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Methed for producing compound elements and obtained compound slement

The present invention relates to a provess for producing composite slements
comprising at least one rigid foam layer 4} and at least ons outer layer b, at least
comprising: provision of g flowable starting material &%) and spplication of the
flowablde starting material a¥} to the outer layer b by means of & fixed applieatinn
apparaies o) while the onter layer b} is moved continuousty, The starting material
8%} here comprises at least one polyisvcyanate, at least one polyel, at least one
blowing agent, a catalyst cemposition comprising at least one compound D)
selected from the group consisting of metal carboxylates and NN N
tris{dimethylaminopropyhhexahydrotriazing, snd at least one compound DY) which
catalyzes polvurethane formation and which differs from the compound D) and
comprises at least ong amine grawn, snd optionally suxiliaries and additives. The
poiyel component (component BY) in this invention is one selected from
polyetherols, snd the stanting material a®) in this jovention iz free from
polyesterols, The present inventinn further relates to composite elements oblainahls

by a process of this type.

Rigid polyurethans foams have been known for » long time and have been widely
deseribed, Rigid polyorethape foams are maindy nsed for thermal tnsulation, for
example in refrigeration squipment, means of transport, or buildings, and slso for

producing constraction elenents, in particular sandwich elements,

Composite elements are a significant application sector for rigid polvurethane
foams. Composite elements, often also lermed sandwich elements, are nows days
produced on a large scale in continuously operating twin-belt systems, and are in
particuler made of metallic onter layers and of 2 core made of -_is@a}fam‘zi'iﬁjamd

foams, mosily polyurethane {PUR) foums or polyisocyanurate (PIR) toams.

Elements with colored outer lavers for the construction of facades for a very wide

variety of buildings are of constantly incrsasing importanes, alongside sandwich

clements for cold-store fusulation, Duter layers wsed here comprise not only coated
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stecl shoet but also stainless stool sheet, copper sheet, or alwninum sheet. The
surface structure of the boundary between the foam and the outer laver has a
decisive function in particelar in the case of fagade elements. For a very wide

variety of reasons, undesived air inclusions koown ag cavities often ooonr between

between metal sheet and foam can cause bulging of srous of the metal sheet, and
N 2%

can render the facade visually unattractive,
&

Another result here is redneed adbesion between insulation foam and outer laver,
The lower outer laver in sandwich elements often hus the poorest adhesion,
determined in the tensile test. In the usual structures produced by vse of sandwich
clements, the underside of the metal sheet is morsover the external side of the
fagade, and is thus exposed fo extreme conditions, for example femperature and
suction effects, and is therefore suldevt to greater siress than the npper side of the
sandwich element; this can lead lo separation of the foant from the metal sheet, and
thus likewise to bulging,

WP 2009077400 desertbes 2 procsss for producing  composite  elements
comprising o1 least one outer layer b) and ol least one laver made of {soovanate-
based rigid foam. Although said process does provide rigid foam layers with a fow
level of surface defects (eavities) and with a good surface structure of the bonndary
between the foam and the adjacent outer layer, the surface sirncture of the fam iy

unsatisfaetory.

The object is therelore fo develop a process for producing rigid polyurethans foams
and which provides long-lasting minimization, or indeed elimination, of cavity
formation at that surface of the isocvanurate-bazed rigid foams that faces toward
the upper outer laver, and thus leads to Paming with good adhesion, good surface
curing, and good surface quadity,

Said object iy achieved in the invention via a process for produging opmposite
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clements comprising at least one vighd foam layer u} and af Teast one outer laver b,

at least comprising the following steps:

{1} providing a flowshle starting material )

{11} applying the fowable starting material &%) to the outer layer B) hy means
of & fixed gpplication apparatus ©) while the outer layer b) ix moved
continuousty,

where the starting material 8%} comprises the following components:

Al at loast one polyisocyanate,
B3  at least oue polyol,
£} at least one blowing agens,
D2} catalyat s::fm'ipmiimn comprising
« at least ane compound D1} selected from the group consisting of
metal carboxylates and NN
tis{dimethylaminopropyhhexabvdrotriazine;
- at least one vompouand D2) which catalvees polyvarethane formation
and which differs from the compound D1} and comprises at least
Dne AMino group, and

£} optionally suxiliaries and additives,

where component B is one selected from polyetherals, and the starting material

&%} 1s free from polvesterals

Surprisingly, it has been found that the we of polyol components comprising
polyvether which are free from polyesterols improves curing and thus tmproves

Sy

surface quality,

In this tnvention, the composite clements comprising at least one rigid foam layer
al and at least one onter layer by are produced by first, in step (1), providing a
flowable starting material 8%}, and then, in step (i1}, applving the flowshle startin &

material @) o the outer layer b) by means of a fixed application apparatus ¢}, while
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the outer layer b} is moved continuously,

in this invention, the starting material a*) comprises the following components:

Al at least one polyvisocyanaie,
By  at least one polyval,
3 at least vue blowing agent,
D} catalyst composition comprising
at teast one compound D1} selected from the group consisting of
metal carboxylates and KON

tris{dimethyvlaminopropylDhexahydrotniazine;

- 8t least one compound D2) which catalyses polyursthane formation

and which differs from the compound D1} and comprises at least
one aming group, and

B} optionally suxilaries and additives,

whers component B) is ome selected from polvetherols, and the starting material

~:

¥ is fres from polvesterols,

sos

Catalysts (I} used for producing the rigid polyvurethane foams comprise compounds
which greatly accelerate the reaction of the compounds of compounert B)
comprising  resctive hydrogen atoms, i particnlar hydroxy groups, with the

prganic, optienally modificd polvisocvanates &)

The catalyst composition D) in the tnvention comprises at least one compoumd D113
and at least one compound D23 which catalyzes polvurethane formation and which

differs from the compound D).

The catalysts can be wsed alone or iy any desired mixtures with one another, as
requived, It is preferable o use an amount i the range Hom G0 to 3.2 paris by

wetght of catalyst component D1) and to use an amount of st least (L1 part by
is always based on 100 parts by weight of component B},

P
TR SEN



e
8%

L

t\

18

The amount used of catalyst compaonent D1) is more prefierably in the rsnge from
U.1 to 2.5 parts by weight, and particularly prefersbly in the range from 0.1 to 1.8
parts by weight, and specifically in the range from 0.1 to 1.0 part by weight, whars
the stated amount {(parts by weight) is always based on 100 parts by weight of

somponent B).

in another embodiment, the present invention accordingly provides 8 pracess for
¥

producing composite slements 35 deseribed above where the amount used of the

catalyst D1) is i the range from 0.1 to 2.5 parts by weight, based on 100 parts by

weight of component Bl

The proportien of eatalyst component D2) is generally greater than or equal to 0.1%
by weight, based oun 100 parts by weight of component B), preferably greater than
ar equal to 0.6% by weight, particularty preferably greater than or equal to 1.2%
by weight, with particular preforence greater than or gqual o 2.5% by weight,
specifically preferably preator than or equal to 3.3% by weight, and specifically
greater than or equal o 4.3% hy weight,

The proportion of catalyst component D2 is gonerally less than or equal 1o 10% by

weight, based o 100 parts by weight of component B, preferably lesa than or squal

to 8% by weight, particalarly preferably less than or equal 1o 7% by weight,

I another embodiment, the present invention sceordingly provides a pracess for
producing compasite elements as deseribed sbove where the amount used of the
compound D2} s at least D1 part by weight, based on 100 parte by weight of

gamponent By

The ratio of catalyst compound 132) 1o catslyst component D) is s generally less
than ov equal o 34, preferably less than or equal 1o 30, particudarly preferably less

than or equal » 28, with particular preference less than or equal to 22,

The ratio of catalyst compound DY to catalyst component D1} is gonerally greater
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than or syual to 2. preferably greater than or equal to 3, particularly preferably

greater than or egual to 18, and specifically greater than 14

it is preferable here that the ratio by weight of the componnd 132) fo the gampound

D31} is greater than &,

In another embodiment, the present invention accordingly provides g 8 provess for
producing composite eloments 1 deseribed shove where the ratio by weight of the

compound D2} {0 the compoungd 31} i greater than &

Catalyst component I3} tn the fnvention s one selected from the group consisting
of metal corboxylates and N N' N tris{dimethylaminopropyhihexahydrotriasine.
For the purposes of the present invention if {s prefershle that the metal carboxylate

3 an alkali metal carboxylate or an alkaline carth metal carboxyiate, particularly 2

potassium carboxyiate,

1 this invention i is preforable that the carboxylate is one selected from the group
consisting of fonmate, ethylhexunoate, and acetate, Accovdingly, for the purposes
of the present invention suitable catalyst compopents D) are those selected from
the group consisting of atkali metal formates, alkali metal sthyibexanoates, wikali
metal aeetates, alkaline earth metsl formates, alkaline earth metal ectanpates, and
atkaling earth metal soetates, and NN
tris{dimethylaminopropylthexshydrotriasine. It is partionlarly prefeorable that
catalyst component D is one selected from the group consisting of polassium
formate,  potassium octanoate,  potassium  acetats,  and O NNUNT.

tristdimethdaminopropybhexabydrotiiazine.

