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Description

—

The present 1nvention relates to a process for preparing

polvurethanes by milxing (a) polyisocyanate, (b) a mixture
obtalnable by 1ntroducing an alkali metal or alkaline earth

metal salt into compound R-NH-CO-O-R' comprising at least one

urethane group, which 1s present 1n solid or liquid form at

20°C, (c¢) compounds comprising one or more epoxide groups, and,

1)

optionally, (d) polvol, (e) chaln extenders, and (f) fillers and

further additives to form a reaction mixXture and fully reacting

this mixture to give the polyurethane, where the amount of alkalil

metal or alkaline earth metal 1ons per urethane group 1n the

compound (b) 1s 0.0001 to 3.5. The present 1invention further

relates to a polyurethane obtainable by such a process, and to

p—

the use of such a polyurethane for produciling bodywork components

for vehicles.

— —

Particularly for the production of fiber composites of large

surface area, a polymeric system 1s requlred, as matrix system,

that exhibits a long open time 1n conjunction wilith constantly

low viscosity, so that the reinforcing means, such as glass or

carbon fibers or filber mats, are fully wetted before the

polymeric system cures to glve the finished polymer. At the same

C1lme, however, there 1s also a redgqulirement that the polymeric

svstems should cure extremely rapidly to form the polymer, hence

allowing gquicker cvcle times and thus raising the profitability.

In general, the long open time 1s achieved only by epoxide
systems or polyether systems, but these systems Jgenerally

requlre long cure times.

One possibillity for extending the open time 1n conjunction wilith

rapld curing on the part of polyvurethane systems 1s to use acid-

blocked catalysts. For 1nstance, EP 2257580 describes the use

pre——

of acid-blocked amine catalysts 1n polyurethane systems for

producing sandwlch components. Acid-blocked catalysts, however,

extend the working time only by minutes. The redquirement, 1n

—

contrast, 1s for a processing life of up to several hours.
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WO 10121898 describes a polyilisocyvanate component consisting 1n

pre——

parts of a urea prepolymer (—-NH-CO-NH-) which 1s bidentate 1n

—

terms of The anion and which has been mixed with lithium

chloride. When this component 1s mixed wlith a second component
that comprises diglycidyl ether and polyol, and when this
mixture is heated to 80-90°C, there 1s a rapid reaction that

—

leads to volume curing of the material.

WO 12103965 describes an epoxy-based system which 1s based on

the same catalysis as described 1n WO 10121898. In thils case the

groups necessary for the catalysis are deflined here via the two

H atoms located on the nitrogen as carboxamide group (-CO-NHz),

which 1s bidentate 1n terms of the anion, with LiCl.

WO 13098034 comprises a reactlve mixture which 1n addition to

lithium halide requlres a group which 1S

—

bidentate - (-CO-NH-CO-)- 1n terms of the cation. The urea

component described 1n this specificatlion may also comprise
polydentate biuret groups (-NH-CO-NH-CO-NH-) .

p—
-

WO 13143841 describes a trimerilzatlon catalyst consisting of

alkalil metal or alkalilne earth metal salts 1n comblnation with

carboxamide groups that are bidentate relative to the anion and

"hat have the structure -CO-NHZ, or 1n combilination with

—
-

groups - (-CO-NH-CO-)-, whose behavior 1s bidentate 1n terms of

the cation.

Disadvantages of the systems described 1n WO 10121898,
WO 12103965 WO 13098034, and WO 13143841 are that the urea,

carboxvlate or Dbiluret Dblocked catalysts must be added 1n

—

relatively large quantilities 1n order to exert suffilicient

activity, and that relatively brittle materilials are obtalned.

pre——

It was an object of the present invention, therefore, to provide

a polvyvurethane system which has a long open time, can be cured

—

"1clency of the

pr—

wlthlin a few milnutes, and exhilbits heightened e
catalysis by comparlson wlth WO 10121898, WO 12103965
WO 13098034, and WO 13143841. This polyurethane system 1s tTO
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B

p—

allow the production of polyurethanes having a wide range of

different mechanical properties.

pre—— pr—

The object of the 1nvention has been achieved by means of a

polvyurethane system comprilising (a) polvyisocyanate, (b) a
mixXxture obtalnable by introducing an alkali metal or alkaliline

cearth metal salt into compound R-NH-CO-O-R' comprising at least

one urethane group, which 1s present 1n solid or ligquid form at

20°C, (c) compounds comprising one or more epoxide groups, and,

optionally, (d) polvyol, (e) chain extenders, and (f) fillers and

—

further additives, where the amount of alkalil metal or alkalilne

earth metal 1ons per urethane group 1n the compound (b) 1s 0.0001

—

to 1. The present 1nvention further relates to a process for

pr——

preparing polyurethanes, whereiln the components of a

polyurethane system of the i1nvention are mixed to form a reaction

mixXxture which 1s fully reacted to give the polyurethane.

Surprisingly 1t has been found that component (b) must be present
1n a small amount than the bidentate or polydentate complexes
from the prior art. Here, 1n contrast to the systems described

in WO 10121898, WO 12103965 WO 13098034, and WO 13143641,

exclusively monodentate urethane groups of the form R-NH-CO-0O-R

are used 1n relation to the salt anion and the salt cation, with

pre——

R belng other than hvdrogen. Thils 1leads to an efficiency

—

increased by a factor of 10, based on the concentration of the

—

"lcacy l1ncreased by a factor of 3, relative

catalyst, or to an e
to the open time at 130°C. One possible explanation for this

might be that the bidentate or polydentate complexes from the

p—

prior art are capable of binding the salt compounds relatively

strongly via electrostatic i1nteractions.

Polvisocvanates (a) 1nclude all aliphatic, cycloaliphatic, and

pr—
—

aromatic 1socvanate known for the preparation of polyurethanes.

pre——

They preferably have an average functionality of less than 2.5.

Examples are 2,2 =, 2,4 -, and 4,4 —-diphenvyvlmethane

pre——

dliisocyanate, the mixtures of monomerilic diphenvylmethane

p—
-

dllsocyanates and more highly polycyclic homologs Of

diphenvlmethane dilsocyanate (polymeric  MDI), 1sophorone
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— 4 —
diisocvyanate (IPDI) or 1ts oligomers, 2,4- or 2,06-tolvylene
dlilsocvyanate (TDT) or mixtures thereotf, tetramethylene

dilsocvanate or 1ts oligomers, hexamethvylene diisocvanate (HDI)

or 1ts oligomers, naphthylene diisocvanate (NDI), or mixtures

—
e

thereotf.

Preference as polyilisocyanates (a) 1s Jglven to uslng monomeric

diphenvylmethane dilisocvyvanate, as for example 2,27 —
diphenvlmethane dilisocvanate, 2,4’ —diphenylmethane
diisocyanate, 4,47 -diphenylmethane dililisocvyanate, or mixtures

—

thereof. Diphenvyvlmethane diisocyanate may also be used here as

a mixture wlth 1ts derivatives. In that case diphenvlmethane

dlilsocvyvanate may more preferably comprise up to 10 wt3, more

pre——

preferably still up to 5 wt3, of carbodilimide, uretdione-, or

uretonimine-—-modifled diphenvlmethane diisocyanate, especlally

carbodilmide modilified diphenvlmethane dilsocyanate.

pr——

Polvilisocyanates (a) may also Dbe used 1n the form ot

polylisocyanate prepolymers. These polymers are obtalnable by

—

reaction of above-described polyisocyanates (constituent (a-1))

in excess, at temperatures for example of 30 to 100°C, preferably

at about 80°C, with polvols (constituent (a-2)), to give the

—

prepolymer. The NCO content of polvisocyanate prepolymers of the

invention 1s preferably from 5 to 32 wt% NCO, more preferably
from 15 to 28 wts NCO.

Polvols (a-2) are known to the skililled person and are described

pre——

for example 1n "Kunststoffhandbuch, 7, Polyurethane”, Carl

Hanser-Verlag, 3rd edition 1993, section 3.1. As polyols 1t 1s

pre——

accordingly possible, for example, to use polyether- or

polyesterols, such as the polyvols described below under (d). As

polyols (a-2), preference 1s glven to uslng polyvols contalning

secondary OH groups, such as polypropylene oxide, for example.

These polvols (a-2) preferably possess a functionality of 2 to

6, more preferably of 2 to 4, and more particularly 2 to 3. With

particular preference the polvols (a-2) comprise polyesterols

comprilising hydrophobic substances, as described under (b).
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It 1s additionally possible, optilionally, for chaln extenders

(a—3) to be added to the reaction to gilve the polyilisocyanate

prepolymer. Chalin extenders (a-3) sultable for the prepolymer

are dihydric or trihydric alcohols, as for example dipropylene

glycol and/or tripropvlene glycol, or the adducts of dipropylene
glycol and/or tripropylene glycol with alkylene oxides,

preferably dipropvlene glycol. Suiltable chain extenders are also

described under (e).

such polyisocvanate prepolymers are described for example 1n
US 3883571, WO 02/10250, and US 4229347,

—

Particularly preferred for use as polyilisocyanate (a) 1s

diphenylmethane dilsocyanate or a polylisocyanate prepolymer

based on monomeric 4,4’ -diphenvlmethane diisocyanate or mixtures

pre——

of 4,4’ -diphenylmethane diisocyanate wilith 1ts derivatives and

polypropylene oxide having a functionality of 2 to 4, and also,

optionally, dipropvlene glyvcol or monomeric.

