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Foaming agents containing liquid carbon dioxide 

Description 

The invention relates to foaming agents containing 

liquid carbon dioxide and to the use thereof in methods 

5 for producing foamed plastics. 

The invention al.so relates to foaming agent 

compositions which are suitable for the production of 

single-component or multi-component polyurethane foamed 

materials from pressurised vessels. 

10 It is no longer desirable to use fluorochloro­

hydrocarbons {FCHCs) as foaming agents in the 

production of foamed plastics for ecological reasons. 

Hitherto, substances which are also gaseous, such as 

carbon dioxide, have been proposed as substitutes. 

15 However, carbon dioxide as gaseous physical foaming 

agent has the disadvantage that owing to its relatively 

low critical temperature under the conditions 

prevailing during the production of plastics foams it 

can be metered only with great difficulty. 

20 Furthermore, the use of carbon dioxide using methods 

known hitherto for the most part results in open-celled 

foamed materials having an undesirably high water 

absorption capacity an~ heat insulation which is often 

still unsatisfactory. Also, hitherto the production of 

25 foamed plastics with predominantly closed cells still 

involves difficulties when using carbon dioxide as the 

sole foaming agent or as co-foaming agent in 

combination with other physical foaming agents. 

Single-component or multi-component polyurethane foams 

30 which are delivered from a pressurised vessel, e.g. an 

aerosol can, are mainly used for foaming cavities or 
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interstices in the building or motor car industries. 

In so-called single-component polyurethane foam 

(hereafter referred to as lC PU foam), an initial 

polyol mixture together with an excess of diisocyanate 

5 and/or polyisocyanate in the presence of a catalyst and 

optionally additional auxiliaries and additives is 

reacted in a pressurised vessel to form a prepolymer 

containing isocyanate groups. By actuating the spray 

valve of the pressurised vessel, the prepolymer is 

10 forced out of the can by a foaming agent, with 

spontaneous foaming of the prepolymer occurring. 

Reaction of the isocyanate groups still present with 

the atmospheric moisture produces a largely closed­

celled rigid foam. 

15 In the dual-component polyurethane foam (hereafter 

referred to as 2C PU foam), an additional component 

bearing hydroxy groups, e.g. a polyol, is required for 

hardening the prepolymer foam, and this is not added 

until immediately before foam formation. Usually, this 

20 polyol is located in the pressurised vessel in a charge 

space separated from the other components, and is not 

added to the prepolymeric component until immediately 

before emerging from the pressurised vessel by 

actuating the spray valve. 

25 Most prepolymers for PU foams which are used for 

application from pressurised vessels have a very high 

viscosity, so that the foaming agents used should have 

good solvent properties, in order to be able to foam 

the components out of the pressurised vessel without 

30 difficulty. It is no longer desirable to use 

fluorochlorohydrocarbons (FCHCs) as foaming· agents for 

such applications for ecological reasons. Many of the 

substitutes proposed hitherto still possess use-related 

disadvantages such as still unsatisfactory heat 

35 insulation or an excessively slow evaporation rate. 

r 
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It was therefore an object of the invention to provide 

new methods for producing foamed plastics, and also for 

the production of PU foams from pressurised vessels, 

which overcome the former disadvantages of the prior 

5 art. A further object was to provide new foaming agent 

compositions for these methods. 

surprisingly, it has now been discovered that 

compositions which in addition to at least one 

additional liquid component contain carbon dioxide in 

10 liquid form are suitable as foaming agent compositions 

in methods for producing foamed plastics. Foaming 

agent compositions which contain liquefied carbon 

dioxide are also suitable for producing PU foams from 

pressurised vessels. 

15 The subject of the invention ·is foaming agent 

compositions which contain 0.5 to 50% by weight liquid 

co2 • Preferred foaming agent compositions contain 5 to 

50% by weight liquid co2 , in particular 10% by weight to 

50% by weight. 

20 In addition to the liquid co2 , they contain at least one 

additional liquid or pressure-liquefied component. 

This additional liquid component or the additional 

liquid components preferably represent the remainder to 

make up to 100% by weight of the foaming agent 

25 composition. The additional liquid component or 

components may for example be liquid or pressure­

liquefied physical foaming agents and/or liquid flame 

retardants, for example from the group of phosphate 

esters or phosphonic acid esters. Furthermore, the 

30 compositions may also additionally contain known 

additives and auxiliaries such as stabilisers or 

plasticisers. 
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A further subject of the invention is a method for 
producing foamed plastics with.the aid of foaming 

agents, in which a liquid foaming agent composition is 
used which contains 0.5 to 50% by weight, preferably 5 

5 to 50% by weight, in particular 10 to 50% by weight, 
very particularly 10 to 20% by weight, liquefied carbon 

dioxide. 

Liquefied carbon dioxide in the spirit of the invention 
can be obtained according to all known methods of gas 

10 liquefaction, preferably by pressure liquefaction. 

Carbon dioxide at room temperature and at normal 

pressure (1.01325 x 105 Pa) is a colourless gas which 
can be pressure-liquefied to give a colourless, readily 
mobile liquid by applying a.pressure of 56.5 atm 

15 (= 5.72486 x 106 Pa) at 20°c. Methods for pressure 
liquefaction of carbon dioxide are generally known. 

One embodiment of the present invention relates to the 
production of foamed plastics, for example by means of 

the casting or extrusion process. Another embodiment 
20 of the invention which will be explained later relates 

specifically to the production of single-component or 
dual-component polyurethane foamed materials from 
pressurised vessels (PU= polyurethane). First of all, 
the first-mentioned embodiment will be explained in 

25 greater detail below. 

In the production of foamed plastics, any conventional 
customary liquid physical foaming agents, namely 
readily volatile organic compounds such as ethers, e.g. 

diethyl ether, ketones such as acetone, hydrocarbons 
30 such as pentane, hexane, heptane, gasoline mixtures, 

halogenated hydrocarbons or halogenated ethers can be 
used as additional liquid components in addition to the 
pressure-liquefied carbon dioxide. Also gases 
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liquefied under pressure, such as propane or butane may 

be used in addition to the liquefied carbon dioxide. 

