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Description

The present i1nvention relates to a method for producing a rigid

foam, which comprises reactlng at least one polyisocvanate wilith
a mixXture comprising at least one polyepoxide, water, and at
least one other hvdrogen—-acidic compound, the reaction taking

pr—

place 1n the presence of a metal-free Lewls base having at least

one nitrogen atom, to rigid foams obtalnable by such a method,

pr— pr—

and to the use of a rigid foam of the 1nvention for producing

lnsulating materials, vacuum 1nsulation panels, refrigeration

equlpment, constructlon elements, wind rotor blades, or elements

for boatbuilding and vehicle construction.

Foams from 1socyanates wlith hvyvdrogen—-acidic compounds such as

alcohols or amines are long-known systems described 1n the

literature. Mix1lng sultable compounds results 1n foams based on

—
-

polyurethanes, polyureas, polylisocyanurates, or mlxtures of

these.

Fpoxide foams are likewlse known 1n the literature, but exhibit

pr—

the dilisadvantage that low densities 1n the region of less than

150 g/1, of the kind customary for polyvurethane foams, are not

achieved, and the working time 1s very long 1n comparilison tTO

polvurethane foams, thus being, for example, greater than 1 hour

for 10 mm thickness. The foams nevertheless display very good

adhesion to epoxide outer lavers, high stiffness, and good

resistance properties.

pr—

A serles of patents have addressed the production, processing,

pre—— pr—

and utilization of combilnations of 1socyanates and epoxides. For

pr— pr—

industrial applications, the use of this class of substance 1s

—

difficult, since simple mixtures of 1socyanates and epoxides are

very hard to react, even at elevated temperatures. The

literature teaches that oxazolidones can be formed at higher

temperatures, more particularly at temperatures above 120°C,

after a relatively long time. A competlng reaction 1s the

—

formation of polyilisocyanurates (PIR) from the 1socyanates.
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Accordingly, US 4,699,931 describes a process for producing

oxXxazolidone-modifiled polylsocyanurate foams, 1n which

polyepoxides and polylisocvanates react with aminic PIR catalysts

and blowing agents 1n order to produce correspondiling foams. The

pr—

disclosure of US 4,099,931 1s that the reaction proceeds

pre——

extremely rapidly, wilth a starting time of less than 20 seconds,

for example.

FEP 0 130 454 A2 discloses a method for producing compact

reactive resins based on l1socvyanates and epoxldes.

—

FEP 0 130 454 A2 further teaches the use of amine catalysts as

resulting 1n short pot lives even at low temperatures. A
dlisadvantage possessed by the resin systems disclosed 1n
EP O 130 454 A2 1s that they have to Dbe cured at high

Cemperatures.

pr—

FR 1 441 565 A discloses the production of dimensionally stable

pre——

rigid polyurethane foams, comprising the reaction of a

polylisocyanate prepolymer with a mixture comprising a dlepoxide,

a polvol, for example butanediol or a polyester polyol, and

—

water 1n the presence of tertlary amlnes such as, for example,

1,3,5-tris(dimethylaminopropyl)hexahydrotriazine or N-—
methylmorpholine.

Us 5,530,035 discloses closed—-cell polyurethane insulating foams

pre——

produced by reactling tolylene dilsocyanate and a mixture of

water, polyepoxide, polyether polyol and also polyetherpolyamilne

pr——

1n the presence of 1,1-dichloro-l1-fluoroethane and a tertlary

amine.

p—

DE 36 00 704 Al describes the use of tertiary or dJquaternary

ammonium salts as catalysts for obtalniling systems wlth a long
open time. A disadvantage assoclated with the method disclosed
in DE 36 00 704 Al 1s that the curing takes place at high
temperatures. DE 36 00 764 Al likewlse discloses the abilility to

pre—— pre——

achlieve an open time only of less than 20 minutes by means of

tertiary amlines. For relatively large components and 1ndustrial

applications, these times and working conditions are
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"1clent.

lnsu

A foam based on epoxides and 1socvanates cannot be found

accordingly 1n the literature.

pre——

Proceedlng on the basis of the prior art, therefore, 1t was an

—

obJject of the present i1nvention to provide methods for producing

rigid foams based on 1socyanates and epoxides that are suitable

for technical applications, and sultable rigid foam systems. The

pre——

working time ought to be sufficiently long, and the rigid foams

p—

ought to have sufficilent strength and good resistance at the

same time.

In accordance wilith the 1nvention this object 1s achieved by a

method for producing a rigid foam, which comprises reacting at

least one polvisocvanate with a mixture comprilising at least one

polyepoxide, water, and at least one other hvydrogen-acidic

—

compound, the reaction taking place 1n the presence of a metal-

free Lewls base having at least one nitrogen atom, the catalyst

pre——

being selected from the group consisting of 1,8-dlazabicyclo-

o,4,0-undec—-/—-ene, N-methyl-N'- (dimethylaminomethyl) -
plperazilne, pentamethvyldiethylenetriamine, methylimidazole,

—
e

and mixtures and derivatives tThereof.

The other hvydrogen-acidilc compound may 1n accordance wilith the

lnvention be, 1n particular, polvols and polyamines.

Accordingly, 1n a further embodliment, the present 1nvention

relates to a method for producing a rigld foam as described

above, the at least one other hydrogen-acilidic compound belng

pre——

selected from the group consilisting of polyvols and polyamines.

