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(54) Title; PROCESS FOR PRODUCING HARD POLYURETHANE FOAMS WITH LOW HEAT CONDUCTIVITY

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON POLYURETHAN-HARTSCHAUMSTOFFEN MIT GERINGER
WARMELEITRAHIGKEIT '

(57) Abstract

The description relates to a process for producing hard polyurethane foams with low heat conductivity from polyols and polyisocynates,
foaming agents and possibly foaming auxiliaries, in which the hard polyurethane foam is obtained by veacting: A. a polyol component
containing 1. at least one polyester polyol of a molecular weight of 100 10 30,000 g/mol with at least two hydrogen atoms reactive to
isocyanates, 2. at least two hydrogen atoms reactive 1o isocyanates and compounds containing at least one tertiary nitrogen atom and with
a molecular weight of 150 1o 12,500 g/mol, 3. compounds containing at ieast two hydrogen atoms reactive to isocyanates with a molecular
weight of 150 to 12,500 g/mol, 4. catalysts, 5. water, 6. foaming agents and 7. possibly auxiliaries and/or additives; with: B. an organic
and/or modified organic polyisocyanate with an NCO content of 20 to 48 % wt. In addition, cyclopentane-blown hard foams with low heat
conductivity and their use as intermediate layers for composite compenents and for foam-filling hellow spaces are described.

(57) Zusammenfassung

Beschrieben wird ein Verfahren zur Herstellung von Polyurethan-Hartschaumstoffen mit geringer Wirmeleitfahigkeit aus Polyolen und
Polyisocyanaten sowie Treibmittein und gegebenenfalls Schaumhilfsmitteln, dadurch gekennzeichnet, dass der Polyurethan-Hartschaumstoff
erhalten wird durch Umsetzung von (A) einer Polyolkomponente, enthaltend: 1) mindestens ein Polyesterpolyol vom Molekulargewicht
100 bis 30000 g/mol mit mindestens zwei gegeniiber Isocyanaten reaktiven Wasserstoffatomen, 2) mindestens zwei gegentiiber Isocyanaten
reaktive Wasserstoffatome sowie mindestens ein tertifires Stickstoffatom avfweisende Verbindungen vom Molekulargewicht 150 bis 12500
g/mol, 3) mindestens zwei gegeniiber Isocyanaten reaktive Wasserstoffatome aufweisenden Verbindungen vom Molekulargewicht 150 bis
12500 g'mol, 4) Katalysatoren, 5) Wasser, 6) Treibmittel und 7} gegebenenfalls Hilfs- und/oder Zusatzstoffe mit (B) einem crganischen
und/oder modifizierten organischen Polyisocyanat mit einem NCO-Gehalt von 20 bis 48 Gew.-%. Weiterhin werden mit Cyclopentan
getriebene Hartschaumstoffe mit geringer Warmeleitfihigkeit sowie deren Verwendung als Zwischenschicht fiir Verbundelemente sowie
2nm Ausschiumen von Hohlriumen beschrieben.
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Process for the production of rigid polyurethane foams having low thermal

conductivity

This invention relates to a novel process for the production of substantially

closed-cell rigid polyurethane foams.

Due to their low thermal conductivity, rigid polyurethane foams are used for
insulation applications in refrigeration and freezing appliances, in industrial
equipment, tank farms, pipelines, shipbuilding and in the construction industry. A
summary review of the production of rigid polyurethane foams and the use thereof
is given in Kunststoff-Handbuch, volume 7 (Polyurethane), 2nd edition 1983, edited
by Dr. Giinter Oertel (Carl Hanser Verlag, Munich).

The thermal conductivity of a largely closed-cell rigid polyurethane foam is largely
dependent upon the nature of the blowing agent or cell gas used. Completely
halogenated chlorofluoracarbons (CFCs), in particular trichlorofluoromethane (R11),
which has particularly low thermal conductivity, had proved particularly suitable for
this purpose. These substances are chemicaily inert and non-toxic. However, due
to their elevated stability, completely halogenated chlorofluorocarbons reach the
stratosphere, where, due to their chlorine content, they play a part in breaking down
the ozone present there {for exampie Molina, Rowland, Nature 249 (1974) 810; first
interim report of the German Parliament’s commission of enquiry, Vorsorge zum
Schutz der Erdatmosphire {precautions for the protection of the earth’s atmosphere]

of 02.11.1988, German Parliament, public relaticns department, Bonn).