It ot preferable that catalyst component DI comprisss a combination of
crosshiniing catalvsis composed of
di1} from B0 to 1.0 part by weight, based on component B), of a
crosstinking catalyst selected from the group consisting of the salt of
a carboxyiic acid, preferably of an alkali wetal or alkaline earth
metal, particudarly preforably an alkali metal salt of 2 carboxylic acid,

TTERES8M

e
=



8%

19

,..,,
o

i

s
P53

Lo
it
on

~i4

and
d12} from & to 3.0 parts by weight, hased on compenent B), of the
erosstinking catalyst NN N
tris{dimethylaminopropyhhexahydrairiazine.
Catalyst comyponents di1) used preferably comprise salts of carboxylic acids
selected from the group consisting of rmic acid, acetic actd, and octaneic acid,
and it is particularly preferable o ase formic acid and avetic acid, and specifically

acehic acid

In another embodiment, the present invention accordingly nrovides a process for
& &8 X 3
preducing composite elements as described above where the carboxylate 18 one

selected from the group consisting of formate, setanoats, and seetate,

1 agother embodiment, the present tovention sccordingly provides @ process for
producing compuosite elements ag deseribed sbove where the catalyst composition
comprises at o lgast one  potassium varboxviate  and O NN N

tris{dunethylaminopropyl thexshvdrotriasineg.

it is particplarly prefershie that the ratic of catalyst component d12) to catalyst
compoenert ¢il} i3 smaller than 35, proferably smaller than 15, particularly

&

preferably smaller than 10, and specifically smaller than 7

Specificaily, catalyst component d12) i not used, L catalyst componsut D) is

cotposed exclosively of catalyvst component 4114

Compounds suitable as catalyst component 12} wre strongly basic amines, for

example amidines, such as 23-dimethyl-3.4,5 6-tetrshvdropyrimidine, tertiary
amines,  such  as  wriethviamine, lribuiylamine,  dimethylovelohexylamine,
dimethylbanzylamine, Nemethyl, Neothyl-, Neoyelohexvimorpholing, NN N

tetramethylethylenedianine, NN N Nptramethyibutonediamine, N NNL,N.
¥ K b o 3

fetrameathythexanediamine< 1.6, pentamethyvidiethylenetriamine,
tetramethyldiaminoethyl sther, bis{2-dimethyvlaminoethyl} ether,

g e
S LIRS GN



18

i3
wr

g
4%

bistdimethylaminopropylures, dimethylpiperasine, 1, 2-dimethylimidasnle, 1-azas
bioyclo[3 3 0loctane,.  and  preferably | d-diazabicvela{2 2 2loctane,  and
alkanolamine compounds, such s triethanolaming, irilsopropanolamine, Nomethyl.
and Nesthyldiethanolandne, N N-dimethvlaminesthoxyethanol, MONNC

trimethylamincethylethanolamine and dimsthyiethanolamine.

The compound D2} is more preferably one selected from the group consisting
amidines, tortiary amines, and alkanolamines.

in another embodimend, the present invention accordingly provides a process for
producing composite cloments as described above where the compound D2) ix one

selected from the group consisting of amidines, tertiary amines, and alkanolamines.

o1y partcularly preferable o wse tricthylamine, dimsthylovelohexvinmine,

pentamethyldiethvienetriamine, or bis(2Z-dimethviamineethyl} other. |

In particular, # is preferable to use tricthyviamine and dmethylovclohexvinmins,

and more preferable to uze tricthylamine.

Component &

For the purposes of the present invention, the term polvisocyanate mesns an srganic
componnd which comprises at least two reactive fsocyanais groups per malscule,
$} fis at ' To the extent thai the polvisoevana: S
the functionality is at least 2. To the extent that the polvisosyanates used, or a

mnixture of o plurahity of polyisccyvanates, do/does not have uniforn functionality,

the number-averasge functionality of component A) used is at least 2.

Polvisocvanates A} that can be used are the aliphatic, evelualiphatic, and arsliphatic
p(ﬁ#i}-’iS{}G}fﬁm&It’:ﬁ known per se, and preferably the aromatie polviunctiongd
isoryanates. Polyfunctional fsocyanstes of this type are knows per s¢ or can be
praduesd by methods knows per se. The polyfunctional isocvanates can in

particular alse be wed in the form of mixtures, and in this case component A}
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comprises various polyiunctional isocvanates. Polviunctional iseoyanates it can
be used as ;'miyi:s'f;myamﬁ@ have two {these compounds bemg termed disocyvanates
The foiisawi_ng individual aempauﬂds may in pzmimiar be mentioned: alkviene
ditsocyanates having from 4 to 12 varbon atoms in the alkylene molety, for example
dodecane 1 d2-diisoeyanate,  Z-ethyltetramethylene L d-diiseoyanate,  2-
methylpentamethylens | S-diisocyanate, tetramethylone 1 4-dilsocyvanate, and
profersbly hexamethvlens 1, 6-diisocyanate; eycloaliphatic disooyanates, such as
cyclohexane 13- and 1.4-difsocyanute, and also any desired migtures of said
tsomers,  1-isocyanato-3 3, S-tnmethylss S-isocyanatomethylevelohexane  (PDI,

hegahydrotolylene 2,4+ and 2.6-diisoeyanate, and also the corresponding isomer

&3

mixtores, dicvelohexyimethane 4,4°- 2,27 and 2,4 «Hisoevanate, and also the
corresponding isemer mixtures, and prmcraiﬂv aromatic polvisoosyanates, suph as
wlviens 2.4~ and 2.6-dilsocyanate and the comre csponding  isomer wixinres,
diphenylmethane 447, 2. 4°, and 2.2"-diisocyanate and the corresponding isomer
mixtures, mixiares of diphenylmethane 4,47 and 2.2 «lisocvanates, polyphenyl
polyvmethvliens polvisooyanates, mixtures of diphenvimethane 4.4°, 2.4+, and 2.2
diisoryanates and of pol «phnvi polymethviene polvisocyanates (enude MDD, and

nuixtures of crude MDI and of tolviene diisocvanates.

I particular, suiteble compounds are diphenvhnethane 2,27 2.4%, andior 4.4
disocyanate (MU, naplihylene 1,3 -diisoeyanate (NDIL 10 Ivlene 2,4~ andlar 2,6+
ditsogyanate (1D, 3.3 -dimethyidiphenyl diima;‘f‘ammﬁ t 2-diphenylethane

diisocyanaie, and/or pophensvlene diiscoyanate (FROD, tri-, tetrs-, penta, hevao,

hepta-,  andlor  octamethylene  diisocyanate,  Z-misthyvipentamethylone  1.5-
3 : i

dusocyansate, 2-cthvibutvlene 1 4-ditsoevanate, pemm;e*?nime 1.3 diisonyanate,
butylene 1 4-dilsopyanate,  I-isocvansto-3,3 Strimethyl-8 -1socyanatomethyls

2

eyclphexane  (isophorone  diisocvanate, iﬁ'ié“"aif}f{}, 14 andior 13
bis(isoeyanatomethyliovelohexane (HXDI, coyelohexane 1 4-diisoocyanate, 1-

m&thyicyci‘(}i‘zemm 3.4~ anglior 2,6-diisooyanate, and dievelohenyimethane 4.4,

s kS

247, andior 2,0 -diizoeyanate

&.N

X

The following embodiments are partionlarly perferred as polyisccvanates of
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1} polyfusctionsl isoeyanates based on tolylene difsocyanate {TDD), in particular
2,410 or 2.6-TDL or a mixture of 2.4« and 2.8-TDD

i pulyfunctional ispoyanates based on diphenyimethane dilsocyanate (MDY, in

particalar 3,2°-MDLor 2.4°MDE or 4 47-MDY, or oligomerte MDL, which i3 also
termad polyphenyl polvarsthyvlens isocvanate, or 2 mixturs of two or three of the
shovementioned diphenylmethane dilsouyanates, or crude MDY, which arises
during the production of MDY, or 3 mixture of at least one oligomer of MDI and
af gt least one of the abovementioned low-molecular-weight MDI derivatives;
Wi mixtures of at least one aromatic isoeyanate of embodiment 1) and of at least

o112 aromatic isocyanate of embodiment HL

Polymeric diphenyimethane diisooyvanate is very particulsrly preforred  as
polyisecyanaie. Polymeric diphenyhmethane dilsocyanate (hersinafter termed
polymeric MDD jnvolves s mixtwe of bimuclesr MDI and of oligameric
condensates and thus of dertvatives of diphenyimethane dilsecyanate (MDD The
polvisocvangies an preferably alse he composed of mixtures of monowmeric

aromatic difsooyanates and of polyvmeric MDIL

Polymeric MIM comprises, alongside binuclear MDI, one or mare polvunclesy
condensates of MDI with 2 Goctionality of more than 2, in partivular 3or 4 or %
Polymerie M is Xnewn and (s oftes termed polyphenyl polyvmethylene tsncyanate
o else ohigomeric MDL Folymerie M is asnally composed of a mixture of MDL
based isocyanates with different funetionality. Pobymeric MDI is nsually used in g

axture with monomerte ML

The {average) hmctionality of a polvisocyvanate which cowprises polvmeric MDI
DR - bl - A o

can vary in the range from about 2.2 1o sbout §, 1 particulsr fom 2.3 18 4, in

paticnaly from 2.4 to 3.5, A particnlar mixture of this tvpe comprising MDI-based

polyiunctional isocyanates with different functionalitics 1 orude MDI. which i3

obtained as infermaediate during the production of MDY,



“Fs

ISE

s
LAY

+%

Kot

\i

Y

Wik <
x

Polytunctional isocyanates, wmsd mixtures of a plurality of polviusctional
isceyanates, based on MDIL, are known and are by way of example marketed as

