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DescriEtion

The present application for a patent relates to the use of a

disalt of malic acid 1n the production of a polyurethane foam

o to lower the glass transition temperature of the polyurethane

foam obtained, wherein the disalt of malic acid 1s added to the
reaction mixture comprising at least a polyol component, an
1socyanate component, a catalyst to catalyse wurethane or

1socyanurate bond formation, a blowlng agent and optionally

10 further additives, and also to the polyurethane foams thus

obtailined.

Related art:

15 Flexible polyurethane foams are currently wildely used for
producing mattresses, upholstered furniture or car seats. They
are obtalined by reacting 1socyanates with polyols and water.
Additives used typilically include catalysts (amlne catalysts and

tin catalysts) and/or foam stabilizers. Physical blowing agents

20 can also be used 1n addition to the chemical blowing agent water.

It 1s known to use hydroxy carboxylic acids or salts thereof as

F

additives 1n the production of polyurethane foams.

25 EP 0 075 424 describes the use of a composition to be added to

polyurethane foams to supposedly help avold the formation of

smoke and toxic gases 1n the combustion of polyurethane foams,
whereiln sald composition 1ncludes tartaric or malic acid as

char-stabilizing component. The additive can be added 1n the

30 course of foam production, but preferably the final polyurethane

foam 1s 1mpregnated with the composition. The preferred amount

—

of mallc acid used 1s stated to be 5%, based on the polyurethane

foam.

—

35 JP 63301293 describes the production of polyurethane foams 1n

the presence of citric acid. The citric acid 1s added to avoild

the material decomposing/rotting.
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EP 0 475 2472 describes a process for producing soft flexible

polyurethane foams wherein the use of physical blowling agents,

especlally chlorofluorocarbons and methylene chloride, 1s to be

avolded or at least apprecilably reduced. This object 1s achieved

- —

therein by the use of 0.1 to 1 part by weight of alkalil or

alkaline earth metal salts of a hydroxy carboxylic acid per 100

parts by weight of polyol. Especially malic acid, tartaric acid,

cltric acid and lactic acid are recilited as hydroxy carboxylic

aclds.
Viscoelastlic foams are a particular segment of flexible
polyurethane foams. The characteristic properties of

viscoelastic flexible polyurethane foams are a retarded return

to the original shape after deformation and a 1low rebound

resllience. This return to the original shape takes several

seconds for a deformed specimen of the foam. Rebound resilience

1s less than 10%, measured 1n the falling ball test of
DIN EN ISO 8307. Standard flexible polyurethane foams, by

contrast, would return to the 1nitial shape within periods

distinctly below one second and would have a rebound resililience
of about 30 to 60%.

These properties of viscoelastic flexible polyurethane foams are

achieved through an unusually high glass transition temperature.

It is between -20 and +15°C in viscoelastic foams. The glass

transition temperature of standard flexible polyurethane foams,
by contrast, is generally below -35°C. Average glass transition

temperature can be measured using dynamlic mechanlical analysis

(DMA) (DIN 53513) or using differential scanning calorimetry
(DSC) (ISO 11357-2). What 1s measured 1s strictly speaklng a

glass transition range which extends over a temperature range.

The glass transition temperatures referred to hereinbelow are

average values. Owlng to the high glass transition temperature

—

of viscoelastic flexible foams, some network segments 1n the

polyurethane network are still frozen, and restricted in their

mopbi1lity, at room temperature. Thilis affects the resilience of

the entlre polyurethane network and elicits a time-retarded

behaviour. Thils mechanilical Dbehavliour 1s advantageous for
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speclfic applications 1n the sector of comfort foams. It 1s

particularly for mattresses 1n hospitals and for pillows that

the use of viscoelastic flexible polyurethane foams 1s popular,

since the patient’s bodyweight 1s supported by a comparatively

large area and hence the occurrence of pressure sores 1s reduced.

Polyether polyol mixtures used for manufacturing viscoelastilc

polyurethane foams often i1nclude two or more polyols. And at

least one of these polyols has a relatively high OH number

(> 100 mg KOH/g). This raises the density of network nodes and

shifts the glass transitlion temperature 1n the direction of

higher wvalues. The mechanical properties desired for the foam

then have to be adjusted concurrently by lowering the i1ndex or

using monools. Details are apparent from the 1literature,
including WO 01/57104A2; DE 3942330A2; S. Hager, R. Skorpenske,

S. Triouleyre, F. Joulak, "New Technology for Viscoelastic

Foam”, Journal of Cellular Plastics, Volume 37 -
September/October 2001 p. 377, and S. Kintrup, J.P. Treboux, H.
Mispreuve, “Low Resillience - High Performance Recent Advances

1n Viscoelastic Flexible Slabstock Foam”, Proceedings of the

Polyurethanes Conference, 2000, October 8-11, Boston, MA.

The mechanical properties of such viscoelastic flexible foams

do depend on the ambient temperature. At high ambient

temperatures (> 30°C) the foam becomes very soft and the

F
p—

fect 1s lost. The reason 1s that then almost all

viscoelastic e:

network segments are mobile. At low temperatures (< 15°C) the

foam becomes hard and too viscoelastic (no or extremely slow

recovery from deformation). The reason 1s that then too many

chain segments are frozen. Modulating the manufacturing

formulations of viliscoelastic foams to match the climate

characteristics of the particular market 1s accordingly very

important. The viscoelastic propertilies are varled by shifting

the glass transition temperature. Minimal changes 1n the glass

transitlion temperature have a direct influence on the mechanical

properties of the foam formed. The customary way to modify the
glass transition temperature 1s eilther to wvary the crosslink

density of the polyurethane network, or to wvary the chemical
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F

composition of network segments. The former 1s easily done 1n

the case of flexible polyurethane foams by varying the ratio of

1socyanate groups to 1socyanate-consuming groups (the “index”).