Formulations containing a fower R11 concentration have been proposed in order 10

reduce the R11 content in rigid polyugethane foams.

It has also be proposed (for example EP 344 537, US patent 4 931 482) to use
partially fluorinated hydrocarbons (hydrofluorcalkanes) which still contain at least
one carbon-hydrogen bond as a blowing agent. Substances from this class of
compounds contain no chlorine aroms and thus have a ODP value (ozone depletion

potential) of zero (by way of comparison: R11: ODP = 1). Typical representatives
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of this class of substances are, for example: 1,1,1,4,4,4-hexafluorobutane (R356)

or 1,1,1,3,3-pentafluoropropane (245fa).

It is furthermore known to use hydrocarbons, either pure or as a mixwre (US
5391 317), such as n- or i-pentane, 2,2-dimethylbutane, cyclopentane or
cyclohexane as blowing agents. It is also known to use hydrocarbons in conjunction

with water as blowing agents (EP 0 421 269).

It is moreover known that, by virtue of their chemical structure, unsubstituted
hydrocarbons are highly non-polar and thus mix very poorly with the polyols
conventionally used in rigid foam production. Complete miscibility is, however, an
important prerequisite for the conventional production technique in which the polyol
and isocyanate components are mechanically foamed. In addition to the reactive
polyether- or polyesterpolyols, the polyol component also contains blowing agents
and am-(iliaries such as activators, emulsifiers and stabilisers in dissolved form. It
is known that polyol formulations containing aminopolyethers exhibit particularly

high alkane solubility (WO 94/03513).

It is also known that hydrocarbon-blown rigid foams have poorer thermal
conductivities than rigid foams blown with R11 or with reduced quantities of R11,
which is due to the higher thermal conductivities of hydrocarbon gases. (Thermal
conductivities of the gases at 20°C: R11: 8 mW/mK; cyclopentane: 10 mW/mK; n-
pentane, 13 mW/mK; i-pentane, 13 mW/mK).

The object of the present invention was to provide hydrecarbon-blown rigid
polyurethane foams which have thermal conductivities of the same low level as

foams blown with reduced quantities of R11.

It hias surprisingly been found that polyol formulations based on a certain polyol
mixture yield foams having thermal conductivities which are-at the same, low level
as foams blown with reduced quantities of R11, in particular if cyclopentane is used

as the blowing agent.
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The present invention accordingly provides a process for the production of rigid

polyurethane foams having low thermal conductmty from polyols and polyiso-

) cyanates togcr.hcr with blowing agents and opuonally foam auxiliaries, characterised

in that the rigid polyurethane foam is obtained by reacting
A. a polyol component containing

1. at least one polyesterpolyol of a molecular weight of 100 to 30000

g/mol having at least two isocyanate-reactive hydrogen atoms,:

2. polyols of a molecular weight from 150 to 12500 g/mol containing at
least two isocyanate-reactive hydrogen atoms together with at least one

tertiary nitrogen atom,

3. polyols of a molecular weight from 150 to 12500 g/mol containing at

least two isocyanate-reactive hydrogen atoms,

4, catalysts,

5. 0.5-7% water related to the mass of component A,

6. alkanes and mixtures of alkanes as blowing agents and

7. optionally auxiliary substances and additives

with

|

B. an organic and/or modified organic polyisocyanate having an NCO content of

2010 48 wt. %

It is surprising that the combination according to the invention of & polyesterpo'l;al“&i{h

i

the stated aminopolyethers and a further polyol in the polyol component should result

in hydrocarbon-blown foams with such a low thermal conductivity.
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Polyol formulations according to the invention contain at least one polyesterpolyol