Lupranat® by BAKF Polvurcthanes GmbH,

The fhnc;s‘.im&iif?}; of component A) is prefevably at legst two, in particular at least
2.2, and particularly preferably at least 2.4, The functionality of component A} is

preferably from 2.2 to 4, and partienlarly preferably from 2.4 to 3

The content of isocyanate groups in component A} is preferably from 5 to
L0 mmolig, in particelsr from 6 to @ mmol/y, particddarly preferably from 7 to
8.5 munol/g. The person sKilled in the art 35 aware that the content of isecyanate
groups in mmol/g and what is known as the equivalent weight in g/equivalent have

a reciprocal relationship. The content of iscoyanate groups b mmaolig is obtained

froms the content in % by weight as in ASTM DS155.96 AL

In ooe particudarly preferred snbodiment. component A} ts composed of af least
one polyfunctional isocyanate selected from diphenyvimethane 4,4°-diisocvanais,
diphenylmethane  24°-diisocyanate,  diphenylmethane 2.2 -diisocyanate, and
oligomeric diphenvimethane diiseeyanate, For the purposes of this preferred
embodiment, component & particularly  preferably  comprises  oligomeric

diphenyvimethane difsoeyanate, and has 3 funetionality of at least 2.4,

The viscosity of component A} used can vary widelv, The viscosity of componsent
Al is preferably from 100 1o 3000 mPa®s, particalarly preferably from 200 1w
258G mPa¥s,

Moditied polyisooyvanates are often ulso used, these being products which are
shiatned via chemical reaction of organie polyisocvanates, and which have at least
two reactive isocvanate groups per molecute. Mention may in partieular be made
of polyisocvanates comprisiug ester, urea, biuret, sllophanste, carbodlinide,

socyanurate, urstdione, carbamate, and/or urethane groups.

Examples of tndividus] compounds that can be used arer organic, preferably

S S
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aromatic polyisorvanates which comprise wethane groups and which have NCO
contents of from 33.6 to 15% by welght, preferably from 31 to 21% by weight,
based on the total weight, for example with lov ~molecular-weigly dioly, tnisls,
dialkvlens plyveols, trialkylene glyeols, or polyvonyalkyvlene glyeals with molecular
weights up o 4000, in particdlar with moleculsr weights up to 1500, modified
diphenvlmethane 4.4 -diisocyanate, modified diphenvimethane 4.4° and 2.4«
dilsocyanate mixtures, or modified wrade MDI or tolvlese 24- amlfor 2.6
diisocvanate, where the following mey be mentioned by way of example a5 di- ar
pelyoxyalkvlens ghveols which can be used individually ot in the form of mixturess

dicthylene and dipropylene glycol, pelyoxyethviene, polvoxypropyiene awd

maivexypropylense polyoxvethyline glveols, and corresponding triols and/or tetrols.

Other suilable compeonnds are prepolyvmers comprising NCQ groups and having
NCO contents of from 33 1o 3.8% by weight, preferably from 21 to 1456 by weight,
based on the total weight, produced from the polvester polvaly deseribed
hereinatter and/or preferably from the polyether polyols des cribed h ereinafter, and

diphenylmethane 4.4 dilsoovanate, mixtores of diphenyvimethane 247 and 4.4°-

diisocyanate, and of telylene 24 andior 2,6-diisocvangtes, or cruds MDY

iMher compounds that have proven successful e lHgquid polyiscoyanates
somprising varboditmide groups anddor comprising isocvanurate rings and having
NCO contents of from 33,6 10 13% by weight, preforably from 31 to 21% by weight,

based on the total weight, e.g. based on diphenyvimethanse 4,47+, 2,47, andior 2.2°-

difsopyanate andfor tolylene 204 andior 2,6 -dilsocyanate.

The modified polvisouyanaies can optionally be mixed with one another or with
unmodified orgamic polvisseyauates, such as diphenvimethane 2,47 or 4.4

ditspcyanate, crude MDL or tolylene 2.4« andior 2, 6-diisocyanate, The following

polyvisocyamutes have proves particularly successfol and are preferably used:

mixtures of tolvisne difsoovenates and orude MDL or mixtures of modified organic
polvisocyanates compristog wodified arethane groups and having an NOG content

of from 33.6 to 153% by weight, in particular those based on tolviene diisocyanates,
on diphenylmethane 4,4 -disocyanate, or on diphenyimethane difsooyanate tsome

TLERSETON

f)",



o

g
i

fesnes

fx

{

mixiures, or crude MDL and in particalar crude MDI with 2 diphenyimethane

ditsooyanate isomer content of from 25 1o 80% by weight, preferably from 30 to

3% hy weight,

Component B

In the invention, componant B} s one selected from polyetherols, and the starting
material 2%} is free from polvesterols.

Polyether polyols can be produced by known processes, fur cxample via anionic
polymerization with slhali metal hydroxides, ¢.g sodium hydroxide or potassium
hydroxide, or with alkeli metal alooholstes, s sodiwn methoxide, sodium
vthoxide, or potassium cthoxide, or potassiin fsopropoxide, u catalysts, and with
additton of at least one starter molecule which comprises from I to &, preforably
from 2 1o 6, reactive hvdrogen atoms, or via cstionic polvmenization with Lowig
acids, such as antimony pentachloride, boron {luoride stherate, inter alia, or
bleaching earth, as catalysis, from one or more alkylens nxides having from 2 to 4
carbon aloms in the alkviene mofety. It is also possible to use multimetal evanide
compounds, kovwn as MO catalysis. Tertiary amines can also be used as eatalyay,
an sxample  bemg tristhviamine, tributviamine; rimethviaming,

dimethviethanolaine, imidazole, anddor dimethyicyclohexylaming,

Examples of alkylene oxides suitable for producing the polyether polyvols b1j, b2),

and b31 are ethvlene oxide, propylene ixz--.orx;isﬁle, propylens 1,3-oxide, butvlens 1.2«

andfor 2,3-oxide, tetrabydrofuran, and styrene oxide, preferably ethylene oxide and

propylens {2-oxide. The alkylene oxides can be wsed individually in alternating

succession, or i the form ol mixiures,

I one preferved ambodiment of the Invention, a mixture of

b1} from 35 10 7S parts by waight of one or more Migh<functionality polyether
alechols with functivnalities of from 1.5 to 5.5 and with & hydroxy number of

TSN N
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from 400 o 350 mg KOH/g,
b2} from 2 to 30 parts by weight of one or more polvether aleohols based on
a}igr}miﬁa armnes with fupctienalitiss of from 3.3 10 4.5 and with 8 hyvdroxy
b3) frow 15 to 33 parts by waigh‘i af one or more polyethor alcohals with
foncticnalitiss of from 1.3 o 3 and with 2 hydroxy nueaber of from 150 to

450 mg KOy
15 used as component By

The sum of the parts by weight of bl to B3) of component B) is defined as not

excesding 108 parts by weight.
The hydroxy nomber 1s detenuined a5 in DIN 53240,

In another embodiment, the present tyvention secordingly provides a process for

producing composite elements as described above whers a mixture of

bl from 35 to 75 parts by weight of one or more high-Bunctionslity
pobvether alcobinls with Nunctionalities of from 3.5 to 5.5 and with a
hydroxy sumber of from 400 1o 550 myg KO/,

b} from 2 to 30 parts by weight of one or mare polyvether alvohols based on
aliphatic amines with functionalities of from 3.5 1o 4.8 and with
wydrovy number of from 450 1o 900 mg KON/, and

b3} from 15 to 35 parts by weight of one or more polvether alonhols with
functionaiities of from 1.5 t0 3 and with 2 hydroxy number of from 130
i 4530 wmg KOH/g

pod

18 naed ag component By,

The following compounds can be used as starter molecules for e polvether
alcohols by, b3, and B3) used in the invention:
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b1} In particnlar, hydroxylated high-functionality compounds, in particular sugars,

a3

starch or Bgnt, are usod ay starter substances. Glucose, sucrose, and sorbite} are
the usual reaction conditians of aikzﬁ;myiatiam it 1s generally usual to alkoxylate said
compounds together with ooinitiators., Particularly suitable coinitistors are water
and lower polvhydric alechols, g glyeerel, timethylolpropans, pentasrythritol,

ethylens glyeol, dicthylene glveel, propylene glveol, and homologues of these.

b2} Particular starter molecules nsed are ammonia, polyfunctional aliphatic amines,
m particular those having from 2 1o 6 carbon atoms and having primary and
secondary amine groups, and also aming alechols having from 2 to 6 carbon atoms
in the main chain It s preforsble to use sthvlamine, moncalkyviethylenediamines,

L3-propyiencdiamine, diethanolaming, and tricthanclamine,

by Starter substances used are water smdior low-molecular-wet ght di~ or tnhwdrie

aleohols. In pardculss, Unear or branched aleobols having from 2 to 12 sathon

atomty are used, i particular those having from 2 1o & carbon woms in the main

chain. Examples of preferred compounds used as starter substances are, alongside
water, glyveerol, tnimethylolpropane, sthylene glycol, propylene ghyeol, diethylens
glveal, dipropylene glyeol 1 4-butanediol, 1,6-hexanedivl, snd homologues of