Surprisingly 1t has been found that 1n a rigid foam system, a

—

large part of the hvdrogen-acidic compound, more particularly

the polyvol component, can be replaced by an epoxide and with

such a system, glven approprlate catalysis, rigid foams are

obtained which correspond, 1n theilr reaction characterilistics and

density, to water-blown polvyvurethane and/or urea foams.
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pr— pr— pr—

Foams of this kind, as a new class of compound, offer the

possibility for modifving conventional polyurethane and/or

—
-

polyurea foams using epoxlde compounds and, by wvirtue of an

additional network, to 1ntroduce 1nto the foams an 1ncreased
strength, leadling to an 1lmprovement 1n compressilive strength, 1n

temperature stability, and 1n chemical resistance. There 1s also

a high compatibility between epoxy resins and foams of this
kind.

In a further embodiment, the present 1nvention further relates

to a method for produciling a rigid foam as described above, the

method comprising at least the followling steps:

(1) mixilng the at least one polvyilisocyanate, the mixture

comprlising at least one polvepoxide, water, and at least one

other hydrogen-acidic compound and the catalyst system to obtaln

a mixture (I);

(11) delivering the mixture (I) 1into a mold or to the desired

reaction site by pourling, spravying, or dilstributiling;

(1ii) heating the mixture (I) to a temperature 1n the range

from 50 to 100°C until the mixture i1s cured.

pr—

In accordance with the i1nvention, the components of the mixture

(I) are of low viscosity and are ligquid at room temperature,

i.e. the viscosity at 25°C is less than 10 000 mPas.

Besides the at least one polyisocvanate, the mixture comprilising

at least one polvepoxide, water, and at least one other hvyvdrogen-

acldic compound and the catalyst system, the mixture (I) may

comprise further components, examples beling solvents, reactilive

diluents, stabilizers, thickeners, thixotropic agents,

additives, adhesion promoters, fillers, and 1n particular,

blowing agents.

According to one preferred embodiment, therefore, the present

lnvention relates to a method for producling a rigid foam as
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described above, the mixture (I) comprising a blowing agent.

In step (11), the resulting mixture (I) 1s delivered. For the

pre——

purposes of the present 1nvention, delivery may take place 1in

any sultable way, particularly by pourilng, spraylng, oOr
distributing. Sultable technigues are known per se to the

skilled person.

Then, according to step (111), there 1s a temperature treatment.

In accordance with the 1nvention, complete curiling takes place

p—

only on heating, preferably on heating to a temperature of less

than 100°C, more preferably on heating to a temperature in the

range from 50 to 100°C. In accordance with the invention it is

pre——

posslble for the heating to take place by the heat of reaction

pr— gr—

that 1s glven o during the exothermic reaction. It 1s also

possible 1n accordance with the 1nventilion, however, for heating

—

to take place by means of suitable techniques.

The present 1nvention accordingly relates, 1n a further

embodiment, to a method for producing a rigid foam as described

above, the reaction starting at a temperature of less than 100°C.

In accordance with the invention, the heating takes place until

pre——

che mixture cures. Curing of the mixture 1n this context means

p—

the attalnment of at least 20%, preferably 50%, and more

pre——

preferably 75% of the final hardness.

Heating may take place 1n any sultable way known to the skilled

—

person - preferably by electrical, 01l or water heating of the

mold, 1nduction arravys, hot air, or IR radiliation onto the rigid

foam surface.

pr—— pr——

The reaction of the at least one polvisocvanate and of the

mixXxture comprilsing at least one polyepoxilide, water, and at least

one other hvydrogen-acidic compound takes place 1n accordance

pre——

wlith the 1nvention 1n the presence of a metal-free Lewls base

having at least one nitrogen atom as catalyst, the catalyst

pre——

being selected from the group consisting of 1,8-dlazabicyclo-
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_6_
o,4,0-undec—-/—-ene, N-methyl-N'- (dimethylaminomethyl) -
plperazilne, pentamethvyldiethylenetriamine, methylimidazole,
and mixtures and derilivatives thereof. This catalyst 1s used 1n

a sultable amount so as to catalyze the reaction. The catalyst

1s used, for example, 1n an amount 1n the range from 0.0001 to
3 wt5s.

In accordance with the 1Invention the catalyst system 1s used

— pr—
e

preferably 1n an amount of 0.001 to 2 wt3, based on the sum of

the polyisocvanate and the mixture comprising at least one

polyepoxide, water, and at least one other hvydrogen-acidic

compound used. Preferably the catalyst system 1s used 1n an

amount of 0.005 to 1.5 wt%, based on the sum of the

pre——

polvisocyanate and of the mixture comprising at least one

polyepoxide, water, and at least one other hvydrogen-acidic

compound used, more preferably 1n an amount of 0.01 to 1.0 wt?3,

pr— pr—

based on the sum of the polyisocvyvanate and of the mixture

comprising at least one polyepoxide, water, and at least one

other hydrogen-acidic compound used.

The present 1nvention accordilingly, 1n a further embodiment,

relates to a method for producing a rigld foam as described

above, the catalyst belng used 1n an amount 1n the range from

pre——

0.01 to 2 wt%, based on the sum of the polvisocvanate and of the

mixXture comprising at least one polvyepoxilide, water, and at least

one other hydrogen—-acidic compound used.

Used 1n accordance with the i1nvention as catalyst 1s a metal-

free Lewls base having at least one nitrogen atom, the catalyst

pre——

being selected from the group consisting of 1,8-dlazabicyclo-

o,4,0-undec—-/—-ene, N-methyl-N'- (dimethylaminomethyl) -
plperazilne, pentamethvyldiethylenetriamine, methylimidazole,
and mixtures and derivatives thereof. In accordance with the

invention, the catalyst per se 1s not reacted. Sultable metal-

free Lewls bases having at least one nitrogen atom are known per

se to the skilled person.

pre——

Used 1n the method of the i1nvention 1s a catalyst system based
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base having at least one

consisting of 1,8-

N-methyl-N'-

methylimidazole, and mixtures

more particularly selected from the

group consisting of 1,8-diazabicyclo-5,4,0-undec-7-ene and

pre——

derivatives thereof.