of the molecular weight from 100 to 30000 g/mol, preferably of 1530 to 10000

g/mol, paniciularly preferably of 200 to 600 g/mol, prepared from aromatic and/or
aliphatic meno-, di- or tricarboxylic aicds and polyols containing at least two
hydroxyl groups. Examples of dicarboxylic acids are phthalic acid, fumaric acid,
maleic acid, azelaic acid, glutaric acid, adipic acid, suberic acid, terephthalic acid,
isophthalic acid, decanedicarboxylic acid, malonic acid, ghutaric acid, succinic acid
and fatty acids such as stearic acid, oleic acid, ricinoleic acid. Both the pure mono-,
di- or tricarboxylic acids and any desired mixwres thereof may be used. Instead of
the free mono-, di- and tricarboxylic acids, it is also possible to use the correspon-
ding mono-, di- and tricarboxylic acid derivatives; such as for example mono-, di-
and tricarboxylic acid esters of alcohols having 1 to 4 carbon atoms or mono-, di-
and tricarboxylic anhydrides or triglycerides. The following are preferably used as
the alcohol component for esterification: ethylene glycol, diethylene glycol,
triethylene glycol, tetraethylene glycol. 1,2- or 1,3-propanediol, 1,4-butanediol,
1,5-pentanedio!, 1,6-hexanediol, 1,10-decanediol, glycerol, trimethylolpropane or

mixtures thereof.

According 1o the invention, polyol formulations may also contain polyether esters,
as may, for example, be obtained by reacting phthalic anhydride with diethylene
glycol and subsequently with ethylene oxide (EP-A O 250 967).

Polyol formulations according to the invention contain at least one compound of the
molecular weight from 150 to 12500 g/mol, preferably of 200 to 1500 g/mol,
containing at least two isocyanate-reactive hydrogen atoms, the molecules of which
compound contain at least one tertiary nitrogen atom. These compounds are obtained
by polyaddition of alkylene oxides, such as for example ethylene oxide, propylene
oxide. butvlene oxide, dodecyl oxide or styrene oxide, preferably propylene oxide
or ethylene oxide. omto starter compounds. The starter compounds used are
ammonia or compounds containing at least one primary or secendary or tertiary
amino group, such as for example aliphatic amines such as cthylenediamine,
ethylenediamine oligomers (for example diethylenetriamine, triethylenctetramine or

pentacthylenehexamine), ethanolamine, diethanolamine, triethanolamine, N-methyl-
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or N-ethyldiethanolamine, 1,3-propylenediamine, 1,3-or 1,4-butylenediamine, 1,2-,

13-, 1,4+, 1,5-, 1,6-hexamethylenediamine, aromatic amines such as phenylene-

diamines, _lolylenediamines (2,3-tolylenediamine, 3,4-loly1enediamine, 2.4-
tolylenediamine, 2,5-tolylenediamine, 2,6-tolylenediamine or mixtures of the stated
isomers), ' 2,2'-diamincdiphenylmethane, 2,4’-diaminodiphenyimethane, 4,4°-

diaminodiphenylmethane or mixtures of these isomers.

Polyol formulations according to the invention moreover contain at least ome
compound of the molecular weight from 150 to 12500 g/mol, preferably of 200 to
1500 g/mol, containing at least two isocyanate-reactive hydrogen atoms. These
compounds are obtained by polyaddition of alkylene oxides, such as for example
ethylene oxide, propylene oxide, butylene oxide, dodecyl oxide or styrene oxide,
preferably propylene oxide or ethylene oxide, onto starter compounds. The starter
compounds used are preferably water and polyhydric alcohols such as sucrose,
sorbitol, pentaerythritol, wrimethylolpropane, glycerol, propylene glycol, ethylene
glycol, diethylene glycol together with mixtures of the stated starter compounds.
These polyols which are zlso to be used according to the invention advantageously

allow the rigid polyurethane foams to achieve the mechanical properties which are

~ conventionally required in practice.

Polyol formulations according to the invention contain an activator or an activator

- mixture, which results in a setting time of 20 to 50 s, preferably 25 to 45 s,

particularly preferably of 27 to 40 s if foaming is performed at 20°C using a Hennecke

HK 270 high pressure machine. The setting time extends from the time of mixing to

the moment from which a rod introduced into the foam draws fibres when withdrawn.