It 1s further possible to take advantage of the functionality

F

of wvarious multifunctional compounds to shift the glass

transition temperature by adding them. Crosslinkling components

(functionality > 2) raise the glass transition temperature,

while components having a functionality < 2 lower the crosslink

density.

Chemical modifications to network structure concern particularly

the chain 1length of the polyols and monomers used. These

modlifications all have the disadvantage that relatilively large

changes have to be made to the formulations. But this will change

many other parameters besides the glass transition temperature,

such as rise times 1n foamlng, alr permeabllity, settling or the
cell structure. Thilis means that making such changes to the

crosslink density becomes a complex undertaking.

The problem addressed by the present i1nvention was therefore

that of providing an additive which, added even 1n a relatilvely

r—

small amount, 1s effective 1n shifting the glass transition

F
p—

fectiveness 1n this

temperature 1n the desired manner. Its e:

should preferably be distinctly greater than that of the

customarlly used crosslinkers or low-functional admixtures.

It was found that, surprisingly, the problem 1s solved by the

— —

use of disalts of malic acld 1n the production of polyurethane

foams.

The present 1nventlion accordingly provides a process for

producing a polyurethane foam having a lowered glass transition
temperature by reacting a polyol component wlth an 1socyanate
component, which process 1s characterized 1n that the reaction

—

takes place in the presence of a disalt of malic acid, and/or

for use of a disalt of malic acid 1n the production of a

polyurethane foam to lower the glass transition temperature of

—

the polyurethane foam obtained, wherein the disalt of malic acid
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1s added to the reaction mixture comprising at least a polyol
component, an 1socyanate component, a catalyst to catalyse

urethane or 1socyanurate bond formation, a blowing agent and

optionally further additives.

The present 1nvention 1likewlse provilides a polyurethane foam

F

having a glass transition temperature of -20°C to 15°C,

characterized 1n that the polyurethane foam comprises dilisalts

F

of malic acid or reaction products thereof wilith an 1socyanate

component, wherein the fraction accounted for by the disalts and

the reaction products thereof with an 1socyanate component 1s

below (1n sum total) 0.08 wt3 based on the polyurethane foam.

Compared with a monofunctional comparator (n-butanol), for which

a lowering of 0.3°C was observed on being used at 0.1 part by

mass per 100 parts by mass of polyol component, the use of 0.12

wr

part by mass of disodium malate per 100 parts by mass of polyol

component was observed to lower the glass transition temperature

by 5.5°C. Hence the disalts of malic acid have the advantage

—

that even a very small amount of disalt can achieve a large

shift 1n the glass transition temperature. Difunctional

comparators (propylene glycol for example) only change the glass

LI

transition temperature minimally, 1f at all. Trifunctional, 1.e.

crosslinking substances (glycerol for example), render the

polyurethane network less flexible and hence railise the glass

transition temperature. Disalts of malic acid are therefore a

-

very efficlent and simple way to lower the glass transition

temperature.

The disalts are generally readily soluble 1n water, so

homogeneous solutions of salts of mallic acid are simple to

F

opbtain. Solutlions of this type can be used i1nstead of the pure

p— pr—

salts of malic acild, since solutlions of thils type are simpler

to add to the reaction mixture and to mix 1in.

The polyurethane foam according to the 1nvention has the

F

advantage of having a rebound resilience of below 10% and of

thus beiling useable as a viscoelastic polyurethane foam.
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The subjects of the present 1nvention willl now be described by

way of example without any intention to restrict the 1nvention

to these exemplary embodiments. Where ranges, general formulae

or classes of compounds are referred to 1n what follows, they
shall encompass not just the corresponding ranges or groups of
compounds that are explicitly mentioned, but also all sub-ranges

—

and sub-groups of compounds which are obtailnable by extraction

F

of 1ndividual values (ranges) or compounds. Where documents are

—

clted 1n the context of the present i1nvention, thelr content

shall fully form part of the disclosure content of the present
invention partilicularly 1n respect of the substantive matter 1in

the context of which the document was cilted. Percentages are by

welght, unless otherwlise stated. Average values referred to

hereinbelow are welght averages, unless otherwilise stated. Where

parameters are referred to hereinbelow which were determined by

measurement, the measurements were carried out at a temperature

— —
p—

of 25°C and a pressure of 101.325 Pa unless otherwise stated.

When a disalt of malic acid 1s used according to the present

invention 1n the production of polyurethane foam, the disalt of
malic acld 1s added to the reaction mixture comprilising at least

a polyol component, an 1socyanate component, a catalyst to

catalyse urethane or 1socyanurate bond formation, a blowlng

agent and optionally further additives to lower the glass

—

transition temperature of the polyurethane foam obtalned.

Polyurethane foam (PU foam) refers 1in the context of the present

invention to foam obtained as reaction product based on di- or

polyfunctional l1socyanates and polyols/compounds having

1socyanate-reactlive groups. In the course of the reaction to

form the polymers polyurethane, further functlonal groups can

also be formed, examples being allophanates, blurets, ureas or

1socyanurates. Therefore, PU foams within the meaning of the

present 1nventilion 1nclude polyisocyanurate foams (PIR foams) as

well as polyurethane foams (PUR foams). Water can be used as

blowlng agent. Its use results 1n the formation of carbon dioxide

and the corresponding amine which reacts wilth further i1socyanate
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to form a urea group. The polyurethane foam may 1n this case

also be constructed from a majority of urea groups as well as

urethane groups. Viscoelastic flexible polyurethane foams are

preferred polyurethane foams.

—

Mallc acilid 1n the context of the present application 1s to be

understood as meaning hydroxysuccinlic acild (also called

hydroxybutanoic acid). Useful disalts of malic acid i1nclude the

F

disalts of all 1someric forms of malic acid, 1.e. the L-form or

—
p—

the D-form or any deslred mixtures thereof.

