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Fliissiges Kohlendioxid enthaltende Treibmittel

Beschreibung

U Die Erfindung betrifft fliissiges Kohlendioxid enthalten-
de Treibmittel sowie deren Verwendung in Verfahren zur Her-
stellung geschéumter Kunststoffe.

Die Erfindung betrifft auch Treibmittelzusammensetzun-
gen, welche zur Herstellung von Ein- oder Mehrkomponenten-
Polyurethanschaumstoffen aus Druckbehdltern geeignet sind.

Der Einsatz von Fluorchlorkohlenwasserstoffen (FCKWs)
als Treibmittel bei der Herstellung geschéumter Kunststoffe
ist aus ékologischen Griinden nicht mehr wiinschenswert. Als
BErsatzstoffe sind bisher auch gasfdrmige Substanzen, wie
z. B. Kohlendioxid, vorgeschlagen worden. Kohlendioxid als
gasférmiges physikalisches Treibmit;el hat aber den Nachteil,
daR es sich aufgrund seiner relativ niedrigen kritischen Tem-
peratur bei der wéhrend der Produktion von Kunststoffschdumen
herrschenden Bedingungen nur recht schwierig dosieren lift.
Weiterhin filhrt der Einsatz von Kohlendioxid nach bisher be-
kannten Verfahren zumeist zu offenzelligen Schaumstoffen mit
einem unerwiinscht hohen Wasseraufnahmeverm®dgen und einer oft
noch unbefriedigenden Warmedidmmung. Auch ist bisher die Her-
stellung geschiaumter Runststoffe mit vorwiegend geschlossenen
Zellen bei der Verwendung von Kohlendioxid als alleinigem
Treibmittel oder als Co-Treibmittel in Kombination mit ande-
ren physikalischen Treibmitteln noch mit Schwierigkeiten ver-
bunden.



The invention relates to foam ng agents containing | i quid carbon

di oxide and to the use thereof in nethods 5 *for producing foaned
plasti cs. The invention also relates to foam ng agent ~
cbnposi tions which are suitable for the production of Lo
si ngl e-conmponent or multi-conponent pol yurethane foaned . matefials
from pressuri NQ9%/43%c| s, 10 It is no |onger desirabl BRCTEPASS22

f I uor ochl or o- hydr ocar bons (FCHCs) as foanmi ng agents in the

production of foamed plastics for ecol ogi cal reasons. Hi t hert o,
substances which are al so gaseous, such as o :

Einkomponenten-~ bzw. Mehrkomponeﬁten-Polyurethanschaume,
die aus einem Druckbehalter, z. B. einer Sprithdose, abgegeben
werden, werden hauptsachlxch zur Aufschéumung von Hohl- oder
Zwischenriumen im Bauwesen oder im Automobilbau exngesetzt.
Beim sogenannten Einkomponenten-Polyurethanséhaum {nachfol-~
gend 1K-PUR-Schaum genannt) wird eine Polyolvormischung zu-
sammen mit einem ﬂberséhuﬁ an Di- und/oder Polyisocyaﬁat in

. -Gegenwart eines Katalysators und gegebéhenfalls_weiterer
— Hilfs- und ZusatZStofié in einem Dtﬁckbehalter_zu einem Iso-
cyanatgruppen enthaltenden P:epolymér umgesetzt. Durch Betd-
tigung des Sprithventils dés Druckbehélters wird das Prepoly-
. mer durch ein Treibmittél aus der Dose herausgedriickt, wobei
es zu einer spontanen Aufsch&umung dg%MPrepolymers kommt .
Durch Reaktion der noch vorhandenen Isocyanatgruppen mit der
Luftfeuchtigkeit entsteht ein weitgehend géschlossenzelliger
Hartschaum.

Beim 2weikomponenténpolyurethanschaum (hachfolgend 2K-

PUR-Schaum genannt) benétlgt man zum Aushérten des Prepoly-
mer-Schaumes eine weitere Hydroxygruppen tragende Komponente,
z. B. ein Polyol, welches erst unmittelbar vor der Schaumbil-

k/ dung zugeseézt wird. ﬂblicherﬁeise be&inaet sich dieses Poly-

_ 0l im Druckbeh&lter in einem von den {ibrigen Komponenten ab-
getrennten Fﬁllraum und wird durch Betdtigung des Sprihven-
tils erst unmittelbar vor Austritt aus dem Druckbehdlter der
prepolymeren Komponente zugesetzt.

Die meisten fiir die Anwéndung aus Druckbehiltern einge-
setzten Prepolymere fiir PUR-Schéume besitzen'eine sehr hohe
Viskositdt, so daf die eingesetzten.Treibmittel gute Lésungs-
mitteleigenschaften besitzen sollten, um die Komponenten pro-
blemlos aus dem Druckbehalterlheraus verschéumen zu kénnen.
Der Einsatz_von Fluorchlorkohlenwass%;stoffen (FCRWs) als:
Trelbmlttel"fur derartige Anwendungeqilst aus, 6kologlschen
Grinden nicht mehr winschenswert. Viele der blsher vorge-



carbon di oxi de, have been proposed as substitutes. 15 However, carbon -

di_oxi de_as gaseous physical foaning agent has the di sadvant age
that owwng to its relatively | ow critical Tenperature under the
condi tions prevailing during the production of plastics foans it
can be nmetered only with great difficulty. 20 Furthernore, the use of
car bonyli nigskq Usi ng net hods known hitherto f # t part
results 1 n open-celled foaned materials haV|ﬁ§& i rably high
wat er absorption capacity and heat insulation which is often

still unsatisfactory. Also, hitherto the production of 25 f oamed
plastics with predominantly closed cdlls still I nvol ves
difficulties when using carbon dioxide as the sol e foam ng agent
or as co- foanlng agent in conmbi nation with other physical foam ng
agents.

schlagenen Ersatzstoffe zeigen noch anwendungstechn;sche
Nachteile wie z. B. eine noch unbeirzedigende Warredammung

oder zu geringe Vefdgmpfungsgeschwindigkeit.

Aufgabé der Erfindung war es daher, neue Verfahren zur
Herstellung geschéumter Kunststoffe, und auch fir die Erzeu-
gung von PUR-Sch&umen aus Druckbehdltern, zur Verfiigung zu
. stellen, welche die’ bisher;gen Nachtelle des Standes der \_D
Technik tiberwinden. Eine weitere Aufgabe bestand darin, far
_dlese Verfahren neue Trelbmlttelzusammensetzungen zur Verfi-
gung zu stellen. )

ﬁberra#chend wurde nun gefunden, da® Zusammensetzungen,
welche neben mindestens einer weiteren flilssigen Komponente
Kohlendioxid in flﬁssiger'?orm enthalten, sich als Treibmit-
telzusammensetzungen in Verfahren zur Herstellung geschiumter
Kunststoffe eignen. Treibmittelzusammensetzungen, welche ver-
flussigtes Kohlendioxid'ehthalten,'eigneh'sich auch zur Er-
zeugung von PUR#Schaumen aus Druckbehaltérn.

Gegenstand der Erflndung sind Trelbmlttelzusammensetzun- o
gen, d1e 0.5 bis 50 Gew.-% fluss:Lges Co, enthalten. Bevorzug- /
te Trelbmlttelzusammensetzungen enthalten 5 bls 50 Gew.-%
fliissiges CO,, 1nsbesondere 10 Gew.-% bxs 50 Gew.-%.

Zusdtzlich zum fllissigen Coz'ist'mindestens eine weitere
fltissige oder druckverflissigte Komponente enthalten. Diese
weitere flﬁssigé Komponente oder die weiteren flissigen Kom-
ponenten stellen vorzugsweise den Rest auf 100 Gew.-% der
'Trelbmlttelzusammensetzung dar Bei der oder den welteren
fluss1gen Komponenten kann es sich belsplelswelse um flﬁssxge
oder druckverflﬁs31gte phy51ka11sche Treibmittel und/oder um
flﬁssige Flammschutzmittel, beispielsWéise aus der Gruppe der
Phosphatester oder Phosphons&ureester. handeln. Auerdem kén-
nen zusatzlich auch noch bekannte Zusatz- und Hilfsstoffe wie



St_.ngl e- conponent or rmul ti-conponent pol yuret hane foans 30 whi ch are

delivered froma pressurised vessel, e.g. an : aerosol can, are
mei nly used for foam ng caV|t|es or "
2% : e
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Stabilisatoren oder Weichmacher enthalten sein.

Ein weiterer Gegenstand der Erfindung ist ein Verfahren
Zur Hetstellung geschéumter Kunststoffe mit Hilfe von Treib-
mitteln, bei dem man eine fliissige Treibmittelzusammensetzung
einsetzt, welche 0,5 bis 50 Gew-%, vorzugsweise 5 bis
50 Gew.-%, insbesondere 10 bis 50 Gew.-%, ganz besonders 10
bis 20 Gew.-%, verfliissigtes Kchlendioxid enthilt.

verflissigtes Kohlendioxid im Sinne der_Erfindung kann
nach allen an sich bekannten Verfahren zur Gasverflissigung,
vorzugsweise durch Druckverfllssigung erhalten werden.