X

BERC,

Yooy

The polyether alpohols bl) preterably have functionalities of from 3.7 10 5 2 and a
hydroxy number of from 400 to 320 mg KOH/g, and particularly peeferably have
functionalities of from 3.9 to 5 and a hydroxy number of from 400 to 500 my
KOH/g, and very particularty preferably have functionalities of from 4 to 4.5 and

a hydroxy number of from 430 to 5300 mg KOH/g
The proportion of componsnt b} is preferably from 35 o 75 parts by weight,
particudarty preferably from £6 o 74 parts by weight, snd specifically from 57 to

73 parts by weight, based on component By

Polyether alochols b2} preforably have a functionality of 4.0 snd a hydroxy nawbey
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of from 470 1o 304 my KOM/g, and particularly proferably a functionality of 4 and

& hydroxy mumber of from 730 10 800 mg ROH/

The proportion of component b2} is preferably from 2 to 30 parts by weight,
particularly preferably from 3 to 22 parts by weight, and specifically from 6 to I8

parts by weight, based on component Bh

Polyether aleohols b3} with functionslities of from 2 o 3 and with a hydroxy

number of from 220 to 430 mg KO/

In another embodiment, the present invention accordingly provides a process for
producing composite alements as deseribed above where the polvether alecholis)
b3} has/have functonality hnclionalities of from 2 to 3 and 2 hydroxy number of

from 320 to 430 mg KOH/g,

Particular preference is given 1o polvether a \Uh{‘}“v B3 with & Hhunctionality of 3

and with a hiydeoxy number of from 380 to 420 mg KOH/a,
The propostion of component b3} is preferably from 15 o 35 parts by weight,
partivularly preferably from 12,5 to 32 parts by weighy, and specifically from 1010

25 parts by weight, bassd on component B,

{ng or more polvether aleohols can be used as b3} Forther information conceming
poivether aleohols Bl b2y, and b3} used, and also concerning pmdumim& of

these, is found by way of example m Kunsistofthandbuch, Band 7 “Polvarsthane

{Plastics handbook, volwme 7, "Polyurethanes”], adited by Ginter Oertel, Carle

Hanser-Yerlag, Munich, 3% sdition, 1893,

Component B} can also optionally comprize chain sxtenders anddor crosslinking
agents. Particulsr chain extenders andfor crosslinking agents used are 8t~ or
trifuncticna] amines and aloshels, in pariivular dinls, triols, or both, v each case

with molecular weights smaller than 400, preferably from 68 1o 300
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I is also possible to use fatly-acid-modified polysther aleohols az component B},

For the purposes of the present nvention, a faity-actd-modified polyether polvol is
g reactinn product of at least noe starter moleeule with atkylens oxide and with ad
least one fatty acid andfor with at least one fatty geid derivative. Polyols of this

type are known per s¢ to the person skilled in the art,

i one preferred embodiment, the fattyv-acid-modified polyetheral is the reaction

product of

BEL) from 15 to 635 by weight, in particular from 20 1o 33% hy weight, of
one or more polyols or polyaniines with an aversge functionality of from
23108,

BEZ) from 2 to 30% by weight, in pasticular from 8 to 25% by weight, of one
ar more fatty acids apdfor fatty acid monvesters,

BER) from 335 to 83% by weight, in particular from 480 to 75% by weight, of
one or more alkviens oxides having from 210 4 cardon atoms,

based in each case on the ol amount of components BFD to BF3), which

gives 100% by weight

i fatty-acidomadified polyotherols are used, iU is proforable 1o omit use of
polyetherol compuonent b2y and i s panticularly preferable to omit use of
components bl and b3y and spesificatly to omit wae of componenis b1, b2}, and

h3).

Blowing agent C) nsed for the process of the fnvention can be the blowing agents

usually used for producing rigid pobeurethane foams.

Blowing agent O} wsed can comprise not only water but alss well-known
compounds having chemdcs] andlor physical effect. The expression chemical
blowing agents means compownls which form gassous products via reaciing with
isoeyanate, sn example being water or fermic aeid, The expression physicsl

blowing agents means compounds which have hesu emmulsified ar dissolved i the
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starting matertals for polvarethane production and vaporize under the conditions of
polyurcthane formation. These involve by way of example hydrocarbons,
halogenated hydrocarbons, snd other compounds, for example perfluarinated
alkanes, such as perfinorchexane, fluprochisrocarbons, and others, esters, ketones,
acetals, and also {norganic and organic compounds which release nitrogen on
heating, or & mixture thereof, for emmp}fz {’cyci@}aiig}i&&tia ia,}’dzm:-afi}ms izaving
{HFC243 fa), inifluoramethane, i ihmmmeihams, 1,1_\i_\'3,i%-'-pentaﬁuamimtana

(HYC 263 mfc), L1 1L -tetrafluorosthane, diffuoroethane and heptafivorapropane.

It 15 advantageous to use low-boiling-point aliphatic hydrocarbons as blowing
agents, preferably n-pentane andior isopentane, in particular n-pentane,

Wi

The boiling point of nepentane 15 36°C, gl that of {sopentans is 28°C. The boiling

1.

poinls ave therefore within s range adv antageous for the hlowing PIOCOSE,
Water is also sultable ay blowing agent, slose or in combination with one of the

blowing agents mentioned,

In anotber emwbodiment, the present invention accordingly provides a process for
producing composite slemenis as deseribed shove where the blowing agent is one

selectad from the group consisting of n-pentane, isopentans, and water.

Sinoe the aliphatic hydrocarbongs suitsble as blowing agents are combustible and
explogive, the fogming systems must have the appropriate safety eguipment that ig

alse necessary when n-pentane s used as blowing spent.

It ts advardagesus to use the aliphatic hydrocsrbons together with water as blowing

The smonnt nsed of aliphatic hydrocarbons 18 from 2 to 30% by weight,
preferably from & to 19% by weight, based on component 81 The proportion of
water depends on the envelope density desived for the nigid polvurethans foam, and
is generally from 1 to 5 panis by weaight, 1o particular from 1.5 1 8 parts by weight,

and very particularly from 2 to § parts by weight, of water, hased on componern
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Auxiliaries and/or additives B can optionally alse be incorporated into the reaction
ouxture for producing the rigid polyursthane fowms. Examples that mayv be
mentioned are surfactant substances, foam stabilizers, cell regulators, filers, dyes,
pipments, Hame retardants, bydrolysis stabilizers, and fungistatic and bacteriostatic
substanves.

Examples of surfactant substances that can be used sre compounds which serve 1o
promote the homogenization of the stariing msterials and optionally are alss
suitable for regulsting the cell structure of the plastivs. Examples that may be
mentioned are emulsifiers, such s the sodiom salts of castor oil sulfates, or of fatty
avids, and also salis of fatty acids with amines, og disthviamine oleste,
dicthanolaming stearste, disthavolamine ricinoleats, salts of sulfonic acids, ¢ ¢ the
atkali metal ar gmumoenium sallts = of dodecyihenzene oF
dinaphthylmethanedisulionic sold and ricinoieic acid, foam stabilizers, such as
siloxane-oxalkvisne copelymery snd  other orpanopolysiloxancs, cthoxvisted
atkyviphenols, ethoxylated {atty slcohols, paraffin oils, castor oil esters or ricinoleie
esters, Turkey red oil, and peanet oil, and cell regulstors, such as paraffing, fatty
aleohals, and dimethylpolysiloxanes. A suitable method for improving emulsifving
effect. cell atructure, andior for stabilizing the foam is muoreover to use the
shgomeric sorvlates described shove with polvexvalkylene and funoroalkane
moteties as side groops, The amounts usually used of the surfactant substances ars

from 0.0 10 3 parts by weight, based on 100 parts by welght of component B).

Fillers, in partiowdar reinforcing Hllers, are the following conventional materials
known per se organic angd norganie fillers, reinforcing agents, weighting anents,
and agents to improve sbrasion behavior in painis and coating compositions gt
Individual examples that may be mentioned are: inorganic fillers, such as silicatie
minerals, e phyllosilicates, such as antigorite, serpentine, horblandes,
amplitboles, chryvsotile, nle powder metal oxides, suech a3 ksolin, sluminum

oxides, ttantwy oxides, and tron oxides, metal salts, such as chalk and barvte, and

inorganic pigments, such as saloinm solfide and zine sulfide, and also glass, inter
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alia, It is prefersble to use kaohin (china clay}, aluminum silicate, and coprecipitates
of bartum sulfste and aluminum silicats, or else natoral snd synthetic fibrous
miinerals, such as wollastonite, or various-length fibers of mistal and in particular
of glass, where thess may optionally have been sized. Examples of organic Allers
that can be used are: carbon, melamine, colophony, cyclopentadienyl resing, and
gratt polyvmers, and also cellulose fibers, polyvarnide fibers, polvacrylonitrile fibers

o

polyurethane fibers, and polyester fibers based on sromatic and/or aliphatic

dicarboxylic esters, and in particular carbon fibers.

mixtores, and amounts of these advantageonsly incorporated into the reaction
muktore are from 0.5 to 50% by weight, preferably from 1 to 40% by weight, based
on the weight of the enfivety of components Ay and B), where the content of mats,
ponwovens, aud wovens made of natural and synthetie fibers can however reach

values up o S0% by weight.