Furthermore, water can be used as liquid foaming agent 

component. 

5 Preferably, for the production of foamed plastics a 

foaming agent composition .is used which. contains or 

consists of 10 to 20 parts by weight liquefied carbon 

dioxide and 30 to 90 parts by weight of at least one 

physical foaming agent which is liquid or has been 

10 liquefied under pressure, from the group consisting of 

alcohols with 1 to 5 carbon atoms, aliphatic 

hydrocarbons with 2 to 12 carbon atoms, cyclic 

hydrocarbons with 3 to 12 carbon atoms, halogenated 

hydrocarbons with 1 to 5 carbon atoms or halogenated 

15 ethers with a total of 2 to 6 carbon atoms. Preferred 

alcohols in this case are in particular ethanol and 

isopropanol. Examples of aliphatic hydrocarbons are 

pentane, hexane, heptane and gasoline fractions, in 

particular light gasolines having a boiling point in 

20 the range of 15 to 80°C. Furthermore, the low-boiling 

fractions, such as propane and/or butane, can also be 

used in the pressure-liquefied state as liquid foaming 

agent components. Examples of cyclic hydrocarbons are 

cycloaliphatic hydrocarbons, preferably cyclopropane, 

25 cyclopentane and cyclohexane. "Halogenated 

hydrocarbons" is understood to mean hydrogen-containing 

fluorochlorohydrocarbons or fluorohydrocarbons. 

Examples of fluorochlorohydrocarbons which can be used 

are chlorodifluoromethane (R22), trifluoromethane 

30 (R23), 1,1-dichloro-l-fluoroethane (Rl4lb), l-chloro-

1,1-difluoroethane (Rl42b) or 1,3-dichloro-1,1,2,2,3,3-

hexafluoropropane (R216a). Examples of fluoro­

hydrocarbons are pentafluoroethane (R125), 

1,1,1,2-tetrafluoroethane (Rl34a), 1,1,l-trifluoro-

35 ethane (R143a), 1,1,2-triflUoroethane (R143), 

1,1-difluoroethane (R152a), l,1,1,3,3-pentafluoro-
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propane (R245fa), octafluoropropane (R218), or 

.alternatively 1,1,1,3,3-pentafluorobutane (R365mfc). 

"Halogenated ethers" is understood to mean 

fluorochloroethers or fluoroethers containing hydrogen, 

5 such as difluoromethoxy-2,2,2-trifluoroethane (E245). 

Preferably a foaming agent composition is used which 

contains 10 to 20 parts by weight liquefied carbon 

dioxide and 30 to 90 parts by weight of at least one 

halogenated hydrocarbon or an aliphatic hydrocarbon or 

10 a halogenated ether, or consists of the afore-mentioned 

mixture. 

Particularly preferably, in the method according to the 

invention a foaming agent composition is used which 

contains or consists of 10 to 20 parts by weight 

15 liquefied carbon dioxide and 30 to 90 parts by weight 

1,1-difluoroethane (R152a) and/or 30 to 90 parts by 

weight 1,1-dichloro-1-fluoroethane (R14lb). Further 

foaming agent compositions used particularly preferably 

in the method according to the invention are foaming 

20 agent compositions which contain 10 to 20 parts by 

weight liquefied carbon dioxide and 80 to 90 parts by 

weight 1,1-dichloro-l-fluoroethane (R14lb) and also 

optionally additionally 1 to 3 parts by weight water, 

or consist of the afore-mentioned mixture. Likewise 

25 preferably preferred is a foaming agent composition 

which contains 10 to 20 parts by weight liquefied 

carbon dioxide, 50 to 70 parts by weight 1,1-difluoro­

ethane (Rl52a) and 20 to 35 parts by weight ethanol, or 

consists of this mixture. Among the compositions 

30 according to the invention containing halogenated 

ethers, those foaming agent compositions which contain 

10 to 20 parts by weight liquefied carbon dioxide and 

80 to 90 parts by weight difluoromethoxy-2,2,2-

trifluoroethane (E245) or consist of such mixtures are 

35 particularly preferred. Of the aliphatic hydrocarbons, 
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n-pentane is particularly preferred. Preferably, a 

composition according to the invention containing 

aliphatic hydrocarbons should contain 10 to 20 parts by 

weight liquefied carbon dioxide and 80 to 90 parts by 

5 weight n-pentane and also optionally additionally 1 to 

3 parts by weight water or consist of such a mixture. 

With all these foaming agent mixtures, the amount of 

the other foaming agents used can be reduced by using 

the liquid co2 • co2 is physiologically harmless and 

10 environmentally compatible. 

Expediently, the method according to the invention for 

producing foamed plastics is carried out as a casting 

process or extrusion process. In the extrusion 

process, mixtures suitable for the production of foamed 

15 plastics are extruded directly into foamed sheets, 

films, moulded parts, profiles or particles. 

Particularly preferably, foamed thermoplastic 

materials, in particular polyethylene, polypropylene or 

polystyrene foamed materials, are produced according to 

20 the invention1 • According to the invention, the method 

is then carried out such that the foaming agent 

composition consisting of liquefied carbon dioxide and 

an additional liquid physical foaming agent is admixed 

to a melt of the starting products suitable for 

25 producing foamed plastics, and the polymerisation of 

the starting products for the foamed plastics material 

to be produced is carried out,· optionally while 

maintaining a slight excess pressure or reduced 

pressure during the foaming operation. Known 

30 processing units, e.g. extruder units, may be used for 

the method according to the invention. It is 

particularly surprising here that using the method 

1 TRANSLATOR'S NOTE: This sentence could also be interpreted 
to mean ". . • thermoplastic materials, materials, foamed 

35 according to the invention, are produced." 
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according to the invention it is possible to introduce 

carbon dioxide in the liquefied state even at elevated 

temperature into the extruder for the foaming of 

thermoplastic polymer melts. In contrast to the 

5 methods of the prior art known hitherto, this makes 

metering of the carbon dioxide possible without 

difficulty. According to the method of the invention, 

it is thus possible, using carbon dioxide, to produce 

predominantly closed-celled foamed materials of very 

10 uniform fine-celled structure. Furthermore·, the foamed 

plastics obtained according to the method of the 

invention are distinguished by very good heat 

insulation properties. 