According to the invention, the catalysts conventional in polyurethane chemistry
may be used. Examples of such catalysts are: triethylenediamine, N,N-dimethyl-
cyclohexyiamine, tetramethylenediamine, 1-methyl-4-dimethylaminoethylpiperazine,
triethylamine, tributylamine, dimethylbenzylamine, N,N* ,N"-tris-(dimethylamino-
propyl)hexahydrotriazine, dimethylaminopropylformamide, N, N_N*, N”-tetramethyl-

ethylenediamine, N,N,N' N'-tetramethy!butanediamine, tetramethylhexanediamine,
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pentamethyldiethylenetriamine, tetramethyldiaminoethyl ether, dimethylpiperazine,

1,2-din}ethylimidazole, 1-azabicyclo(3.3.0)octane, bis-(dimethylaminopropyljurea,

7b.is-(dimcthyiaminopropyl) ether, N-methylmorpholine, N-ethylmorpholine,

N-cyclohexylmorpholine, 2,3-dimethyl-3,4,5.6-tetrahydropyrimidine, - triethanol-
amine, diethanolamine, triisopropanolamine, N-methyldiethanolamine, N-ethyl-
diethanolamine, dimethylethanolamine, tin{ll) acetate, tin{Il} octoate, tin(Il)
ethylhexoate, tin(Il) laurate, dibutyltin diacetate, dibutyltin dilaurate, dibutyltin
maleate, dioctyltin diacetate, tris-(N,N-dimethylaminopropyl)-s-hexahydrotriazine,
tetramethylammonium hydroxide, sodium acetate, potassium acetate, sodium

hydroxide or mixtures of these or similar catalysts.

Polyol formulations according to the invention contain 0.5 to 7.0 parts by weight,
preferably 1.0 to 3.0 parts by weight of water per 100 parts by weight of polyol

compornent A,

Alkanes such as cyclohexane, cyclopentane, i-pertane, n-pentane, n-butane,
isobutane, 2,2-dimethylbutane and mixmires of the stated blowing agents are used

according to the invention.

Aromatic polyisocyanates, as are for example -described by W. Siefken in Justus
Liebigs Annalen der Chemie, 561, pages 75 to 136, [are used], for example, as the

isocyanate component, for example those of the formula

Q(NCO),,
in which
n means 2 to 4, preferably 2, and
Q means an aliphatic hydrocarbon residue having 2 to 18, preferably 6 to i0,

C atoms, 2 cvcloaliphatic hydracarboen residue having 4 to 15, preferably 5

to 10, C atoms, an aromatic hydrocarbon residue having 8 to 15, preferably
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8 to 13, C atoms, for example such polyisocyanates as are described in
DE-OS 28 32 253, pages 1010 11. .

The industrially readily available polyisocyanates are generally particularly
preferred, for example 2,4- and 2,6-tolylene diisocyanate and any desired mixtures
of these isomers ("TDI"), polyphenylpolymethylene polyisocyanates, as are
produced by aniline/formaldehyde condensation ‘and subsequent phosgenation
("crude MDI") and polyisocyanates containing carbodiimide groups, urethane
groups, allophanate groups, isocyanurate groups, urea groups or biuret groups
{"modified polyisocyanates"), in particular modified polyisocyanate derived from
2,4- and 2,6-tolylene diisocyanate or from 4,4°- and/or 2,4’-diphenylmethane

diisocyanate,

It is also possibie to use prepolymers prepared from the stated isocyanates and
organic compounds having at least one hydroxyl group, such as for example polyol
or polyester components containing 1 to ¢ hydroxyl groups and of a molecular

weight of 60 to 1400 g/mol.

Paraffins or fatty alcohols or dimethylpolysiloxanes together with pigments or dyes,
as well as stabilisers against ageing and weathering, plasticisers and substances
having a fungistatic and bacteriostatic action, together with fillers such as barium

sulphate, diatomaceous earth, carbon black or prepared chalk may also be used.