Fmployed as component (b) 1s a mixture obtalnable by introducing
an alkalili metal or alkaline earth metal salt 1nto a compound

comprilising urethane groups.

Fmployed as alkalili metal or alkaline earth metal salt here 1s a
compound which accelerates the reaction between 1socyanates (a),
the compounds (c) comprilisling one oOr more epoxXlde Jgroups, and,
optionally, polyols (d). These compounds 1nclude, 1n particular,

pre——

salts of sodium, lithium, magnesium, and potassium, and ammonium

compounds, preferably lithium or magnesium, with any desired

pre——

anions, preferably with anions of organic aclds such as

—
-

carboxvlates, and more preferably of 1norganlic acids, such as

pr—— |}

nitrates, halides, sulfates, sulfites, and phosphates and even

pr—

more preferably with anions of monoprotic acilds, such as

nitrates or halildes, and especially nitrates, chlorides,

bromides or 1odides. Particular preference 1s glven to using
li1thium chloride, lithium bromide, and magnesium dichloride, and
especlally to lithium chloride. Alkall metal or alkaline earth

—

metal salts of the 1nvention may be used 1ndividually or as
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mixtures.

Preferably, beslides the alkall metal or alkalline earth metal

salt, there are no further compounds used which accelerate the

—
e

reaction of 1socyanates wlth 1socyanate-reactive Jgroups.

Compound comprising urethane groups 1s taken to mean any desired

compounds which are present in solid or ligquid form at 20°C and
which comprilise at least one urethane group R-NH-CO-0-R%', where
R 1s other than hvyvdrogen and/or other than COR''. The compound
comprlising urethane Jgroups 1n component (b) here 1s obtailnable

pr——

preferably by reaction of a second polyisocvanate wilith a

compound having at least one OH group. Preferred in this context

are compounds which are liguid at 50°C, more preferably those

—

liguid at room temperature. For the purposes of the present

invention, a "ligquid" substance or component here 1s one which

p—

at the stated temperature has a viscosity of not more than 10

Pas. When no temperature i1s stated, the datum is based on 20°C.

The measurement 1s made according to ASTM D445-11. The compounds

comprising urethane groups preferably have at least two urethane

—
e

groups. The molecular weight of the compounds comprising

urethane Jgroups here 1s preferably 1n the range from 200 to

15 000 g/mol, more preferably 300 to 10 000 g/mol, and more

particularly 500 to 1300 g/mol. Compounds comprising urethane

— pr—
e

groups may be obtailned, for example, by reaction of

aforementioned 1socyanates (al) as second 1socvanate wilith

compounds having at least one 1socyanate-reactive hydrogen atom,

such as alcohols, monoalcohols for example, such as methanol,
ethanol, propanol, butanol, pentanol, hexanol, or longer-chain

propoxylated or ethoxvlated monools, such as polvy(ethvylene

ox1de) monomethyl ether, such as the monofunctional Pluriol®

products from BASF, for example, dialcohols, such as ethylene
glycol, diethylene glycol, triethylene glycol, propvlene glycol,
dipropyvlene glycol, butanediol, hexanediol, and/or reaction

—

products of said isocvanates with the polyols (d) and/or chain

extenders (e) described below - 1ndividually or 1n mixtures. For
preparing the compound contalning urethane Jgroups, both

l1socvyvanates and polyols can be used 1n a stolchiliometric excess.
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Where monoalcohols are used, 1socyanate groups and OH groups may

also be used 1n a stoichiometric ratio. Where the compound

contalning urethane groups has two or more 1socvanhate groups per

molecule, they may wholly or partly replace the polvisocyvanates

(a) . The reaction takes place customarily at temperatures

between 20 and 120°C, as for example at 80°C. The second

l1socvanate, used for preparing the compound comprising urethane

pre——

groups, 1s preferably an 1somer or homolog of diphenylmethane

dlilisocvanate. More preferably the second 1socyanate 1s monomeric

pre——

diphenvylmethane dilisocvyvanate, as for example 2,27 —

diphenvlmethane dilisocvanate, 2,4’ —diphenylmethane

dilisocvanate, 4,4" —diphenvlmethane dlilisocvyvanate, or any

pr—
-

milxtures thereof. Diphenvlmethane dilisocyanate here may be used

addlitionally as a mixXture wilth 1ts derivatives. In this case 1t

1s posslible for diphenvlmethane diilsocyanate to comprilise more

preferably up to 10 wt3, more preferably still up to 5 wt3, of
carbodiimide, uretdione-—, oOr uretonimine—-modified

diphenylmethane dilisocvanate, more particularly carbodiimide

modified diphenvyvlmethane dilisocvanate. In one particularly

preferred embodliment the first 1socyanate (a) and the second

l1socvanate for preparing the compound contalning urethane groups

are 1dentical.

The compound contalniling urethane groups can also be obtained via

alternatlive reaction pathways, as for example by reactlng a

carbonate with a monoamine to form a urethane group. For this

reaction, for example, a propylene carbonate 1n a slight excess

pr——

“amiln

(1.1 eqg) 1s reacted with a monoamine, as for example a Je

M 600, at 100°C. The resulting urethane may likewise be used as

compound comprilising urethane group.

The mixtures comprising the alkall metal or alkaline earth metal
salt and a compound comprising urethane groups may be obtalned,

for example, by mixing the alkalili metal or alkaline earth metal

salt 1nto the compound comprilising urethane Jroups, at room

temperature or at elevated temperature, for example. For this
purpose 1t 1s posslible tTo use any mixer, an example beilng a

simple stirrer. The alkall metal or alkaline earth metal salt
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1n this case may be used as the pure substance or 1n the form

pre——

of a solution, an example belng a solution 1n mono—- Or

polyfunctional alcohols, such as methanol, ethanol, or chain

extenders (e), or water. In one particularly preferred

embodlment, commercilially availilable prepolymer-based 1socyanate

1s admixed directly with the dissolved salt. Sultability for

pr—

thlis purpose 1s possessed, for example, by 1socvyanate

prepolymers having an NCO content of 15 to 30%, based more

particularly on diphenylmethane diisocyanate and on a polyether

pre——

polvol. Isocvanates of this kind are available commercially, for

example, from BASF under the trade name Lupranat® MP 102.

p—

In one particularly preferred embodiment of the present

invention, the alkall metal or alkallne earth metal salt 1s

dissolved 1n a compound having 1socyanate-reactlve hvyvdrogen

atoms, and this solution 1s then mixed, optionally at elevated

temperature, with the 1socyanate.

Particular preference for preparing the compound contalning
urethane Jgroups 1s glven tTo using a monool having a molecular

weight of 30 to 15 000 g/mol, preferably 100 to 900 g/mol and,

in one particularly preferred version, from 400 to 600 g/mol.

—

The amount of alkalili metal or alkallne earth metal 1ons per

urethane group 1n the compound (b) 1s 0.0001 to 3.5, preferably

0.01 to 1.0, more preferably 0.05 to 0.9, and more particularly

pr—

0.1 to 0.8, based 1n each case on the number of alkall metal or

alkaline earth metal 1ons and urethane Jgroups (per egquilivalent

—

of urethane groups).

pr—

The amount of alkali metal or alkaliline earth metal 1ons per

pr— [} pre——

lsocvyanate group 1n the 1rst polyisocyanate (a) and, 1f

present, 1n the complex compound (b) 1s preferably 0.0001 to

0.3, more preferably 0.0005 to 0.02, and more particularly 0.001

to 0.01 equivalents, based 1n each case on the number of alkalil

metal or alkalline earth metal 1ons and urethane groups.