Organie phosphoric andfor phosphonic esters can be used as flame retardants. It is
preferable to use compounds that are {nert toward isacyanate groups. Amaong the
preferred compounds are also phosphoric esters comprising chlorine. Examples of
suitable flame refardants are tns(2-chipropropyl) phosphate, tricthyl phesphate,
diphenyl cresyl phosphate, diethyl ethanephosphonste, tricresyl phosphate, tris(2-
chloroethyll  phosphate,  wis(1 3-dichloropropyll  phosphate, tris(2 .3+
dibromoepropyl)y phosphate, tetrakis(Q-chloroethyl} ethvisnediphosphate, dimethy
methanephosphonate,  disthyl  dicthanolaminomethyiphosphonate,  and  also

commerciglly gvatlable balogensted Same-retardant polyols.

It is also possible to use, alongside the shove, flame retardants comprising bromine.
Flame retardants used comprising bromine wre preferably compounds which are
resctive toward the isoeyanaie group. Examples of compounds of this type are
esters of tetrabromophthalic seld with aliphatic diols, other examples being
alkoxylation products of dibvemobutenediol. It i also possible to we conpounds

that belong to the group of the brominated neopentyl compounds comprising OH

groups.

o B g
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Compounds that can alse be used, other than the asbovewmentioned halogon
substitnted phosphates, for providing flame retardancy to the polvisooyanate
polyaddition producis are inorgsnic or organic flame retardants such as red
phosphorus, alumimm oxide hydrate, antimony trioxide, arsenic oxide, ammonium
poiyphosphate, and calcium sulfate, eoxpandable graphite, or ovanurie acid
derivatives, e.g. melamine, or 3 mixture of &t least two flame retardaniy, o.g
ammoniom  polyphosphates and melamine, and other compounds that may
optionally be used wre corn starch or ammoentum polyphosphate, melaming, and
expandable graphite, andfor optionally aromatic polyesters, It has ssmem‘ﬁy proven
advantageons 1o use from 5 to 50 parts by weight, preferably from 5 1o 23 parts by
weight, of the flame retardanis mentioned for every 100 parts by weight of

companent Bl

 Further details concerning the shovementionad other conventiona! suxiliaries snd

additives can be found in the techmical Hierature, for example (n the monngraph by
LH. Saunders and KU Frisch "High Polymers”, volume XVI, ?@l}-’m‘@ihzmes, parts

Iand 2, Verlgg Interscience Publishers 1982 and 1984, or in the Kunststoff
Handbuch, Polyurethane, Band VII [Plastics handbook, Polyurethanes, volumes

VIHL Hanser-Verlag, Munich, Vienna, 39 edition, 1993,

The mixing ratio of the components used is described hy way of the {soryanate

index. The isocyanate index i3 the equivalent ratio of scoyanate groups 1o groups

reactive toward wsocyanate, moltiphied by 100, By way of example, an isoovanate

o

S

index of 70 means that the mumber of reactive NCO proups in component &) for
gach reactive QH group in component Bl 1o B} is 0.7, ar that the number of reactive
ROU groups in components B) to B} is 143 for each reactive NCOQ group in

component Al

In one }?Yefﬁz‘?mﬁ embediment of the invention, the amounts reacted of the
polyisocyanates A} and component B for producing the tigid polvurethans foams

are such that the fsocyanate indeg is in the rangs from 110 1o 240, preferably from

120 to 210, panticularly preferably from 130 to 180, specifically from 135 to 180,



10

s,
5%

20

2
Yo

bk
s

and in 8 specific cose from 144 to 150, The isocyanate index iz the molar ratio of
isocyanate groups o groups reactive toward isooyanate groups, multipited b_y 104
Lower resction temperatures and tmproved mechanical properties are thus also
achisved, i addition to surface improvement, in particular improvement of the

uppeyr foam surface.

In another embodiment, the present invention accordingty provides a process for
producing composite elements as deseribed above where component A} and
compaonent B} to Ej are nsed in such g way that the isooyanate index is smaller than

Application apparatus

In the invention, the application process is achieved by means of g fixed application
apparatus. I 15 particularly preforable that sard fixed -ﬁpp‘sicaﬁi}i}. anparatus is
composed of at least one fixed tube ¢} provided with apertures 1) and attached
substantially parallel to the onter layer b)Y and substantiallv at right angles to the

direction of movement of the vuter laver by

In anotlier embodiment, the present invention accordingly provides a process for
praducing composite slements as desertbed above where the fixed application
apparatus ¢} 18 composed of at least one fixed tube o) provided with apertwees §}
and attached paraliel to the outer laver b) and at right sngles o the direction of
movement of the outer laver by

The at least one tube s particularly proforably one attached paraliel o the outer
layer b} and at right angles © the direction of movement of the outer laver b)Y, For
the purposes of the process of the invention, the at least one tube o1 1s 8 fixed tbe,
Lo the angle befween the longitudingl axiy of the tubels) and the direction of
wovement of the outer layer 15 constant, being in sssence a right angle, or being a
right angle. It is possible to use, as application apparatus, ane tube or preferahly a

plurality of tnbes gttached slongside one anvther in 2 losgitudingl direction,

FREOEEIEN
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The application spparatus is knows from the prior art and is deseribed by way of
exampie in WO 2000/077490, the entive content of which I incorporated by way
of reference into the present invetion. The spplivation spparatus is heradnafier also

termied rake applicator.

In one preferred swbodiment; the arrangewent of at least two tubes ¢) provided
with apertures £ is in particular such that they form g steaight Hne, Jtis proferable
3

0 wse from 3 te 4, parficularly from 2 te 3, and v particolar 2, tubes ¢ as

application apparatus {rake applicator).

The rake applicator of the invention has, as desvribed, & shape similar to that of &
tube, with holes on the underside, distributed across the entire length, and with the
reaction mixture intake aither at vne end of the tubes o} or preferably in the middle
of these, If a plurality of tubes ¢} are used, it is preferable that the intaks method

used is identical for all of the tubex o)

The tubes ¢}, or the tubses ¢} arvanged alopgside one another in a lopwitudinal
direction, can together have a Jength which is squal to the width of the cuter layer
b). Bt is preferabie that the length of the tube or of the tubes o) attached alongside
one another in a longitudinal direction 15 smaller than the width of the outer laver
b, i order to ensore that none of the reaction mixiure is applied alongside the outer
tayer by, The arvangement here has the rake applicator in the middle over the outer
taver by, It is preferable that the rake applicator sovers at least 70% of the width of
the outer laver B, I the width of the onior laver Biia 1.2 my, as is conventional for
sandwich clements, there would be o width of 25 om not covered by the rake

apphicator on gach side,

1 18 preforable that the rake applicator covers st least 70%, particularly at least

8U%, and in particular at feast 25%, of the width of the cuter laver b

It 18 preferable that the height of the rake applicator above the outer laver b) is from

Lo~

S 10 3¢ cam, preferably from 10 o 30 am, in particular from 15 to 25 om.

FETBEESGNR
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The nunber of apertures £y along the tube ©) or slong cach tube o 18, depending on
the length of the tube ¢}, at loast 2, preferably at east &, particularly prefersbly
from 10 in 30, and in particular from 20 to 0. It s preferable that the number of

holes s an sven numnber,

The diameters of the apertures ) are In the range from 0.5 to 10 mum, preforably
from 0w to 4 mm. The distances of the apertores ) from ong another are
preferably from 5 to 200 num, particwlardy preferably from 3 o 60 mm, and in
particular from 10 t0 30 mm. The distance, and the diameter, is preferably identical

across the entive length of the tube o).

The internal diameler of the tube ), or of each tube, is from 0.2 10 5 o, preferably

0.3 0 2.5 am, and in particular fom 0.2 10 2 oy

tn one particularly prefurred embodiment, there are ditferenves {n the lengths of the
apertures 1} slong the length of the tube{s) ©). The expression “length of the
apertres 117 meana the distagee that the mixtore 2%) b 1o travel from the intenior

nf the tube o untll it is discharged from the tube ¢} This can be achieved in various

3

ways, Fiestly, the internal dismeter of the tobe ) can be altered. This is not

preferred, since components of this type are ditficall to produee and to clean,

{tis preferable thas the length of the apertures D) is shtered by attaching a componsnt
ar a plurality of coraponemis at the underside of the tbe ¢} in sueh & way that the
length of the bules varies in the dosived manner. This measure actually changes the
wall thickness of the tube ¢} The manner in which the hole lengths deersase, from
the location of the input of the starting marerial for the 1socvanate-based rigid foam
2%} to the end, 18 not linear, but nstead is exponential, The manner of lengthening
of the apertures f_} is usually such that the length devrsases in the direction from the

RN

fput of the mixture a%) to the ends of the tnbe ). When the Input for the mixture

n

&%} is in the nuddle of the tube o), therefore, the length of the apertures ) deeresses
in the direction toward the edges. When the input for the minture a*) is at the edge
of the tube ¢}, the longth of the spertures £ decreases in the dirsction from the inpug

side o the other side.

FTLTOEGRIEN
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In particular, the rake applicator, which is preferably composed of plastic, can be
produced from a single component, Le, in one piece. The length of the apertures
varies as in the descriptions shove, in that the lengths of the apertures are adapted

by using tubular extensions at the underside of the tube.

The length of the apertuves ©) has preferably been selected in such a w ay that the
ratie of the length of the apertures ) from the edge to the middle for sach tube <}
is froms 11 to 10, The ratio iz particularly preferably from 2.5 to 10, in particnlar

from 8 to 10,

I a plurality of tubss ¢} are used, the variation of the length of the apertures 1) is
designed :dentivally for all of the tubes o). Fach of the tubes ¢) provided with
apertures 1} has conneetion to mixing equipment for the mixing of components of
the flowable starting material for the isoovanate-hased rigid foam &™) This ix
usually achieved by means of an m;mi d} and ) situated therebetween. This takes
the form of tube, amd if 2 phurality of tubes o are used, cach has connection to the
input. This can be achieved via atube from which in tirn there are connecting fubes

running sebward 1o the tubes ¢},

The diameter of the inputs d) s preferably constant. It i3 preferably from 4 to
30 pum, particnlarty preferably from 6 to 22 mm.