Kohlendioxid ist bei Raumtemperatur unter'Nofmaldruck
(1,01325 ¢ 10°Pa) ein farbloses Gas, welches sich durch An-
wendung eines Druckes wvon 56.5 atm (=5,72486 . 10‘Pa)_béi
20 °C zu einer farblosen, leicht beweglichen Flﬁssigkeit
druckverflus51gen lage. 'Verfahren zur Druckverflu551gung von
Kohlendloxld sind allgemeln bekannt.

Eine Ausfuhrungsform der vorllegenden Erfindung bezieht

S sich auf die Herstellung von gesch&umten Kunststoffen, bei-
spielsweise durch aas Gief- oder Extrus1onsverfahren. Eine
andere Ausfﬂhrungsform der Erflndung, die spiter erléutert
wird, betrifft speziell d1e Herstellung von E1n- oder Zwei-
komponenten—Polyurethanschaumstoffen aus. Druckbeh&ltern (PUR
= Polyurethan). Im folgenden wird zunichst d1e erstgenannte
Ausfﬂhrungsform naher erlautert.

Als weitere flilssige Komponenten neben dem druckverfliis-
sigten Kohlendioxid siga bei der Herstellung geschéumter
Runststoffe alle iiblichen flissigen physikalischen Treibmit-
tel, namlich leichtfliuchtige organische'Verbindungeﬁ wie
Ether, z. B. Diethylethér, Ketone wie Aceton, Kohlenwasser-
stoffe wie Pentan, Hexan, Heptan, Benzlngemlsche, halogenhal~



interstices in the building or notor car industries. In so-called- -

si ngl e- conponent pol yur et hane foam (hereafter referred to as 1C PU
roamy, an tnitiral pol'yol mxture together with an excess of

di i socyanate 5 and/ or polyisocyanate in the presence of a catal yst
and optionally additional auxiliaries and additives is

react i <Pr essurised vessel to forma prepol yner cont ai ni ng
isocyanatelgroups.-By actuating the spray valvsmﬁ?*$ﬁﬁupressurlsed
vessel, the prepolyner is 10 forced out of the can by a foan ng
agent, with spont aneous foam ng of the prepol yner occurring.
Reaction of the isocyanate groups stbll present with t he

at nospheric noisture produces a |argely closed- celled rigid foam

tige Kohlenwasserstoffe oder halogenhaltige Ether verwendbar.
Auch unter Druck verfliissigte Gase wie z. B. Propan oder Bu-
tan kdnnen neben dem verflﬁséigtén Kohlehdioxid eingesetzt
‘werden. Weiterhin komnmt als fiussige Treibmictelkompdnente
Wasser in Frage.

Beéorzugt setzt man zur Herstellung'geschaumter Kunst-

.stoffe eine Treibmittelzusammensetzung ein, welche 10 bis J
20 Gewichtsteile verfliussigtes Kohlendioxid und 30 bis 90 Ge-
wichtsteile mindestens eines fiﬁssigen dder unter Druck ver-
flussigten physikalischen Tteibmittelé'aus der Gruppe Alko-
hole mit 1 bis 5 Kohlenstoffatomen, aliphatische Kohlenwas-
serstoffe mit 2 bis 12 Kohlenstoffatomen, cyclische Kohlen-
wasserstoffe mit 3 bis 12 Kohlenétoffatomen, halogenhaltige
Kohlenwasserstoffe mit 1 bis 5 Kohlenstoffatomen oder halo-
genhaltige Ether mit insgesamt 2 bis 6 Kohlenstoffatomen ent-
h&lt oder daraus besteh;, ein. Als Alkohnlg Slnd dabei ins-
besondere Ethanol und Isopropancl bevofzugt. Beispiele fiix
aliphatische Kohlenwasserstoffe sind Pentan, Hexan, Heptan
sowie Benzinfraktionen, insbesondere Leichtbenzine mit einem
Siedepunkt im Bereich von 15 bis 80 °C. Ferner kénnen auch o
als fliissige Trelbmzttelkomponente die nleder81edene Fraktio- \“)
nen, wie z. B. Propan und/oder Butan, druckverflﬂsszgt einge~
setzt werden. Bexsplele fir cycllsche Kohlenwasserstoffe s1nd
cycloallphatlsche Kohlenwasserstoffe. vorzugsweise Cyclopro—
pan, cYclopentan und Cyclohexan Unter halogenhaltlgen Koh-
lenwasserstoffen werden Wasserstoff enthaltende Fluorchlor-
oder Fluorkohlenwasserstoffe verstanden. Als Fluorchlorkoh-
lenwasserstoffe sind z. B. Chlordifluormethan (R22), Tri-
fluormethan (R23), 1, l-Dichlorél fluorethan 1R141b), 1-Chlor-

1,1-d@ifluorethan (R142b) oder 1, 3-D1chlor-1 1,2,2,3,3~Hexa~
fluorpropan {R216a) einsetzbar. Beisplele fﬁr Fluorkohlenwas-
serstoffe sind Pentafluorethan (R125)._1 1, 1 2-Tetraf1uor-
ethan (R134a), 1,1,1- Trlfluorethan (R143a), 1,1,2- Trlfluor-
ethan (R143), 1,1-Difluorethan (R152a), 1,1,1,3,3-Pentafluor-



15- I n the dual -conponent pol yurethane foam (hereafter

referred to as 2C PU foam), an additional conponent : beari ng
hydroxy groups, e.g. a polyol, is required for ‘har deni ng t he
pkepol yner foam and this is-not added untiil inmediately before
foam formation. Usually, this 20 polyol is located in the pressurised
vessel in a cRra4ss space separated from the other cdGRHERINO4122 and
i s not added to the prepolymeric conmponent until imrediately
before energing fromthe pressurised vessel by actuating the spray
val ve. 25 Most prepolymers for PU foags which are used for

‘propan (R245fa) Octafluorpropan (R218), oder auch 1,1,1,3,3-
Pentafluorbutan (R365mfc). Unter halogenhaltigen Ethern wer-
den Wasserstoff enthaltende Fluorchlor- oder Fluorether, wie
z. B. Difluormethoxy-2,2,2-trifluorethan (E245) verstanden.

Vorzugsweise wird eine Treibmittelzusammensetzung einge-
setzt, welche 10 bis 20 Gewichtsteile verflissigtes Kohlendi-
- oxid und 30 bis 90 Gewichtsteile mindestens eines halogenhal-
~ : tigen Kohlenwasserstoffes'oder eines aliphatischen Kohlenwas-
serstoffes oder eines halogenhaltigen Ethers enthilt oder aus
dem genannten Gemisch besteht. '

Besonders bevorzﬁgt wird in dem erfindungsgeméfen Ver-
fahren eine Treibmittelzusammensetzung eihgeSetZt, welche 10
‘bis 20 Gewichtsteile verfliussigtes Kohlendioxid und 30 bis
90 Gewichtsteile 1,1-Difluorethan (R152a) und/oder 30 bis
90 Gewichtsteile 1,1-Dichlor-1-Fluorethan (R141b) enthilt
- oder daraus besteht._weitere besonders bevorzugt im erfin-
dungsgemidfien Verfahrén eingesetzte Treibmittelzusammensetzun-
gen sind Treibmittelzusammensetzungen,-welché_10 bis 20 Ge-
wichtsteile verfliissigtes Kohlendioxid und 80 bis 90 Ge-

o wi:htSteile 1,1-Dichlor-1-Fluorethan (R141b1'56Wie gegebenen-
falls zusatzlich noch 1 bis 3 Gewichtsteile Wasser enthalten
oder aus dem genannten Gemisch bestehen. Ebenfalls besonders
bevorzugt ist eine Trelbmittelzusammensetzung, welche 10 bis
20 Gew;chtstelle verflﬂss;gtes Kohlendloxld, 50 bis 70 Ge-
wichtsteile 1,1-Difluorethan (R152a) und 20 bis 35 Gewichts-
teile Ethanol enthilt oder”aus dem Gemisch besteht. Unter den
halogenhaltige Ether enthaltenden erflndungsgemasen Zusammen-
setzungen sind solche Trelbmittelzusammensetzungen besonders
bevorzugt, welche 10 bis 20 Gewichtsteile verf1u551gtes Roh-
lendioxid und 80 bis 920 Gewichtsteile D1fluormethoxy-2 2,2~
Trifluorethan (E245) enthalten oder aus solchen Gemischen
bestehen. Von den allphatlschen Kohlenwasserstoffen ist be-
sonders n-Pentan bevorzugt. Vorzugsweise sollte eine alipha-



application from pressurised vessels have a very high Vi scosity,

so that the foam ng agents used shoul d have good sol vent
properties, in order to be able to foam t he conponents out of the
pressurised vessel w thout 30 difficulty. 1t is no |onger desirable
to use fl uorochl or ohydrocarbons (FCHCs) as foam ng agents for
such aRp dbﬁ&@%&pns for ecol ogi cal reasons. Many of the ' substitutes
propose to still possess use-related FEERPIM Y es such as
still unsatisfactory heat 35 i nsul ati on or an excessively sl ow

evaporation rate.
-

tische Kohlenwasserstoffe enthaltende erfindungsgemie Zusam-
mensetzung 10 bis 20 Gewichtsteile verflﬁssigtes Kohlendioxid
und 80 bis 90 Gew1chtste1le n—Pentan sowie gegebenenfalls zZu-
sétzlich noch 1 bis 3 Gewichtsteile Wasser enthalten oder aus
einem solchen Gemisch bestehen.