Accordingly, the present

invention relates

producing a rigid foam as described above,

pre——

to a method for

the catalyst belng

selected from the group consisting of 1,8-diazabicyclo-5,4,0-

undec-/-ene,

pentamethyldiethyvlenetriamine,

pr—

and derivatives thereof.

present i1nvention relates

N-methyl-N'- (dimethylaminomethyl)piperazine,

methyvlimidazole, and mixtures

Further, 1n a further embodliment, the

0 a method for producing a rigid foam

as described above, the catalyst being selected from the group

pr—

consilisting Of

B

derivatives thereof.

The catalyst system preferably 1s a metal-:

1,8-diazabicyclo-5,4, O0-undec-"7—-ene and

‘ree catalyst system

— 1n other words, no further metal-containing catalyst 1s used.

Accordingly, 1n a further embodiliment,

relates to a method for producing a rigid

above, the catalyst system beiling a metal-:

pr—

With particular advantage for

the purposes

—
—

foam as described

the present 1nvention

‘ree catalyst system.

—

of The present

pre——

invention, the metal-free Lewls base 1s a derivative of 1, 8-

diazabicyclo-5,4, 0-undec-7-ene,

diazabicyclo-5,4, O—undec—-7-ene, more pre:

blocked 1,8-diazabicyclo-5,4,0-undec—-"7-ene.

metal-free Lewls base 18 a deriva

—

more preferably a blocked 1, 8-

"erably still a phenol-
For example, tThe

c1ve of 1,8-diazabicyclo-5,4, 0-

undec—-7/-ene or mixtures of 1,8-diazabicyclo-5,4,0-undec-7/—-ene

wlth acidic components,

pr—

Products o

names, such as, for example,

Toyvocat DB 41, Toyocat

such as phenol or acids, for example.

D

B 42,

or Toyocat

p—

this kind are marketed under a wvariety of trade
Polycat SA 1/10, Tovyocat DB 30,
D!

R ©00. Particular

preference 1s gilven to using 1,8-dlazabicyclo-5,4, 0-undec-7-ene
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or a phenol-blocked 1,8-diazabicyclo-5,4,0-undec-"7-ene.

—

In a further embodiment of the i1nvention, 1t may be advantageous

to add further tertlary amines as catalyst alongside the 1, 8-

diazacyclo-5,4, O0-undec-7-ene preferred for use 1n the i1invention.

In that case preferably 1,8-diazacyclo-5,4,0-undec-7-ene 1s

—

present 1n excess. Preferred ratios of 1,8-diazacyclo-5,4,0-

pr——

undec—-7-ene to other tertiary amines are 1n the proportion of
1:5 to 5:1, preferably 2:5 to 5:2.

The method of the 1nventilon uses a mixture comprilising at least

one polyepoxide, water, and at least one other hvdrogen-acidic

—

compound. The mixXture ratio of the at least one polyepoxide and

pre——

of the at least one other hydrogen—-acidic compound here may vary

within wide ranges, as 1long as 1t 1s ensured that a foam 1s

—

formed 1n the reaction of tThe mixture with the at least one

polyisocyanate. The polyvepoxide 1s used here 1n accordance wilth

the 1nvention, for example, 1n an amount 1n the range from 5 to

—

70 wt3, based on the sum of the polyvepoxide and of the at least

one other hydrogen—-acidic compound used, preferably 1n an amount

1n the range from 10 to 60 wt3, Dbased on the sum of the

polvepoxide and of the at least one other hydrogen-acidic

compound used, more preferably 1n the range from 20 to 60 wt?,

pre——

based on the sum of the polvepoxide and of the at least one

other hydrogen-acidic compound used.

In accordance with a further embodiment, therefore, the present

lnvention relates to a method for producling a rigid foam as

described above, the polyepoxide being used 1n an amount 1n the

pr—

range from 5 to 70 wt%, based on the sum of the polvepoxide and

—

of the at least one other hvdrogen-acidic compound used.

In accordance with the 1nvention a mixXxture 1s used which

comprises at least one polyepoxide, water, and at least one

other hvyvdrogen—-acidic compound. In accordance with the i1nvention

—

thlis mixture comprises customarilily up to 5 wt% of water, based

pr—

on the sum of the polyepoxide, the water, and the at least one

other hvydrogen—-acidic compound used, preferably 1n an amount 1n
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the range from 0.2 to 4.0 wts, based on the sum of the

polvepoxide, the water, and the at least one other hvdrogen-

acldlc compound used, more preferably 1n the range from 1.0 to

pre——

2.5 wWwt3, based on the sum of the polyepoxide, the water, and the

at least one other hydrogen-acidic compound used.

The at least one other hvyvdrogen—-acidic compound for the purposes

pre——

of the present 1nvention 1s preferably selected from the group

—

conslisting of polvols and polyamines. Polyols and polvamilines

that are sultable are known 1n princilple to the skilled person.

—

Sultable polvyols are descrilbed, for example, 1n

"Kunststoffhandbuch, volume 7/, Polyurethane", Carl Hanser

Verlag, 3rd edition 1993, section 3.1. With particular

pre——

preference for the purposes of the present 1nvention, the

hyvdrogen—acidic compound 1s selected from the group consisting

pre——

of polvether polyols, polvester polvols, polycarbonate polvols,

and polyamines.