Preference 1s gilven

to using the disalt of racemic hydroxysucclinilic acld or the disalt

—

of naturally occurring/biotechnologically produced L-

hydroxysuccinic acid. It 1s more preferable for the malic acid

disalt used to Dbe the L-hydroxysuccinilc acld disalt

obtainable/obtained from renewable raw materials.

The salts of malic acld used are preferably the disalts whereiln

1t 1s thus the case that the proton 1n each of the two acid
groups 1s replaced by another cation. The cations 1n the malic

acld salts used according to the present 1nvention are

preferably ammonium, alkalli metal or alkaline earth metal

—

cations. The cations 1n preferred salts of malic acilid are

ammonium, sodium and/or potassium ions. In the malic acid

disalts used, the two cations can be of the same type or of a

different type. Preference 1s given to using disalts of malic

—

acld wherein the two cations are of the same type and more

partlicularly both cations are sodium cations. It 1s therefore

—

particularly preferable to use the disodlum salt of malic acid.

It 1s particularly preferable for the malic acid salt used to
be the disodium salts of hydroxysuccinic aclid racemate or of L-

hydroxysuccinic acid, preferably the disodium salts of L-

hydroxysuccinic acid, preferably of an L-hydroxysuccinic acild

obtainable/obtained from renewable raw materials.

The disalt of malic acid 1s preferably added 1n a concentration

F

of above 0 to below 1 part by mass, preferably above 0 to below

0.5 part by mass, more preferably above 0 to below 0.1 part by



10

15

20

25

30

35

DK/EP 2822982 T3

mass and most preferably above 0.001 to below 0.09 part by mass

—

per 100 parts by mass of polyol component.

It can be advantageous to add the disalt of malic acid to the

reaction mixture as a preferably 1 to 50 wt% and more preferably

5 to 25 wt% solution of the disalt 1n preferably water,
dipropylene glycol, propylene glycol, butyldiglycol, ethanol,
1sopropanol, ethylene glycol, diethylene glycol, polyether

and/or polyol, preferably in water and/or dipropylene glycol.

It 1s partilicularly preferable to use the disalt of malic acid

as a 1 to 50 wt3% and preferably 5 to 25 wt% solution of the

disalt 1n a mixture comprilising water and dipropylene glycol 1n

F
p—

a mass ratio of 0.5:1 to 1:0.5.

The polyurethane foam obtained using the disalt of malic acid
accordling to the 1nvention 1s obtailinable 1n a conventional
manner. A fundamental overview appears 1nter alia 1n G. Oertel,
Polyurethane Handbook, 2nd edition, Hanser/Gardner Publications
Inc., Cilncinnati, Ohio, 1994, p. 177-247) and in D. Randall and
S. Lee (eds.): “The Polyurethanes Book” J. Wiley, 1lst edition,
2002.

Polyol component

Any polyol known from the prior art can be present 1n the

reaction mixture. For the avoidance of doubt, 1t may be pointed

here that for the purposes of the present applilication polyols
are compounds that have two or more i1socyanate-reactive hydrogen
atoms, especially that 1s diols, triols, etc. It 1s preferably
polyether polyols that are used as polyol component. Such
polyether polyols are obtainable 1n a known manner, for example

—

by anlionic polymerization of alkylene oxides 1n the presence of,

for example, alkall metal hydroxides or alkoxilides as catalysts

and 1n the presence of one or more than one starter molecule
that contains 2 or more, especilally 2 or 3, reactive hydrogen

atoms 1n bonded form, or by cationilic polymerization of alkylene

oxldes, preferably 1n the presence of Lewls aclds as catalysts,

for example antimony pentachloride or boron fluorilde etherate,
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or by double metal cyanilde catalysis. Sultable alkylene oxilides

preferably contaln 2 to 4 carbon atoms 1n the alkylene molety.
Examples are tetrahydrofuran, 1,3-propylene oxide, 1,2-butylene

oxide and 2, 3-butylene oxide; use of ethylene oxide and/or 1,2-

propylene oxide 1s preferred. The alkylene oxides can be used
individually, alternatingly 1n succession or as mixXtures. Useful
starter molecules 1nclude especilially water or 2- and 3-hydric
alcohols, such as ethylene glycol, 1,2-propanediol, 1, 3-
propanediol, diethylene glycol, dipropylene glycol, glycerol,

trimethylolpropane, etc. Polyols with multiple functionality,
or polyfunctionality, such as sugars, can also be used as

starters.

By way of polyol components, the reaction mixture preferably

includes polyether polyols, preferably polyoxypropylene-

polyoxyethylene polyols having a functionality (number of active

fre—

hydrogen atoms, especilally the number of OH groups) of 2 to 5

and number-averaged molecular welghts 1n the range from 500 to

8000, preferably 800 to 3500. The polyol component preferably
includes at least one polyol having a relatively high OH number
of > 100 mg KOH/g, determined as per DIN 53240.