Retween the alkall metal or alkaline earth metal salt 1n the
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e 1s a thermally reversible

lnteraction with the urethane Jgroup-containing compounds as

component (b), whilile at temperat

ures greater than 50°C,

preferably from 60 to 200°C and more particularly from 80 to

200°C, the catalyvtically active compo

pre——

sense of the 1nventilion, a thermally

—

und 1s 1n free form. In the

reversible 1nteraction 1S

assumed here when the open time of the reaction mixture at 25°C

1s longer by a factor of 5, more preferably by a factor of at

least 10, and more particularly by a

at 130°C. This open time is defined a

—

viscoslity of the reaction mixture

pr—

factor of at least 20, than
s The time within which the

at constant temperature

lncreases to an extent such that the stirring force redgquired

pr—

exceeds the given stirring force of

the Shyodu gel timer, type

pre——

100, wversion 2012. For this purpose, a 200 g portion of reaction

milxXxture was prepared, was mlxed 1n a

pre——

p—

Speedmlixer at 1950 rpm for

1 minute, and 130 g of the mixture were stirred at room

temperature or elevated reaction temperature 1n an oven, 1n a

pr——

PP plastic beaker wilith a diameter o:
timer, type 100, version 2012 and an

20 rpm, untll the wviscosility and he

the gel timer.

force for the reactive mixture exceeded the stirring force of

-/ cm, usling a Shvyodu gel

associliated wlire stirrer at

nce the required stirring

p—

As compound (c) comprilslng one oOr more epoxlde groups 1t 1s

posslible to use all epoxide-contalning compounds which are

customarily used for preparing epoxy resins. The compound (c)

comprising epoxide groups are preferably liquid at 25°C. Here

pre——

1t 1s also possible to use mixtures of such compounds, these

mixtures being preferably likewise liguid at 25°C.

—

pre——

obtalnable by reacting a compound ha

Examples of such compounds contalnling epoxilide Jgroups and able

O be used for the purposes of the 1nvention are

I) Polyvglycidyl and poly ([beta]-methylglycidyl) esters,

ving at least two carboxvl

groups 1n the molecule and 1n each case eplchlorohydrin and

[beta] -methylepichlorohydrin. Thils reaction 1s advantageously

pre——

catalyzed by the presence of bases.
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Aliphatic polycarboxylic acids can be used, for example, as

—

compound having at least two carboxyl groups. Examples of such

aliphatic polycarboxylic acids are oxalilic acid, succinlic acid,
glutaric acid, adipilc acid, pimelic acid, suberic acid, azelaic
acld, and dimerized or trimerized linoleic acid. Further 1t 1s

possible as well to wuse <c¢cyclic aliphatic acids, such as

cetrahvydrophthalic acld, 4-methvltetrahydrophthalic aclid,
hexahvydrophthalic acld or 4-methylhexahvdrophthalic acid.
Aromatic carboxvylic acids as well, such as phthalic acid,
l1sophthallic acid or terephthalic acid, and also any desilired

pre——

mixXxtures of these carboxvylic acids, can be used.

) Polvyvglycidyl or poly ([beta]l]-methylglycidyl) ethers,

—

obtalnable by reaction of a compound having at least two alcohol

hydroxyl groups and/or  phenolic  hydroxyl groups with
eplchlorohydrin or [beta]l-methvlepichlorohydrin under alkaline

pre——

conditions or 1n the presence of an acidic catalyst and

subsequent treatment with a base.

p—

The glycidyl ethers of this type are derived, for example, from

linear alcohols, such as ethvlene glvycol, diethvlene glycol or

higher polyv (oxyethylene) glvcols, propane—-1,2-diol or

polv (oxypropylene) glycols, propane-1,3-diol, butane-1,4-diol,
poly (oxyvtetramethylene) glyvcol, pentane-1,5-diol, hexane-1, 6-
diol, hexane-2,4,6-triol, glycerol, 1,1,1l-trimethvlolpropane,

pentaervthritol or sorbitol, and from polyepichlorohvdrins.

p—

Further glvycidyl ethers of this type are obtalnable from

cycloaliphatic alcohols, such as 1,4-cyclohexanedimethanol,

bis (4d-hvyvdroxycyclohexvyl)methane or 2,2-bls (4-

hyvdroxycyclohexyl)propane, or from alcohols which carry aromatilc

groups and/or other functional groups, such as N,N-bis(2-

hvdroxyvethyl)aniline or o, p'-bis(2-

hydroxyethylamino)diphenylmethane.

The glycidyl ethers may also be based on monocyclic phenols,

such as p-tert-butvlphenol, resorcinol or hydroguinone, oOr on
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polycyclic phenols, such as bis(4-hydroxyphenvl)methane, 4,4"-

dihvydroxvybiphenvl, bis (4d-hydroxyphenyl) sulfone, 1,1,2,2-
tetrakis (4d-hvdroxyphenyl) ethane, 2,2-bls (4-
hyvdroxyphenvl) propane or 2,2-b1s (3, 5-dilbromo—-4-

hyvdroxyphenvyl) propane.

Further compounds which contain hydroxyl groups and which are

sultable for preparing the glycidyl ethers are novolaks,

obtalnable by condensing aldehvdes, such as formaldehvyde,

acetaldehyde, chloraldehvyvde or furfuraldehvyde, with phenols or

p—

bisphenols, which may be unsubstituted or substituted, as for

example by chlorine atoms or Cl to C9 alkvyvl groups, such as

phenol, 4-chlorophenol, Z2-methylphenol or 4-tert-butvylphenol.

) Poly (N-glycidyl) compounds, obtalnable by

pre—— pr—

dehydrochlorination of reaction products of epilichlorohydrin with

amlnes which contaln at least two amlne-bonded hydrogen atoms.

pr—

Examples of such amines are anillline n-butylamline, Dbis (4-

amlnophenvl)methane, m—-xylylenediamine or bis (4-
methyvlamlinophenvyl)methane. The poly (N-glycidyl) compounds also
include triglycidyl 1socyvanurates, N,N'-diglycidyl derivatives

pre——

of cycloalkyleneureas, such as ethyleneurea or 1, 3-

pr—

propvleneurea, and diglycidyl derivatives of hvdantoins, such

as 5,5-dimethvlhvdantoin.

I1V) Poly(S—-glycidyl) compounds, such as di1-S—-glycidyl

derilvatives which are obtainable from dithiols, as for example

ethane-1,2-dithiol or bis(4d-mercaptomethvlphenyl) ether.

V) Cycloalilphatic ePOXY resins, such as bls (2, 3-

epoxycvyclopentyl) ether, 2,3—-epoxycyclopentyl glycidyl ether,

1,2-bls (2, 3—-epoxycyclopentyloxy)ethane or 3,4-
epoxycyclohexylmethyl 3',4'"-epoxycyclohexanecarboxylate.

VI) Monofunctional epoxy resins, such as (Z2-ethylhexvyl) glycidyl
ether, 1sopropvl glycidyl ether, butyl glyvcidyl ether or cresyl
glycidyl ether.
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p—

Within the bounds of the 1nvention 1t 1s likewlse possible to

use epoxy reslins 1n which the 1,2-epoxy dJroup 1s bonded to

different heterocatoms or functional groups. These compounds

pre——

include N,N,O-triglycidyl derivative of 4-aminophenol, the

—

glycidyl ether/glycidyl esters of salicvylic acid, N-glycidyl-

N'-(2-glvycidyloxypropyl) -5, 5b—-dimethylhydantoiln and 2 —
glycidyloxy-1,3-bis (5, 5—-dimethyl-1-glycidylhydantoln-3-
v1l)propane.

1

Particularly preferred as component (c) are the compounds of

—

classes (I) and (II), especially those of class (II).

The compound (c) comprilislng one or more epoxlde groups 1s used

pr——

preferably 1n an amount such that the equivalents ratio of

p—

epoxlde group to 1socyanate group of the polvyisocvanates (a) and

also, optionally, 1socyanate dJgroups present 1n the complex

compound (b) 1s 0.1 to 2.0, preferably 0.2 to 1.8, and more

preferably 0.3 to 1.0. A high epoxide fraction here leads to a
greater exothermicity and hence, 1n dJdeneral, to more rapid
curing at elevated temperature, and vice versa.

—

The amount of alkalili metal or alkallne earth metal 1ons per

epoxXy dJgroup 1s preferably greater than 0.00001 and more

preferably 1s 0.00005 to 0.3, based 1n each case on the number

—

of alkalili metal or alkallne earth metal 1ons and epoxy groups.

—

As polvols (d) 1t 1s possible for the purposes of the this

lnvention to use compounds having at least two 1socyanate-

—

reactive groups and having a molecular weight of at least 350,

preferably at least 400 g/mol, and more preferably at least 500

g/mol. Isocyanate-reactive groups present may be groups such as

OH-, SH-, NH-, and CH-acid groups. The polyols preferably have

essentially OH groups, more preferably exclusively OH Jgroups,

as lsocyanate-reactlive groups. In one preferred embodlment the

polyvols have at least 403, preferably at least 6003, more

pre——

preferably at least 80%, and more particularly at least 95% of

pr—

secondary OH groups, based on the number of 1socyanate-reactive

groups.
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As polvols (d) 1t 1s possible for example to use polyethers,

polycarbonate polvols or polyesters that are known 1n

polvurethane chemistry. The polyols preferably employed are

polyetherols and/or polyesterols having number—average

molecular weights of between 350 and 12 000, preferably 400 to
0000, more particularly 500 to less than 3000, and having

preferably an average, nomional functionality of 2 to 6,

preferably of 2 to 3. The number-average molecular welghts here

pr——

are obtalned customarily via determlnation of the OH number

according to DIN 53240 and subsequent calculation according to
the formula My= Fn * 1000 * 5¢6.1 / OH number, with the

functilionallty used beling the nominal functionality.

pr—

The use of polyol (d) 1s optional. Preference 1s glven to usilng

pre——

polvol (d). In that case the fraction of polvol (d), based on

p—

the total weight of components (c¢), (d), and (e), 1s preferably

from 10 to 90 wt3, more preferably from 40 to 85 wt3, and more

particularly from 60 to 80 wt%s.