The method according to the invention for the 

15 production of foamed plastics can be carried out such 

that a foaming agent composition pre-formulated in a 

pressurised vessel is used, which composition was 

produced by placing the physical foaming agent which is 

liquid or has been liquefied under pressure in a 

20 pressurised vessel in the desired parts by weight and 

forcing in the desired quantity of pressure-liquefied 

carbon dioxide in known manner. However, it is also 

possible to proceed according to the method of the 

invention such that the foaming agent composition to be 

25 used is not produced until immediately before the 

foaming operation for the polymers or polymerisable 

components which are to be foamed. In this case, in a 

pressurised vessel outside the extruder unit proper 

liquefied carbon dioxide is introduced in the 

30 corresponding quantities into the additional liquid 

foaming agent component at a pressure at which carbon 

dioxide is in liquid state, when the components largely 

mix together. The homogenous mixture of liquefied 

carbon dioxide and liquid foaming agent component thus 

35 obtained is then introduced into the extruder unit via 

an inlet for liquid foaming agents. 
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The method according to the invention is suitable both 

for the production of open-celled and closed-celled 

rigid or flexible foams. The method is particularly 

suitable for producing polyurethane foamed plastics. 

5 Known PU processing units, e.g. high-pressure or low­

pressure mixing units which are equipped with the 

static mixers known from the prior art can be used for 

this. 

In one variant for the production of foamed PU 

10 plastics, the foaming agents according to the invention 

may contain additional liquid additives, e.g. flame 

retardants, as an additional component in addition to 

pressure-liquefied carbon dioxide and one or more 

physical foaming agents which are liquid and/or have 

15 · been liquefied under pressure. Conventional flame 

retardants are e.g. phosphate esters or phosphonates. 

Corresponding phosphate esters or phosphonic esters 

which have three lower alkyl groups or three lower 

alkyl groups substituted by one or more halogen atoms 

20 are particularly well suited. Lower alkyl preferably 

stands for c1 to c4 groups. Suitable examples are tris­

chloroisopropyl phosphate, trichloroisopropyl 

phosphate, tris-chloroethyl phosphate, trichloroethyl 

phosphate, trichloropropyl phosphate, tris-chloropropyl 

25 phosphate, triethyl phosphate, dimethylethyl phosphate, 

tris-dichloroisopropyl phosphate or dimethylmethyl 

phosphonate. 

If the method according to the invention is used for 

the production of PU foamed plastics, all customary 

30 foam raw materials, such as aliphatic, cycloaliphatic 

or aromatic diisocyanates or polyisocyanates may be 

used. Examples of foam raw materials are 2,4- and 

2,6-toluylene diisocyanate, diphenylmethane 

diisocyanate, polymethylene polyphenyl isocyanate and 

35 mixtures thereof. Polyisocyanates containing 

iii11iif 1i1illf 
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carbodiimide groups, urethane groups, allophanate 
groups, isocyanurate groups, urea groups or biuret 

groups, which are referred to as "modified 

polyisocyanates" or "isocyanate prepolymers" may also 
5 be used. In the production of PU foamed plastics, 

polyisocyanates are usually reacted with compo~nds 

which contain at least two hydrogen atoms which are 
reactive to isocyanate groups, for example compounds 
containing hydroxyl groups on the basis of polyesters, 

10 polyethers and amines, and also compounds containing 
amino and/or carboxyl and/or thiol groups. 
Furthermore, all catalysts used in the production of PU 
foamed plastics, such as tertiary amines and/or organic 

metal compounds such as tin salts of carboxylic acids 
15 may be used. 

If the method according to the invention is used for 
the production of polystyrene or polyethylene foamed 

materials, all foam raw materials known per se may also 
be used for this. 

20 In known manner, in addition to the polymers and/or 
polymerisable constituents all known additives or 

auxiliaries, for example nucleation agents, pore 

regulator substances, flame retardants, antistatic 
agents, stabilisers, plasticisers, cross-linking 

25 agents, fillers or dyes may be added. 

Another embodiment of the invention relates to the 
production of single-component or multi-component PU 
foamed materials from pressurised vessels, and will be 

explained below. In this case too, a foaming agent 
30 composition containing 0.5 to 50% by weight liquefied 

co2 is used. 

"Foaming agent composition" is understood to mean the 
liquid content of the foaming agent composition 
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enclosed in the pressurised vessel, including the gas 

phase located in the pressurised vessel. 

The foaming agent composition in this variant contains 

at least one additional liquid component in addition to 

5 the liquid co2 • It may contain, for example, a liquid 

or pressure-liquefied physical foaming agent as 

additional liquid component. Halogenated foaming 

agents are highly suitable; halogen-free foaming agents 

are often environmentally compatible and to be 

10 preferred. According to a particularly advantageous 

variant, liquid co2 is contained as the sole foaming 

agent, and the liquid additional component is formed by 

a liquid flame retardant from the group of esters of 

phosphoric acid or the esters of phosphonic acid. 

15 Any customary liquid physical foaming agents, namely 

readily volatile organic compounds such as ethers, 

acetone, hydrocarbons such as pentane, heptane, hexane, 

gasoline mixtures, halogenated hydrocarbons or 

halogenated ethers are possible as additional liquid 

20 components in addition to the pressure-liquefied carbon 

dioxide. Also gases liquefied under pressure, such as 

propane or butane, may be used in addition to the 

liquefied carbon dioxide. 