The design of the process of the invention is preferably such that the amount of the
Howable starting materisl applied to the outer laver b) for the isoovanate-based
rigid foam a*) iz from 2 kg/min to 100 kpimin, preferably from R kg/min o
ol kg/min,

The visvosity at 25°C of the flowable starting material for the isoevanate-based
rigid foam a® ) {s preferably from 100 mPa®s to 4000 mPats partioulurly preferably

from 100 mPa®s to 3500 mPa®s, in particular from 200 to 2000 mPa®s,

In another cmbodiment, the presemt invention accordingly provides s process

TRREREIGR
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aecording to any of claims 1 to 12 where the viscosily at 25°C of the Hauid starting

material for the rigid foam 2%) & in the range Hom 100 mPa¥s 1o 3500 mPas

The process of the invention is particularly suitable for foams with a short gream
time for the system. The creaw time for the systems used for the process of the
invention iz proferably below 15 s, with preference below 12 &, with partiadar
preference below 105, snd in particular below B 5, while the fiber time for the
systemn is from 20 1o 60 5. The expression cream thue means the time between the
mixing of the polyel componest and isovyanate component and the start of the
grethane reaction. The expression fiber ime misans the Hme from the mixing of the
starting components for the foams to the juncture at which the reaction product is
no longer flowable, The fiber time is adapted to be appropriste o the slement

thickness produced, and also to the speed of the twin belt,

It is preferable that the rigid foams of the ~zwer‘imn gre praduced in continnously
operating twin-belt systoms. In these, & high-presswre machine is used to moter the
polyvel companent and the ispovanate component and o mix these in a mixing head.
Separste pumps can be used in advance to meter catalvats andior blawing agents

into the polyol mirtuee,

vuier layer and the lower outer layer with th._a reaction muxture run inte the twins
belt systen, In thig, the reaction mixture foams and hardens. Ones the material has
left the twin-belt system, the continuous strand s oot apart to give the desired
dimenstons, It i thus possible o produce sandwich elemenis with metallic outer
lavers or fnsulation slements with flexible outer lavers.

The sturting components are mixed at » temperature of from 15 to 90°C, preferably
of from 30 1o 60°C, in particular of from 20 1o 45°C. The reaction wixturs can be
poured wnte closed supportive minlds by high- or low.pressure metering machinery,
This technology 18 used by way of example to manufacture diserete sandwich

slemenis

The density of preferred lavers made of dgid polyorethane foam is from 0.02 o
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0.75 gleny’, preferably from 0025 to 0.24 giomt, and in particulsr from 0.03 1o
4.1 giom’. The materiale are particnlarly suitable as tusulativn material in the
construciion sector and in the sector of refrigersiors and freevers, for example
the form of intermediate layer for sandwich elements, or for foama for insertion

into refrigerator casings and chest-freezer cusings.

The ngid foams produced by the process of the invention exhibit good surfaces
with few defeats, goad adhesion, and good curing. At the same time, the mixture

formed from components B to B) has good shelf Hifs of a number of monthy at
¥ ‘

08T or B

The present invention further provides a composite element ahtainable by a process

as desoribed above,

Combinations of preforred embodiments are within the seope of the prosent
invention. This is in particular trus io relation to the embodinenis characterized ax
preferred fur the individual componsnts A) to B) of the present invention. and in
relation to the combination of preferred componsnts A) to B) with vreforred

embodiments of the application provess.

1t resirict the present iyvention, L,.,u icular, the present invention slso a:amprises these
embodiments which result from the dopendencies stated hereinafter. and thus fom

sombinations.

Lo A process for producisg composite elements mmprﬁsiﬁg at least one rigid

Fowmy layer 2) and at least one outer laver by, at least comp = the following

{1y providing s flowable starting material a%)
(i) applying the flowable st arting material a%) to the suter fay ver bbby means
of & fixed application apparstus ¢ while the outer laver B) is moved

continusushy,
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where the starting material #*) comprises the following componenis:

Al at least one polyisocvanase,

By al least one polyol,

)  atleast one blowing agent,

1} catalyst composition comprising
at least one compound D1} selected from the group consisting of
metal carboxyviates and ANONTUN
tristdimethyvlaminopropyDhexshydretiagine:

- at least one compound D2} which estalyvzes polvurethane formation

and which differs from the compound D) and comprises at least one
aning group, and

E} aptionaily auxiliarfes and adiditives,

where component B) is one selected from poiyetherols, and the starting

material 8%} is free from polyesterols,

The process according to embudiment 1, where the ratio by weight of the

compound D33 fo the compound D) is greater than §.

The process secording to smbodiment | or 2, where the amount used of the
catalyst D13 is in the range from 0.1 1o 2.5 parts by weight, based on 100 parts

by weight of component By

The process according to any of embodimenis 1 te 3, where the amount used
of the compound D2} is at least 0.1 part by weight, based on 100 paris by

weight of componant By

The process according to any of embodiments 1 o 4, where the carboxylate

18 one selected from the group consisting of formate, octsnoate, and acetute.

The process according o any of embodiments 1 1o 8, where the catalyst

et
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compasition comprises gt least one potassiom carbexviate and NN N-

iris(dimethylaminopropybbexahydeottiazine.

The process according to any of embodiments 1 1o 8§, where the compound
£32} 18 one selected from the group consisting of amidines, tertiary amines,

amd atkanolamines.

The process according to any of embodiments 1 in 7, where & mixtire of

b1} from 35 to 75 parts by weight of one or move high-functionality
polyether alcohols with fonctionalities of from 3.5 5.5 and with a
hydroxy number of fror 400 1o 350 mp KOH/g,

b2 from 2 to 30 pants by weight of ane oy more polvether alcohols based an
aliphatic amines with functionalities of from 3.5 to 4.5 and with a
hydrosy number of Hom 450 to 8060 mg BOH g, and

b3} lrom 15 to 35 parts by weight of one or more polvether aimhui with
functionalities of from 1.5 10 3 and with 8 bydroxy number of from 150

o 450 mp BOHg

is used as component B).

The process according to embodiment & where the polyether aloohol(s) b3y
has‘have fusetionality/fonetionalities of from 2 10 3 and 2 hvdroxy number of

from 224 to 430 wmg KOR/@e

The process according to any of embodiments 1o 10, where component A}
and component B) to Ej are used in such a way that the tsocvanate index i

smalier than 189,

The process weovrding o auy of smbodinents | 1o 10, where the blowing
ageunt 18 one selected from the group consisting of n-pentane, isopentane, and

water.

S e
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The process gecording to any of embodiments 1 to 11, where the fixed
application apparatus ¢} i3 composed of at least one fixned tube ©) provided
with apertures ) aud attached paraliel to the outer laver by and gt right sngles

i the direction of movement of the cuter layer b

The process according to any of embodiments 1 to 12, where the viscesity at
25°C ot the liquid starting material for the vigid foam a*) i3 in the range from

10 mPafs to 3500 mPatsy,

A composite slement abiainable by a8 process according to any of

smbadiments | to 13,

A process for producing composite slements cotprising at least one rigid

foam layer a) sud ot least one culer layer b, at least comprising the following

sigps:

{1} providing o flowable xtarting msterial a%)

{1} applying the Sowable starting material &%) to the onter layer 1) by means
of # fixed application apparates ¢) while the outer laver b) is moved

continpousty,

where the starting material 8%} comprises the following components:

A} 8l igast one polyisocyanats,
B} at least one polvel,
1 at least one blowing agent.

3} catslyst composition somprising

-~ gt least one compound DY selected from the group consisting of
nital carhoxyiates and PN

tris{dimethvlaminopropyhhexshvdrotniazine:
~ at least one compound D) which catalyzes polvurethane formation
and which differs from the compound D) and comprises at least ong

amine grouy, and
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£} optionatly auxiliages and additives,

where component B) is one selected from polvetherols, and the starting

material a®} is free from polyesterols,

where component A} and component B} to B} are used in such a way that the

isaeyanate index is sinaller than 180

16, The process according to embodiment 15, where the ratio by weight of the
X o~ e é«\

compound D2} o the compound D1} is greater than 8.

7. The process according to embodinient 15 or 18, where the amount used of the
catalyst D) iafn the range from 0.1 to 2.5 parts by weight, based o 160 parts

by weight of component B).

18, The provess according to any of embodiments 15 to 17, where the amount

used of the compeonnd D3} s at least 0.1 part by weight, based on 100 parts

by weight of component By

18, The process sccording to any of embodiments 15 to 18, whers the carboxylate

is one selected from the group vongisting of formate, aclancste, and acetate.