Commonly used are polvetherols and/or polyesterols having 2 to

8 1lsocyanate-reactlve hydrogen atoms. The OH number of these

compounds 1s situated customarily in the range from 30 to 850

mg KOH/g, preferably in the region of 50 and 600 mg KOH/g.

The polyvetherols are obtalned by known methods, as for example

— pr—
e

by anionic polymerization of alkylene oxilides with addition of

at least one starter molecule that contains 2 to 8, preferably

2 Tto 6, and more preferably 2 to 4 reactive hydrogen atoms 1n

—

bonded form, 1n the presence of catalysts. Catalysts used may

be alkali metal hydroxides, such as sodium or potassium

hyvdroxide, or alkall metal alkoxides, such as sodium methoxide,

sodlum or potassium ethoxide or potasslum 1l1sopropoxlide, oOr, 1n

the case of cationic polymerization, Lewls acilids, such as

antimony pentachloride, boron trifluoride etherate or bleaching

may be used as catalysts. As catalysts 1t 1s ©possible

additionally to use double metal c¢yanide compounds as well,

referred to as DMC catalysts. For polyetherols with hydroxy
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numbers > 200 mg KOH/g, the catalyst used may also be a tertiary

amline, such as 1midazole, for example. Such polvols are
described in WO 2011/107367, for example.

As alkylene oxides, preference 1s glven to usling one oOr more

compounds having 2 to 4 carbon atoms 1n the alkylene radical,

such as tetrahydrofuran, 1,2-propylene oxide, or 1,2- and/or

pre——

2,3-butylene oxi1de, 1n each case alone or 1n the form of

mixXxtures, and preferably 1,2-propvlene oxide, 1,2-butylene oxide
and/or 2,3-butylene oxide, more particularly 1,2-propylene
oxlde.

—

Examples of starter molecules contemplated 1nclude ethylene

glycol, diethvlene glycol, glycerol, trimethylolpropane,

pentaervthritol, sugar derivatilives, such as sucrose, hexitol

derivatilives, such as sorbitol, methylamine, ethylamine,

lsopropylamine, butylamine, benzylamine, aniline, toluldine,

toluenediamine, naphthylamine, ethylenediamilne,
diethylenetriamine, 4,4  -methylenedianiline, 1, 3-
propanediamine, 1, 6—hexanediamiline, ethanolamine,
diethanolamline, triethanolamine, and also Other dl- oOr

polvhydric alcohols or mono- or polyvfunctional amilnes.

The polyester alcohols used are prepared usually by condensation

—

of polyvfunctional alcohols having 1 to 12 carbon atoms, such as

ethylene glycol, diethylene glycol, butanediol,
trimethylolpropane, glycerol or pentaervthritol, wlth

polyfunctional carboxylilic acids having 2 to 12 carbon atoms,
examples beiling succinic acid, glutaric acid, adipic acid,

suberic acilid, azelalc acid, sebacilic acid, decanedicarboxylic

acld, maleic acid, fumaric acid, phthalic acid, 1sophthalic

pr——

acid, cerephthalic acid, and “he 1SOmers of

—
e

naphthallnedicarboxylic acids, or the anhvdrides thereof.

p—
-

As further starting materials 1n the preparation of the

polyesters 1t 1s possible to use hydrophobilic substances. The
hyvdrophobic substances are water—-insoluble substances which

comprise an apolar organic radical and also possess at least one
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_15_
reactive Jgroup, selected from hydroxvyl, carboxvylic acid,
carboxyllc ester or milxtures thereof. The equivalent weight of

the hydrophobic materials 1s preferably between 130 and 1000

pr——

g/mol. Use may be made, for example, of fatty acids, such as

stearlc acid, oleic acid, palmitic acid, laurilic acid or linoleilc

acld, and also fats and oi1ls, such as, for example, castor o1il,

corn oi1l, sunflower o01l, sovybean o01l, coconut o1i1l, olive o1l or

call o01l, for example. Where polyesters comprise hydrophobic

p—

substances, the fraction of the hydrophobilc substances among the

pre——

total monomer content of the polyester alcohol 1s preferably 1

to 30 mol%, more preferably 4 to 15 mol%.

The polyesterols used preferably have a functionalility of 1.5 to

o, more preferably 1.8 — 3.05.

For the preparation of particularly hydrophobic reaction

—

mixtures, as for example 1f the i1ntention 1s to prevent water

being condensed 1n during the long open time, or 1f the

—

polyurethane of the 1nvention 1s to be particularly stable

toward hydrolysis, the polyol used may also comprilise a hydroxyl-

functionalized hvydrophobic compound, such as a hydroxyl-

functionallzed compound from fat chemistry.

pre——

A serles of hydroxyl-functional compounds from fat chemilistry are

known that can be used. Examples are castor o01l, hydroxyl-

modifled olls such as grape seed 01l, black coumene o01l, pumpkin

seed 011, borage seed o01l, soybean o1l, wheat germ o01l, rapeseed

01l, sunflower o01l, peanut o01l, apricot kernel o01l, pilistachio
kernel o01l, almond o1l, olive o01l, macadamia nut o01l, avocado
o01l, sea Dbuckthorn o01l, sesame o011, hazelnut o011, evening

primrose o1l, wild rose o01l, hemp o1l, thistle o01l, walnut o1il,

hyvdroxyl-modifled fatty acid esters based on myristolelc acid,

palmitoleic acid, oleic acid, vaccenic acilid, petroselilnic acid,
gadoleic acid, erucic acid, nervonic acid, linoleic acid,

linolenic acid, stearidonlic acid, arachidonic acid, timnodonic

acld, clupanodonic acid, cervonic acilid. Preference 1s glven here

—

to usling castor 01l and 1ts products of reaction with alkylene

oxXxldes or ketone-formaldehyde resins. Latter compounds are sold
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for example by Bayer AG under the Desmophen® 1150 designation.

A further group of fatty-chemical polyols used with preference

may be obtained through ring opening

—

esters with simultaneous reaction of

—

of epoxidized fatty acid

alcohols and, optionally,

further transesterification reactions subsequently. The
lncorporation of hydroxyl groups 1nto o1ls and fats 1s
accomplished primarily by epoxidation of the olefinic double

bond present 1n these products, followed by the reaction of

—
e

resultant epoxilide groups with the mono- or polvhydric alcohol.

This produces, from the epoxilide ring,

pr——

the case of polyfunctional alcohols, a

pr—

number of OH groups. Since o1l1ls and

a hydroxyl group or, 1n

structure having a higher

fats are usually glycerol

esters, parallel transesterilification reactilions run additionally

durlng the reactions stated above. Th

e compounds thus obtained

preferably have a molecular weight 1n
and 1500 g/mol. Products of this kind

che range from between 500

are avallable for example

from BASF under the product deslgnation Sovermole®.

One particularly preferred embodiment of the 1nventlion uses

castor o1l as polvol (d), more preferably exclusively castor

o11.

Polyetherol/polyesterol hvyvbrid polyols as well, as described

under WO 2013/127647 and WO 2013/11051

In order to modify the mechanical

pr——

2, can be used as polvols.

properties, such as the

hardness, the addition of chaln extenders, crosslinking agents

pr—

or else, optionally, mixtures thereo:

pr—

- may prove advantageous.

In the preparation of a composite of the 1nvention 1t 1s possible

to use a chaln extender (e). At the same time, however, 1t 1s

also possible to do without the chailn

extender (e).

Where low molecular weight chain extenders and/or crosslinking

agents (e) are used, 1t 1s possible to use chaln extenders that

pr—

are known 1n the context o

polvurethane production. These are

preferably low molecular weight compounds having at least two

lsocvyanate-reactive dJgroups and used

pre——

for molecular weilghts of
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less than 500 g/mol, more preferably of 60 to less than
400 g/mol, and more particularly 60 to less than 350 g/mol.

p—

Examples of those content rates wi1ll 1nclude aliliphatic,

cycloaliphatic and/or araliphatic or aromatic diols having 2 to

14, preferably 2 to 10 carbon atoms, such as ethylene glvycol,

1, 3-propanediol, 1,4-butanediol, 1, 6—hexanediol, 1,10-
decanediol and bis(Z2-hydroxyethvyl)hvdroquinone, 1,2-, 1,3-,

1,4-di1hvdroxycyclohexane, diethvlene glycol, dipropylene
glycol, tripropylene glycol, triols, such as 1,2,4-, 1,3,5-
trihydroxycyclohexane, glycerol and trimethvlolpropane, and

—

hydroxyl-containing polyalkylene oxides of low molecular weight

that are based on ethylene oxide and/or on 1,2-propylene oxide

and on the aforementioned diols and/or triols as starter

molecules. Further possible low molecular weight chaln extenders

and/or crosslinking agents are specified for example in

"Kunststoffhandbuch, volume 7/, Polyurethane", Carl Hanser
Verlag, 3rd edition 1993, sectlions 3.2 and 3.3.2. With

preference no chaln extender 1s used.