According to a further embodiment, therefore, the present

lnvention relates to a method for producling a rigid foam as

described above, the at least one other hvdrogen-acidic compound

pr——

being selected from the group consisting of polyether polvols,

polyester polvols, polyvcarbonate polyols, or polyamines.

pr—

The polvepoxides which are used for the purposes of the present

lnvention may be any desilred compounds. These polyepoxides

comprlse at least one epoxide group, but preferably two or more

epoxlde groups. Sultable polyepoxides are known to the skilled

—
e

person from the literature, such as from the Handbook of Epoxy

Resins (H. Lee, K. Neville, McGraw-Hill Book Company), for

p—

example. Examples that may be given of monofunctional epoxides

are 1sopropyl glycidyl ether, tert-butyl glycidyl ether or

—

ethylhexvl glycidyl ether, for example. Having  proven

particularly suitable for the method of the 1nvention are

epoxldes based on epichlorohvydrin and bilisphenol A, bisphenol F,

bisphenol K, bisphenol S, biphenol, hydroguinone, resorcinol,

tetrabromobisphenol A, phenol-formaldehyde novolac resins,

pre——

polyglycidyl ethers, diglycidyl esters of, for example, phthalic
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—
e

aclds or terephthalic acids, and derivatives thereof, and

pre——

aliphatic di- or tri-epoxides, and mixtures thereof. Products

— —

of this kind are marketed by a variety of manufacturers, under

the trade names Araldite®, D.E.R.©, Epilox©, or BaxxoresoO.

Particularly preferred are bisphenol A epoxilides and derilvatilves

pre——

thereof, especilally glycidyl ethers, such as diglycidyl ether

—

of bisphenol A, for example, and mixtures with the above-stated

aliphatic di- or tri-epoxides.

In a further embodliment, accordingly, the present 1nvention

relates to a method for producing a rigld foam as described

above, the at least one polyepoxilide being selected from the

p—

group consisting of bisphenol A epoxildes, bilsphenol F epoxides,

pre——

derivatives thereof, aliphatic di- or tri-epoxides, and mixtures

— —
e

of two or more tThereof.

In accordance with the 1nvention 1t 1s also possible to use

pre——

mixtures of di

pre——

"erent polyepoxides.

In accordance wilith the 1nvention, the polyepoxlide can be used

pr—

1n pure form or 1n the form of a composition comprilsing the

pre——

polyepoxide and at least one diluent. Examples of suitable

diluents known to the skilled person are unreactive solvents

such as ethyl acetate, methyl ethvyl ketone, hydrocarbons,

p—

reactive diluents such as linear di- or tri-epoxides of low

viscoslity, plasticizers such as phthalates, or citric esters.

The following ought also to be understood as diluents for the

purposes of this i1nvention: low-vliscoslty reactive diluents such

as, for example, monoglycidyl ethers or diglycidyl ethers based

on short-chailn diols or triols, such as 1,4-butanediol,

1, 6-hexanediol, trimethvlolpropane, 1,4-cyclohexanedimethanol,

or polyoxypropylene glycol, for example.

JANS polylisocyanates 1t 1S possible to use aliphatic,

cycloaliphatic, araliphatic and/or aromatic diisocvanates.

Speclflic examples 1nclude the following aromatlc 1socvanates:

pr—

2,4-tolylene diisocvyvanate, mixtures of 2,4- and 2,6-tolvylene

diisocyanate, 4,47 —, 2,47 — and/or 2,2’ -diphenylmethane
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pr—

dilisocyanate (MDI), mixtures of 2,4’- and 4,4’ -diphenylmethane

dilsocyanate, urethane-modified ligquid 4,4" - and/or
2,4-diphenyvlmethane dllsocyanates,
4,4" -dil1socvanatodiphenylethane, the mixtures of monomeric

methanedlphenyl dilsocyanates and more highly polycyclic

—

homologs of methanediphenyl dilsocvanate (polymeric MDI),

1,2- and 1, 5—-naphthylene diisocyanate.

Aliphatic diisocyanates used are customary aliphatic and/or

cycloaliphatic dilsocyanates, examples being tri-, tetra-,

penta-, hexa-, hepta- and/or octamethylene diisocvanate,
2—-methylpentamethvylene 1,5-dlisocvanate, 2—ethvlbutvylene
1,4-di11socyanate, l-1socyanato-3, 3, 5—-trimethyl-5-
l1socvyvanatomethvlcyclohexane (1sophorone diilisocvanate, IPDI),
1, 4- and/or 1,3-bis(isocyvanatomethyl)cyclohexane (HXDI),
1,4-cyclohexane dilisocvanate,
l-methyl-2,4- and/or -2,6-cyclohexane diisocyanate, 4,47 —,

2,4’ - and/or 2,2’ -dicyclohexylmethane diisocvyanate.

Polvisocvanate prepolymers are obtalnable by reacting above-

described polyisocvanates 1n excess, at temperatures of 30 to

100°C, for example, preferably at about 80°C, with polyols to

pr—

glve the prepolymer. For the preparation o the prepolymers

useful 1n the 1nventilion, preference 1s (glven tToO using

polyisocyanates and commercial polyols based on polyesters,

starting for example from adilipic acid, or on polyethers,

starting for example from ethylene oxide and/or propvylene oxide.

—

Polyols are known to the skilled person and are described for

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

Hanser Verlag, 3rd edition 1993, section 3.1. Polyols used with

preference 1n this context are the polymeric compounds described

above, having hydrogen atoms that are reactive  toward

l1socvyvanates. Particularly preferred for use as polyols are

polyetherols.