Further examples of substances optionally also used according to the invention such
as surface-active additives and foam stabilisers, together with cell regulators,
reaction inhibitors, stabilisers, flame retardant substances, dyes and fillers, together
with fungistatically and bacteriostatically active substances, together with details
relating to the manner of use and mode of action of these additives are described in
Kunststoff-Handbuch, volume VII, edited by Vieweg and Hochtlen, Carl Hanser
Verlag, Munich 1966, for example on pages 121 to 205, and 2nd edition (983,
edited by G. Oertel (Carl Hanser Verlag, Munich).
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According to the invention, foaming during foam production may also be performed
_in closed moulds. In this case, the reaction mixture is introduced into a mould.
Mould materials which may be considered are metat, for example aluminium, or
plastic, for example epoxy resin. The foamabie reaction mixture foams in the mould
and forms the moulding. Mould foaming may be performed in such a manner that
. the moulding has a cellular structure on its surface. It may, however, also be
performed in such a manner that the moulding has a compact skin and a celli:lar
care. According to the invention, the method used in the first case is to introduce
2 quantity of reaction mixture into the mould such that the resultant foam exactly
fills the mould. The method used in the latter case involves introducing more
foamable reaction mixture into the mould than is necessary to fill the mould cavity
with foam. In the latier case, "overcharging" is thus used, such a process being

known, for example, from US patents 3 178 490 and 3 182 104.

The present invention also provides the use of the rigid foams produced according
to the invention as an interlayer for composite components and for filling cavities,

especially in the production of refrigeration equipment.

The process according to the invention is preferably used for filing cavities in
refrigeration and freezing appliances with foam. The foams may of course also be

produced by slab foaming or using the per se known twin conveyor belt process.

The rigid foams obrainable according to the invention are used, for example, in the

construction sector, and for insulating district heating pipes and transport containers.

The following examples are intended to illustrate the invention, but without

restricting the scope thereof.

In all the Examples, the rigid polyurethane foams were produced at 20°C in a

Hennecke HK 270 high pressure machine.
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The setting times stated in the individual examples were determined in the following

manner:the setting time extends from the time of mixing to the moment from which

a rod introduced into the foam draws fibres when withdrawn.

Polyol A:

Polyol B:

Polyol C:

Polyol D:

Polyol E:

Polyol F:

Polyol G:

Polyol H:

Polyol I:

Polypropylene oxide polyether of molecular weight 600 based on

sucrosefglycerol

Polypropylene oxide polyether of molecular weight 1000 based on

propylene glycol

Polypropylene oxide polyether of molecutar weight 630 based on

sucrose/propylene glycol

Polypropylene oxide polyether of molecular weight 370 based on

alycerol

Polypropylene oxide polyether of molecular weight 345 based on

ethylenediamine

Polypropylene oxide polyether of molecular weight 440 based on

trimethylolpropane

Polyether ester of molecular weight 375 based on phthalic anhydride,
diethylene glycol and ethylene oxide

Polypropylene oxide polyether of molecular weight 1120 based on

triethanolamine

Polypropylene oxide polyether of molecular weight 560 based on

o-tolylenediamine

Polypropylene oxide pblycthcr of molecular weight 275 based on

ethylenediamine
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Example 1 (not according to the invention)

Formulation for rigid polyurethane foam

Component A

80 parts by weight  of polyol A

20 parts by weight of polyol B

3.5 parts by weight of water

2.0 parts by weight of silicone stabiliser

3.5 parts by weight of activator mixmre consisting of activator Desmorapid PV
(Bayer AG), activator Desmorapid 726b (Bayer AG) and

potassium acetate (25%) in diethylene glycol

100 parts by weight of component A are mixed at 20°C with 17 parts by weight of
CFC Rl and 145 parts by weight of crude MDI (Desmodur 44V20, Bayer AG) and

compacted 10 32 kg/m’ in a closed mould.

Example 2 (not according to the invention)

Formulation for rigid polyurethane foam

Component A

55 parts by weight  of poiyol C

25 paris by weight  of polyol D

20 parts by weight  of polyol E

2.0 parts by weight of water

2.0 parts by weight  of silicone stabiliser

2.0 parts by weight of activator mixture consisting of activator Desmorapid PV

(Bayer AG) and activator Desmorapid 726b (Bayer AG)




10

15

20

25

30

Le A 31 824

11 -

100 parts by weight of component A are mixed at 20°C with 12 parts by weight of

_cyclopentane (Erdgichemie) and 151 parts by wqight of crude MDI (Desmodur

44V20, Bayer AG) and compacted to 38 kg/m’® in a closed mould.