28, The process secording to any of embodiments 15 10 19, whers the catalvst
compmsition comprises at least one potassinm carboxylate and NN K-

tristimethviaminopropyi Yhexa-hydrotriazine,

a2
s

The process sccording to any of embodiments 13 10 20, where the compound
D22} 18 ong selected from the group cousisting of amidines, tertiary amines,
aud alkasclamings

32, The process according to any of embadiments 15 o 21, whers a mixture of

B} from 33 to 735 pans by weight of one or more high-fonetionality

TEREEEES N
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polyether alcohals with functionalities of from 3.5 to 5.5 and with a
hydroxy mumber of from 400 to 350 mg KOR/e,

b2y from 2 to 30 parts by welght of one or wore polyether alcohiols based on
aliphatic amings with functionalities of from 3.3 to 4.5 and with a
hydroxy number of from 430 to 800 mg KOH/g, and

b3} from 18 to 335 parts by weight of ong or mare polyether aleohols with
Tunctionalities of from 1.5 to 3 and with a hydeoxy number of from 150

to 450 mg KOH/g

ts used as component B),

The process according to embodiment 32, whers the polyether aleohol{s) b3)
has/bave fmwtiemiﬁ,.}'_ijészmc‘-{ia;m‘a}ities of from 2 t0 3 and & hydroxy number of

from 220 to 430 mg KO/,

The process according to any of embodiments 15 to 23, where the Mowing
agent is one selectad from the group consisting of n-pentane, isopentans, and

waler

The process acourding to apy of embodiments 15 to 24, where the fixed
application apparatus ¢} is composed of at least one fixed tube ¢ provided

with apertures 1) and attached parallel to the outer lnyer b) and st right angles

i the divection of movement of the outer layer b).
The process according to any of erubodiments 13 to 25, where the viscosity

at 3% of the iiquﬁﬁ starting material for the rigid foam 8%} ia in the range

from 100 mPate to 31500 mPa®s,

A compoesite clameant obtalnable by a process according to any of

embodiments 15 to 26

28,

»1

A process for producing composite elements comprising at isast oge rigid

foam layer a) and at least one outer layer b, at least somprising the following

TLTSERIAN



1@

913

28

(4

o

it
<

steps:

(1}  providing s flewable starting material a%)
(i}  applying the Sowable starting material 8%) to the outer faver b) by msang
of a fixed applivation apparatus ¢} while the eunter fayer b} &8 moved

continnously,

where the starting material a*) comprises the following componsnis:

A at least ons polviancyvanate,
B)  at least one polval,
Uy at least one blowing sgent,
B catelyst composition comprising
- &t least one compound D1} selected from the group consisting of
metsl garboxviates and NN
tis{dimethylaminopropylihexabvdrotriaxine,
= at least one compound D2} which catalyvzes polyvurethane formation
snd whichs ditfers from the compound D1) and comprises st least one
amine group, and

£ aptinnally anxiliaries and additives,

where component B is one selected from polyetherols, and the stas tng

material 3%} 18 free from polvesterols,

where the ratie by weight of the compound D) to the compound D13 s
greater than 8.

iy

The provess according to embodiment 28, where the smount used of the

s ¥

alyst D1} is in the range from 0.1 to 2.5 parts by weight, based on 100 parts

%

by weighi of component B,
¥ 8 4]

The process according o sither of embodiments 28 and 29, where the amount

used of the compunnd D3} is at Isast 0.1 part by w wight, hased on 100 parts

o e e et
AT EES M
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by woight of component B).

The process according to say of embodiments 28 to 30, whare the carboxylate

15 one selected from the group consisting of formate, cetanoate, and geetate.

The process according to any of embodiments 28 to 31, where the catalyst
composition comprises at least one potassiwn carboxylate and NN N

tris{dimethylaminopropybhesa-hydrotriazine,

The process according to any of embodiments 28 to 32, where the compound
D2} 18 one selected from the group consisting of amidines, tertiary amines,
and alkanolamines.

The process according to any of embodiments 28 to 33, whers a mixtare of

X

e

bly from 35 to 73 parts by weight of one or more high-functionality

45823

polyether aloohols with functionalities of from 3.5 to 5.5 and with &

hydroxy nurber of from 400 to 550 mg KOH/g,

BRY  from 2 1o 30 parts by weight of one ar move polvether aloobols based on

aliphatic amines with Renctionalities of from 3.5 1 4.5 and with a

hydroxy number of from 450 to 900 mg KOH/g, and

(%28
L5k
g

from 15 1o 38 parts by weight of one or more polvether aleohols with
fupctionalities of from 1.5 to 3 and with 8 hydroxy numbee of from 130

te 450 mg KOH/g

ts used as component B,
The process aocording to embodiment 34, where the polvether aleshoifs) b3)
has/have Rnotionality Tunctionalitios of from 2 to 3 and g hydroxy number of

froms 220 to 430 mp KOH/ g

The process according to any of embodiments 28 to 35, where component A

and component B} to Eb are used in such o way that the isocvanate index is
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smaller than 180,

L
P

The process according to any of embodiments 28 to 36, where the blowing
agent is one selected from the group consisting of n-pentane, wopentane, and

water,

38, The process according in any of embodiments 2% to 37, where the fixed
application apparatus o) is composed of at least one fixed tubs o} provided
with apertures £} and attached parallel io the outer laver b) and at right angles

to the divection of movement of the outer layer b).

38, The process according to suy of embodiments 28 to 38, where the viscosity
at 25°C of the lgquid starting material for the rigid foam a%) is in the range

fror 100 mPats to 3500 mPa¥s.
40, A composite clement obtainable by a gmcs\ sccording o any of
embadinents 2K to 389,
The examples helow gro intended fo provide further explanation of the invention,
Examples
1. Comparative sxample |

The tsocyanates, and alse the components reactive toward isooyanate, were
famed together with the blowing agents, catalysts, and all of the other
additives at a constant mixing ratio of polyol component to isocvanaie of

101540

Ymrs
Pwoy

Polvol components

3.7 parts by welght of 2 polyether aleohnl with a hydroxy woamber of

FEIGHEIEN
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&.3 parts by weight

20 parts by welght
12 parts by weight
2 paris by weight

1.0 part by weight

R

450 mp KOH/g, based on propylene oxide and a
nistore of sucrese and glyeerol as starter,

of a polyether alcohol with g hydroxy number of
Ti0myg KOH/g, based on propvlene oxide and
sthylenediamine ss starter,

of castor o,

of tris-2~chlovoaisopropyl phosphate,

of Tepostab™ B8462 from Goldschmide,

of water

Additives:

4.3 part by weight of potassiom acetate in cthyviene glveol, 47%

solution {te. U1 part by weight of the catalyvtically
active carboxylaie}
7.5 parts by weight of n-pentane
3.8 parts by weight of dimethylevelohexylamine for adjusting Sber
times

about 1.2 parts by weight of water for adjusting foam density
[socyanate cmnponent:

150 parts by weight  of Lupranat® M3 (polymeric wmethviencdipheny!

disocyvanate (FMDI with 2 viscosity of ahowt

SO0 mPa¥s ot 23°C from BASNE 8F)
Experimsntal method

sandwich elemenis of thickness 50 mm with aluinan il of thickness
0.05 nim as outer layers were produced by the twin-helt process. Application
apparatus used comprised two fixed pipes arranged alongsule one snother, in
each case of length S60 mum, attached pavallel to the onter laver at o distance

of 90 mm and st right angles o the direction of maovement of the outer layer,
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and each having 14 apectures. The totake of the flowable starting material
was in the middle of the tubes, and the length of the apettures of the tube

decroased from the middle of the tnbes o thelr ends. The total amount
discharged of the reaction mixture was 132 £ 0.5 kg/min. The envelope
density of the foam hore was adjusted to 36 -+ 1 /L by varving the water
content, whils s-pentane condent was constard st 7.5 parts by weight. Fiber
time was moreover adiusted to 28 +4 1s by varving the proportion of

dimethyleyclobexviamine.

B

Inventive example |

The isocvanstes, and glso the componeants reactive toward isocysnale, were
fogmed topether with the blowing agemis, catalysis, and all of the other
additives at & constant mixing ratic of polyol component to isocyanate of

104250

2.1 Polyvel component:

AR0 myg mOf:*g bassd on propyiene oxide and 1

mixture of sucrose and glyeerol as starter,

8.3 parts by weight of a polvether aleohol with s hydroxy number of
T70mg KOH/g, based on propylene oxide sl
ethylenediamine as starter,

20 parts by woight - of g polyether alechol with 3 hydroxy number of
400 mg KOH/g based on propylene oxide and glyeorol
as starier

12 parts by weight  of tris-Z-chloroisopropyl phosphate,
2 parts by weight of Tegostab™ B8462 from Goldschmidy,

1.0 part by weight of water

R

Additives:

B B N
TATIRE RSN
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0.8 part by weight of potassium acetale in sthylene glveol, 47%
solution {L.e. 0.3 part by weight of the catalytically
gotive sarboxylate)

11 parts by welght of n-peniane

4.8 parts by weight of dimsthylevelobexviamine for adjusting fiber

tinies

sbout 1.6 parts by weight of water for adiusting foam density

Isacyanate component

250 parts by weight  of Lupranat® M3U (polymeric methylenediphenyl
dilsocyanate {(PMDI} with a8 viseosiiv of  asbout

F00 mPats at 25°C from BARF S§B)

Experimental method

Sandwich slements of thickness 30 mm with shoninam foll of thickness
8,08 mm as puter layers were produced by the twin-belt process. Application
apparatus used comprised two fixed pipes arranged slongside one another, in
each case of length 360 mm, stiached paraliel o the outer laver at s distance
of 80 nun aud a1 right angles o the direction of movement of the outer layer,
amd each having 14 apertures. The intake of the flowable starting material
wits in the middle of the tubes, and the length of the apertures of the tubes
decreased from the middle of the tubes to their ends. The fotal amount
discharged of the reaction mixture was 13.2 & 0.3 kg/min. The envelope
density of the foam here way adjusted to 38 +- 1 ¢/L by varying the water
content, while n-pentane content was constant at 11 parts by weight, Fiber
tine was moreover adjusted to 26 4 18 by varying the proportion of

dimethylevelohenylamine.