In the preparation of the 1socyanate prepolymers, customary

chaln extenders or crosslinking agents are added optionally to
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the stated polyols. Such substances are known per se to the

skilled person. Particularly preferred for use as chaln extender

is 1,4-butanediol, dipropylene glycol and/or tripropylene

pre——

glycol. In this case the ratio of organic polyilsocyanates to

5 polyols and chaln extenders 1s preferably selected such that the

1socvyvanate prepolymer has an NCO content of 2% to 30%, preferably

of 0% to 28%, more preferably of 10% to 24%.

Particularly preferred polylisocyanates are selected from the

pre——

10 group consisting of MDI, polymeric MDI, and TDI, and also

— —

derivatives thereof or prepolymers of these polylisocyanates.

In a further embodiment, accordingly, the present 1nvention

relates to a method for producing a rigld foam as described

15 above, the at least one polvisocyanate belng selected from the

pre——

group conslsting of aromatic, araliliphatic, and aliphatic

polyisocyanates. According to another embodiment, the present

lnvention relates to a method for producling a rigid foam as

described above, the at least one polvisocyanate beilng a

20  prepolymer having an NCO content of 6% to 30%.

In accordance with the 1nvention, the polyisocyanate can be used

pr—

1n pure form or 1n the form of a composition, for example, an

l1socvanate prepolymer. In a further embodliment, a mixture can
25 be used whilich comprises polyilisocvanate and at least one solvent

or diluent. Suitable solvents are known to the skilled person.

pr——

The ratio 1n the reaction of polvisocvanates and the mixture

comprlising at least one polvepoxide, water, and at least one

30 other hydrogen—-acidic compound ought preferably to be situated

— pr—

for an equlvalents ratio of polyilisocyvanate to the mixture

comprising polvepoxide, water, and at least one other hydrogen-

acldic compound 1n the range from, for example, 0.25:1 to 5000:1,

more preferably 0.35:1 to 500:1, very preferably 0.5:1 to 100:1,

35 and more particularly 0.75:1 to 50:1, with further preference

1n the range from 0.8:1 to 5:1.

In accordance with the i1nvention 1t 1s possible to add customary
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auxlllarles. Examples that may be mentioned 1nclude blowing

agents, surface—-active substances, fillers, further flame

retardants, nucleators, oxlidation stabilizers, lubricity ailds

and mold release alds, dyes and plgments, optionally

stabilizers, with respect to hydrolysis, light, heat, or

discoloration, for example, 1inorganic and/or organic fillers,

reinforcing agents, and plasticizers. Sultable auxilliaries and

adjuvants may be found, for example, 1n Kunststoffhandbuch,

volume VII, edited by Vieweg and Hochtlen, Carl Hanser Verlag,
Munich 1906 (pp. 103-113).

—

Surprisingly 1t has been found that humid storage of the cured

rigid foam leads to a further 1Improvement 1n the mechanical

pre——

properties. Thilis effect may be achieved 1n a water vapor

atmosphere even on relatilvely short storage. On storage 1n water

pr— P~

(saltwater, malns water, desallnated water) as well this effect

can be observed at elevated temperatures (> 50°C).

In accordance with a further embodiment, then, the present

lnvention relates to a method for producling a rigid foam as

described above, the fully reacted rigid foam obtained 1n the

reaction being stored under humid conditions after the reaction.

—

The present 1nvention also relates to the use of a metal-free

Lewls base having at least one nitrogen atom selected from the

—

group consisting of 1,8-diazabicyclo-5,4,0-undec-7-ene, N-

methyl-N'- (dimethyvlaminomethvl) -plperazine,

pentamethyldilethylenetriamine, methylimidazole, and mixtures

pr— pr—

and derilvatives thereof as catalyst for the reaction of at least

one polvisocvanate with a mixture comprising at least one

polyepoxide, water, and at least one other hvydrogen-acidic

compound. More particularly the present 1nvention relates to the

—

use of 1,8-diazabicyclo-5,4, O-undec-"7-ene and derivatives

pre——

thereof as catalyst for the reaction of at least one

polyisocyanate wilith at least one polyepoxide, more preferably

pr—

to the use of 1,8-diazabicyclo-5,4, 0-undec-7-ene and derivatives

—

thereof as catalyst for the reaction of bilisphenol A epoxides and

pre——

derivatives thereof with at least one polyilisocyanate.
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The present 1nvention further relates as well to rigid foams

—

obtalnable or obtained by a method of the 1nvention and also to

moldings obtalnable from such rigid foams.

Also, then, the present 1nvention relates to a rigid foam

obtalnable or obtained by a method comprising reacting at least

one polvisocvanate with a mixture comprising at least one

polyepoxide, water, and at least one other hvydrogen-acidic

—

compound, the reaction taking place 1n the presence of a metal-

free Lewls base having at least one nitrogen atom, the catalyst

pre——

being selected from the group consisting of 1,8-dlazabicyclo-

o,4,0-undec—-/—-ene, N-methyl-N'- (dimethylaminomethyl) -
plperazilne, pentamethvyldiethylenetriamine, methylimidazole,

—
e

and mixtures and derivatives tThereof.

Sultable hydrogen—-acidic compounds, polyepoxides,

polvisocyanates, and catalyst system have been described above.

Hence, according to another embodiment, the present 1nvention

relates to a rigid foam as described above, the polyepoxide

being used 1n an amount i1n the range from 5 to 70 wt3, based on

—

the sum of the polyepoxide and of the at least one other

hvdrogen—-acidic compound used.

According to a further embodiment, prepolymers are used as

polyisocyanates. By wvarying the 1socvanate fraction 1n the

prepolymer 1t 1s possible to set additional propertilies such as

pr— pr—
p—

hardness, for example, 1f no further adjuvants such as

plasticizers, for example, are used.