Example 3 (not according to the invention)

Formulation for rigid polyurethane foam

Component A

50 parts by weight  of polyol A

40 parts by weight  of polyol F

10 parts by weight  of polyol G

2.0 parts by weight of water

2.0 parts by weight of silicone stabiliser

2.5 parts by weight of activator mixture consisting of activator Desmorapid PV
(Bayer AG) and activator Desmorapid 726b (Bayer AG)

100 parts by weight of component A are mixed at 20°C with 13 parts by weight of
cyclopentane (Erddlchemie) and 148 paits by weight of crude MDI (Desmodur
44V20, Bayer AG) and compacted to 38 kg/m® in a closed mould.

Example 4 (not according to the invention)
Formulation for rigid polyurethane foam
Component A

50 parts by weight of polyol C

25 parts by weight of polyol E

25 parts by weight of polyol H

2.2 parts by weight of water
2.0 parts by weight of silicone stabiliser
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1.5 parts by weight of activator mixture consisting of activator Desmorapid PV
(Bayer AG) and activator Desmorapid 726b (Bayer AG)

100 parts by weight of corhponent A are mixed at 20°C with 11 parts by weight of
5 i,n-pentane {8:3) _and 142 parts by weight of crude MDI (Desmodur 44v20, Bayer

AG) and compacted to 36 kg/m’ in a closed mould.
Example 5 (not according to the invention)

10 qumulation for rigid polyurethane foam
Component A
55 parts by weight  of polyol C

15 20 parts by weight of polyol D

25 parts by weight  of polyesterpolyol Stepanpol® 2352 (Stepan)
2.1 parts by weight of water

::::_ 2.0 parts by weight of silicone stabiliser

i:-::' 1.5 parts by weight of activator mixture consisting of activator Desmorapid PV
i 20 (Bayer AG) and activator Desmorapid 726b (Bayer AG)
;::::: 100 parts by weight of component A are mixed with 12 part§ by weight of
' "cyclopentane (Erddlchemie). The mixture (component A + cyclopentane) becomes
;"':: | turbid and separates immediately.

RE Example 6 (not according to the invention)

Formulation for rigid polyurethane foam

30 Component A

55 parts by weight  of potyol C
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2.3 parts by weight

2.0 parts by weight
1.5 parts by weight

- 13-

of polyesterpolyol Stepanpol® 2352 (Stepan)

of water .

of silicone stabiliser

of activater mixture consisting of activator Desmorapid PV

(Bayer AG) and activator Desmorapid 726b- (Bayer AG)

100 parts by weight of component A are mixed with 11 parts by weight of i,n-pentane

(3:8). The mixture (component A + in-pentane) becomes turbid and separates

immediately.

Example 7 (according to the invention)

Formulation for rigid polyurethane foam

Component A

40 parts by weight'
20 parts by weight-
15 parts by weight
25 parts by weight
2.4 parts by weight
2.0 parts by weight
1.4 parts by weight
0.4 pants by weight

of polyol C

of polyol 1

of palyol K

of polyesterpolyol Stepanpol® 2352 (Stepan)

of water

of silicone stabiliser

of activator Desmorapid PV (Bayer AG)

of activator N,N*,N™-tris-(dimethylaminopropyl)hexahydro-

triazine

100 parts by weight of component A are mixed at 20°C with 15 parts hy weight of

cyclopentane (Erddlchemie) and 161 parts by weight of crude MDI (Desmodur

44V20, Bayer AG) and compacted to 34 kg/m’ in a closed mould.

Example 8 (according to the invention)

Formuiation for rigid polyurethane foam
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Component A

20 parts by -weight
40 parts by weight
15 parts by weight
25 parts by weight
2.4 parts by weight
2.0 parts by weight
1.4 parts by weight
0.4 parts by weight

14 -

of polyol C

of palyol I

of polyol K

of polyesterpalyol Stepanpol® 2352 (Stepan)

of water

of silicone stabiliser

of activator Desmorapid PV (Bayer AG)

of activator N,N’,N"-tris-(dimethylaminopropyl)hexahydro-

triazine

100 parts by weight of component A are mixed at 20°C with 15 parts by weight of

cyclopentane (Erdlchemie) and 157 parts by weight of crude MDI (Desmodur

44V20, Bayer AG) and compacted to 34 kg/m’® in a closed mould.