Preferably the foaming agent compositions according to 

25 the invention contain more than 5% by weight, in 

particular 5 to 50, e.g. 5 or 10 to 30% by weight, 

liquefied carbon dioxide. 

Foaming agent compositions which contain 10 to 50 parts 

by weight liquefied carbon dioxide and 30 to 90 parts 

30 by weight of at least one foaming agent which is liquid 

or has been liquefied under pressure, from the group of 

ethers having a total of 2 to 4 carbon atoms, ketones 

having 3 to 5 carbon atoms, aliphatic hydrocarbons 
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having 2 to 12 carbon atoms, halogenated hydrocarbons 

having 1 to 5 carbon atoms or halogenated ethers having 

a total of 2 to 6 carbon atoms or consist of such a 

mixture are preferred. Examples of aliphatic 

s hydrocarbons are pentane, hexane, heptane and gasoline 

fractions, in particular light gasolines having a 

boiling point in the range of 15 to 80°C. .Preferably 

the low-boiling fractions, such as propane and/or 

butane, used in pressure-liquefied form. Examples of 

10 cyclic hydrocarbons are cyclopropane, cyclopentane and 

cyclohexane. "Halogenated hydrocarbons" are understood 

to mean hydrogen-containing fluorochlorohydrocarbons or 

fluorohydrocarbons. Possible fluorochlorohydrocarbons 

are e.g. chlorodifluoromethane (R22), 1,l-dichloro-1-

15 fluoroethane (R141b), 1-chloro-1,1-difluoroethane 

(R142b) or l,3~dichloro-1,1,2,2,3,3-hexafluoropropane 

(R216a). Examples of fluorohydrocarbons are 

trifluoromethane (R23), pentafluoroethane (R125), 

1,1,1,2-tetrafluoroethane (R134a), 1,1,1-trifluoro-

20 ethane (R143a), 1,1,2-trifluoroethane (R143), 

1,1-difluoroethane (Rl52a), 1,1,1,3,3-pentafluoro­

propane (R245fa), octafluoropropane (R218) or 

1,1,1,3,3,-pentafluorobutane (R365mfc). "Halogenated 

ethers" are understood to mean hydrogen-containing 

25 fluorochloroethers or fluoroethers, such as difluoro­

methoxy-2, 2, 2-trifluoroethane (E245). Examples of 

possible ethers are dimethyl ether or diethyl ether. 

Of the ketones, acetone is particularly preferred. 

The foaming agent compositions according to the 

30 invention may be free of halogenated foaming agents and 

consist only of liquefied carbon dioxide as the sole 

foaming agent component. Blends which contain or 

consist of liquefied carbon dioxide in a quantity of 20 

to 30 parts by weight and butane or a propane/butane 

35 mixture in a quantity of 50 to 60 parts by weight 

and/or acetone in a quantity of 5 to 15 parts by weight 
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are preferred. A.· customary mixture, f9r example a 

mixture having a.· ~apour pressure of app~~oximately 
3.7 bar (absolute) can be used as the propane/butane 

mixture. 

5 Also preferred are foaming agent compositions according 

to the invention which contain or consist of 10 to 50 

parts by weight liquefied carbon dioxide and 10 to 90 

parts by weight of a halogenated hydrocarbon or a 

halogenated ether. In this case, foaming agent 

10 compositions which contain or consist of 10 to 30 parts 

by weight liquefied carbon dioxide and of the 

halogenated hydrocarbons 10 to 90 parts by weight 

1,1-difluoroethane (R152a) and/or 1,1-dichloro-1-

fluoroethane (R141b) are particularly preferred. Among 

15 the compositions according to the invention containing 

halogenated ethers, those foaming agent compositions 

which contain or consist of 15 to 40 parts by weight 

liquefied carbon dioxide and 10 to 20 parts by weight 

difluoromethoxy-2,2,2-trifluoroethane (E245) are 

20 particularly preferred. 

In another particularly preferred variant, the foaming 

agents according to the invention may [contain] 

phosphate esters or phosphonates customary as flame 

retardants in addition to pressure-liquefied carbon 

25 dioxide as liquid component. Phosphate or phosphonic 

esters which contain three Cl - C4 alkyl groups, which 

are optionally substituted by one or more halogen atoms 

are particularly suitable, such as tris-chloroisopropyl 

phosphate, tris-chloroethyl phosphate, trichloroethyl 

30 phosphate, trichloropropyl phosphate, tris-chloropropyl 

phosphate, triethyl phosphate, dimethylethyl phosphate, 

tris-dichloroisopropyl phosphate or dimethylmethyl 

phosphonate. Expediently, the concentrations are 10 to 

50 parts by weight liquefied carbon dioxide and 80 to 

35 100 parts by weight phosphate ester or phosphonate. 
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Preferably tris-chloropropyl phosphate is used. These 

particularly preferred foaming agent compositions are 

free of foaming agents other than co2 and are therefore 

particularly environmentally compatible. 

5 The foaming agent compositions according to the 

invention are suitable for .. the production of all PU 

foams known hitherto from pressurised vessels, in 

particular for foaming lC and 2C PU foamed materials. 

The foaming agent compositions according to the 

10 invention can also be used for the production of multi­

component PU foamed materials in which the foam-forming 

agents with more than one reactive component are poured 

separately into a pressurised vessel. The foaming 

agent compositions according to the invention can also 

15 be used for the production of so-called 1.5C PU foams, 

in which, in contrast to the 2C foams, a quantity of a 

polyol component which is insufficient for reaction of 

the isocyanate groups is added to the prepolymer 

shortly before application. 

20 The foaming agent compositions according to the 

invention have proved very advantageous for the 

production of lC or 2C PU foamed materials. 