Thus, 1n a further embodiment, the present 1nvention relates tO

a rigid foam as described above, the at least one polyepoxide

pr—

belng selected from the group consisting of Dbisphenol A

pr—

epoxldes, blsphenol F epoxides, derilvatives thereof, alilphatic

pre—— pre——

di- or tri-epoxides, and mixtures of two or more thereof.

Moreover, 1n a further embodiment, the present 1nvention relates
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to a rigid foam as described above, the at least one

pre——

polvisocyanate being selected from the group consisting of

aromatic, araliphatilic, and aliphatic polvyisocvyanates.

—

In terms of morphologlcal properties such as closed-cell content

and thermal conductivity, no difference and no 1mpalrment

relative to comparative foams without epoxide have been found;

pre——

certaln mechanical properties of the foams of the 1nvention are

p— —
-

similar to those of comparable foams without addition of

epoxldes, whille others undergo significant 1mprovement, such as

compressive strength and 3-polnt bending strength, for example,

and also tensile strength.

—

The rigid foams of the 1nvention exhilbit high temperature

stability, high resistance to environmental 1nfluences and

chemicals, and good adhesion and compatibilility with epoxy

resins.

Besides the customary applications for rigid, semirigid, and

thermoset polyvurethane foam, such as 1nsulation, district

heating, sandwlch elements, construction applications, foot

pre——

traffic nolse reduction, refrigeration equlpment, truck bodies,

—

and constructlion materials, sultable fields of use for the foams

of the 1nvention 1nclude their use 1n wind rotor blades, 1n
boatbuilding and vehilcle construction, and also their
application as a construction material, especlally 1n

—

conjunction with the use of epoxy reslns or polyester resins.

p—
-

Accordingly, the present i1nvention also relates to the use of a

—

rigid foam obtalnable or obtained by a method of the 1nvention,

pr— pr—

or of a rigid foam of the 1nvention, for producing 1nsulating

materials, wvacuum 1nsulation panels, refrigeration egulpment,

—

construction elements, wlind rotor blades, or elements for

boatbuilding and vehicle construction.

pr—

Further embodiments of the present 1nvention are apparent from

the claims and the examples. It 1s understood that the features

pr—

of the subject matter/method/uses o the invention, as
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elucidated below and as stated above, can be used not only 1n

the particular combination specified but also 1n other

—

comblnations as well, without departing the scope of the

pre——

invention. Accordingly, for example, the combination of a

—
e

preferred feature with a more preferred feature, or of an

otherwlse uncharacterized feature with a very preferred feature,

—

etc., 1s also 1mplicitly comprised, even 1f that comblination 1s

not expressly mentiloned.

pre——

The examples which follow are for 1llustration of the invention,

but are not 1in any way restricting as regards the subject matter

pre——

of the present 1nvention.

BRXAMP L

L]
).

Starting materilals used were as follows:

Polvol 1 Glyvcerol started polypropvlene glycol with an

pr—

average molecular weight (MW) of 420 g/mol and a functionality
of about 2.99

Polyol 2 Sucrose/glycerol started polypropylene glycol with

an average molecular welght (MW ) of 500 g/mol and a

pre——

functionality of about 4.34

Polyol 3 TMP started polypropylene glycol wilith an average

—

molecular weight (MW) of 1040 g/mol and a functionality of about
2.96

Polyol 4 Propvlene glycol started polypropvylene glycol with

—

an average molecular welght (MW ) of 1070 g/mol and a

pre——

functionality of about 1.99

Stabl 1 Polyether-polyvdimethylsiloxane

Stabl 2 Silicone-glycol copolymer

Fpoxide Epoxide mixture based on bisphenol A epoxides and
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reactive dilluents

Cat 1 N, N-Dimethylcyclohexylamlne

Cat Z 1-Methvlimlidazole

Cat 3 N-Methyl-N- (dimethylaminomethyl)plperazine

Cat 4 Pentamethyldlethylenetrlamine

Cat b 1,8-Diazabicyclo-5,4, O-—undecene-7

Isocyanate Polymeric MDI with a 31.5% NCO content

1. Preparation example

The formula constituents were welghed out together 1n accordance

wlith the proportions i1n table 1,
this mixture was homogenized.

stirred 1ntensively with 301.9 g of

wlth a laboratory bench top mixer.

poured 1nto an 11 1 metal mold,

After a curing time of
demoldable,

An exception 1s represented by example 4.

except
238.1 g ot

pre——

—

more tThan 5 minutes,

at 90°C and left in the cabinet to aftercure

Comparative examples are labeled "Comp".

l1socyanate

the

This cube,

for the 1socyanate,

wlth an edge length of 22.2 x 22.2 X 22.2 cunm.

for 1o hours.

and

this A component were
for 10 seconds
This batch was subsequently
which was sealed with a 1lid.

foam cube 1s

13 minutes

after introduction 1nto the mold, was placed 1n a heating cabinet

Table 1: Composition

Substance Comp 1 [(Ex 1 Ex 2 Ex 3 Ex 4 Ex 5

Polyol 1 7.468 6.95 6.10 5.16 5.16 4.605

Polyol 2 22.86 21.27 18.067 15.77 15.77 14.23
Polyol 3 2 .20 2.05 1.80 1.52 1.52 1.37