As filllers and further additives (f) 1t 1s possible to use

p—

customary fillers, and other adjuvants, such as additives for

water adsorption, flame retardants, hvdrolysis 1nhibitors,

antioxidants, and 1nternal release agents. Such substances are

stated for example 1in "Kunststoffhandbuch, volume 7/,

Polyurethane™, Carl Hanser Verlag, 3rd edlition 1993,
sections 3.4.4 and 3.4.6 to 3.4.11.

Fillers, especially fillers with reinforcing activity, are the

customary organic and 1norganic fillers, reinforcing agents,

etc, that are known per se. Individual examples 1nclude:

inorganic fillers such as silicatic mlnerals, examples belng

finely ground dJuartzes, phyllosilicates, such as antigorite,
serpentine, hornblendes, amphibols, chrysotile, and talc; metal
oxldes, such as kaolin, aluminum oxides, tTitanium oxides and

l1ron oxldes, metal salts such as chalk, heavy spar and 1norganic

plgments, such as cadmium sulfide, zinc sulfide, and also glass

and others. Preference 1s given to using kaolin (china clay),

finely ground dJuartzes, alumlnum silicate, and coprecilpltates
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barium sulfate and aluminum silicate, and also

natural and

synthetic minerals 1n fiber form such as wollastonilte, metal

have been si1zed. Examples of

fibers and glass

—

pre——

organic fillers

fibers of various lengths, which may optionally

contemplated

include: charcoal, melamine, resin, cyclopentadienvyl resins, and

gra

polvacrylonitrile, polvurethane,

and po

ft polymers, and also cellulose fibers,

polvamide,

lvester fibers based on

aromatic and/or aliphatic dicarboxylic esters, and especially

carbon fibers.

Pre

pre——

diameter of 0.1 to 500, more preferably

from 1 tToO

ferred for use as fillers are those having an average particle

100 and more

particularly from 1 to 10 um. Diameter 1n this context, 1in the

case of nonspherical particles, re:

shortest axlis 1n space.

pre——

fibers for example, such as glass

In the case of

p—

fibers, the exten

"ers to theilir extent along the

nonspherical particles,

C along their

longest axi1is 1n space 1s preferably 1less than 500 um, more

pre

glass filbers or finely ground

ferably less than 300 um. Pre

—

woven fabric mats, such as glass

or natural fiber mats as fillers.

as relnforcing agents 1n the cont

The

adS

ferred

furthermore, 1s the use of crosslinked

These

—

ext ot

fiber mats,

for use as

quartzes. Als

fi1llers are

O possible,

fillers, examples belng

carbon fiber mats

fillers are 1dentified

the 1nvention.

lnorganic and organic fillers may be used 1ndividually or

mixXxtures and are 1ncorporated

—

1nto The reaction mixture

advantageously 1n amounts of 0.5 to 30 wt3, pre:

"erably 1 to

20 wt3, based on the weight of components (a) to (e).

Additives for water adsorption used are preferably
aluminosilicates, selected from the group of sodlium
aluminasilicates, potassium aluminasilicates calcium
aluminasilicates ceslum alumlinasilicates, barium
aluminasilicates, magnesium aluminasilicates strontlium
aluminasilicates sodium alumlinophosphates, potassium

aluminophosphates, calcium aluminophosphates,

—

thereof. Particularly preferred are

potassium,

and calcium aluminasilicates,

mixtures

and mixtures

—

of sodium,

used 1n castor o1l as
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carrler substance.

The additive for water absorption preferably has an average

pr—

particle size of not greater than 200 um, more preferably not

greater than 150 um, and more particularly not Jgreater than

100 um. The pore size of the additive of the i1nvention for water

absorption 1s preferably 2 to 5 Angstroms. As well as the

lnorganic additives for water adsorption, 1t 1s also possible

to use known organic additives for water adsorption, such as

orthoformates, trilsopropyvlorthoformate for example.

pre——

f an additive for water absorption 1s added, 1t 1s added

preferably 1n amounts Jreater than one part by welght, more

preferably 1n the range from 1.2 to 2 parts by weight, based on

—

the total weight of the polyvilisocyanurate system.

—

Polvurethane foams are to be produced, but 1nstead of water

scavengers 1t 1s also possible to use chemical and/or physical
blowlng agents that are customary 1n polyurethane chemistry.

Chemical blowing agents are understood to be compounds which

react with 1socvanate to form gaseous products, such as water

or formic acid, for example. Physical Dblowling agents are

understood as compounds which are present 1n solutlion or

emulsion 1n the polyurethane production 1ngredilients and which

—

vaporlze under the conditions of polyurethane formation. These

are, for example, hvdrocarbons, halogenated hydrocarbons, and

other compounds, such as perfluorilnated alkanes, for example,

such as perfluorohexane, hydrofluorochlorocarbons, and ethers,

p—

esters, ketones, acetals or mixtures thereof, examples belng

cyclo)aliphatic hydrocarbons having 4 to 8 carbon atoms, oOr

hydrofluorocarbons, such as Solkane® 365 mfc from Solvay

Fluorides LLC. Preferably no blowlng agent 1s added.

As flame retardants 1t 1s possible 1n general to use the flame

pr—

retardants known from the prior art. Examples of suitable flame

retardants are brominated ethers (Ixol B 251), Dbrominated
alcohols, such as dibromoneopentyl alcohol, tribromoneopentyl

alcohol and PHT-4-diol, and also chlorinated phosphates, such
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_20_
as, for example, tris(2-chloroethyl) prhosphate,
tris(2-chloroisopropyl) phosphate (TCPP) , tris (1, 3—

dichloroisopropyl) phosphate, tris (2, 3-dibromopropyl) phosphate
and tetrakis(Z2-chloroethvyl) ethylene diphosphate, or mixtures

—
e

thereotf.

Apart from the halogen-substituted phosphates already stated,

pre——

use may be made of 1norganic flame retardants, such as red

phosphorus, preparations comprising red phosphorus, expandable

graphite, aluminum oxi1de hydrate, antimony trioxilde, arsenic

oxXxl1lde, ammonium polyphosphate and calcium sulfate, or cyanuric

pr—

acld derivatives, such as melamlne, or mixXxtures of at least two

flame retardants, such as ammonium polyphosphates and melamine,

and also, optionally, starch, or rendering  the rigid

polyurethane foams, produced 1n accordance with the i1nvention,

flame retardant.

As further ligquid, halogen-free flame retardants 1t 1s possible

to use diethyl ethanephosphonate (DEEP), triethyl phosphate

(TEP), dimethyl propylphosphonate (DMPP), diphenvl cresyl
phosphate (DPC), and others.

pr—

The flame retardants are used for the purposes of the present

invention preferably 1n an amount of 0 to 60 wt%, more preferably

— —

of 5 to 50 wt%, more particularly of 5 to 40 wt%3, based on the

pre——

total weight of components (b) to (e).

As 1nternal release agents 1t 1s possible to use all release

agents customary 1n polyurethane production, examples belng

metal salts, such as zinc stearate, 1n diamine solution, and

—

derivatives of polvyisobutylene succinic acid.

p—

A polyurethane system of the i1nvention preferably has less than

pre——

0.5 wts, more preferably less than 0.3 wts, of water, based on

the total weight of components (b)) to (e).

The polyurethanes of the 1nvention are prepared by mixing

components (a) to (c¢c) and optionally (d) to (f) to give a
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pr—

out full reaction o

the reaction

For the purposes of the i1nvention

to (f) 1s referred Lo as reaction

mixXxture at conversions of less than 90%, based on the 1socvanate

groups. Individual components may already have been premixed.

Thus, for example, ©polviso

cyanates (a) and the mixture

obtalnable by 1ntroducing an alkali metal or alkaline earth

metal salt 1nto a compound (b) comprilising urethane Jgroups

may

be premixed, provided component (b) has no 1socyanate-reactilive

groups. Slmilarly, components

premixed. Should component (b)

(c), (ad), (e), and (If) may Dbe

component (b) as well may be added to this mixture.