The 1C PU foamed material mixture to be foamed in known 

manner may in known manner contain a polyol component, 

25 a polyisocyanate component, a catalyst and also 

optionally as auxiliary a flame retardant as additional 

constituents in addition to the foaming agent 

composition according to the invention. 

Glycerol, glycols or polyether polyols which were 

30 obtained as addition products of propylene oxide or 

ethylene oxide to polyvalent alcohols, water or 

ethylene diamine, or polyester polyols which were 

obtained as polycondensation products from polyols with 

1ii1i1ffiHli1~ 
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dicarboxylic acids or their anhydrides, or mixtures 

thereof may for example be contained in the lC PU foam 

mixture as the polyol component. A typical polyol 

component may for instance be a mixture of a brominated 

5 polyether polyol (for instance diol or triol) with a 

hydroxyl number of 200 to 350 and a polyether polyol 

(e.g. a diol) with a hydroxyl number of 110. 

Furthermore, modified vegetable oils having an OH 

number in the range of 100 to 300, e.g. caster oil, are 

10 also possible. 

Examples of polyisocyanate components which can be used 

are diphenylmethane-4,4'-diisocyanate, diisocyanato­

toluene, 1,5-diisocyanato-naphthalene, triisocyanato­

triphenylmethane, 1,6-diisocyanatohexane, preferably 

15 diphenylmethane-4,4'-diisocyanate, or mixtures thereof. 

Typical catalysts in 1C PU foam mixtures which can be 

foamed in the method according to the invention with a 

foaming agent composition according to the invention 

are organic amines, aminoalcohols or aminoethers, e.g. 

20 2-dimethylaminoethyl-3-dimethylaminopropyl ether, 

diethanolamine, dimethylcyclohexylamine, 2-dimethyl­

aminoethyl ether, or morpholine compounds, such as 

2,2-dimorpholinodiethyl ether, N,N-dimethylaminoethyl 

morpholine, N-methyl morpholine. The morpholine 

25 compounds, in particular 2,2-dimorpholinodiethyl ether, 

are preferred. 

Tris-chloroisopropyl phosphate, trichloroisopropyl 

phosphate, tris-chloroethyl phosphate, trichloroethyl 

phosphate, tris-chloropropyl phosphate, trichloropropyl 

30 phosphate, dimethylethyl phosphate, tris-dichloro­

isopropyl phosphate, dimethylmethyl phosphonate, 

dimethylene ethyl phosphate, preferably tris-chloro­

propyl phosphate, may be used as customary flame 

retardants. 

' 
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Copolymers of siloxane are for example suitable as 

stabilisers. 

A lC PU foam mixture which is to be foamed contains, 

relative to the foam mixture as 100% by weight, for 

5 example 20 to 30% by weight of a polyol component, 40 

to 60% by weight of a polyisocyanate component, 0.1 to 

3% by weight catalyst, optionally 10 to 15% by weight 

of a flame retardant, and optionally 1 to 2% by weight 

foam stabiliser in addition to 15 to 35% by weight of a 

10 f~aming agent composition according to the invention. 

A typical lC PU foam mixture, which can advantageously 

be foamed with the aid of the foaming agent composition 

according to _the invention thus consists for example of 

approximately 22.5% by weight of a polyol component, 

15 e.g. of a mixture of a brominated polyether polyol with 

a hydroxyl number of 200 to 350 and a polyether polyol 

with a hydroxyl number of 110 in a mixture ratio of 

1:1, approximately 42.5% by weight of a polyisocyanate 

component, e.g. diphenylmethane-4,4'-diisocyanate, 

20 approximately 0.5% by weight of a catalyst substance 

such as 2,2-dimorpholinodiethyl ether, approximately 

1.5% by weight silicone foam stabiliser, approximately 

13% by weight of a flame retardant such as tris-chloro­

propyl phosphate, and a content of approximately 20% by 

25 weight of a foaming agent composition according to the 

invention. A single-component foamed material having a 

uniform, fine-celled structure and low bulk density, 

e.g. a bulk density of approximately 23 to 25 kg/m3 , can 

be produced from such a lC PU foam mixture. 

30 The 1.5C and 2C PU foamed materials differ from the 

single-component foamed materials in that the polyol 

component required for hardening the foam is kept 

separate from the prepolymer composition in the 

pressurised vessel and is not added to the prepolymer 

35 until immediately before foaming. All the polyol 
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components already mentioned may be used as the second 

component. For more rapid hardening, the second 

component may furthermore contain a conventional 

catalyst, for example the afore-mentioned amine or 

5 morpholine compounds or alternatively organometallic 
compounds, such as tin dioctoate, cobalt naphthenate, 

dibutyl tin dilaurate or iron acetonyl acetate. 

10" 

15 

20 

The lC or multi-component PU foamed materials produced 

with the foaming agent composition according to the 

invention possess very good heat insulation properties 

and are therefore well suited for insulation purposes, 

e.g. in the construction or housing field. The foaming 
agent compositions according to the invention are also 

suitable for the production of polyurethane-based spray 

adhesives. 

Furthermore, the invention comprises a method for 

producing a lC or 2C PU foamed material, in which a PU 
foamed material is produced from a pressurised vessel 

which contains a PU foam mixture consisting of a polyol 

component, a prepolymer containing isocyanate groups, a 

catalyst and optionally additional conventional 

auxiliaries and also one of the foaming agent 

compositions described above by relieving the excess 
pressure in the pressurised vessel to atmospheric 

25 pressure through a valve. Appropriate pressurised 

30 

vessels and valves suitable for foaming are generally 

known. 

Furthermore, the invention relates to lC or multi­
component PU foamed material mixture for producing a PU 

foamed material from pressurised vessels which contain 
one of the foaming agent compositions described above. 