Polyol 4 6.64 6.18 5.43 4.568 4.5686 4.14
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Malins water |1.45 1.35 1.19 1.00 1.00 0.90
Stabil 1 0.46 0.42 0.37 0.32 0.32 0.28
Stabl 2 0.17 0.15 0.14 0.11 0.11 0.10
Epoxide 0.00 3.86 10.17 17.19 17.19 15.51
Cat 1 0.19 0.17 0.15 0.13 0.13 0.12
Cat 2 0.08 0.08 0.07 0.06 0.06 0.05
Cat 3 0.00 0.01 0.01 0.02 0.02 0.02
Cat 4 0.00 0.00 0.01 0.01 0.01 0.01
Cat S 0.00 0.00 0.00 0.00 0.00 0.00
Isocyanate |58.47 57.49 55.90 54 .12 54.172 58.60
Continuation of table 1:

Substance Ex 6 |Ex 7 Ex 8 Ex 9 Ex 10 Comp 2
Polyol 1 6.06 6.10 5.54 5.53 6.09 6.009
Polyol 2 18.52118.06 16.94 16.92 18.01 18.62
Polyol 3 1.78 1.80 1.063 1.63 1.79 1.79
Polyol 4 5.36 5.47 4,92 4,92 5.41 5.41
Malns water |[1.18 1.19 1.08 1.08 1.18 1.18
Stabl 1 0.37 0.37 0.34 0.34 0.37 0.37
Stabl 2 0.13 0.14 0.12 0.12 0.14 0.14
Epoxide 10.09110.17 13.23 13.21 10.14 10.14
Cat 1 0.15 | 0.15 0.00 0.20 0.15 0.00
Cat Z 0.07 0.07 0.10 0.00 0.07 0.00
Cat 3 0.02 0.00 0.08 0.09 0.08 0.00
Cat 4 0.01 0.00 0.04 0.04 0.04 0.00
Ccat oS 0.36 |1 0.02 0.00 0.00 0.00 0.00
Isocyanate 55.89 | 55.91 55.99 55.93 55.93 55.75
2. Properties of the foams

The physical properties o:

were tested,

Table 2: Propertiles

pr——

all the rigid
as listed 1n table 2.

foam cubes produced

Comp 1

Ex

Ex

ExX

3 Ex 4

Ex b
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Compressive 0.26 0.204 [0.28 | 0.30 [0.31 0.345

strendgth 6

Compression 0.3 5.4 4.9 4.0 5.4 5

Compressive 7.95 7.96 9.27 |[10.2 | 9.44 10.39

elasticity ]

modulus

Core density 37.08 39.2 44,3 | 50.1 |[45.8 5.2

Closed-cell 37 3/ 86 35 85 80

content

Tensile strength [ 0.33 0.31 0.34 [0.32 | 0.35 0.36

Fracture S, 9,5 S, 95,5 | S, S, S, 5, Dy | 8,585,858

location S S

Tensile 17.1 15.5 16 14.8 | 17.3 18.6

elasticity

modulus

Polnt flexural [ 0.27 0.26 0.27 [0.32 |0.3Z2 0.35

strength

Sag 13.5 14.6 12.5 [11.2 |12.3 11.3

F'lame helight BZ > 25.0 | > > > > > 25.0
25.0 25.0 | 25.0 |25.0

Thermal 25.5 25 20 25.9 [26.606 260.1

conductivity

—

Continuation of table 2:

Ex 6 Ex 7 |[Ex 8 |[Ex 9 |Ex 10| Comp 2
Compressive 0.29 |10.34 0.30
strength 0.307 | 0.29 |3 o o None
Compression Throug

H—

4.8 4.0 4.5 4.3 0.9 curing
Compressive
elasticity 10.1 |110.5 |12.2 |10.8
modulus 10.48 | 9 7/ 4 3 —
Core density 477 .3 46.9 [48.5 |149.3 |46.9 | -
Closed-cel.
content 8 8 89 3/ 90 89 —
Tensile strength [ 0.34 0.31 10.24 |0.35 [0.34 |-
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Fracture S, 5, Dy Sy Dy oy SR
location S,S,S |5 S S S —
Tensile
elasticity
modulus 13.3 |12.5 |9 16 13.3 | -
Point flexural
strength 0.472 0.43 [(0.43 |10.42 |0.37 |-
Sag 4.1 [12.9 110.4 |9.6 14.4 | -
F'lame height BZ > > < > >

18.0 18.0 |18.0 [18.0 |18.0 |-
Thermal
conductivity 23.6 23.6 [23.9 |24 23.2 | -

—

The foams of the 1nvention exhilbit advantages 1n compressilive

strength,

the compressive elasticity modulus, and the point

flexural strength.

3. Test protocols

—

The properties of the specimens were determined 1n accordance

wlth tThe

following test protocols:

Compressive strength in N/mm? in accordance with DIN 53421/DIN

[*]

Compression 1n % in accordance with DIN 53421/DIN

N ISO 004

ISO 604

]
Z

Compressive elasticity modulus in N/mm? in accordance with DIN

53421/

D1

N

EN ISO 004

Core density in kg/m?

\O

Closed cell content 1n % 1n accordance with DIN ISO 4590

Tensile s
ISO b27-1

Fracture location in accordance with DIN 53292/DIN .