Bei all diesen Treibmittelgemischen kann Qurch Einsatz

-des flissigen CO, die Einsatzmenge an den anderen Treibmit- kJV
teln reduziert werden. CO, ist physiologisch unbedenklich und
umweltvertréglich.

Zweckmaﬁigerweise wird das erfindungsgeméffie Verfahren
zZur Herstellung geschaumter Kunststoffe als Gleﬁverfahren
oder Extrus;onsverfahren dnrchgefﬂhrt Beim Extrus;onsverfah-
ren werden fir die Herstellung von geschaumten Kunststoffen
geeignete Mlschungen direkt zu geschaumten Platten, Follen,
Formkdrpern, Profilen oder Partikeln extrudiert. Besonders
bevorzugt werden erflndungsgemas_geschaumte thermoplastische
Kunststoffe, insbéSdnde:e'Pdlyethyleﬁ-,_Polypropylené oder
Polystyrolschaumstoffe hergestellt ErfindungsgemAE wird das
Verfahren dabe1 so durchgefﬁhrt, daG man in eine Schmelze
der zur Herstellung gesch&umter Kunststoffe geeigneten Aus-
gangsprodukte die Tre1bm1tte1zus;mmensetzung_aus ve:flﬁssxg—
tem Kohlendioxid und einem weiteren flissigen physikalischen
Treibmittel zumischt und die Polymérisation'der Ausgaﬁgpro—
dukte fiir den herzustellenden'geschaumteﬁ Kunststoff gegebe-
nenfalls unter Aufrechterhaltung eines schwachen Uber- oder
Unterdruckes wéhrend des Aufschiumvorganges durchfohrt. Fir
das erfindungsgemsife Verfahren kénnen dabei an sich bekannte
Verarbeitungsanlagen, z. B. Extruderanlagen eingesetzt wer-
den. Besonders Gberraschend ist es dabei, daR es mit dem er-
findungsgemifen Verfahren méglich ist, Kohlendioxid in ver-
flﬁss;gtem Zustand auch bei erhdhter Temperatur, in den Ex-
truder zum Zwecke der Aufschaumung thermoplastlscher Polymer—
schmelzen eznzubrlngen..Im Gegensatz zu den bisher bekannten



3-.- It was therefore an object of the invention to provide
"new net hods for_producing foanmed plastics, and al so for t he )
production of PU foans fron1pressur|sed vessel s, o ~ which overcome™”
the former di sadvantages of t he prior 5 art. A further object was to
provi de new foam agent conpositions for these nethods.
Surprisingly, W ”Hg!s‘now been di scovered that _ PCT/EP9S/04122

Verfahren des Standes der Technik ist damit eine problemlose
Dosierung des Kohlendioxids méglich. Nach dem erfindungsgemi-
fen Verfahren gellngt es damit unter Verwendung von Kohlendi-
oxid vorwiegend geschlossenzelllge Schaumstoffe von sehr
gleichméBiger feinzelliger Struktur herzustellen. Auferdem
zeichnen sich die nach dem erfindungsgemifen Verfahren erhal-
tenen geschiumten Kunststoffe durch ein hohen Warmeisolie-
rungsvermbgen aus. o -

Das erfihdﬁngsgemABe Verfahren zur Hérstellﬁng'geschAum-
ter Kunststoffe kann dabei so dﬁrchgefﬂhrt'werden,_daﬁ man
eine in einem Druckbehalter vorkonfektionierte Treibmittel-
zusammensetzung elnsetzt, welche hergestellt wurde, indem man
"in einem Druckbehdlter das flissige oder unter Druck verflis-
sigte physikalische Treibmittel in den gewlinschten Gewichts-
teilen vorlegt und aﬁf an sich bekannte Weise druckverfliis-
sigtes Kohlendioxid in der gewiinschten Menge hineindriickt. Es
kann nach dem erflndungsgemasen Verfahren aber auch so vor-
gegangen werden, daf man die einzusetzénde Treibmittelzusam-
mensetzung erst unmittelbar vor dem Aufschaumvorgang der zu
verschiumenden Polymere oder polymer151erbaren Komponenten
herstellt. Hierbei wird in den entsprechenden Mengen in einem
Druckgefdf auferhalb der elgentllchen_Extruderanlage verfliis-
sigtes Kohlendioxid in die weitere flﬂssige Treibmittelkom-
ponente unter einem Drhck,'untér welchem Kohlendioxid im
flissigén Zustand vorliegt; eingéleitet{ wobei sich die Kom-
ponenten Weitgehend vermischen Die so erhaltene homogene
Mischung aus verflﬁsslgtem Kohlend10x1d und flﬂss;ger Treib-
mittelkomponente w1rd dann uber einen Elnlas fir flﬁSSlge
Treibmittel in die Extruderanlage eingeleitet.

Das erfindungsgéﬁ&ﬁe Verfahren eignet'éiéh sowohl zur
'Herstellung offenzell:ger wie geschlossenzelllger Hart- oder
Welchschaumstoffe. Besonders geexgnet 1st das Verfahren zZur
Herstellung von geschaumten Polyurethan-Kunststoffen. Hlerfur



conpositions which in addition to at |east one addi tional 1iquid

conponent contain carbon dioxide in 10 liquid formare suitable as

f oam ng agent conpositions i n methods Tor producing foaned

pl astics. Foam ng . agent conpositions which contain liquefied

car bon di oxi de are also suitable for producing PU foans from
pressuw&&ﬂ‘ﬁssel S. 15 The subject of the invention is foam ng
agent conposi ti ons which contain 0.5 to 50% HRFAFPHMIY | qui d
CJerr]. Preferred foam ng agent conpositions contain 5 to 50% by
weight liquid CJerr], in particular 105 by weight to 50% by

wei ght . 9

kénnen'an sich bekannté PUR-Verarbeituhgsanlagen, z. B' Hoch-
druck- bzw. N;ederdruckvermlschungsanlagen. welche mxt dem
nach dem Stand der Technxk bekannten statischen Mlschern aus-
geriistet s;nd, exngesetzt werden.

In einer Variénte Zur Herstellﬁng von geschiumten PUR-
Kunststoffen kénnen die erfindungsgemiRen Trelbmittel neben
- druckverflissigtem Kohlendioxid und einem oder mehreren flis- ,\y
sigen und/oder unter Druck verfluss1gten physikallschen '
Treibmitteln noch weitere flﬁss1ge Zusatzmittel z. B. Flamm-
schutzmittel, als eine weitere Komponente enthalten ibliche
Flammschutzmittel sind z. B. Phosphatester oder Phosphonate.
Besonders gut geelgnet sind entsprechende Phosphatester bzw.
Phosphonester, die drei Nledrlgalkylgruppen bzw. dIEI, durch
ein oder mehrere Halogenatome substltulerte N1edr1galkylgrup-
pen aufweisen Niedrigalkyl bedeutet vorzugswelse C;- bis C,-
Gruppen Geelgnet sind z. B. Tr1s-chlorxsopropylphosphat,
Tr1chlor1sopropylphosphat Tris- chlorethylphosphat, Trichlor-
ethylphosphat Trlchlorpropylphosphat Tris- chlorpropylphos—
phat, Trlethylphosphat Dlmethylethylphosphat, Tr;s-dxchlor—
lsopropylphosphat oder Dlmethylmethylphosphonat.