Another subject of the invention is a method for 

producing a foaming agent composition for the 
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production of .PU foamed materials from p:r::-essurised 

vessels, in which liquefied carbon dioxide is used as a 

foaming agent component. In the method according to 

the invention, the physical foaming agent component 

5 which is liquid or has been liquefied under pressure is 

placed in a pressurised vessel in the desired parts by 

weight, and liquefied, usually pressure-liquefied, 

carbon dioxide is forced in in the desired amount in 

known manner. This foaming agent composition produced 

10 according to the invention can then be injected in the 

desired quantity into a pressurised vessel (aerosol 

-can) which already contains the prepolymer and 

optionally all the other components. The quantity of 

carbon dioxide is then only regulated by the pressure 

15 permitted for aerosol cans {10 to 18 bar). 

According to the invention, it is then possible to 

produce pressurised vessels containing PU foamed 

material mixtures which may contain approximately 20 to 

30 g carbon dioxide per 1 kg can. According to methods 

20 used hitherto, in which carbon dioxide was always used 

in gaseous form, it was hitherto only possible to 

introduce only approximately 3 to 5 g carbon dioxide 

per 1 kg can. Advantageously, according to the 

invention it is now possible to reduce further the 

25 content of combustible physical foaming agents which 

are liquid or have been liquefied under pressure in the 

production of PU foamed materials from pressurised 

vessels. Also from the point of view of cost, 

reduction of the liquid or pressure-liquefied physical 

30 foaming agents customary hitherto is extremely 

advantageous. lC or multi-component PU foamed 

materials produced with the foaming agent composition 

according to the invention have a predominantly closed­

celled, very uniform, fine-celled structure and very 

35 high heat insulation properties. Accordingly, PU 

foamed materials which have been produced with a 
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foaming agent composition according to the invention 

are particularly suitable for insulation purposes in 

the field of construction and housing. 

The following examples are intended to explain the 

5 invention in greater detail, but without restricting 

its scope. 

Examples 

1. Production of a polystyrene foamed material 

a) Liquefied carbon dioxide/R152a as foaming agent: 

10 200 kg polystyrene (melt index 3.0-110) were mixed with 

2 kg talcum as nucleation agent and this mixture was 

metered into a conventional extruder and melted. 

Approximately 6% by weight of a foaming agent according 

to the invention, relative to polystyrene, were metered 

15 into the melting zone of the extruder-via an injection 

nozzle into the polystyrene melt. The foaming agent 

composition according to the invention contained 14 

parts by weight liquefied carbon dioxide and 86 parts 

by weight R152a. The vapour pressure of this foaming 

20 agent composition was approximately 14 bar at 20°c. 

In the mixing zone, the polystyrene melt was mixed 

homogenously with the foaming agent composition 

· according to the invention and then the resulting 

mixture was extruded via a nozzle. A closed-celled 

25 foamed material of uniform, fine-celled structure was 

obtained. 

Both polystyrene foam films and polystyrene foam sheets 

were produced according to the invention. A 

polystyrene foam film produced according to the 
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invention had a density of approximately 35 kg/m3 , and a 

polystyrene foam sheet produced according to the 

invention had a density of approximat~ly 33 kg/m3 • 

b) Liguefied carbon dioxide/R152a/ethanol as foaming 

5 agent: 

As described under Example la), approximately 8.5% by 

weight of a foaming agent according to the invention, 

relative to polystyrene, was metered into a polystyrene 

melt •. The foaming agent composition according to the 

10 invention contained 14 parts by weight liquefied carbon 

dioxide, 57 parts by weight R152a and 29 parts by 

weight ethanol. The vapour pressure of these foaming 

agent compositions was·approximately 15 bar at 20°C. 

A polystyrene foam film produced according to the 

15 invention had a density of approximately 36 kg/m3 , and a 

polystyrene foam sheet produced according to the 

invention had a density of approximately 34 kg/m3 • 

2. Production of a polyethylene foam material 

a) Liguefied carbon dioxide/R152a/R141b as foaming 

20 agent: 

200 g polyethylene (melt index 3.5-150) were extruded 

under identical conditions as described in Example 1 

for polystyrene foamed material. Approximately 6% by 

weight of a foaming agent mixture, relative to 

25 polyethylene, was metered in. According to the 

invention, a foaming agent composition consisting of 14 

parts by weight liquefied carbon dioxide, 50 parts by 

weight Rl52a and 36 parts by weight R141b was used. A 

fine-celled polyethylene foamed material of low 

30 shrinkage was obtained. The polyethylene foam tube 
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produced according, to the invention had a density of 

approximately 4 o kg/m3 • .': 

3. Production of a PU foamed material 

For production of the PU foamed material a polyol 

5 mixture, consisting of 40 parts by weight of an 

ethylene diamine/propylene oxide polyether (OH number 

480), 60 parts by weight of a sorbitol/glycerol/ 

propylene oxide polyether (OH number 490), 1 part by 

weight foam stabiliser (type DC193 by Dow Corning 

10 Corporation) and 1.5 parts by weight dimethyl­

cyclohylamine [sic] were used as one of the starting 

components. Diphenylmethane diisocyanate was used as 

the isocyanate component in a stoichiometric quantity 

increased by 10% by weight. The PU foamed materials 

15 were produced on a low-pressure installation having an 

output rate of approximately 8 kg/min, with which 

metering of 3 components is possible. A static mixer 

served as the mixing unit. 

a) Liguef ied carbon dioxide/R141b/water as foaming 

20 agent: 

According to the invention, a foaming agent composition 

was used in a quantity of 30 parts by weight. The 

foaming agent composition consisted of 13.9 parts by 

weight liquefied carbon dioxide, 85.1 parts by weight 

25 Rl41b and additionally 1 part by weight water. With 

this foaming agent composition according to the 

invention, a PU rigid foam material having a fine­

celled structure and a density of approximately 24 kg/m3 

was produced. 

30 b) Liguef ied carbon dioxide/n-pentane/water as 

foaming agent: 



22 

Furthermore, a PU foamed material containing 18 parts 

by weight of a foaming agent composition was produced. 