—

contaln no 1socyanate Jgroups,

Reaction mixtures of the 1nvention have a long open tilime at

25°C, of more than 60 minutes

p—

pre——

chan 90 minutes, and more pre:

"erably of more than 120 minu

for example, preferably of more

ueS ®

Thlis open time 1s determlned as described above via the 1ncrease

1n viscoslity. On temperature 1ncrease to temperatures dJreater

than 70°C, preferably greater than 80 to 200°C, and more

preferably to 90 to 150°C, the

—

reaction mixture of the 1nvention

cures rapidly, 1n less than 50 minutes for example, preferably

1n less than 30 milnutes, more p

and more particularly 1n less

of the 1nvention the curing

referably 1n less than 10 minutes,

than 5 minutes. For the purposes

pr— pr—

of a reaction mixture of

Che

invention 1s understood as the increase 1n the 1nitilial viscosity

to 10 times the 1nitial viscosity.

the open time at 25°C and the

at least 40 minutes, more preferably at least one hour,

preferably at least 2 hours.

The difference here between

open time at 130°C is preferably

p—

and very

The 1socyanate 1ndex for a method of the i1nvention may be varilied

within wide ranges, from 40 to 10 000 for example, preferably

preferably 95 to 300, and 1in

for example, the 1ndex may be 1n the range

from 50 to 10 000. Particularly for relatively soft products,
from 90 to 400,

particular for those of the hard

products 1t 1s above 400, such as 401 to 2000, more preferably

450 to 1500, and more particul

arly 450 to 1000. In thilis way

materials propertles can be 1in:

"luenced. The 1socyanate 1ndex

the

for
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pr—

the purposes of the present 1nvention 1s the stoilichilometric

pre——

ratio of 1socvanate Jgroups for 1socvyvanate-reactive Jgroups,

multiplied Dby 100. Isocyanate—-reactive groups are all

lsocvyanate-reactive dJgroups present 1n the reactlon mixture,

pr—

including those of chemilical blowlng agents and compounds having

pre——

epoxlde Jgroups, but not the 1socyvanate group 1tself.

With the process of the 1nvention, preferably, a compact

material 1s obtalned, meaning that no blowlng agent 1s added.

pr— pr—

Small amounts of blowlng agent, as for example small amounts of

water, whilch pass by condensation 1nto the reactlon mixture or

pre—— pre——

the starting components 1n the course of processing, by way of

atmospheric molsture, are not 1ncluded here. A compact

polyurethane 1s a polyvurethane which 1s substantially free from

pr—

gas 1nclusions. The density of a compact polyurethane 1s

preferably greater than 0.8 g/cm3®, more preferably greater than

0.9 g/cm3® and, more particular greater than 1.0 g/cm?3.

pr— pr——
—

The polyvurethanes of the 1nvention can be used for all types of

polvurethane 1n whose preparation a long open time and rapid

p—

curing of the reactlon mixture are advantageous. Selected here

pre—— pre——

1s an 1l1socyanate 1ndex of greater than 150, more preferably of

greater than 400, when the resulting polyvurethanes are to have

particular temperature stability and flame retardancy. The

—

polyurethanes of the 1nvention have a particularly high glass

transition temperature. Transparent polyurethanes can also be

pr— p—

produced. The process of the 1nvention 1s used preferably for

producing fiber composlite components. For this purpose,

customary filbers, such as glass fibers or carbon fibers, more

particularly fiber mats, are wetted wlth the reaction mixture.

The reactlion mixture of the 1nvention can also be used to produce

honevcomb composite materials, such as door elements 1n

automobile construction. The reactlion mixture can additionally

be employed 1n vacuum 1nfusion processes for producing

structural sandwlch components, such as exterlor automotive

pre——

panellng or vanes for wind energy 1nstallations. Examples of the

further uses 1nclude pultrusion, fiber winding techniques, and

—

all applications where a long open time and rapid curing of the
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These articles can Dbe

produced by customary methods 1n customary molds, preferably

heatable molds.

With preference, apart

from the alkalili metal or alkaline earth

metal salt used 1n component (b), there are no compounds used

p—

1n the process of the i1nvention that accelerate the 1socyanate-

polvol reaction,

and 1n particular none

pre——

OL

Che customary

polyurethane catalysts based on compounds having tertiary amilne

pre——

groups are used. The polvurethanes of the 1nventlion are notable

wlthin wide limits

for outstandling mechanical properties,

pre——

which c¢can be wvaried

A further subject of the present 1nvention 1s the polyurethane

—

obtalnable by a process of the 1nvention,

pre——

polyurethane of the 1nvention for producing a multiplicity of

and

—
e

the use of a

pre——

composlte materials, as for example 1n resin transfer moldilng

(RTM), resin 1njection molding (RIM) or structural reaction

lnjection molding

(SRIM), 1n order to produce,

for example,

bodywork components for vehicles, door or window frames, Or

honeyvcomb-reinforced components; 1n vacuum

infusion 1n order,

—
e

order, for example, to produce pressure-s

of vehicles or wind power 1nstallations; 1n

cable

asslsted resin
for example, To produce structural components

filament windilng 1n

contalners or

tanks; 1n rotational casting 1n order to produce, for example,

plpes and plpe coatings; and 1n pultrusion,

example, to produce door and window pro:

components for vehicles,

leads, and reinforcing rods for concrete.

the 1nvention may

compound (BMC). The composites wilith the polyure

1n accordance with the 1nventlion may

example for high-piece-rate production of

—

components for

appllcations, wind power 1nstallations,

adhesives, packaging,

for example, sheet molding compounding

tralns, alr and space

—

The polyurethane o:

pr—

"1les,

encapsulation materials,

The polyurethane otf

parts

1n order, for

fiber—-reinforced

wind power 1nstallatilons, antennas or

—
-

further be used for producling prepredgs for,

(SMC) or bulk molding

chane produced

p—

further be employed for

for wvehicles,

travel, marine
structural components,

and 1nsulators.

the 1nvention can also be used without fiber
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—

reinforcement as pure casting material, as for example as

pr—

adhesive or coating for pilpe coatlngs, or example. The

—

polyurethane produced by a process of the 1nvention 1s used

preferably for produciling bodywork components for vehilicles, such

—
e

as bumpers, fenders or roof parts.

The present 1nvention 1s 1llustrated below with reference to

examples:

Starting materilals:

Polyol 1 castor o1l

Polvol 2 glycerol-started polypropylene oxide, functionalilty
=3, OHN = 400 mg KOH/g

Polyvol 3 polyester based on adilpic acid, functionality = 2, OHN
= 56 mg KOH/qg

GDE 1 trimethylolpropane triglycidyl ether
GDE Z bilsphenol A-based diglycidyl ether, e.g. Araldite GY

200 from Huntsman

/M1 triisopropyl orthoformate
/M 2 reaction product consisting of ethanol and Iso 1
/M3 reaction product <consisting of Iso 1 with a

monofunctional polyethvlene oxide having a number—-average

pr—

molecular weight of 500 g/mol, obtainable under the trade name
"Pluriol® A 500 E" from BASFE

Kat 1 mixture of LiCl and zZM3, 0.50 eqg. LiCl based on number

—

of urethane bonds 1n ZM 3

—

Kat 2 mixture of Li1Br and ZM 2, 0.65 eqg. Li1Br based on number

pre——

of urethane bonds 1n ZMZ2
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Kat 3 mixture of MgCl, and ZzZM

—

number of urethane bonds 1n ZMZ2

DK/EP 3074445 13

2, 0.065 eg. MgCl2, based on

Kat 4 LL1C1l saturated 1n solution 1n ethanol concentration

arithmetically 0.67 mol/L according to Knovel Critical Tables

(2nd Edition)

p—

Kat o5 noninventive mixXxture of

—

obtainable by reaction of Je

pr——

“amiln

p—

L1Cl and urea prepolymer,
Mo0O0O and Iso 1 and also 0.50

eg. L1Cl, based on the number of urea bonds 1n the prepolymer

as described accordingly 1n WO10121898.

Iso 1 carbodlimide-modifiled
dilisocyanate (MDI), e.g. "Lupran
content 29.5%

Iso Z diphenylmethane dilsocya

4,4'"-dilphenylmethane
at MM 103" from BASFEF, NCO

nate (MDI) with more highly

polycyclic homologs, e.g. "Lupranat® M20" from BASFEF, NCO content

31.5%
Iso 3 prepolymer obtainable by reacting diphenylmethane

dlilisocyanate, more highly polycycli

dilisocyanate, and a polyetherol, functionality 2.4, NCO content

28.5% (Lupranat® MP 105 from BASEHE)

—

c homologs of diphenylmethane

Preparation of 7ZM 2 and 3: The monool was charged to a glass

a magnetilic stirrer. Throughout the

flask and the 1socyanate was added with vigorous stirring with

syvnthesis the temperature was

monitored by a temperature sensor. Heating then took place to

70°C until the reaction started.

pre——

—

f the reaction heated up

pre——

l1tself, an 1ce bath was used for cooling; 1f the reaction was

fairly sluggish, the temperature was raised further to 90°C and

stlirring was continued for 30 milnutes. After the end of the

reaction, the reactlion mixture was

cooled to room temperature.

Depending on the molecular weight o:

was a solid or a viscous o1l.