Isocyanate component

Any 1socyanate can be present 1n the reaction mixture especlally

any of the aliphatic, cycloaliphatic, araliphatic and preferably

aromatic polyfunctional 1socyanates Kknown per se. Specific
examples 1nclude alkylene diisocyanates having 4 to 12 carbon
atoms 1in the alkylene molety, such as 1,12-dodecane
dlilisocyanate, 2—ethyltetramethylene l,4-dli1socyanate, Z—
methylpentamethylene 1, 5-di1lsocyanate, tetramethylene 1,4-

dlisocyanate and preferably hexamethylene 1,6-diliilisocyanate,

cycloaliphatic diisocyanates, such as cyclohexane 1,3- and 1,4-

dllsocyanates and also any desired mixtures of these 1somers,

l-1socyanato-3, 3,5-trimethyl-5-1socyanatomethylcyclohexane

(IPDI), 2,4- and 2, 6-hexahydrotolylene dilsocyanate and also the
correspondlng 1somerlc milxtures, 4,4"—, 2,2'"- and 2,4'-

dicyclohexylmethane dilisocyanate and also the correspondiling
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lsomeric mixtures, and preferably aromatic dil- and

polylsocyanates, for example 2,4- and 2,6b-tolylene dllsocyanates
and the corresponding 1somerilic mixtures, 4,4'-, 2,4'- and 2,2'-

diphenylmethane dilsocyanates and the correspondlng 1someric

mixtures, milixtures of 4,4" - and 2,2"'-diphenylmethane
dllisocyanates, polyphenylpolymethylene polylsocyanates,
mixtures of 4,4'-, 2,4'- and 2,2'-diphenylmethane dilisocyanates

and polyphenvlpolymethylene polyilisocyanates (crude MDI) and

mixtures of crude MDI and tolylene diilisocyanates. The organic

dl1- and polyisocyanates can be used 1ndividually or 1n the form

F
p—

of mixtures thereof. Particular preference 1s gilven to mixtures

—
p—

of polyphenylpolymethylene polyilisocyanate with diphenylmethane

dllsocyanate, and preferably the 2,4'-diphenylmethane
dlilsocyanate content thereof 1s > 30 wt?% based on the 1socyanate

component.

It can also be advantageous for so—called modilified

polyfunctional 1socyanates, 1.e. products obtalned by chemical

F

conversion of organic di- and/or polyisocyanates, to be present

in the i1socyanate component. Di- and/or polylisocyanates
containing ester, urea, biluret, allophanate, carbodiimide,

isocyanurate, uretdione and/or urethane groups may be mentioned

by way of example. Specific examples 1nclude modified 4,4'-

diphenylmethane diisocyanate, modified 4,4" - and 2,4" -

diphenylmethane diliisocyanate mixtures, modified crude MDI or

2,4-/2,6-tolylene diisocyanate, organic, preferably aromatic

polylsocyanates contailning urethane groups and having NCO

contents of 43 to 15 wt%, preferably of 31 to 21 wt3, based on
the total weight, for example reaction products with low
molecular weight diols, triols, dialkylene glycols, trialkylene
glycols or polyoxvalkylene glycols with molecular weights up to
6000, especilally with molecular weights up to 1500, wherein
these di- or polyoxvalkylene glycols can be used 1ndividually

or as milxXtures. Examples are diethylene glycol, dilpropylene
glycol, polyoxyethylene, polyoxypropylene and polyoxypropylene
polyoxyethene glycols, triols and/or tetrols. It 1s also

posslible to produce NCO-contalning prepolymers having NCO

contents of 25 to 3.5 wt%, preferably of 21 to 14 wt%, based on
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the total weight prepared from the hereinbelow described

polyester and/or preferably polyether polyols and 4,4'-

diphenylmethane diliisocyanate, mixtures of 2,4'- and 4,4'-
diphenylmethane dllisocyanates, 2,4- and/or 2,06-tolylene
dilisocyanates or crude MDI. It will further be advantageous to

use liquid polyisocyanates containing carbodiimide groups and/or

1socyanurate rings and having NCO contents of 43 to 15,

preferably 31 to 21, wt%, based on the total weight, for example
on the Dbasis of 4,4'-, 2,4'- and/or 2,2'-diphenylmethane

diisocyanate and/or 2,4- and/or 2,6-tolylene diisocyanate.

The modified polyilsocyanates may be mixed with each other or

with unmodified organic polyisocyanates, for example 2,4'-

diphenylmethane dlisocyanate, 4,4'-diphenylmethane

diisocyanate, crude MDI, 2,4- and/or 2,6-tolylene diisocyanate.

The followling have proved particularly wuseful as organic

polylsocyanates and therefore are preferable to use: tolylene
dllsocyanate, mixtures of diphenylmethane diilisocyanate i1somers,
milxtures of diphenylmethane dllsocyanate and
polyphenylpolymethyl polyilisocyanate or tolylene diilsocyanate
with diphenylmethane diisocyanate and/or polyphenvyvlpolymethyl

polylsocyanate or so-called prepolymers. It 1s preferable for
substantlally only tolylene diisocyanate to be present 1n the
reaction mixture as 1socyanate component, substantially here
meaning a proportion of not 1less than 95 wt% based on the

1socyanate component.

Particular preference for use as 1socyanate component 1s giliven

—
p—

to mixtures of 2,4-tolylene diisocyanate with 2,6-tolylene

dllsocyanate where the 2,4-tolylene diisocyanate fraction 1s
80 wt%.

It 1s particularly preferable for the amount of i1socyanates

present as 1socyanate component 1n the reaction mixture to be

chosen such that the molar ratio of 1socyanate groups present

to active hydrogen atoms, especilally OH groups, present 1n the

reaction mixture is from 80 to 120:100.
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Catalyst to catalyse urethane or isocyanurate bond formation

—

By way of catalyst to catalyse urethane or 1socyanurate bond

formation, the reactlon mixture preferably 1ncludes one or more

than one catalyst suitable for the reactions 1socyanate-polyol

and/or 1socyanate—-water and/or 1socyanate trimerization.

—

Sultable catalysts for the purposes of this 1nvention are

preferably catalysts that catalyse the gel reaction (1socyanate-

polyol), the blowing reaction (isocyanate-water) and/or the

F

di- or trimerization of the 1socyanate.

F

Preferred catalyst guantities 1n the composition of the present

invention depend on the type of catalyst and typically range

from 0.05 to 5 pphp (= parts by mass per 100 parts by mass of

polyol), preferably 1n the range from 0.05 to 0.5 pphp and most

w

preferably 1n the range from 0.1 to 0.3 pphp, or 0.1 to 10 pphp

for potassium salts.