Example 9 (according to the invention)

FFormulation for rigid polyurethane foam

Component A

10 parts by weight
50 parts by weight
15 parts by weight
25 parts by weight
2.4 parts by weight
2.0 parts by weight
0.5 parts by weight
0.5 pants by weight
0.4 parts by weight

of polyol C

of polyol [

of polyol K

of polyesterpolyol Stepanpol® 2352 (Stepan)

of water

of silicone stabiliser

aof activator Desmorapid PV (Bayer AG)

of activator dimethylaminopropylformamide

of activator N,N',N"-tris-(dimethylaminopropyl)hexahydro-

triazine
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100 parts by weight of component A are mixed at 20°C with 17 parts by weight of

_ cyclopentane (Erdoichemie) and 170 parts by weight of MDI prepolymer (E577,

Bayer AG) and compacted to 36 kg/m’ in a ¢losed mould.

Example 10 (according 1o the invention)

Formulation for rigid polyurethane foam

Component A

40 parts by weight
10 parts by weight
50 parts by weight
2.5 parts by weight
2.0 parts by weight
0.5 parts by weight
1.6 parts by weight

of polyol C

of polyol G

of polyel I

of water

of silicone stabiliser

of activator Desmorapid PV (Bayer AG)
of activator Desmorapid 726b (Bayer AG)

100 parts by weight of component A are mixed at 20°C with 13 parts by weight of

cyclopentane (Erddlchemie) and 135 parts by weight of crude MDI (Desmodur

44V20, Bayer AG) and compacted to 35 kg/m® in a closed mould.

Example 11 (according to the invention)

Formulation for rigid polyurethane foam

Component A

20 pants by weight
45 parts by weight
15 parts by weight
20 parts by weight
2.4 parts by weight

of polyol C

of polyol I

of polyol K

of polyesterpolyol Stepanpol® 2352 (Stepan)

of water
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2.0 parts by weight of silicone stabiliser

_ 1.2 pads by weight of activator Desmorapid PV (Bayer AG)

0.4 parts by weight of activator N,N’,N"-tris-(dimethylaminopropyl)hexahydro-

triazine

100 parts by weight of component A are mixed at 20°C with 13 parts by weight of
i,n-pentane (3:8) and 151 parts by weight of MDI prepolymér (Desmodur 44V20,
Bayer AG) and compacted to 35 kg/m’® in a closed mould.

The test values shown in the Table were obtained from the foam slabs produced in

Examples 1 to 11.

Example Phase stability of com- | Setting time Thermal conduc-
ponent A containing fo%% (s) . tivity (mW/mK) to
blewing apgent : DIN 52616, 24°C
1 clear, stable mixture | 50 19.6
2 clear, stable mixture 50 21.5
3 clear, stable mixture 29 - 21.6
4 _ clear, stable mixture 50 23.7
h) turbid, separated mixture - --
6 turbid, separated mixture - -
7 clear, stable mixture 25 19.9
8 clear, stable mixnre 25 19.7
9 clear, stable mixture 31 19.9
10 clear, stable mixture 27 19.9
11 clear, stable mixture 28 22.0

. Example 1 shows a typical result for an R11-reduced system.
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Examples 2 and 3 are prior art cyclopentane-blown systems having standard thermal

_conductivities. - : .

Although Example 3 contains a polyesterpblyether and an activator mixture according
to the invention, which results in a setting time of 29 s, a standard thermal

conductivity is found.

Example 4 is a prior art i,n-pentane-blown system.
Examples 5 and 6 contains no amine-started polyols; the polyol formulation is thus
not phase-stable with regard to cyclopentane and cannot be foamed using conven-

tional techniques.

Examples 7 to 10 show that, using the process according to the invention with
cyclopentane as the blowing agent, foams are obtained having the same low thermal

conductivity as foams blown with reduced quantities of R11.