- the monool used, the product
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pr—

Preparation of Kat 1-3: The respective ZM 2 or 3 was mixed wilith

pr——

the corresponding amount of LiCl 1n solution 1n ethanol, and

this mixture was heated to 70°C and stirred at that temperature

for 30 minutes. The reactlon mixture was subsequently cooled and

p— e~

excess ethanol was stripped o 1ln a rotary evaporator.

Depending on the molecular welght of the ZM used, the product

was a solid or a viscous o1l.

In accordance with table 1, the specified components 1 and 2 1n

the specified weilight ratlios were mixed at room temperature 1n a

Speedmlixer at 1950 rpm for 1 minute. Then the total mixture with

1ndex 700 was mixed from components 1 and 2 at room temperature,

and stilirred 1n a Speedmixer at 1950 rpm for 1 minute. After that

the gel time was determined using the Shvodu Gel timer, type
100, version 2012 at 25°C and at 130°C.

Table 1
Component 1 Component 2 Open time
Polyol|GDE 1 |Kat 1|Iso 1|Iso 1|Kat 1|GDE 1 |Index |RT 130°C
1 | |
16.31 [3.84 — — 79.4 0.4 — 700 severa |< 10
0 ' min
hours
16.31 |- — — 79.4 10.4 3.64 700 severa |< 10
5 1 min
hours
16.31 |- — — 79.4 10.4 3.64 700 severa |< 10
5 1 min
hours
16.31 [3.84 — — 79.4 (0.4 — 700 severa (< 10
5 1 min
hours
16.31 |- 0.4 |- 79.4 |- 3.64 700 severa |< 10
0 1 min
| hours
16.31 |- — 79.4 |- 0.4 3.64 700 severa |< 10
0 1 min
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hours
16.31 |- 0.4 |- 79.4 |- 3.64 700 severa (< 10
5 1 min
hours
16.31 |- — 79.4 |- 0.4 3.64 700 severa (< 10
5 1 min
hours
16.31 [3.84 0.4 |- 79.4 |- — 700 severa |< 10
0 1 min
hours
16.31 |- 0.4 [79.4 |- — 3.64 700 severa |< 10
0 1 min
| hours
16.31 [3.84 0.4 |- 79.4 |- — 700 severa |< 10
0 1 min
hours
16.31 |- 0.4 [79.4 |- — 3.64 700 severa |< 10
5 1 min
hours
le.31 [3.84 0.4 [79.4 |- — — 700 severa |< 10
5 1 min
hours
16.31 [3.84 — 79.4 |- 0.4 — 700 severa (< 10
5 1 min
hours
16.31 [3.84 0.4 |[79.4 |- — — 700 severa |< 10
0 1 min
hours
Table 1 shows that the mixing sequence of the addition of the

mixXxture

(b) of

the 1nvention, obtainable by introducing alkalil

metal or alkallne earth metal salt i1nto a compound comprising

urethane dJgroups,

can take place both 1n component 1 and 1n

component 2 without influencing the latent reaction.

According to table 2,

the stated components were mixed at room

temperature 1n the stated welght ratios 1n a Speedmixer at 1950

rom

for 1 minute. The gel time was then determined using a Shyodu
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Unless otherwise 1ndicated,
The

gel timer, type 100, version 2012.

the data refer to parts by weilght.

pre——

"erence”

"open time di

indicates the time of the dif

"erence between the open times at

room temperature and at 130°C.

Table 2
Compar |Compar |[Compa |[Compar |Compa
atlve |atlve |ratlv|ative |rativ |Examp |Exampl |[Examp
1 2 e 3 4 e 5 le 1 |[e Z le 3
Polyol
1 77.0 77.0 77.0 (100.0 |77.0 |77.0 |77.0 77.0
Polyol
2
Polyol
3
GDE 1 [20.0 20.0 20.0 20.0 [20.0 [20.0 20.0
GDE Z
ZM1 3.0 3,0 3.0 3.0 3.0 3.0 3.0
Kat 1 0.5
3 A
comp. |100.0 |100.0 |100.0(100.0 (100.0(100.5(100.0 (100.0
/M 2 5.0
Kat 1 0.5 0.5 0.5
Kat 2
Kat 3
Kat 4 2.3
Kat 5 0.2
Iso 1 95.0 97.7 199.5 99.5 1100.01(99.5 99.5
Iso 2
Iso 3 [|100.0
3 3
comp. |(100.0 |100.0 |100.0(100.0 (100.0(100.0(100.0 (100.60
Index 420 410 420 500 500 40 100 500
Mi1x1ing |100:24]1100:24(100:2(100:51(100:3(100:2 100:2
ratlio |5 3 472 5 277 4 100:57 |83
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hardlylhardly hardly
any any any
reactil|reactl reactl
on, on, OIl,
V1SCOS|V1SCOSs V1SCOS
1ty 1ty 1ty
lncreal|lncrea lncrea |more |more more
Open se se se than |than |[severa|than
t1lme over over over 1 1 1 1
(RT) hours |hours |1 min |hours [week [week |hours [week
hardlylhardly hardly
any any any
reactil|reactl reactil
on, on, on,
V1SCOS |V1SCOS V1SCOS
1ty 1ty 1ty
Open lncreallncrea lncrea
t1lme se se se
(130°C |over over over 20 10
) hours |hours |1 min |hours |min min 3 min (6 min
Open more [more more
tlme not not not not than |than |severa |than
differ |[measur measur |[measu |measur |-
ence able able rable |able week [week [|hours [week
Continuation of table 2
Examp |Exampl |[Exampl |[Exampl |[Exampl |Exampl [Exampl |[Exampl
le 4 e O e © e / e 3 e 9 e 10 e 11
Polyol
1 7°7.0 7°7.0 7°7.0 7°7.0 7°7.0
Polyol
2 79.0
Polyol
3 7°7.0
GDE 1 20.0 20.0 20.0 20.0 21.0 20.0 100.0
GDE 2 20.0
ZM1 3.0 3.0 3.0 3.0 3.0 3.0
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3 A
comp. 100.0 (100.0 (100.0 (100.0 |100.0 |100.0 |100.0 |100.0
Kat 1 0.5 0.5 0.5 0.5 0.5
Kat Z 5.0
Kat 3 5.0
Kat 4 0.2

Iso 1 99.5 95.0 95.0 99.5 99.5 99.5 99.5
Iso Z

SO 3 99.5

3 3
comp. 100.0 (100.0 (100.0 (100.0 |100.0 |100.0 |100.0 |100.0
‘ndex 1700 410 410 410 500 500 700 500
Mixing (100:9 [(100:29]100:30(100:301100:31(100:20|100:26(100:11
ratlo 02 3 ] ] 2 5 3 02
Open more severa|several|severa|severa|severa |severa
tilme than 1 1 1 1 1 1 1

(RT) week 20 min|hours |hours |hours |hours |hours |[hours
Open
t1lme

(130

°C) 10 min|2 min |10 min|40 min|(l0 min|l10 min|(l0 min|l10 min
Open
tilme more severa|several|severa|severa|severa |severa
differe |than 1 1 1 1 1 1 1
nce week 18 min|hours |hours |hours |hours |hours [hours
Table 2 shows that without addition of a mixture (b) of the

lnvention, obtalnable by introducing an alkali metal or alkaline

cearth meta.

sa.

there 1s no reaction,

temperature.

start

lithium chloride,
130°C is about one minute

Wilithout

"1clent reaction observable

reaction

pre——

S UL

18 used whose behavior 1s bilidentate re.

(comparative

Without addition of

experiments 1

glycidyl

ether,

or no delayed reaction,

and 2).

(comparative 3);

there

With addition o:

the open tilme both at room temperature and at

t 1nto a compound comprising urethane Jgroups,
observable at room

catalyst the reaction does not

pr——
—

there 1s no delayed

18

(comparative 4).

likewlse

pr——

Nno
f a structure

ative to the cation or
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such a structure

anlion origlnating from the salt, an example ©

being urea (—-NH-CO-NH-), such as the noninventive kat 5 from

W010121898, systems are obtained which have a long open time RT
and comparatively slow curing at 130°C (comparative
5 experliments 5 (you've taken out 6 agalin) 1n comparison tO

pr——

example 3 (example 3 1s for comparison; both have an 1ndex of

500) ). Examples 1 to 11 demonstrate that for different

l1socyvanate 1ndices and different compounds wlth 1socvanate

groups, and different alkall metal or alkallne earth metal salt,

10 long open times are obtained at room temperature, while rapid

p— p—
-

curing is achieved at 130°C. Here, the presence of sufficient

urethane groups to form an epoxy compound 1s likewlse essential

(example 5).

pr—

15 Table 3a descrilbes mixtures produced by means of the mixture (b)

pre——

of the 1nvention 1n di

pre——

"erent 1ndices. Table 3b describes

various further mixtures 1n which not only the 1ndex but also

pre——

further mixing ratios of the components were varied.