Preferred catalysts for the gel reaction are selected from the

group of organometallic compounds and metal salts of the

followling metals: tin, zinc, tungsten, 1ron, bilsmuth, titanium.

Preference 1s glven to using catalysts from the group of tin
carboxylates, preferably tin Z2-ethylhexanoate, tin lsononanoate
or tin ricilnoleate. Preferably used catalysts are tin 2-
ethylhexanoate and also tin compounds with wholly or partly

covalently attached organic moleties, e.g. dibutyltin dilaurate.

Preferred catalysts for the blowling reaction are selected from

the group of tertiary amines, preferably selected from the group

F

contailning or consisting of triethylenedlamine, triethylamine,

tetramethylbutanediamine, dimethylcyclohexylamine, bis (2-

dimethylaminoethyl) ether, dimethylaminoethoxyethanol, bils(3-

dimethylamlinopropyl)amine, N,N, N’ -
trimethylaminoethylethanolamine, 1,2-dimethylimidazole, N-(3-
aminopropyl)imidazole, l-methylimidazole, N,N,N",N’ -
tetramethyl-4,4’ -diaminodicyclohexylmethane, N, N-

dimethylethanolamine, N,N-diethylethanolamine, 1, 8-
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dlazabicyclo-5,4, 0-undecene, N,N,N’,N’-tetramethyl-1, 3-
propanediliamine, N,N-dimethylcyclohexylamine, N,N,N’,N’’,N’’"7-
pentamethyldiethylenetrliamine, N,N,N" ,N"" ,N"7 7 =
pentamethyldipropylenetrliamine, N,N’-dimethylplperazine, N -
methylmorpholine, N-ethylmorpholine, 2,2’'-dimorpholinodilethyl

ether, N, N-dimethylbenzylamine, N,N’", N’"’"-
tris(dimethylaminopropyl)hexahydrotriazine, N,N,N’,N’ -
tetramethyl-1, 6—hexanediamine, tris (3-

dimethylaminopropyl)amine, and tetramethylpropaneamine, and

also the group of acid-blocked derivatives of tertiary amines.
The amine used 1S preferably dimethylethanolamine,

triethylenediamine or pbis(Z2-dimethylaminoethyl) ether.

Very particularly sultable catalysts are the amines
triethylamine, dimethylcyclohexylamine,
tetramethylethylenediamine, tetramethylhexanediamine,

pentamethyldiethylenetrliamine, pentamethyldipropylenetriamine,
triethylenediamine, dimethylpiperazine, 1,2-dimethylimidazole,
N-ethylmorpholine, tris(dimethylaminopropyl)hexahydro-1, 3, 5-
triazine, dimethylaminoethanol, dimethylamlinoethoxyethanol and
bis (dimethylaminoethyl) ether, tin compounds such as dibutyltin
dilaurate and potassium salts such as potassium acetate and
potassium Z2-ethylhexanoate. Suitable catalysts are mentioned for
example in EP 1985642, EP 1985644, EP 1977825, US 2008/0234402,
EP 0656382 B1l, US 2007/0282026 Al and the patent documents cited

therein.

Blowing agents

—

By way of chemical blowing agent to produce hot-cure flexible

polyurethane foams, the reaction mixture can 1nclude water which

reacts wilith the 1socyanate groups to release carbon diloxide.

Water 1s preferably used 1n an amount of 0.2 to 6 parts by weight

(all parts by weight based on 100 parts by weight of polyol or

polyol component), more preferably 1n an amount of 1.5 to 5.0

parts by weight. Together with or 1n place of water 1t 1s also

posslble to use physical blowing agents, for example carbon

dioxide, acetone, hydrocarbons, such as n-, 1S0- or
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cyclopentane, cyclohexane or halogenated hydrocarbons, such as

methylene chloride, tetrafluoroethane, pentafluoropropane,

heptafluoropropane, pentafluorobutane, hexafluorobutane or

dichloromonofluoroethane. The amount of physical blowlng agent

1s preferably 1n the range between 1 to 15 parts by weight,
especlally 1 to 10 parts by weight, and the amount of water 1s

preferably 1n the range between 0.5 to 10 parts by weight,
especlally 1 to 5 parts by welght based on 100 parts by weight

of polyol or polyol component. Carbon dioxide 1s preferred among

the physical blowling agents, and 1s more preferably used 1n

F

comblnation of water as chemical blowing agent. The process for

producing polyurethane foam according to the present 1nvention

preferably does not use any halogenated hydrocarbons as

(physical) blowlng agents.

Optional additives

"

By way of further, optional additives the reaction mixture may

include for example flame retardants, preferably flame

retardants which are liquid and/or soluble in one or more of the

components used for polyurethane foam production. It 1s

preferable to use commercially available phosphorus-contalning

flame retardants, for example tricresyl phosphate, tris(2-

chloroethyl) phosphate, tris(2-chloropropyl) phosphate,
tris (2, 3—-dibromopropyl) phosphate, tris- (1,3-dichloropropyl)
prhosphate, tetraklis(Z2-chloroethyl) ethylene diphosphate,
trisbutoxyethyl phosphate, dimethyl methanephosphonate, diethyl
ethanephosphonate, diethyl dliethanolaminomethylphosphonate.
Also suitable are halogen- and/or phosphorus-containing flame-

retardant polyols and/or melamine. F'lame retardants are

preferably used 1n an amount of not more than 35 wt3%, preferably

not more than 20 wt%, based on the polyol component.

Further examples of optlional additives 1nclude for 1nstance

surface—-active admixtures and foam stabilizers and also cell

regulators, reaction retardants, stabillizers, flame-inhibiting

substances, dyes and also fungistats and bacteriostats. Detaills

—

of how to use these admixture agents and how they act are
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described 1n G. Oertel, Polyurethane Handbook, 2nd edition,

Hanser/Gardner Publications Inc., Cincinnati, Ohio, 1994, p. 55
- 127.