Example 11 shows that foams having low thermal conductivities are also obtained

vsing the process according to the invention with i,n-pentane as the blowing agent.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “contain”, or variations such as “contains” or “containing”, will
be understood to imply the inclusion of a stated integer or group of integers or steps but .

not the exclusion of any other integer or group of integers or steps.
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The claims defining the invention are as follows:

1.

Process for the production of rigid polyurethane foams having low thermal

conductivity from polyols and polyisocyanates together with blowing agents

and optionally foam auxiliaries, characterised in that the rigid polyurethane

foamn is obtained by reacting

A. a polyol component containing

at least one polyesterpolyol of a molecular weight of 100 to
30000 g/mol having at least two isocyanate-reactive hydrogen

atoms,

2. polyols of a molecular weight from 150 to 12500 g/mol
containing at least two isocyanate-reactive hydrogen atoms
together with at least one tertiary nitrogen atom,

3. polyols of a molecular weight from 150 to 12500 g/mol
containing at least two isocyanate-reactive hydrogen atoms,

4, catalysts,

5. 0.5-7% water related to the mass of component A,

6. alkanes and mixtures of alkanes as blowing agents and

7. optionally auxiliary substances and additives

with

B. an organic andfor modified organic polyisocyanate having an NCO

content of 20 to 48 wt. %.
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Process for the production of rigid polyurethane foams according to claim
1, characterised in that the polyesterpolyol (1) used is a polyester of a
molecw:llar weight of 100 to 30000 g/mol prepared from aromatic and/or
aliphatic mono-, di- and tricarboxylic acids and polyols containing at least

two hydroxy! groups.

Process for the production of rigid polyurethanes foams according to claim 1
or 2, characterised in that the component (2) used is an o-tolylenediamine-
started polyether based on 70 to 100 wt.% of 1,2-propylenc oxide and 0 to 30

wt. % of ethylene oxide.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that the component (2) used is an ethy lenediamine-started
polyether based on 50 to 100 wt. % of 1,2-propylene oxide and 0 to 50 Wi, %

of ethylene oxide.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that the component (2) used is a triethanolamine-started
polyether based on 50 to 100 wt.% of 1,2-propylene oxide and 0 to 50 wt. %

of ethylene oxide.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that component (3) contains a sucrose-started polyether
based on 70 to 100 wt.% of 1,2-propylene oxide and O to 30 wt.% of

ethylene oxide.

Pracess for the production of rigid polyurethane foams according to claim
1, characterised in that component (3) contains a sorbitol-started polyether
based on 70 to 100 wt.% of 1,2-propylene oxide and 0 to 30 wt.% of

ethylene oxide.

Process for the production of rigid polyurethane foams according to claim

1, characterised in that component (3) contains a trimethylolpropane-started
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polyether based on 70 to 100 wt.% of 1,2-propylene oxide and 0 to 30 wt. %

_of ethylene oxide.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that componént (3) contains a glycerol-started potyether
based on 70 to 100 wt.% of 1,2-propylens oxide and 0 to 30 wt.% of

ethylene oxide.

Process for the produclion'"of rigid polyurethane foams according to claim

1, characterised in that the blowing agent (6) used is cyclopentane or n-

and/or i-pentane.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that the blowing agent (6) used contains mixtures of
c-pentane and/or n-butane and/or isobutane andfor 2.2-dﬁnethjrlbulane.

Process for the production of rigid polyurethane foams according to claim
1, characterised in that the blowing agent (6) used contains mixtures of n-

and/ot i-pemtane and/or cyclopentane and/or cyclobexane.

Use of the rigid polyurethane foams obtained according to anyone of claims 1
to 12 as an interlayer for composite components or for filling cavities with

foams.
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14,  Processes for the production of rigid polyurethane foams or uses of the rigid

polyurethane foams produced thereby, substantially as hereinbefore described

with reference to the Examples.

15. Rigid polyurethane foams produced by the pracess according to anyone of

claims 1-13.

DATED this 26th day of May, 2000
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BAYER AKTIENGESELLSCHAFT

By its Patent Attorneys
DAVIES COLLISON CAVE
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