This foaming agent composition consisted according to 

the invention of 13.9 parts by weight liquefied carbon 

5 dioxide and 85.1 parts by weight n-pentane and 

additionally 1 part by weight water. With this foaming 

agent composition, a PU rigid foam material having a 

fine-celled structure and a density of approximately 

25.4 kg/m3 was obtained. 

10 c) Liquefied carbon dioxide/E245 as foaming agent: 

Furthermore, a PU foamed material was produced with 35 

parts by weight of a foaming agent composition. This 

foaming agent composition consisted according to the 

invention of 14 parts by weight liquefied carbon 

15 dioxide and 85 parts by weight E245. With this foaming 

agent composition, a PU rigid foam having a fine-celled 

structure and a density of approximately 33.5 kg/m3 was 

obtained. 

4. Liquefied carbon dioxide/propane/butane/acetone as 

20 foaming agent for le PU foamed materials: 

a) 247 g of an initial polyol mixture, consisting of 

73 g polyether polyol (diol), brominated, hydroxide 

number approximately 240, 

73 g polyether polyol (diol), hydroxide number 

25 approximately 110, 

89 g tris-chloropropyl phosphate, 

5 g silicone foam stabiliser, 

7 g dimorpholinodiethyl ether, 

was poured into an aluminium aerosol can having a 

30 volume of 1000 cm3 • 356 g diphenylmethane-4,4-
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diisocyanate wer~_added and the aerosol qan was closed 

by a foam aerosol valve. A foaming agent composition 

according to the invention was produced by placing 62 g 

pressure-liquefied propane/butane and 10 g acetone in a 

5 pressurised vessel and adding 28 g pressure-liquefied 

carbon dioxide with mixing. 99 g of this foaming agent 

composition according to the invention was then 

injected via a conventional aerosol filling device into 

the aerosol can containing the foam components. The 

10 aerosol can was briefly shaken and allowed to stand for 

approximately 24 hours in order to form the prepolymer. 

Once this time had ended, the lC PU foam mixture was 

ready for use. 

The lC PU foam mixture was expelled from the aerosol 

15 can by means of the foaming agent composition according 

to the invention. A PU foamed material having a bulk 

density of approximately 23 kg/m3 of uniform, fine­

celled structure was obtained. The shrinkage of the PU 

foamed material after 7 days' storage at an atmospheric 

20 humidity of approximately 90% was about 5 percent 

length on average. 

b) As described under a), a polyol blend and a 

polyisocyanate were poured into an aerosol can of the 

same volume. A composition of 50 g propane/butane, 

25 7.5 g acetone and 20 g liquefied carbon dioxide was 

used as foaming agent composition according to the 

invention. The foaming agent composition was produced 

and poured into the aerosol can as described under a). 

The PU foamed material produced with this foaming agent 

30 composition according to the invention had a bulk 

density of approximately 25 kg/m3 • 
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s. Liquefied .c~J:>on dioxide/propane/)!>~t.ane/R141b as 

foaming agent for 1c PU foamed materials: 

A polyol blend and a polyisocyanate were poured into an 

aerosol can having a volume of 1000 cm3 as described in 

5 Example 4. A composition of 62 g propane/butane, 10 g 

R141b and 28 g liquefied carbon dioxide was used as the 

foaming agent composition according to the invention. 

The foaming agent composition was produced and poured 

into the aerosol can as described in Example 4. 

10 The PU foamed material produced with this foaming agent 

composition had a bulk density of approximately 

25 kg/m3 • 

6. Liquefied carbon dioxide/trichloropropyl 
phosphate/R141b as foaming agent for lC PO foamed 

15 materials: 

214 g of a polyol blend and 356 g polyisocyanate were 

poured into an aerosol can having a volume of 1000 cm3 

as described in Example 4. A composition according to 

the invention was produced by placing 100 g tris-

20 chloropropyl phosphate and 10 g R141b in a pressurised 

vessel and adding 28 g pressure-liquefied carbon 

dioxide with mixing. 99 g of this foaming agent 

composition was poured into the aerosol can as 

described in Example 4. 
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Claims 

1. A foaming agent composition for the production of 

foamed plastics and for the production of single­

component or dual-component polyurethane foamed 

5 materials from pressurised vessels, characterised in 

that it contains 0.5 to 50% by weight liquefied carbon 

dioxide. 

10 

2. A foaming agent composition according to 

characterised in that it contains 5 to 50% by 

preferably 10 to 50% by weight, in particular 

by weight, liquefied co2 • 

Claim 1, 

weight, 

10 to 20% 

3. A foaming agent composition according to Claim 1 

or 2 for the production of foamed plastics, 

characterised in that it contains 10 to 20 parts by 

15 weight liquefied carbon dioxide and 30 to 90 parts by 

weight of at least one physical foaming agent which is 

liquid or has been liquefied under pressure, from the 

group consisting of alcohols with 1 to 5 carbon atoms, 

aliphatic hydrocarbons with 2 to 12 carbon atoms, 

20 cyclic hydrocarbons with 3 to 12 carbon atoms, 

halogenated hydrocarbons with 1 to 5 carbon atoms or 

halogenated ethers with a total of 2 to 6 carbon atoms. 

4. A foaming agent composition according to Claim 1 

or 2 for the production of single-component or dual-

25 component polyurethane foamed materials from 

pressurised vessels, characterised in that they contain 

10 to 50 parts by weight liquefied carbon dioxide and 

30 to 90 parts by weight of at least one foaming agent 

which is liquid or has been liquefied under pressure, 

30 from the group of ethers having a total of 2 to 4 

carbon atoms, ketones having 3 to 5 carbon atoms, 

aliphatic hydrocarbons having 2 to 12 carbon atoms, 
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cyclic hydrocari:mh~ with 3 to 12 carbon atoms, 

halogenated hydrocarbons having 1 to 5 carbon atoms or 

halogenated ethers having a total of 2 to 6 carbon 

atoms. 