The process for producing polyurethane foam wherein the disalt

—

of malic acid 1s used accordling to the invention can be carried

out on low—-pressure or on high-pressure machilines for example.

Technical design forms for such machines are discernilible from

the literature: G. Oertel, Polyurethane Handbook, 2nd edition,

Hanser/Gardner Publications Inc., Cincinnati, Ohio, 1994, p. 129
- 171 and 178 — 186.

The disalt of malic acid can be added to the reaction mixture

separately into the mixing chamber/head for example. But the

disalt of malic acid can also be admixed upstream of the mixing

chamber/head Dby being added to one of the components

subsequently supplied to the mixing chamber. Admixing can

gre—

already take place 1n the storage vessel of the raw materials,

especlally the polyol component. When the polyurethane foam 1s

produced from high-pressure machines, the disalt of malic acid
or a solution thereof 1s preferably added directly 1nto the

milxing head.

The polyurethane foam, especlally the hot-cure flexible

polyurethane foam, to be obtained by adding the disalt of malic
acld can pbe produced 1n a contilnuous process oOor else 1n a batch
process. Production preferably takes the form of a continuous

Process.

The foaming process 1nvolved 1n producing the polyurethane foam

may be effected both horizontally and vertically. Foaming may

—
p—

also be effected directly 1n moulds.

The 1nvention polyurethane foam having a glass transition

temperature of -20°C to +15°C 1is characterized 1in that the

polyurethane foam comprises disalts of malic acld or reaction

products thereof wilith an 1socyanate component, wherein the

fraction accounted for by the disalts and the reactilion products




10

15

20

25

30

35

DK/EP 2822982 T3

- 16 -

F

thereof with an i1socyanate component 1s below 0.08 wt3 based on

the polyurethane foam.

Preferably, the polyurethane foam according to the 1nvention 1s

a Vvliscoelastic polyurethane foam or a hot-cure flexible

polyurethane foam, especlally a hot-cure flexible polyurethane

foam based on polyether polyols.

The polyurethane foam according to the 1nvention preferably has

a rebound resililience as measured 1n the falling ball test of
DIN EN ISO 8307 of below 10% and preferably 1n the range from
0.5 to 7.5%.

The gas permeability of the polyurethane foam according to the

invention, especlally the hot-cure flexible polyurethane foam,

1s preferably 1n the range from 1 to 300 mm water column,

preferably 7 to 25 mm water column 1n line with DIN ISO 4638 (as

—
p—

measured by measuring the pressure differential on flow through

a sample of the foam. A foam disc 5 cm 1n thickness 1s placed

for this on a smooth support. A 10 cm x 10 cm plate 800 g 1in

welght and having a drill-hole 2 cm 1n diameter i1in the middle

—
p—

and a hose connector 1s placed on the sample of foam. A constant

-

8 1/min flow of air is passed into the sample of foam via the

—
p—

ferential which arises

drill-hole 1n the middle. The pressure di:

(relative to unhindered outflow) 1s determined by means of a

water column 1n a graduated manometer. The greater the closed-
cell content of the foam, the greater the pressure which develops
and the greater the degree to which the level of the water column

1s pushed down and the greater the values which are measured).

The polyurethane foam according to the 1nvention may be a

slabstock foam or a moulded foam.

The polyurethane foam according to the invention, especially the

hot-cure flexible polyurethane foam preferably has a DIN 7726
pressure deformation resilistance of less than 15 kPa (measured
as per DIN 534721).
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flexible polyurethane

foam according to the invention has a 40% compression stress of
0.1 kPa to 5 kPa, preferably 0.5 to 2 kPa,

determined as per

The cell structure of the polyurethane foam, especially the hot-

cure flexible polyurethane foam according to the i1nvention 1s

preferably more than 80% open-celled

DIN ISO 4590).

(measur

ed

as per

The density of the polyurethane foam, especially the hot-cure

preferably in the range from 15 to 100 kg/m?,

in the range from 30 to 80 kg/m? and even more pre:

range from 40 to 70 kg/m? (measured according to DIN

DIN EN ISO 823).

The pore structure (average number of cells per 1 cm)

flexible polyurethane foam according to

the 1nvention 1s

T.1
-
EN

more preferably
"erably 1n the
ISO 845,

1n the

polyurethane foam according to the i1nvention 1s preferably 1n

the range from 5 to 25 cells/cm and 1s determined by visual

F

inspection of a cut face (measured as per

D

IN EN 15702).

Preferred polyurethane foams according to the 1nvention have two

—

or more of the abovementioned preferred parameters,

all the abovementioned parameters, within pre:

narrowest stated range.

preferably
"erably the

Polyurethane foams whilich are 1n accordance with the present

invention are useful 1n the manufacture of

1n accordance wilith the present 1nvention.

articles which are

These articles of

manufacture which are 1n accordance with the present 1nvention

include or contaln polyurethane foams which are 1n accordance

with the  present lnvention. Corresponding

manufacture can be mattresses or pillows

articles O:

for example.

F
p—

Further subjects and embodiments of the i1nvention will become

apparent from the claims, the disclosure content of which 1s

—

fully part of the description.
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The examples which follow describe the present 1nvention by way

F

of example without any 1ntention to restrict the 1nventilion, the

scope of which 1s apparent from the entire description and the

clalms, to the embodiments recited 1n the examples.