Wird das erflndungsgemaﬁe Verfahren zur Herstellung ge-
schaumter PUR—Kunststoffe elngesetzt, so kénnen hierbei alle
iblichen Schaumrohstoffe wie z. B. allphatlsche, cycloalipha-
ﬁische oder aromatische Di- oder Polyisocyanate eingesetzt
werden. Belsplele fUr Schaumrohstoffe s;nd 2. B. 2,4~ und
2,6~ Toluylendllsocyanat,_Dlphenylmethandzlsocyanat, Polyme-
thylenpolyphenylisocyanat.und Mischungen davon. Es kénnen
auch Carbodiimidgruppen, Urethangruppen, Allophanatgruppen,
Isocyanuratgruppen, Harnstoffgruppen oder Biuretgruppen ent-
haltene Polyisocyanate, die man als:“modifizierte Polyisocya-
nate" oder "Isocyanat-Prepolymere" bezelchnet, verwendet wer-

‘den. Bei der Herstellung von geschaumten PUR-Kunststoffen
werden Polyisocyanate ilblicherweise mit Verbindungen umge-



20- In addition to the liquid CO[err], they contain at |east one

additional liquid or pressure-liquefied conponent.- Thi s additiona
| i*qui d conponent or the additional ' | i qui d conponents preferably
represent the remainder to = make up to 100% by wei ght of the

f oam ng agent _25 conposition. The additional |iquid conponent or
conponents maW@¥W¥¥4anpl e be liquid or pressure- | | BERAERISH4122
physi cal foam ng agents and/or liquid flane retardants, for
exanpl e fromthe group of phosphate esters or phosphonic acid
esters. Furthernore, the 30 conpositipps may al so additionally
contai n known additives and auxiliaries such as stabilisers or

pl asti ci sers.

setzt, die mindestens zwei gegeniber Isocyanatgruppen reak-
tionsf&hige Wassers:offatome enthalten, beispielsweise Hy-
droxylgruppen aufweisende Verbindungen auf Polyester-, Poly-
ether- und Aminbasis, sowie Amino- und/oder Carboxyl-
und/oder'Thiolgruppen aufweisende Verbindungen. Weiterhin
kénnen alle bei der Herstellung von geschiumten PUR-Kunst-
stoffen eingesetzten Katalysatoren wie z. B. tertidre Amine
.und/oder organische Metallverbindungen wie beispielsweise
o/ Zinnsalze von Carbonsduren eingesetzt werden. '

Wird das erfindungsgemife Verfahren zur Herstellung von
Polystyrol- 6der Polyethylen-Schaumstoffen-eingesetzt} kénnen
auch hierfur alle an sich bekannten Schaumrohstoffe verwendet

- werden. ' ' ' ' '

Auf an sich bekannte Weise kénnen dabéi"?usétzlich zu
den Polymeren und/oder polymerisierbaren Bestandteilen alle
' an sich bekannte Zusatz- oder Hilfsstoffe, béispielsweise
Nuklisierungsmittel.-Po:enreglersubstanzen,“FlammschUtzmit-
tel, Antistatika, Stabilisatoren, Weichmacher, Vernetzungs-
mittel, Fillstoffe oder Farbstoffe beigefiligt sein.

‘Eine weitere Ausfithrungsform def-Erfinduhg betrifft die
Herstellung von Ein- oder Mehrkomponenten-PUR~Schaumstoffen
aus Druckbehéltern und wird im folgenden erlidutert. Auch hier
verwendet man eine Treibmittelzusammensetzung, die 0,5 bis
50 Gew.-% verflissigtes CO, enthdlt. '

Unter Treibmittelzusammensetzung wird der im Druckbehdl-
ter eingeschlossene fliissige Anteil der Treibmittelzusammen-
‘setzung, einschlieBlich der sich im Druckbehilter befindli-
‘chen Gasphase verstanden. ' - '

Die Treibmittelzusammensetzung enthilt bei dieser
Variante neben dem fliissigen CO, mindestens eine weitere



4 A further subject of the invention is a nethod for _ e
produci ng foaned plastics with the aid of foam ng agents, in which
a l[tquid foam ng agent conposition is used which contarns 0.5 to
50% by wei ght, preferably 5 5 to 50% by weight, in particular 10 to
50% by wei ght,
WO 96/14384 PCI/EP9S/04122
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flﬁssigeLKomponénte. Als weitere flissige Komponente kann
beispielsweise ein flussiges oder druckverfliussigtes physika-
lisches Treibmittel enthalten sein. Halogenpaltige Treibmit-
tel sind gut geeignet, halogenfreie Treibmittel sind oft um-
weltvertréglich und vorzuziehen. Gemaf einer besonders vor-
teilhaften Variante ist fliussiges CO, als einziges Treibmit-
tel enthalten, die flissige weitere Komponente wird durch ein
- fliussiges Flammschutzmittel aus der Gruppe der Ester der
Phosphorsdure oder der Ester der Phosphons&ure gebildet.

Als weitere fliussige Komponenten neben dem druckverfliis-
sigten Kohlendioxid sind alle iiblichen fliissigen physikali-
schen Treibmittel, n&mlich leichtfliichtige organische Verbin-
dungen wie Ether, Aceton, Kohlenwasserstoffe wie Pentan, Hep-
tan, Hexan, Benzingemische, halogenhaltige Kohlenwasserstoffe
oder halogenhaltige Ether mdglich. Auch unter Druck verfliis-
sigte Gase wie z. B. Propan oder Butan kénnen neben dem ver-
flissigten Kohlendioxid eingesetzt werden.

Vorzugsweise enthalten die erfindungsgeméfen Treibmit-
telzusammensetzungen mehr als 5 Gew-%, insbesondere 5 bis 50,
Z. B. 5 oder 10 bis 30 Gew-%, verflissigtes Kohlendioxid.

Bevorzugt sind Treibmittelzusammensetzungen, welche 10
bis 50 Gewichtsteile verflissigtes Kohlendioxid und 30 bis
90 Gewichtsteile mindestens eines flissigen oder unter Druck
verfliissigten Treibmittels aus der Gruppe der Ether mit ins-
gesamt 2 bis 4 Kohlenstoffatomen, der Ketone mit 3 bis 5 Koh-
lenstoffatomen, der aliphatischen Kohlenwasserstoffe mit 2
bis 12 Kohlenstoffatomen, der halogenhaltigen Kohlenwasser-
stoffe mit 1 bis 5 Kohlenstoffatomen oder der halogenhaltigen
Ether mit insgesamt 2 bis 6 Kohlenstoffatomen enthalten oder
aus einem solchen Gemisch bestehen. Beispiele fiir aliphati-
sche Kohlenwasserstoffe sind Pentan, Hexan, Heptan sowie Ben-
zinfraktionen, insbesondere Leichtbenzine mit einem Siede-

¥



very particularly 10 to 20% by weight, Iiquefied carbon di oxi de.

Li quefied carbon dioxide in the—spirit of the invention can be
obfai ned according to all known nethods of gas 10 | i quef acti on,
pfeferably by pressure |iquefaction. Car bon di oxi de at room
tenperature and at nor mal pressure (1.01325 x 10[err] Pa) is a
col ourl ess gasW9643S4 can be pressure-liquefied to gi VECHEPSI4122
colourless, readily nmobile liquid by applying a pressure of 56.5
atm 15 (= 5.72486 x 10[err] Pa) at 20[err]C. Methods for pressure

| i quefaction of carbon dioxide are generallyZknown.

punkt im Bereich von 15 bis 80 °C. Bevorzugt werden die nie-
dersiedenden Fraktionen, wie z. B. Propan und/oder Butan, in
druckverflﬁssigter'Form eingesetzt. Beispiele fir cyclische
Kohlenwasserstoffe sind Cyciopropan; Cyclopentan und Cyclo-
hexan. Unter halogenhaltige Kbhlenwasserstéffen werden Was-
serstoff enthaltende Fluorchlorkohlenwasserstoffe oder Fluor-
kohlenwasserstoffe ve:standen. Als Fluorchlorkohlenwasser-
.stoff sind z. B. Chlordifluormethan (R22), 1,i-Dichlor-i-

o fluorethan (R141b), 1-Chlor-1,1-difluorethan {R142b) oder
1,3-Dichlor-1,1,2,2,3,3-hexafluorpropan (R216a) méglich. Bei-
spiele fiir Fluorkohlenwasserstoffe sind Trifluormethan (R23),
Pentafluorethan (R125), 1,1,1,2-Tetrafluorethan (R134a),
1,1,1-Trifluorethan (R143a), 1,1,2-Trifluorethan (R143), 1,1-
Difluorethan (R152a), 1,1,1,3,3-Pentafluorpropan (R245fa),
Octafluorpropan (R218) oder 1,1,1,3,3-Pentafluorbutan
{R365mfc). Unter halogehhaltigen Ethern werden Wasserstoff
enthaltende Fluorchlor- oder Fluorether, wie z. B. Difluorme-
thoxy-2,2,2~trifluorethan (E245) verstanden. Beispiele fiir
mégliche Ether sind Dimethylether oder biethylether.'Vbn den
Ketonen ist insbesondere Aceton bevorzugt.

W Die erfindungsgemifen TreibmittelZuSammensetzungen ksdn-
nen frei von halogenierten Treibmitteln sein und nur aus ver-
fliussigtem Kohlendioxid als'eihzigq: Treibmittel-Komponente
bestehen. Bevorzugt sind Abmischungen, die verfliissigtes Koh-
lendioxid in einer Menge wvon 20 bis 30 Gewichtsteilen und
Butan oder ein Propan/Bqtan—Gemisch in einer Menge wvon 50 bis
60 Gewichtsteilen und/oder_Aéeton in einer Menge von 5 bis
15 Gewichtsteilen enﬁhalten oder daraus bestehen. Als Pro-
pan/Butan-Gemisch kann ein an sich tibliches Gemisch, bel—
spielsweise ein Gemxsch mit einem Dampfdruck von ¢a. 3 7 bar
(abs.) verwendet werden.