5. A foaming agent composition according to Claim 1 

or 2 for the production of single-component or dual­

component polyurethane foamed materials from 

pressurised vessels, characterised in that it contains 

10 to 50 parts by weight liquefied carbon dioxide and 

10 10 to 100 parts by weight of at least one trialkyl 

phosphate or trialkyl phosphonate from the group 

triethyl phosphate, trichloroisopropyl phosphate, tris­

chloroethyl phosphate, tris-chloroisopropyl phosphate, 

tris-chloropropyl phosphate, trichloroethyl phosphate, 

15 trichloropropyl phosphate, triethyl phosphate [sic], 

dimethylethyl phosphate, trichloroisopropyl phosphate 

[sic], dimethylmethyl phosphonate, diethylmethyl 

phosphonate or diethylethyl phosphonate, preferably 

tris-chloropropyl phosphate. 

20 6. A halogen-free foaming agent composition according 

to Claim 3, characterised in that it contains 20 to 30 

parts by weight liquefied carbon dioxide and 50 to 60 

parts by weight butane or a propane/butane mixture 

and/or 5 to 15 parts by weight acetone. 

25 7. A foaming agent composition according to Claim 3, 

characterised in that it contains 20 to 40 parts by 

weight liquefied carbon dioxide and 10 to 50 parts by 

weight of a halogenated hydrocarbon from the group 

1,1-dichloro-1-fluoroethane, pentafluoroethane or 

30 1,1-difluoroethane. 

8. A foaming agent composition according to Claim 3, 

characterised in that it contains 20 to 40 parts by 
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weight liquefied -carbon dioxide and 10 'tf.():50 parts by 

weight difluoromethoxy-2,2,2-trifluoroethane. 

9. A method for the production of foamed plastics 

with the aid of foaming agents, characterised in that a 

5 liquid foaming agent composition according to Claim 1 

is used which contains 0.5 to 50% by weight liquefied 

carbon dioxide • 

. 10. A method according to Claim 9, characterised in 

that a foaming agent composition is used which contains 

10 10 to 20 parts by weight liquefied carbon dioxide and 

30 to 90 parts by weight of at least one foaming agent 

which is liquid or has been liquefied under pressure, 

from the group consisting of alcohols with 1 to 5 

carbon atoms, aliphatic hydrocarbons with 2 to 12 

15 ·carbon atoms, cyclic hydrocarbons with 3 to 12 ·carbon 

atoms, halogenated hydrocarbons with 1 to 5 carbon 

atoms or halogenated ethers with a total of 2 to 6 

carbon atoms. 

11. A method according to Claim 10, characterised in 

20 that a foaming agent composition is used which contains 

10 to 20 parts by weight liquefied carbon dioxide and 

30 to 90 parts by weight of at least one aliphatic or 

halogenated hydrocarbon or halogenated ether. 

12. A method according to Claim 11, characterised in 

25 that a foaming agent composition is used which contains 

10 to 20 parts by weight liquefied carbon dioxide and 

30 to 90 parts by weight 1,1-difluoroethane and/or 30 

to 90 parts by weight 1,1-dichloro-1-fluoroethane. 

13. A method according to Claim 12, characterised in 

30 that a foaming agent composition is used which contains 

10 to 20 parts by weight liquefied carbon dioxide and 

80 to 90 parts by weight 1,1-dichloro-1-fluoroethane. 
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14. A method ac9q~ding to Claim 9, char~cterised in 

that a foaming ageht composition is us~d ·~hich contains 

10 to 20 parts by weight liquefied carbon dioxide, 50 

to 70 parts by weight 1,1-difluoroethane and 20 to 35 

5 parts by weight ethanol. 

15. A method according to.Claim 11, characterised in 

that a foaming agent composition is used which contains 

10 to 20 parts by weight liquefied carbon dioxide and 

80 to 90 parts by weight difluoromethoxy-2,2,2-

10 trifluoroethane. 

16. A method according to Claim 11, characterised in 

that a foaming agent composition is used which contains 

10 to 20 parts by weight liquefied carbon dioxide and 

80 to 90 parts by weight n-pentane. 

15 17. A method according to Claim 9, characterised in 

that foamed polyethylene, polystyrene or polyurethane 

plastics are produced. 

18. A method for producing a single-component or dual­

component polyurethane foamed material, characterised 

20 in that a polyurethane foamed material is produced from 

a pressurised vessel which contains a prepolymer 

containing isocyanate groups, optionally additional 

conventional auxiliaries and a foaming agent 

composition according to one of Claims 1 to 2 or 4 to 8 

25 as foaming agent by pressure-relieving the excess 

pressure prevailing in the pressurised vessel to 

atmospheric pressure via a suitable valve. 

19. A method according to Claim 18, characterised in 

that a foaming agent composition is used in a quantity 

30 of 5 to 40% by weight, relative to the total mixture of 

prepolymer and foaming agent composition. 
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20. A method for.producing a foaming ~c;:J~mt composition 
according to Claim 1, characterised in that carbon 
dioxide which has been liquefied under pressure is 

introduced into an additional component which is liquid 
5 or has been liquefied under pressure, preferably a 

foaming agent or a flame retardant, or vice versa, so 
that the foaming agent composition contains 0.5 to 50% 

by weight liquid C02 • 

21. A composition consisting of prepolymer and foaming 
10 agent for the production of a single-component or dual­

component polyurethane foamed material, characterised 
in that it contains a foaming agent composition 
according to one of Claims 1 to 2 or 4 to s. 

22~ An arrangement for producing a single-component or 
15 dual-component polyurethane foamed material, 

characterised in that it contains a prepolymer 

containing isocyanate groups and a foaming agent 

composition according to one of Claims 1 to 2 or 4 to 8 
in a pressurised vessel provided with a valve. 