]
Z

crength in N/mm? 1in accordance with DIN 53292/DIN

ISO 527-1

[
Z
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Tensile elasticity modulus 1in N/mm? 1in accordance with DIN
53292/DIN EN ISO 527-1

3-Point flexural strength in N/mm? in accordance with DIN 53423

Sag 1n mm 1n accordance wilith DIN 53423

F'lame height 1n c¢cm 1n accordance with DIN 4102 BZ

Thermal conductivity in mW/mK in accordance with Hesto A50



10

15

20

29

30

39

Patentkrav

DK/EP 3024861 T3

_22_

pr—

1. Fremgangsmade til fremstilling af et hardt skum

omfattende omsaetning a

pr—

1 det mindste et polyilisocvanat med en

blanding 1ndeholdende 1 det mindste et polyepoxid, vand og 1 det

mindste en vderligere hydrogenazid forbindelse, 1det omsatningen

—

sker 1 nervaer af en metalfri Lewlisbase med 1 det mindste et

nitrogenatom,

pr— pr——

1det katalysatoren er udvalgt af gruppen bestaende af 1,8-

diazabicyclo-5,4,0-undec-"7-en, N-methyl-N'-

(dimethylaminomethyl) -plperazin, pentamethyl-diethylentriamin,

methylimidazol og deres blandinger og derivater heraf.

pre——

2. Fremgangsmade 1fglge krav 1, i1det den 1 det mindste ene

pr—

vderllgere hvdrogenazide forbilndelse er udvalgt af gruppen

pre——

bestaende af

polyoler og polyamilner.

pre——

3. Fremgangsmade 1fglge et af kravene 1 eller 2, 1det

polyepoxidet

Q

anvendes 1 en m&ngde 1 omradet fra 5 til 70 vaegt-

pre——

%, baseret pa summen af det anvendte polvepoxid og den 1 det

mindste ene vderligere hvdrogenazide forbindelse.

4, Fremgangsmade 1fgolge et af kravene 1 til 3, 1idet

pr—

katalysatoren er udvalgt af gruppen Dbestaende af 1,8-

diazabicyclo-5,4,0-undec-7-en og derivater heraf.

—
e

5. Fremgangsmade 1fgolge et af kravene 1 til 4, 1idet

katalysatoren anvendes 1 en m&ngde 1 omradet fra 0,01 til 2

pr—

vegt—-%, baseret pa summen af det anvendte polyisocyanat og

blandingen i1ndeholdende 1 det mindste et polyepoxid, vand og 1

det mindste en vderligere hvyvdrogenazid forbilindelse.

—

0. Fremgangsmade 1fgolge et af kravene 1 til 5, 1idet

reaktionen a:
1ndeholdende

det mindste

- det 1 det mindste ene polyisocvyvanat med en blanding

1 det mindste et vyderligere polyepoxid, vand og 1

en vderligere hydrogenazid forbilndelse startes ved

en temperatur < 100 °C.
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7. Fremgangsmade 1fglge et af kravene 1 til ¢,

det mindste ene vyderligere hvyvdrogenazide forbil

polvcarbonatpolyoler eller polvamilner.

DK/EP 3024861 T3

1det den 1

ndelse er udvalgt

af gruppen bestaende af polyetherpolvoler, polyesterpolyoler,

t1l 7, 1det det 1

p—
-

pr——

derivater heraf,

pr—

nger af to eller

ti1l 8, 1det det 1
gruppen bestaende

visocyanater.

11 8, 1det det 1

—

5
3 . Fremgangsmade 1folge et af kravene 1
det mindste ene polyepoxid er udvalgt af gruppen bestaende af
blsphenol-A-epoxider, bilisphenol-F-epoxider,
alifatiske di- eller tri-epoxider og blandi
10 flere herat.
9. Fremgangsmade 1folge et af kravene 1
det mindste ene polyilisocyanat er udvalgt atf
af aromatiske, aralilifatiske og alifatiske pol
15
10. Fremgangsmade 1fglge et af kravene 1
det mindste ene polyilisocvanat er en prepolymer med et NCO-
indhold pa 6 til 30 3.
20 11. Hardt skum, som er opnalligt eller opn

pr—
—

fremgangsmade omfattende omsetning af 1

polvisocyvanat med en blanding 1ndeholdende

as ved hjaelp af en
det mindste et

1 det mindste et

polyepoxid,

25 1 det mindste et nitrogenatom,

1det katalysatoren er udvalgt af gruppen bestaende af

diazabicyclo-5,4, 0-undec-7-en,

(dimethylaminomethyl) -pilperazin,

methylimidazol og deres blandinger og derivater heraft.

vand og 1 det mindste en vderliligere hvydrogenazid

forbindelse, 1det omsetningen sker 1 nervaer af en Lewlsbase med

= 1, 8-
N-methyl-N'-

pentamethyl-diethylentriamin,

—
e

30
12. Hardt skum 1fglge krav 11, 1det polvepoxidet anvendes 1
en mengde 1 omradet fra 5 til 70 vegt-%, baseret pa summen atf
det anvendte polyepoxid og den 1 det mindste ene vderligere
hvdrogenazide forbindelse.

35

13. Hardt skum 1folge krav 11 eller 12, 1det det 1 det

pr—

mindste ene polyepoxid er udvalgt af gruppen bestaende af

bisphenol-A-epoxider, Dbisphenol-F-epoxider,

B

1)

derivater heraf,
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pr—

eller tri-epoxider og blandinger af to eller

14 . Hardt skum i1folge et af kravene 11 til 13, 1det det 1

det mindste en

pre——

af aromatiske,

p—

e polyisocvanat er udvalgt af gruppen bestaende

aralifatiske og alifatiske polyisocyanater.

15. Anvendelse af et hardt skum, som er opnaeligt eller

pr— pr—
-

opnas ved hjelp af en fremgangsmade 1feglge et af kravene 1 til
10, eller et hardt skum 1fglge et af kravene 11 til 14 til

kaoleapparater,

fremstilling a:

—

fremstilling af 1soleringsmaterialer, vakuumlsoleringspaneler,

komponenter, vindmgllevinger eller elementer til

—

- bade- og transportmidler.
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