Wélterhzn bevorzugt sind erflndungsgemaﬁe Trelbmlttel-
zusammensetzungen, welche 10 bis 50 Gewxchtstelle verflu551g~



One enbodi ment of the present invention relates to the production .

of foanmed plastics, for exanple by neans of the casting or
extrusion process. -Another enbodi ment 20 of —the Tnvention whrctr wl |
be explained later relates specifically to the production of
single-conponent or dual - conponent pol yuret hane foanmed material s
from pressurised vessels (PU = polyurethane). First of all,
the fiTOeYMI i oned embodi ment will be explained in 2BCUVEPSH4RR2 oot or det ai |
bel ow. In the production of foaned plastics, any conventiona
customary |iquid physical foam ng agents, nanely
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tes_Kohlendioiid und 10 bis 90 Gewichtsteile eines halogehQ
haltigen_Kohlenwasserétoffes oder eineé'haiggenhaltiéen
Ethers, enthalten oder daraus bestehen. Besonders bevorzugt
sind dabei TféibmittelzusammenSetzungéh,_weiche 10 bis

30 Gew1chtste11e verfliissigtes Kohlendioxid und von den halo-
genhaltxgen Kohlenwasserstoffen 10 bls 90 Gewichtsteile 1,1~
leluorethan {R152a) und/oder 1, 1-D1chlor-1 fluorethan
(R141b) enthalten oder.daraus.bestehgn. Unter den halogenhal- ‘“)
tige Ether enthaltenden erfindungsgeméfien Zusammensetzungen
sind solche Treibmitteliusammehsétzungen besonders beVdrzugt
welche 15 bis 40 Gewichtsteile verflﬁ551gtes Kohlend1ox1d und
10 bis 20 Gewichtsteile leluormethoxy -2,2,2~trifluorethan
(E245) enthalten oder daraus bestehen.

In einer'anderen besoﬁders beVorzugten Variante kénnen
die erflndungsgemasen Treibmittel neben druckverfluSSLgtem
Kohlendioxid als fluss1ge Komponente als Flammschutzmxttel
gebrauchliche Phosphatester oder Phosphonate Besonders gut
geeignet sind Phosphat- bzw. Phosphonester, die drel Cl C4-
Alkylgruppen, die gegebenenfalls doch ein oder mehrere Halo-
genatome substltule:t sind, wie z. B. Trischlorisopropylphos-
phat, Trischiorethylphosphgt, Trichlorethylphosphat, Tri-
chlorpropylphosphat, Ttiséhlorpropjlphoébhat; Triethylphos-
phat, Dimethylethylphosphat. Tris4di¢hlorisopropylphosphat
oder Dlmethylmethylphosphonat, enthalten. Zweckmaslgerwelse
llegen die Konzentratlonen dabei bei 10 bis 50 Gewlchtstellen
verflissigtem Kohlendloxld und 80 bis 100 Gew1chtste11en
Phosphatester oder Phosphonat. Bevorzugt setzt man Trischlor-
propylphosphat ein. Diese besonders beVorzugten Treibnittel-
zusammensetzungen sind frei von anderen Treibmitteln als CO,
und deshalb besonders umweltvercraglxch

Die e:findungsgem&ﬁén Tteibmittelzusammense;zungen eig-
nen sich zur Erzeugung von allen bisher'bekann;en_PUR-Schau-
men aus Druckbehiltern, insbesondere zur Verschiumung 1K~ und



readily volatile organic conpounds such as ethers, e.g. di et hyl

et her, ketones such as acetone, hydrocarbons 30 - such as pent ane,
hexane, heptane, gasoline m xtures, ‘hal ogenat ed hydrocar bons or
hal ogenat ed et hers can be - used as additional |iquid conponents in
addition to the pressure-liquefied carbon dioxide. Al so gases

Thi s Sheet Ha¥ORMEMARe | aced PCT/EP95/04122
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2K-PUR~-Schaumstoffen. Auch fiir die Herstellung von Mehrkom-
ponenten-PUR-Schaumstoffen, bei denen die Schaumbildner mit
mehr als einer reaktiven Komponente separat in einem Druckbe-
hidlter abgefﬂllt_51nd, kénnen die erfindungsgeméfen Treibmit-
telzusammensetzungen eingesetzt werden. Auch zur Herstellung
sogenannter 1,5 K-PUR-Schiume, bei denen im Gegensatz zu den
2K-Schéumen dem Prepolymer kurz vor dem Ausbringen eine zur

, . Umsetzung der Isocyanatgruppen nicht ausreichende Menge einer

N Polyolkomponente zugesetzt wird, kénnen die erfindungsgem&fen
Tréibmittelzusammensetzungen verwendet werden.

Als sehf vorteilhaft erweisen sich dié'erfindungsgemasen
Trelbmlttelzusammensetzungen zZur Herstellung von 1lK- oder
2K-PUR—Schaumstoffen. '

In der zu verschauménden 1X-PUR-Schaumstoffmischung kén-
nen dabei auf an sich bekannte Weise eine Polyolkomponente,
eine Polyisocyanatkomponente, ein Katalysator sowie gegebe-
nenfalls noch als Hilfsstoff ein Flammschutzmittel als weite-
re Bestandteile neben der erfindungsgem#fen Treibmittelzusam-
mensetzung enthalten sein. ' |

Als Polyolkampohente[kénnen z. B. Glycerin, Glykole oder
Polyetherpolyole,'dié als Additionsprodukté von'Propylenoxid
oder Ethylenoxid an mehrwertige Alkohole, Wasser oder Ethy-
lendiamin erhalten wurden, oder Polyesterpolyole, die als
Polykdndensationsprodukte aus Polyolen mit Dicarbons&uren
oder deren Anhydriden erhalten wurden, oder Gemische dersel-
ben in der 1K-PUR-Schaummischung'enthalten sein. Eine typi-
sche Polyolkomponente kann'z. B. ein Gemisch aus einem bro-
mierten Polyetherpblyol (beispiélsWeise Diol oder Triol) mit
einer Hydroxylzahl von 200 bis 350 und einem Polyetherpolyol
(z. B. einem Diol) mit' einer Hydroxylzahl“von 110 sein. Wei-~-
terhln sind auch modifizierte Pflanzenble mit einer OH-2ahl
im Bere;ch von 100 blS 300 z. B. Rizinusél, méglich.



5 | i quefied under pressure, such as propane or butane may

be used in addition to the liquefied carbon dioxide. Furt her nor e,
wat er can be used as i quid foam ng agent component . 5
Preferably, for the production of foanmed plastics a f oam ng agent
conposition is used which contains or “consists of 10 to 20 parts

by wei J1J guefied carbon di oxide and 30 to rts-by wei ght of
at Ieagfa%ér’lfé'w - physi cal foam ng agent which is Wﬂ"ﬂf" has been

15

Als Polyzsocyanatkomponente kbnnen zum 36139181 Diphe-
nylmethan-4, 4'-d11:ocyanat. Dz;socyanato-toluol 1, S-Dxlso-
cyanato—naphthalln, Trlisocyanato—trzphenylmethan, 1, 6-Diiso-
cyanatohexan,_vorzugswe1se D1phenylmethan-4 4'—D1isocyanat
~oder Gemische davon, eingesetzt werden._

__TYpisdhé Katalysatoren_in 1K-PUR-S¢haummischungén, die

-im erfindungsgem#fen Verfahren mit einer erfindungsgem#fen ‘&y

Trelbmlttelzusammensetzung verschaumt werden k&nnen, sind
organische Amine, Aminoalkohole oder Aminoether, z. B. 2-Di-
methylaminoethyl-3-Dimethylaminopropylether, Diethanolamin,
Dimethylcyclohexyiamin, 2- Dlmethylaminoethylether, oder Mor-
pholinverbindungen, wie z. B. 2, 2-Dimorphol1nod1ethylether.
N,N-Dimethylaminoethylmorpholin, N-Methylmorpholin. Bevorzugt
sind die Morpheolinverbindungen, insbesondere 2, 2-~Dimorpholi-
npdiethy;ether. | '

~ Als tibliche Flaﬁmschutzmittel k&nnen_Trischlorisopropyl-
. phosphat,. Tfichld;isopropylphosphat. Trischlorethylphosphat,
Trichlorethylphosphat, Trischlorpropylphdsphat. Trichloxrpro-
pylphosphat, Dimethylethylphosphat, Trisdichlorisopropylphos-

phat, Dimethylmethylphosphonat, Dimethylenethylphosphat vor- o’

Zugsweise Trischlorprqpylphosphat. einggéetzt werden.

Als Stabilisatoren sind'z. B. ¢opolymere aus Siloxan
geeignet.