Comparative example 2
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The isocyanates, and also the components reacted toward isocyanats, were foamed

together with the blowing agents, catalysts, snd sl of the other additives with a

constant nuxing ratie of polyel component o {secyanate of 100 250

31 Polvel componem:

36.7 parts by weight of a pelyether alcohol with a hyvdroxy aumber of

8.3 parts by weight

28 parts by weight

12 parts by weight
3 paris by weight

1.0 part by weight

o

420 mg KOH/g, based op propyvlene oxide and a
mixiure of sucrose and glyeerol as starter,

of a1 polvether aleohol with a hydroxy number of

]

Tomg KOH/g based on propylene oxide and
cthylenedizmine a3 starter,

of a polvether aleohal with a hydroxy number of
400 mg KOH/ g, busad on propylene oxide snd glyceral
a3 startey

of gis-2-chlormizapropy! phosphate,

of Tegostab® B8462 from Goldschimidt,

of water

of potasstum  ascetate in ethylens glveol, 47%
solution (Lo, 0.3 part by weight of the catalvtically

getive carboxylate)

of n-pentang

af dimethylevelobexviamine for sdjusting  fiber

about 1.6 paris by weight of water for adjusting foam density

3.2 Additives:
4.6 par] by weight
11 parts by weight
4.8 pares by weight
times

3.3 Isocyanats component

} pufw\ b‘v Y‘e(‘”ig}

of Lupranat® MSO (polvmeric methylenedighenyl

ditsocyanate {PMDD with a wviscosity of ghow
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S0 mPa¥y at 23°C from BARF 8F)

3.4 Experimental method

Sandwich elements of thickness 50 mm with aluminum foil of thickness .03 mm
as guter layers were produced b}f the twin-belt process. The snvelope density of the
foam here was adjusted to 38 4/ | @/l by varving the water comtent, while n-
pentane content was constant at 11 patts by welght. Fiber tme was morsover

adjusted to 26 4/ 1 5 by varving the preportion of dimethvicvelohexylamine.

Application apparatus used comprised a tube {rake applicator) of longth 23 om and
with internal diameter 10 mm, attached parallel to the outer layer and in the
dirsction of ronning of the belts, and having 41 apertures of dismeter 1.2 v The
apertures had constant length and diameter over the length of the tube, The distance
of the firet aperture from the last aperture was 20 om. The intake of the §=qvmi
reaction  mixture was at end of the tube, The inpul amoant  was

2 kgfmain 44 0.5 ke/min Therake applicator oscillated during the application of

the }.iquid reaction mixture over the element with the required sandwich element.

The frequency of surface defects on the side that doring production is upward was
determined quantitatively vig an optical method, For this, & plane swface was
wmserted into a foam specimen at & distance of one millimeter from the upper outer

tayer (side that during production is npward), and material above this was removed,

For gquantiiative assessment of the surface, the surface of the foam was illuminated
from the right-hand side and then from the lefi-hand side, and in ecach case
photographed. The tmages were superposed and analyzed with image-anslysis
software. The surfuce defects wore visible as black areas here. The percentage of
the black areas, based on the entire surface args, is 2 medsure of the frequency of

surface defects on the fomm,

SR
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An additional qualitative assessment of the surfice quality of the foams was also

carried out, by removing the outer layer from a fosm specimen measuring T x 2

e and visual assessment of, and classification of, the surface.

Table 1 shows the resulis,

Lo

Tahle t

Csmpammc Inventive | Comparative
example 1 example { gxample 2

Surface of the side T Paees very good | Poor/
that during unsatisfactory unsatisfactory
mroduction is
upward, quslitative
axsesament
Surface of the side % cie 47 6.9 3.8
that during
production is
upward,

guantitative

a8sesamignt
':fiﬁv'i);f:ci applivator | yes | Cves no
apparatus
Potassivm acetate | parts | 0355 Taoy 6.251
by wt
Mising ratio 100: 150 250 250

1y The resulis in tuble 1 show that the frequency of formation of surfsce defecis on
the side that during production is wpward, at the interface with the metallic cuter
layer, has been markedly reduced in the toventive example. When & non-fixed
application apparatus is used but the experimental method {s in nther respects the

e

same a3 i nventive example 1, the surface is significantly impaired.
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Szabadalmi ipénypontok

L Eljaras lopalabb egy kemény habrétepet a) ¢s legaldbb egy feddréteget b) tar-
talmazd komponit elemsk oldallitasara, amely logaldbb az alabhi [épéseket foglalia magdbay:
(1} lolydsképes kilndulasi anvag #¥) biztositdsa
(11} a folydsképes kuindulast anyag a*) felhorddss a feddrdtegre B spy rogeftett fellurdd be

rendezdasel o) nuialatt a fedtrdtepst by folvamatosan mosgatiok,
ahol a kiindulast anyag a%) 2 kdvetlezd komponenseket tartabmazaa:

A legalibb epy politzociandt,

B) legaldbb opy policl,

() legalabb eev haitdanyag,

13} katalizdtorkéseitmeny, amely magaban foglal

- a fem-karboxildtokbol és az NN M rsz{dimetilaminopropiDhexabidrotriazinbdd dlld cso-
portbol valaszioft legalabb spyv vegvitletet Dy

- 2 poliuretdn képeddést katalizald s o vegyitlel DAL kilonbss8 85 lepalabl sgy amino

L

AN

cropurtot tatalmazd legaldhh egy vegyilatet 12}, &
E} adott esetben segédanyagokat &s adalékanvagokat,
szzal jellemerve, hogy a komponens B3t a polidiersiok kést] vilasaiuk, $5 8 Kindulast

auyag 8%} mentes # poligssierolokidl

2. Az 1. igdaypont szenint elideds, ahol vegytiet DY) Dmepardnya vegyitlet D1

-hew visconvitva nagyobb, mint 8.

3 Az L ovagy 2. igénypont szerintl eljdrds, abol a katalisdtor D) alkelrarott
menpyisege 01 - 38 imegndaz tutomdnyban van, a komponens B) 100 timeprésachez keé-
pest,

4. Az 13 igdoyporiok bdrmelyvike szerintl slideds, shol a vegyiiles 2) alkalma-
zoft mennyisdge legalabb 0.1 Wmegresz, a komponens By 100 wimegrészéhen kepest.

3. Az b4 fgénvrontok bdrmelvike sperintl eligrds, abol a karboxilites a formide
Bk, stithexanotibdl & acetiibed allo vaoporthol valasstink,

6. Az 1-3. igéaypontok barmelyike sserintt elideds, abol a katalizdtorkssziimeény
legaiabb epy kdlinm-Karboxildtet és WK N ariae(dinnstilaminopropt Dhexahidroirineint foglal
magaban.

7. Az 1-6, génvpontok barmelvike seerintl elidnds, ahol vegvidet D24 ax amis
dinokhol, tercier aminekbdl, &s alkanolaminekbaol alld ceoportha! valasstiuk,

8. Az W7 igdnypontok bdrmelyibe szerintt elidrds, shol komponens Ri-ként az

aldbbi keverdhet

[

orn

Sl

Lk

foots
T

75 tomegrésy ag\f vagy i.i?bb Sk & funheics polifteralbohol, mmelynek funkcionalitisa

¥

Ny

SZTNH-100083107

35 ~3,5

‘f :;




b2} 2 - 30 Wmegresz egy vagy tahb, alifss amin-alapl, poligteratkohol, amelvnek funkeionali-

tasa 3.5 - 4.5 ds hidroxilszdma 450 - 900 myg KOH/g, ¢5

b33 15 « 38 wWmegeder egy vagy 18bh polidteralkohol, amelynek funkeipnalitisa 1.5 « 3 &s
hidroxilsedma 130 - 450 mg KOHg

alkalmeuzzak.

8, A R lgénypont szerinti elpdeds, ahol a poligtersikohol(ok) b3} funkelonalitie
sa(i} 2 ~ 3 és hudroxilazdma 220 - 430 mg KON/,

. Az 1-9. igénypontok birmelyike szerintl elidrds, ahol komponens A)-t 65 a
komponenseket BY - B} olyan médon alkalmazzuk, hogy sz izociamit index kisehb le egyvean,
ngat 180,

i1, Az 110 igém;mm{sk bdrmelvike szevinti eljdrds, shol 8 hajtdanvagot & ne
pentanbol, izopentinbol &5 vlzbdl alld csoportbol valasztiuk,

12. Az 11 1%@?}}’}53’1&{3}{ harmelyike szerintt eljdras, shol g rGgzitett felhordd be-
rensdozss o lepaldhb oy, nyfldsokkal £ clldtott é5 a fedbrsteguel 1) pirhuzamosan és fodd-

<

.,./

réteg b) mozgasininyahor derdksedgben reatiakostatont, rogeitett o8 o) alkotia,

1% Az 112, igenypontek barmelyike srerintl eljdrds, ahol kemény halwéteg a%)
folyekony kilndulast anyagdnak viszhkositig 25°C-on 100 mPats - 3500 mPa®s 5 tartomanyban
V&

M. Az 130 igénvpontok hdrmelvike seevioti sligrissal elédllithats komporit

elem
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