20 For this purpose, the stated components were mixed at room

temperature 1n the stated proportions 1n a Speedmixer at 1950

rpm for 1 minute. The mixture was then 1ntroduced 1nto an

—
e

aluminum mold, open at the top and with dimensions of

30 x 20 x 0.2 cm, and was reacted in an oven at 130°C. The
25 physical characteristics 1n table 3a and b were determined 1n

accordance with the standards reported 1n tables 3.

Table 3a
Exampl
Example
Example [Exampl |e l|{Exampl [Examp
72 | Tab
11 e 12 ' Tab e 13 le 14 3
1]
Polyol
. 1] 1T 1] 17 17 17
GDE1 20 20 20 20 20 20
/M1 3 3 3 3 3 3
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3 A
100 100 100 100 100 100
comp.
Iso 1 99.5 99.5 99.5 99.5 99.5 99.5
Kat 1 0.5 0.5 0.5 0.5 0.5 0.5
3 B
100 100 100 100 100 100
comp.
ITndex 50 90 100 150 250 500
Mi1x1ng 100:1
100 281100:511100:57 1100:85 100:283
ratios 47
Hardnes [DIN
20 A 52 A o/ A 82 A 77 D 87 D
S 53505
| DIN
Tenslle . not not
strengt ;SO measurab|c.6 1o0.3 20.7 ol./7 |measurab
h [MPal] le le
527
Elongat |DIN
| not not
10n at|EN
measurabp|104 85 53 9 measurab
break SO
le le
N 527
Modulus
i DIN
Of . not not
elastic ;SO measurab |20 13.9 207 1158 |measurab
1ty le le
527
' MPa |
Tear DIN
| not
resistal|lSO
2.1 ©.0 24 .4 51.2 19.2 |measurab
nce 34-1Db
le
'N/mm] (B (b)
Table 3b
Example |[Example|bExample|Example|Example
15 16 17 18 19
Polyol 1 79 79 79 79 79
GDE 21 21 21 21 21
/M1 0 0 0 0 0
Y, A comp 100 100 100 100 100
(sO 1 95 95 95 95 95
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Iso 7 0 0 0 0 0
Kat 1 5 5 5 5 5
» B comp. 100 100 100 100 100
Tndex 50 90 100 150 250
M1x1ng
| 100:34 1100:59 [100:05 1100:98 [100:104
ratio
DIN
Hardness 22A 86D/ 35A|92D/44A172 D 75 D
53505
Tensile DIN EN
strength IS0 n.m. 11.727 12.7 39 47
[MPa ] 5277
| DIN EN
FElongation
I1SO n.m. o O 55 S 3
at break [%]
527
Modulus of[DIN EN
elasticity [ISO n.m. 24,9 34 .8 1085.4 (1440.5
[MPa ] 5277
DIN
Tear
IS0
resistance 1.3 20.8 30.0 43,72 18.8
34-1Db
[N/mm]
2 (D)

Continuation of table 3Db

Exampl|Exampl [Exampl [Exampl [Exampl [Exampl [Example

e 20 e 21 e 22 e 23 e 24 e 25 20
Polyvol 1|77 1T 17 1T 1T 77 17
GDE 20 20 20 20 20 20 20
/M1 3 3 3 3 3 3 3
3 A

100 100 100 100 100 100 100
comp .
(so 1 O 0 O 0 0 0 0
Iso Z 99.0 |99.5 99.5 99.5 99.5 99.5 99.5
Kat 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
3 B

100 100 100 100 100 100 100
comp .
Index 2600 365 4°70 o075 080 1500 1700
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M1x1ng 100:171100:24 1100:31 [100:39 (100:40 |100:10 (|100:115
ratio 3 S 9 0 1 18 4
Hardness|/8 D sl D 82 D sbh D 85 D 85 D 8bh D
Tensille
strength|43.3 56.5 69.9 /6.4 30 ./ ©./ /.1
 MPa |
Elongatl
on at

'/ '/ 5 5 5 0 0
break
| 5]
Modulus
of

_ 1535 2027 2004 2997 3139 24777 260619, 7
elasticl
ty [MPa]
Tear
| not not not not not not not

resistan

measurimeasur measur [measur [measur |measur |measura
ce

able able able able able able ble
[N/mm]
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Patentkrav

1. Fremgangsmade til fremstilling af polyurethaner hvor man
blander

a) polvisocyanat,

b) en blanding, som er opnaelig ved at indfegre et alkali- eller
Jjordalkalimetalsalt 1 en forbindelse R-NH-CO-0O-R' 1ndeholdende
i det mindste en urethangruppe, som ved 20 °C forligger fast
eller flydende, 1det R er ulig hydrogen eller er ulig COR",

c) en forblndelse 1ndeholdende en eller flere epoxidgrupper og

i givet fald

d)
e )

)

Hh

PO
ke

fv

lyol,

deforlengere og

ldstoffer og yderligere additiver

tl1l en reaktionsblanding og lader den reagere til polvyurethan,

1de

Wt

1indholdet af alkali- eller Jjordalkalimetalloner pr.

urethangruppe 1 forbindelsen (b) udger 00,0001 til 3,5, baseret

oa

pr——

antallet at alkali- eller Jordalkalimetallonerne 0g

Urethangrupperne.

2 .

Fremgangsmade 1ifolge krav 1, kendetegnet ved, at der som

polvisocyanat (a) anvendes et forste polyilisocvanat, ole]

forbindelsen 1ndeholdende urethangrupperne 1 bestanddel (b) er

pre——

opnaelig ved omsaetning af et andet polvisocyanat og alkoholer.

3.

Fremgangsmade 1fglge krav 1, kendetegnet wved, at der som

polyilisocyanat (a) anvendes et forste polyilisocyanat, ole]

forbindelsen 1ndeholdende urethangrupperne 1 bestanddel (b) er

—

et omsatningsprodukt af et andet polvisocyanat og en forbindelse

med en OH-gruppe.

1.

Fremgangsmade 1fglge krav 1 eller 2, kendetegnet wved, at

der som forbindelse 1ndeholdende urethangrupper 1 bestanddel (b)

pre——

anvendes et omsatningsprodukt af et andet polyisocyanat og en

forbilndelse med 1 det mindste to OH-grupper, 1det det andet

l1socyvanat anvendes 1 et stogklometrisk overskud.

—

Fremgangsmade 1fglge et af kravene 1 til 4, kendetegnet
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ved, at det andet 1socyanat i1ndeholder et eller
eller homologer af diphenvyvlmethan.

0. Fremgangsmade 1feglge et af

ved, at det

ldentiske.

7. Fremgangsmade 1fgolge et af

ved, at 1ndholdet af alkali-

l1socvyvanatgruppe 1 det

er ti1il stede 1 den komplekse

forste polvis

0,3, baseret pa antallet af alkali-

Og urethangrupperne.

3. Fremgangsmade 1fglge et af

ved, a

tre eller

9. Fremgangsmade 1fglge et af

ved,

10.

ved,

pre——

adl

reaktiv

11.

ved,

epoxldgruppe og 1lsocvanhatgruppe af
fald 1

1socyanatgrupper udgor 0,1

glvet

12.

ved,

W

at den komplekse

polvilisocvyanat,

Fremgangsmade 1folge et af
at

anvendes 1

Fremgangsmade 1fglge et af
at

forstaerkningsmiddel

pr—

pr—

—

Fremgangsmade 1fglge et af k

forblndelse

en forbindelse

pr—

en maengde, som det

1

den  komplekse

c1l 2,0

—

man paforer

pr—

og efter

polyurethan.

kravene 2 til b5,

kravene 1

forbilndelse

kravene 1 til 7,

forbindelsen 1ndeholdende epoxidgrupper,

kravene 1 til 8,

kravene 1 til 10,

forbindelserne 1ndeholdende en eller

DK/EP 3074445 13

flere 1somerer

kendetegnet

fogrste polylsocyanat og det andet polyisocyanat er

11 o,

kendetedgnet

eller 7Jjordalkalimetalloner pr.

(a) samt, safremt det
(b), udger 0,0001 til

eller jordalkalimetallonerne

ocvanat

kendetegnet
1ndeholder

O,

flere epoxidgrupper pr. molekyle.

kendetegnet

at alkali- eller jordalkallmetalsaltet er lithiumchlorid.

ravene 1 til 9,
(b)

med en over

kendetegnet

opnas ved sammenblanding

for 1socyanat

forbindelse og alkall- eller jJordalkalimetalsaltet.

kendetegnet

flere epoxidgrupper

forhold mellem

(a)

xkvivalente

polylsocyanaterne samt 1

forblndelse

kravene 1 tzi1l 11,
polyurethanreaktionsblandingen

"olgende

(b) 1ndeholdte

kendetegnet
pa et
reagere ti1l

lader den
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13. Polvyurethan, som er opnaellg 1fglge en fremgangsmade 1fglge
et af kravene 1 til 12.
14. Anvendelse at en polyurethan 1folge krav 13 t1l

—

fremstilling af karosseridele ti1l kgoretojer.
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