Eine zu_verschaumende 1K-PUR-Schaummischung enthilt, be-
zogen auf die Schaummischung als 100 Gew.-%, beispielsweise
.20 bis 30 Gew.-% einer Polyolkomponente,f40 bis 60 Gew.-%
einer Polyisocyanatkomponente, 0,1 bis 3 Gew. —%'Katalysator,
gegebenenfalls 10 bis 15 Gew.-% eines Flammschutzmlttels, ge-
gebenenfalls 1 bis 2 Gew.-% Schaumstabilisator neben 15 bis
35 Gew.-% einer erfindungsgemifen Treibmittelzusammensetzung.
Eine typische 1K4PUR-Schaummischung, die sich vorteilhaft mit

.
r



410 | i quefied under pressure, fromthe group consisting of
alcohols wth 1 to 5 carbon atons, aliphatic : hydrocarbons with 2 to

12 carbon atoms, cyclic e hydrocarbons with 3 to 12 carbon atons,

hal ogenat ed hydrocarbons with 1 to 5 carbon atons or halogenated 15
ethers with a total of 2 to 6 carbon atons. Preferred al cohols in
this case areWa®6845i cul ar et hanol and | sopropanol . IEuAERYSea2Df

al i phatic hydrocarbons are pent ane, hexane, heptane and gasoline
fractions, in particular |ight gasolines having a boiling point in
- 20 the range of 15 to 80[err]C. Furthggnore, the |ow boiling
fractions, such as propane and/or butane, can al so be used in the
pressure-liquefied state as liquid foam ng agent conponents. -
Exanpl es of cyclic hydrocarbons are cycl oal i phatic hydrocarbons,
preferably cycHbpfepder, erfindungsgemden Trelbmlttelzusammensetzung ver-

schiumen liR8t, besteht so belsplelsweise aus ca. 22,5 Gew.-%
einer Polyolkomponente, z. B. aus einem Gemisch eines bro-
mierten Polyetherpolyols mit einer Hydroxylzahl von 200 bis
350 und einem PolYetherpolyol mit einer Hydroxylzahl von 110
im Mischungsverhidltnis 1:1, ca. 42,5 Gew.-% einer Polylsocya-
natkomponente, z. B. D1phenylmethan-4 4'-dllsocyanat,

: -ca. 0,5 Gewf—% einer Ka;alysatorsubstanz wie z. B. 2,2-Dimor-

(% pholinodiethylether, ca. 1,5 Gew.-%'Silikbnschaumstabilisa-
tor, ca. 13 Gew.-% eines Flammschutzmittels wie z. B. Tris-
chlorprbpylphosphat,'und_einem Anteil von ca. 20 Gew.-% an
einer erfindungsgeméfen Treibmittelzusammensetzung. Aus einer
derartigen 1K-PUR-Schaummischung kann ein Einkomponenten—
schaumstoff mit einer gleichmifigen feinzelligen Struktur und
niedriger Rohdichte, z. B. mit einer Rohdichte von ca. 23 bis
25 kg/m’, hergestellt werden.

Von den Einkomponenten-Schaumstoffen unterscheiden sich
die 1,5K- und 2K-PUR-Schaumstoffe dadurch, daf die zur Aus-
hdrtung des Schaumes bendtigte Polyolkomponente im Druckbe-
“hé8lter getrennt von der Prepolymerzusammensetzung gehalten

\_/ wird und erst'unmittelbar vor der Verschiumung dem Prepolymer
2ugesetzt wird. Als zweite Komponente kommen dabei alle be-
reits genannten Polyolkompdnenten in Frage. Zur schnelleren
Aush#értung kann die 2wéi;e Komponente dariiber hinaus einen
iblichen Katélysétor,'beispielswéise die bereits genannten

" Amin- oder Morphglin-Verbinduhgen oder auch metaliorganische
Verbindungen, wie z,'B._Zinndioctoat, Kobaltnaphtenét,_Dibu-
tylzinndilaurat oder Eiéena¢étgnylacetat, enthalten.

Die mit den:erfipdungsgé@aﬁen'TreibmittelzuSammensetzun4
gen hetgestellten 1K- oder'Mehrkomponehten-PUR—SchaﬁmStoffe
zeigen ein sehr gutes Wﬂrmelsollerungsvermbgen und sind daher
gut fur Dammzwecke. z. B. im Bau- oder thnberelch geeignet.
Auch fiir die Herstellung von Sprﬂhklebern auf Polyurethanba—



25 cycl opent ane and cycl ohexane. "Hal ogenated hydr ocar bons"

is—understood t o _pean hvdrogen-contai ni ng quorochIorohydrocarpops
or fluorohydrocarbons. Exanpl es of f1 uorochlorohydrocarbons whiTir
can be used are chl orodi fl uoronmet hane (R22), trifluoronmethane 30

(R23), 1,1-dichloro-1-fluoroethane (R141b), 1-chloro-
1, 1- di fwevsagishane (R142b) or 1,3-dichloro-1,1,2,2,3, 3
e ( : Pcﬁ?ﬁ#ﬂvﬁpbons are

hexaf | uor opr opane (R216a). Exanpl es of f1 uor o-
pent af | uor oet hane (R125), 1,1,1,2-tetrafl uoroet hane (R 34a),
1,1, 1-trifluoro- 35 et hane (R143a), 1,1,2-trifluoroethane (R143),

1, 1-di fluoroethane (R152a), 1,1,1, 3, &bentafl uoro-

gis sind die erfindungsgemaﬁén Treibmitteiéﬁsammensetzungen
geeignet.

Welterhln umfaft die Erfindung eln Vérfahren Zur Her-
stellung eines 1K- oder 2K-PUR-Schaumstoffes. be1 dem man aus
einem Druckbehalter, welcher e1ne PUR-Schaummlschung aus ei-
ner Polyolkomponente, einem Isocyanatgruppen ‘enthaltenen Pre-
polymer, einem Katalysator und Qégebéneﬁfalls weitere tbliche QJJ
Hilfsstoffe sow1e eine ger vorstehend beschriebenen Treibmit-
telzusammensetzungen enthélt, einen PUR-Schaumstoff durch
Entspannen des im Druckbehédlter herrschenden Uberdruckes auf
Atmospharendruck tber e1n Ventll erzeugt Entsprechende
Druckbehélter sowie fur die Verschaumung geelgnete ventlle
sind allgemeln bekannt .

Weiterhin betrifft die Erfindung 1K- oder Mehrkomponen-
ten-PUR-Schaumstoffmzschungen zur Erzeugung eines PUR-Schaum-
stoffes aus Druckbehaltern, welche eine der vorstehend be-
schrlebenen Trelbmlttelzusammensetzungen enthalten

Ein weiterer Gegenstand der Erflndung ist ein Verfahren
Zur Herstellung einer Trexbmlttelzusammensetzung fur die Er- hﬂ)
‘zZeugung von PUR-Schaumstoffen aus Druckbehaltern, bei dem man
verfliissigtes Kohlendloxld als Trezbmlttelkomponente ein-
setzt. Bei dem erflndungsgemasen Verfahren wird in einem’
Druckbeh&lter die flﬁsszge oder unter Druck verflﬁss19te phy-
sikalische Trezbmlttelkomponente 1n den gewﬁnschten Gewichts-
teilen vorgelegt und auf an sich bekannte Weise verflﬂss;g-
tes, tiblicherweise druckverflﬂsslgtes, Kohlendloxld in der
gewﬁnschten Menge hineingedriickt. In einen Druckbehdlter !
(Aerosoldose), welcher bereits das Prepolymer und gegebenen-
falls alle weiteren Komponenten enth&lt, kann anschliefend
diese erf;ndungsgeméﬁen hergestellte Trelbmlttelzusammenset-
Zung in der gewlinschten Menge injiziert werden. Die Menge an
Kohlendioxid wird dabei nur durch den fiir Aerosoldosen er-



6. - propane (R245fa), octafluoropropane (R218) or

alternatlvely 1,1,1, 3, 3-pent af | uor obut'ane (R365nfc). - "Hal ogenat ed
ethers” is understood to mean * " fluorochl oroethers or fluoroethers
cont ai ni ng hydrogen, 5 such as difluoronet hoxy-2,2,2-trifl uoroethane
E245) .
( ) ‘NQQWH&B4 PCT/EP95/04122
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laubten Druck reglementiert (10 bis 18 bar].

Erfindungsgémas ist es nunmehr mdglich, PUR-Schaumstoff-

Mischungen enthaltende Druckbehdlter herzustellen, welche pro
1 kg-Dose ca. 20 bis 30 g Kohlendioxid enthalten kdnnen. Nach
bisher verwendeten Verfahren, bei denen Kohlendioxid immer in
gasférmiger Form eingésétzt'wurde, war es bislang nur mdg-

| .1ich, pro 1 kg-Dose nur ca. 3 bis 5 g Kohlendioxid einzubrin-

% gen. In vorteilhafter Weise ist es erfindungsgemidf jetzt még-
lich, bei der Herstellung von PUR-Schaumstoffen aus Druckbe-
héltern den Anteil an brennbarem phys;kallschen flussigen
oder unter Druck verflﬁss;gtem Treibmitteln weiter zu redu-
zieren. Auch aus Kostengesichtspunkten ist eine Reduzierung
‘der bisher iiblichen flﬁssigen'bzw.'druékverflﬁssigtén-physi-
kalischen Treibmittel &uferst vorteilhaft. Mit der erfin-
dungsgeméffen Treibmittelzusammensetzung hergestellter 1K-
oder Mehrkomponenten-PUR-Schaumstoffe besitzt eine vorwiegen-
de geschlossenzellige sehr gleichmiBige feinzellige Struktur
sowie ein sehr hohes Warmeisolierungsvermdgen. Dementspre-:
chend eignen sich PUR-Schaumstoffe, welche mit einer erfin-
dungsgemifen Treibmittelzusammensetzung hergestellt wurden,

U besonders gut fiir Démmzwecke im Bau- und Wohnbereich.