Examgles:

Testing

The performance tests were carrled out usling a typilcal

F

formulation of a viscoelastilic polyurethane foam, the composition

F

of which 1s as follows:

- 30 parts by weight of Voranol® CP 3322 polyol (commercial

polyol from DOW)

- 70 parts by weight of Voranol® CP 755 polyol (commercilal polyol
from DOW)

- 7 parts by weight of Voranol® CP 1421 polyol (commercial polyol
from DOW)

—

- 1.95 parts by welght of water

- 0.2 part by weight of TEGOAMIN® BDE (bis(dimethylaminoethyl)

ether solution, amine catalyst from EVONIK Industries AG)

- 0.3 part by weight of TEGOAMIN® 33 (triethylenedlamine

solution, amine catalyst from EVONIK Industries AG)

- 0.2 part by welight of TEGOAMIN® DMEA (dimethylethanolamine

solutlion, amline catalyst from EVONIK Industries AG)

- 0.07 part by weight of KOSMOS® 29 (tin(II) Z2-ethylhexanoate,
tin catalyst from EVONIK Industries AG)

- a varying amount (from 0 to 0.5 part by welght) of the i1n-test
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additives for shifting the glass transitlion temperature, using

the i1nventive disodium malate and propylene glycol, n-butanol,
glycerol, sodium 1lactate, sodium citrate, sodium tartrate,
sodlum succlnate, sodium malonate and sodlum acetate as non-

inventilve additives,

- 0.1 part by weight of ORTEGOL® 76 (cell-opener from EVONIK

Industries AG)

- 1.1 parts by weight of TEGOSTAB® BF 2470 (foam stabillizer from
EVONIK Industries AG)

- 40.3 parts by weight of tolylene diisocyanate (TDI 80) (for

—

an 1ndex of 85, correspondingly higher quantitiles for an 1ndex
of 290 or 95).

Test procedure for foam stabilizers to be tested:

The tin catalyst tin(II) Z2-ethylhexanocate, the three polyols,

—

the water, the three amine catalysts and, 1f used, the additive

for shifting the glass transition temperature were used as

initial charge 1n a paper cup and mixed for 60 s at 1000 rpm,

usling a disc stirrer. The 1socyanate was then added and

incorporated for 7 s at 1500 rpm, using the same stilirrer. The

mixture 1n the cup began to foam up 1n the process. It was

therefore poured into a foaming box directly after stirring had

ended. The foamling box has a base area of 17 x 17 cm and a height

—

of 30 cm. External PU foam 1nsulation 5 cm 1n thickness

prevented excessively rapid cooling. On 1ts i1nsilide, the box had

a lining of plastics film to permit subsequent removal of the

fully cured foam. The foam grew once the material had been poured

into the foaming box. Ideally, gas pressure 1n the foam reduces

once the maximum rise height has been reached, and the foam then

—

relaxes slightly. The cell membrane of the foam bubbles opened

there, and an open-pore cell structure was obtained 1n the foam.

In the event of an insufficient stabilizing effect, the PU foam

F

collapsed before reaching the maximum helght of rise. In the

event of excessive stabilization, rise of the foam was very
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prolonged, and gas pressure 1n the foam did not reduce. Because

the cell structure was then very closed, contractlion 1n wvolume

p— p—

of the gas as 1t cooled caused shrinkage of the foam.

Observations:

The foam grew, and gas pressure 1n the foam reduced after about

2 min, and no alteration occurred 1n the foam durling subseqgquent

cooling. Subsequent measurement gave cell number as 7 cells/cm

and porosity as 180 to 290 mm (measurement of backpressure, by

determining the height of a water column generating an
equlivalent pressure). This shows that the cell structure 1s
sufficiently fine and open (the term closed foams being used for

a water column of about 300 mm or more). The foam had the desired

-

viscoelastic properties. A sample was taken from the centre of

the cured flexible foam after 3 days to measure the DSC curve.

For this, 15-25 mg of the flexible foam are pressed i1nto a metal

crucible and the DSC curve 1s measured at from -70 to 100°C at

a heating rate of 10°C/min. Heat flow into the sample was

determined and plotted 1n graph form. The 18t heating curve was

used for analysis. The 1nflexion point of glass transition was
determined therein. The related temperature was deemed to be the

glass transitlon temperature.

The results of foamling the reaction products are reported below
1n Tables 1 to 3.

The foams of Table 1 were produced without using an additive to

shift the glass transition temperature.

Table 1: Effect of ratio of i1socyanate groups to 1socyanate-

consuming groups (1ndex) on foaming properties

Index |Rise Rise Settling|Porosity|Compression |GT*
[ ] time height [cm] [mm ] hardness [ °C]
[s] [cm] (CLD 40%)

[kPa]
3 0 167 33.8 -0.3 200 0.6 -
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17.0
85 151 34.4 -0.5 250 0.8 13.2
90 135 35.95 -0.9 2950 1.3 -6.9
95 1272 36.4 -0.8 290 2.3 -1.6

*GT = glass transition temperature

As can be seen 1n Table 1, the glass transition temperature
5 rises as the 1ndex 1increases, but at the same time the rise
times and also the foam properties, especially the compression

hardnesses change.

Table 2 reports the use quantities and results for the

10 comparative foams produced using non-inventive additives. An

ghe—

index of 85 was used 1n each case.

