- 	, 

matic system which on the ring positions adjacent to the C-N bond in the 

aromatic system bears an organic radical bound via a secondary or ter- 

	

15 	 tiary carbon atom to the aromatic system, 
g) at least one member selected from the group consisting of (i) an ester of 

a monobasic carboxylic acid, and (ii) an ester of a polybasic carboxylic 

acid, the (first) dissociation constant (pK) of each acid being 0.5 to 5, 

and optionally 

	

20 	 h) other auxiliaries and/or additives, 

to form a reaction mixture, the mixture is introduced into a mold and allowed to 

react to form a polyurethane molding, 

	

25 	wherein the total weight of polyesterols (b1), (b2) and (b3) comprise 

15 to 60 % by weight of a polyesterol (b1) obtainable by esterification of an ali-

phatic dicarboxylic acid having 2 to 10, carbon atoms and at least one higher 
functional alcohol having 5 to 20 carbon atoms and optionally one higher func- 

	

30 	tional alcohol having 2 to 4 carbon atoms wherein at least 20 wt.-% of higher 

functional alcohol is a higher functional alcohol having 5 or more carbon atoms, 
based on the total amount of the higher functional alcohol in component (b1) 

and 

	

35 	20 to 80 % by weight of a polyesterol (b2) obtainable by esterification of an ali- 
phatic or aromatic dicarboxylic acid having 2 to 10 carbon atoms and at least 

one higher functional alcohol having 2 to 4 carbon atoms and less than 20 wt.-% 
of at least one higher functional alcohol having 5 or more carbon atoms, based 

on the total amount of the higher functional alcohol in component (b2), and 

40 
5 to 20 % by weight of a further polyesterol (b3) wherein the acid component 

comprises at least one dimer acid. 
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2. 	The process according to claim 1, wherein a compound of the general formula 

(1), 

5 

where R1 is an isopropyl or isobutyl group and R2 and R3 are each a hydrogen 

10 	atom or an organic radical, 

is used as carbodiimide (f). 

3. 	The process according to claim 1, wherein a compound of the general formula 

(2), 

15 

R1 

R2 	 R2 
R1 

R3 R2  

N=N  

NN 

2 
where the radicals R1 are identical or different and are each an organic radical, 

20 	preferably a hydrogen atom, 

the radicals R2 are identical or different and are each an alkyl radical, preferably 

a methyl group, and 

the radicals R3 are identical or different and are each a hydrogen atom, an alkyl 

radical or are selected from the group consisting 

25 	of -NCO, -NHCONHR4, -NHCONR4R5  and -NHCOOR6  radicals, where R4  and 

R5  are identical or different and are each an alkyl, cycloalkyl or aralkyl radical 

and R6  is R4  or an alkoxypolyoxalkylene radical and 

n is an integer from 0 to 10, 
is used as carbodiimide (f). 
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4. 	The process according to any of claims 1 to 3, wherein the carbodiimide has 

groups which are reactive toward isocyanates. 

	

5 	5. 	The process according to any of claims 1 to 4, wherein the carbodiimide has 

polyether groups obtainable by polymerization of alkylene oxide. 

6. The process according to any of claims 1 to 5, wherein the content of the car-

bodiimide (f) is 0.1 to 5 parts by weight, based on the total weight of compounds 

	

10 	(b) to (g). 

7. The process according to any of claims 1 to 6, wherein the ester of a monoba-

sic carboxylic acid (i), and/or the ester of a polybasic carboxylic acid (ii) com-

prises (g1) at least one ester of a monobasic carboxylic acid (i), and/or the ester 

	

15 	of a polybasic carboxylic acid (ii) acid having a (first) dissociation constant (pK) 

of 0.5 to 4 and (g2) one cyclic ester. 

8. The process according to claim 7, wherein the ratio between compound (g1) 
and compound (g2) is 1 : 15 to 15 to 1. 

20 

9. The process according to any of claims 1 to 8, wherein the total content of com-

pound (g), based on the total weight of compounds (a) to (h) is 0.01 to 10 % by 

weight 

25 	10. 	The process according to any of claims 1 to 9, wherein the polyesterol com- 
prises a polyesterol (b3) and wherein the polyesterol (b3) is obtainable by react-

ing a dimer acid, optionally an aromatic or aliphatic diacid having 2 to 15 carbon 
atoms and at least one higher functional alcohol having 2 to 20 carbon atoms.. 

30 	11. 	The process according to claim 10 wherein the dimer acid is obtainable by di- 

merization of unsaturated fatty acids. 

12. The process according to any of claims 10 or 11, wherein the content of the di-

mer acid, based on the total amount of the dimer acid and the aromatic or ali- 

35 	phatic acid in the polyesterol having 2 to 20 carbon atoms (b3) is at least 10 

mol-%. 

13. Polyurethane moulding obtainable by a process according to any of the claims 

40 	1 to 12. 

14. The use of a polyurethane molding according to claim 13 as shoe sole. 
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