. Die nachfolgenden Beispiele sollen die Erfindung niher
erliutern, ohne sie jédbch"in'ih:em'Umfang zZu begrenzen.
' Beispiele
1. Herstellung eines golzstxgql—Schéums;bfges'
‘a) Verflissigtes Kohlendioxid/R152a als Treibmittel:

Es wurden 200 kg Polystyrol (Schmelzindex '3,0-110) mit 2 kg
Talkum als Nuklzslerungsmlttel vermlscht und diese Mischung



Preferably a foam ng agent conposition is used which contains 10
to 20 parts by weight |iquefied carbon _dioxide and 30 to 90 parts
by wei ght of at |east one hal ogenat ed hydrocar bonm or _am al r prratT ¢
hydr ocar bon or 10 a hal ogenated ether, or consists of the _

af ore-nmenti oned m xt ure. Particularly preferably, in the
met hod efgdhigispd to the I nvention a foam ng ag conposition is
used which s contains or consists of 10 to 20 pa "%?ﬂ@Etht 15

| i quefied carbon dioxide and 30 to 90 parts by wei ght _

1, 1-di fl uor oet hane (R152a) and/or 30 to 90 parts by wei ght

1, 1-dichloro-I|-fluoroethane (Rl41b). 19Furt her f oam ng agent
conpositions used particularly preferably

in eine tbliche Extruderanlage eindosiert und aufgeschmolzen.
In die SChmelzzbne des Extruders wurden Uber eine Einspritz-
dise in die Polystyrélschmelze ca. 6 Gew.-% eines erfindungs-
geméfen Treibmittels, bezogen auf Polystyrol, eindosiert. Die
erfindungsgemsifle Treibmittelzusammensetzung enthielt'14'Ge-
wichtsteile verflitssigtes Kohlendloxld und 86 Gew;chtste;le
R152a. Der Dampfdruck dieser Tre1hm1ttelzusammensetzung be-
‘trug ca. 14 bar bei 20 °c.. .. _ . kjd

In der Mischzone wurde die Polystyrolschmelze mit de? erfin-
dungsgemaﬁen.Treibmittglzusammenseczung”homogen vermischt und
anschliefend die erhaltene Mischﬁng lber einé Dﬂse'extru-.
diert. Man erhielt elnen geschlossenzelligen SChaumstoff von
gleichmé&figer, felnzelllger Struktur

Es wurden sowohl Polyg;yrol:Schaumfolien:als_auch“Polystyrol-
Schaumplatten erfindungsgemﬁﬁ_hergestellt._Eine erfiﬁdungs—
geméf hergestellte Polystyrol-Schaumfolie besaf eine Dichte
von ca. 35 kg/m’, eine erflndungsgeméﬁ hergestellte Polysty-
rol-Schaumplatte eine Dichte von ca. 33 kg/mJ

_ o L o _ 1y
b) Verflilssigtes Kohlendioxid/R152a/Ethanol als Treibmittel: _\“’

Wie unter Beispiel 1 a) beschrieben, wﬁ:de-in eiﬁe Polysty-
rolschmelze ca. 8,5 Gew.-% eines erfindungsgeméiffen Treibmit-
tels, bezogen auf Polystyrol, eindosiert. Die erfindungsgemi-
Be Treibmittelzusammensetzung enthielt 14 Gewichtsteile ver-
flussigtes Kohlendioxid, 57 Gewichtsteile R152a und 29 Ge-
wichtsteile Ethanol. Der Dampfdruck dieser Treibmittelzusam-
mensetzungen betrug ca. 15 bar bei 20 oc.

Eine erfindungsgeméﬁ heigestellte Polystytol-SChaumfolie be-
saf eine Dichte von ca. 36 kg/m?, eine erfindungsgeméf herge-
stellte Polystyrol-Schaumplatte eine Dichte von ca. 34 kg/m3.



I n-the nethod according to the invention are foaning 20 agent

conposi tions whjich contain 10 to 20.parts’ by - weight liquefied
carbon di oxide and 80 to 90 parts by “wei ght : o '

| <l -di chl oro-1-fl uoroethane (R141b) and al so optionally
addltlonally 1 to 3 parts by weight water, or consist of the

af ore-nenti on&ﬂo?ﬁ’ % Li kewi se 25 preferably preferreBCT/EPSOIRAN ng
agent conposition whi:ch contains 10 to 20 parts by weight |iquefied
carbon dioxide, 50 to 70 parts by weight 1,1-difl uoro- et hane
(R152a) and 20 to 35 parts by wei ght ethanoﬁg or consists of this
m xture. Anobng the conpositions 30 according to the invention
cont ai ni ng hal ogenat ed et hers, those foam ng agent conpositions

whi ch contain 10 to 20 parts by melght | i quefi ed carbon di oxi de and
80 to 90 parts2hyHeEstellung . Schaumstoffes

200 g Polyethylen (Schmelzindex 3,5-150) wurden unter identi-
schen Bedingungen, wie in Beispiel 1 fiir Polystyrol-Schaum-
stoff beschrieben, extrudiert. Es wurden ca. 6 Gew.-% einer
.Treibmittelmischung, bezogen auf Polyethylen, eindosiert.
N\ Erfindungsgemiff wurde eine Treibmittelzusammensetzung aus
14 Gewichtsteilen verfliissigtem Kohlendioxid, 50 Gewichtstei-
len R152a und 36 Gewichtsteilen R141b eingesetzt. Es wurde
ein feinzelliger Polyethylen-Schaumstoff mit geringer
Schrumpfung erhalten. Das erfindungsgem#8 hergestellte Poly-
| ethylen-Schaumrohr wies eine Dichte wvon ca 40 kg/m’ auf.

3. Herstellung eines PUR-Schaumstoffes

Zur Herstellung des PUR-Schaumstoffes wurde als eine der Aus-
gangskomponenten eine Polyolmischung, bestehend aus 40 Ge-
wichtsteilen eines Ethylendiamin/Propylenoxid-Polyethers
(OH-Zahl 480), 60 Gewichtsteile eines Sorbitol/Glycerin/Pro-
pylenoxid-Polyethers (OH-Zahl 490), 1 Gewichtsteil Schaumsta-
bilisator (Typ DC193 der Dow Corning Corporation) und 1,5 Ge-
wichtsteile Dzmethylcyclohylamln eingesetzt. Dlphenylmethan—
d11socyanat wurde als Isocyanatkomponente in einer um

10 Gew.-% erhdhten stéchiometrischen Menge eingesetzt.

Die PUR-Schaumstoffe wurden auf einer Niederdruckanlage mit
einer Austragleistﬁng:vbh:ca.'8'kg/min, mit der eine Dosie-
rung von 3 Komponenten méglich ist,'herdestellt. Als Misch-
aggregat diente ein statischer Mischer.

a) Verflissigtes Kohlendioxid7R141b/Waséér gls Treibmittel:

Erfindungsgemifs wurde einé TreibmittelzusammenSEtzung in ei-



trifluoroethane (E245) or consist of such mxtures are 35 particularly ..
preferred. O the aliphatic hydrocarbons, : T
7 n-pentane I1s particularly preferred. Preferably, a

conposition according to the invention containing
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ner Menge von 30 Gewichtsteilen eingesetzt. Die Tfeibmittel-
zusammensetzung bestand aus 13,9 Gewichtsteilen verfliissigtem
Kohlendioxid, 85,1 Gewichtsteilen R141b und zus#tzlich 1 Ge-
wichtsteil Wasser. Mit diesexr erfindungsgemﬁﬁen_Treibmittel-
zusammensetzung wurde ein PUR-Hartschaumstoff mit einer fein-
zelligen Struktur und einer Dichte von ca,_24_kg/nﬁ herge-~
stellt.

b) Verfiissigtes Kohlendioxid/n-Pentan/Wasser als_
Treibmittel:

Weiterhin wurde ein PUR-Schaumstoff mit 18 Gewichtsteilen
einer Treibmittelzusammensetzung hergestellt. Diesé_Treibmit-
telzusammensetzung bestand erfindungsgem#f aus 13,9 Gewichts-
teilen verflissigtem Kohlendioxid und 85,1 Gewichtsteilen
n-Pentan und zus#tzlich 1 Gewichtsteil Wasser. Mit dieser
Treibmittelzusammensetzung wurde ein PUR-Hartschaumstoff mit
einer feinzelligen Struktur und einer Dichte von ca. 25,4 kg/m’
erhalten.