1)

Table 2: E:

fect of comparative substances on foaming properties

Additive [Use Rise|Rise [Settling|Porosity|Compression|GT

quantity|timelheight|[cm] hardness [°C]
[ ** ] [s] |[cm] (CLD 40%)

kPa]
IlliiiiiiiIIIIIII"IiiIiiIHII“IIIIIII“IIIIIIIIiIiIIIIIIII"IIII
Propylene|0.1 152 |34.8 -
glycol
Propylenel|0.5 1477 135.2
glycol
iiﬁiiiiiiililllll“liiﬂiilillIIIIIIII“IIIIIIIIIIIIIIIIIIIIIIIl
iiﬁiiiiiiililllll"liiﬂiilillIIIIIIII“IIIIIIIIIIIIIIIIIIIIIIIl

Glycerol [0.1  [147 |34.6 |-0.4 [256  Jo.s5 |13

12.3
0 P W P
lactate 0.1 152 135.9 |-0.1 220 14.4
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Sodium -15
lactate 149 |35.7 286 0.75
Sodium -8.7
cltrate 149 |34 236 0.75

] Y P P PO
citrate 0.5 193 [33.3 |-0.2 241 0.65

coremte o borbes Low st o [
tartrate |0.1 181 |134.5 |-0.2 254 Q.7

57 S O O P W
tartrate |0.5 181 |134.6 |-0.2 189 Q.7

-13
2971 0.8
300 0.9 13.5
malonate |0.1 2067 0.75 11.7

e IIIIIIIIIIII"IIIII“IIIIIIINIIIIIIIIIIIIIIIIIIIiIII|
malonate (0.5 145 |35.4 |-0.1 289 0.7 10.4
oot IIIIIIII"IIIIIIIIII"IIIIIIIIIIIIIIII“IIIIIIIIIIIiIIIl
acetate |[0.1 125 |34.8 |-0.2 290 13.5
oot IIIIIIIIIIIII“IIIIIIIIIIIIII“IIIIIIII!I!lIIIIIII"iIII
acetate |0.5 15 |34 -0.2 300 13.6

~—

** 1n parts by mass per 100 parts of polyol

Sodium

succinatel0.1

Sodium

succinatel0.5

Sodium

As 1s readlly apparent from Table 2, the use of non-inventive

g
p—

additives has 1little or no effect on the glass transition

temperature, or the glass transition temperature rises. NoO

additives effecting any significant lowering 1n the glass

transition temperature were ildentifiled.

Table 3 reports the use levels and results of the 1inventive

foams produced which used disodium malate. Again an 1ndex of 85

was used 1n each case.

Table 3: Influence of disodium malate on foaming properties

B

Amount O:

Ri1se |Ri1se Settling|Porosity|Compression |(GT
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dlsodium time |height |[cm] [mm | hardness [ °C]
malate [s] [cm ] (CLD 40%)
used [ kPa]
parts by
mass per
100 parts
of polyol]
0 151 34 .4 -0.5 250 0.8 13.2
0.04 155 34.9 -0.4 233 0.6 15.9
0.08 153 34.8 -0.3 186 0.6 17.4
0.12 154 34,9 -0.3 205 0.6 18.7

As 1s discernible 1n Table 3, the 1nventive use of disodium

malate leads to an appreciable lowering 1n glass transition

F

temperature without any significant effect on other foam

properties, especlally the compression hardness being observed.
Rise time remains essentially unchanged on adding disodium
malate. The porosity value decreases slightly, which indicates

a slightly higher air permeability. This can be deemed to be

advantageous for use 1in mattresses and pillows.



10

15

20

25

30

35

o DK/EP 2822982 T3

Patentkrav:

p— g

1. Anvendelse af et disalt af &blesyre ved fremstillingen af

polyurethanskum, 1det disaltet af &blesyre tilsettes til
reaktionsblandingen, som har 1 det mindste en polyolbestanddel,

en 1socyanhatbestanddel, en katalysator, som katalyserer

dannelsen af en urethan- eller 1socyanuratbinding, et drivmiddel

og 1 glvet fald vderligere additiver, til s&nkning af

glasovergangstemperaturen 1 det opnaede polyurethanskum.

2 . Anvendelse 1fglge krav 1, kendetegnet ved, at disaltet af
eblesyre tilsaettes 1 en koncentration pa sterre end 0 til mindre

end 0,1 massedele, baseret pa 100 massedele polyolbestanddele.

3. Anvendelse 1fglge krav 1 eller 2, kendetegnet ved, at der

—

som disalt af &blesyre anvendes dinatriumsalt.

F

4 . Anvendelse 1fglge 1 det mindste et af kravene 1 til 3,

kendetegnet wved, at der som disalt af &blesyre anvendes disalt

—

af L-hydroxyravsyre.

F

5. Anvendelse 1fglge 1 det mindste et af kravene 1 til /4,

kendetegnet ved, at disaltet af &blesyre tilsettes til

reaktionsblandingen 1 form af en 5 til 25 vegt-% oplegsning af
disaltet 1 vand, dipropylenglykol, propylenglykol,
butyldiglykol, ethanol, l1sopropanol, ethylenglykol,
diethylenglykol, polyether og/eller polyol.

F

6. Anvendelse 1fglge 1 det mindste et af kravene 1 til 5,

kendetegnet ved, at disaltet af &®blesyre tillsattes 1 form af en

1 ti1l 50 vaegt-% oplgsning af disaltet 1 en blanding l1ndeholdende

vand og dipropylenglykol 1 et masseforhold pa 0,5 til 1 til 1
ti1l 0,5.

7. Polyurethanskum med en glasovergangstemperatur, malt som
angivet 1 beskrivelsen, pa -20 °C til 15 °C, kendetegnet ved,
at polyurethanskummet har disalte af &blesyre eller deres

omsaeétningsprodukter med en 1socyanatbestanddel, 1det andelen af
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dlisaltene ole deres omsetningsprodukter med en
1socyanatbestanddel udger mindre end 0,08 vaegt-% baseret pa

polyurethanskummet.

8 . Polyurethanskum 1felge krav 7, Kendetegnet ved, at

polyurethanskummet er et viskoelastisk polyurethanskum.

9. Polyurethanskum 1fglge krav 7 eller 8, kendetegnet wved, at

o

polyurethanskummet har en fjedringsevne pa mindre end 10 $%.

10. Produkt 1ndeholdende et polyurethanskum 1fglge et af

kravene 7 til 9.

11. Produkt 1f@lge krav 10, kendetegnet ved, at det drejer sig

om en madras eller en pude.
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