¢} Verfliussigtes Kohlendioxid(E245 als Treibmittgl: _ W,

Weiterhin wurde ein PUR-Schaumstoff mit 35 Gewichtsteilen
einer_Treibmittelzusammensetzung_herges;ellt,.Diese_Treibhit—
telzusammensetzung bestand erfindungsgemaﬁ aus 14,Gewichts—
teilen verflissigten Kohlendioxid und'BS_Gewichtstéiien E245.
Mit dieser TreihmittelzuSammensetzﬁng wvurde eih.PUR-Hart-
schaum mit einer feinzelligen Struktur und einer Dichte von
ca. 33,5 kg/m? erhalten. | |

4. Verfliigsigtes Kohlendioxid[Prgpan[nutan/#cetoh alg Treib-
mittel fiir 1K-PUR-Schaumstoffe:

a) 247 g einer Polyolvormischung, bestehend aus



ali phatic hydrocarbons shoul d contaln 10 to 20 parts by wei ght

| i quefied carbon dioxide and 80 to 90 parts:by 5-

wei ght n-pentane and

al so optionally additionally 1 to 3 parts by weight water or
consi st of such a mixture. : Wth all these foam ng agent

m xtures, the anmount of the other foam ng agents used can be
reduced by usWQ@@6/14354 the liquid CJerr]. CO[err] is physscimxmseak:y
harm ess and 10 environnental |y conpatible. .. . Expedi ently,

t he net hod according to the invention for prodUC|ng f oanmed
plastics is carried out as a casting 92 Process or extrusion process.

In the extrusion

b)

73 g Polyetherpolyol (Dlol), bromlert, Hydroxzdzahl
ca. 240,
73 g Polyetherpolyol (Diol), Hydroxidzahl ca. 110,
89 g Trischlorpropylphosphat, '
5 g Silikonschaumstabilisator,
7 g Dimorpholindiethylether,

wurden in eine Aerosoldose aus Aluminium mit eine Volumen
von 1000 cm® eingefiillt. Es wurden 356 g Diphenylmethan-
4,4-Diisocyanat zugegeben und die Aerosoldose mit einem
Schaumaerosolventil verschlossen. Eine erfindungsgemédfe
Treibmittelzusamménsetzung wurde hergesﬁellt. indem in
einem Druckgefa® 62 g druckverfliissigtes Propan/Butan
und 10 g Aceton vorgelegt und 28 g druckverfliissigtes
Kohlendioxid unter Mischen zugegeben wurde. 99 g dieser
erfindungsgemifen TfeibmittelzuSammensetzung'wurden dann

'tber eine tibliche Aerosolabfiillvorrichtung in die die

Schaumkomponenten enthaltende Aerosoldose injiziert. Die
Aerosoldose wurde kurzfristig geschittelt und fir ca.

24 Stunden zur Ausbildung des Prepolymers stehengelassen.
Nach Ablauf dieser Zeit war die 1K-PUR-Schaumstoffm1—
schung zur Anwendung gebrauchsfertig.

Die lK-PUR -Schaummischung wurde mlttels der erflndungs—
gemasen Trelbmlttelzusammensetzung aus der Aerosoldose
ausgetrieben. Man erhielt einen PUR-Schaumstoff mit einer
Rohdichte von ca. 23 kg/m® von gleichmasiger, feinzelli-
ger Struktur. Die Schrumpfung des PUR-Schaumstoffes nach
einer lLagerung von 7 Tagen be1 ‘einexr Luftfeucht;gkezt von
ca. 90 % betrug im Mlttel ca. 5 Léngenprozent.

Wie unter a) beschrieben, wurde eine Polyolabmischung und
eine Polyisocyanat in' eine Aerosoldose gleéichen Volumens
eingefiillt. Als erfindungsgémaﬂe Treihmittelzusammenset-
zung wurde eine Zusammensetzung aus 50 g Propan/Butan,



process, m xtures suitable for the production of foanmed 15 pl astics

are extruded directly into foanmed sheets, films, noul ded parts,
profiles or particles. ParticularTy preferably, Toaned .
t her nopl asti c materials, in particular polyethyl ene, polypropylene .-
or pol ystyrene foaned naterials, are produced according to 20

the in -_-'gﬂ&err]. According to the invention, the nethod. : 1s

then carried out such that the foaning agent FCERS 4122,

consisting of |iquefied carbon dioxide and an additional |iquid
physi cal foam ng agent is adm xed to a nelt of the starting

products suitable for 25 produeisng foamed pl astics, and the

pol ymeri sati on of the starting products for the foaned plastics

mat eri al : to be produced is carried out, optionally while

naintainin% slight excess gressure or reduced.
g Aceton und 20 g verflissigtem Kohlendloxid einge-

setzt. Die Herstellung der Treibmlttelzusammensetzung und
die Abfiillung in die Aerosoldose erfolgte, wie unter a)
beschrieben. ' '

Der mit dieser erfindungsgemiifien Treibmittelzusammenset-
zung herggstellt PUR-Schaumstoff zeigte eine Rohdichte
-  wvon ca. 25 kg/m. _ kj}

5. Verfliissigtes Koh;gndioxidzPrgganzautanlngllb'als Treib-
mittel f£Gr 1K-PUR-Schaumstoffe: | |

Eine Polyolabmischung und ein Polyisocyanat wurde, wie in
Beispiel 4 beschrieben, in eine Aeroscldose mit einem Volumen
von 1000 cm’® eingeflillt. Als erfindungsgem&ﬁe Treibmittelzu-
sammensetzung wurde eine Zusammensetzung aus 62 ¢ Propan/Bu-
tan, 10 g R141lb und 28 g verflissigtem Kohlendioxid e;nge-
setzt. Die Herstellung der Trezbmlttelzusammensetzung und
deren Abfﬁilung.in die Aerosoldose erfolgte, wie in Beispiel :
4 beschrieben.

- W

Der mit dieser erfindungsgeméfen Treibmittelzusammensetzung
hergestellte PUR-~Schaumstoff zeigte eine Rohdichte wvon
ca. 25 kg/m’.

6. varflﬁssigtés Kohlendioxid(T?ichlg;nrgnxﬂphosphat[Rl&lb
als Treibmittel £ér 1K-PUR-Schaumstoffe: -

214 g einer Polyolabmischung und 356 g Polyisocyanat wurden,
wie in Beispiel 4 beschrieben, in eine Aerosoldose mit einem
Volumen von 1.000 cm® eingeftllt. Eine erfindungsgensfe Zu-
sammensetzung wurde hergestellt, indem 100 g Trischlorpropyl-
phosphat und 10 g R141b in einem Druckgef&® vorgelegt und



pressure during the foam ng operati on. Knéwn 30 processing units,

€e.g. extruder units, may be used for:. . - the nmethod according to the
invention. It -<s -~ ~particularly surprising here that using the
.met hod [err] TRANSLATOR S NOTE: This sentence could al so be
interpreted to mean "... thernoplastic materials, "'rmiﬁ’

foamed 35 w@o@ppsi ng to the invention, are produced.”
24

flussigtes Kohlendioxid unter ‘Mischen zugegeben

usammensetzung wurden, wie in
Aerosoldose abgefiillt.

28 g druckver Koh,
wurde. 99 g dieser Treibmittelz

Beispiel 4 peschrieben, in die



8 according to the invention it is possible to introduce

carbon dioxide in the liquefied state even at el evated t enperat ure
into the extruder for the foamng of ~ tThermoplasti c polymer nelts.
In contrast to the 5 nmet hods of the prior art known hitherto, this
makes nmetering of the carbon dioxi de possible wthout

difficq&&xﬂ' cording to the nmethod of the invention, it is thus
possi bl'e, 3 g carbon di oxide, to produce pr %

cl osed-cell ed foaned nmaterials of very 10 uniformfine-celled

structure. Furt hernore, the foaned

‘TN R B 25

Patentanspriche

1. Treibmittelzusammensetzung zur Herstellung geschéum-
ter Kunststoffe und zur Herstellung von Ein- oder Zweikompo-
nenten-Polyurethanschaumstoffen aus Druckbehiiltern, dadurch
gekennzeichnet, daR® sie 0,5 bis 50 Gew.-% verfliissigtes Koh-
lendioxid enthilt. \J/

2. Treibmittelzusammensetzung nach Anspruch 1, dadurch
gekennzeichnet, daR sie 5 bis 50 Gew.-%, vorzugsweise 10 bis
50 Gew.-%, insbesondere 10 bis 20 Gew.-~% verfliissigtes CO,
enthdlt.

3. Treibmittelzusammensetzung nach Anspruch 1 oder 2 zur
Herstellung geschédumter Kunststoffe, dadurch gekennzeichnet,
daf sie 10 bis 20 Gewichtsteile verfliUssigtes Kohlendioxid
und 30 bis 90 Gewichtsteile mindestens eines flissigen oder
unter Druck verfliissigten physikalischen Treibmittels aus der
Gruppe Alkohole mit 1 bis 5 Kohlenstoffatomen, der aliphati-
schen Kohlenwasserstoffe mit 2 bis 12 Kohlenstoffatomen, der \ﬁ)
cyclischen Kohlenwasserstoffe mit 3 bis 12 Kohlenstoffatomen,
der halogenhaltigen Kohlenwasserstoffe mit 1 bis S5 Kohlen-
stoffatomen oder halogenhaltigem Ether mit insgesamt 2 bis 6
Kohlenstoffatomen enthilt.

4. Treibmittelzusammensetzung nach Anspruch 1 oder 2 zur
Herstellung von Ein- oder Zweikomponenten-Polyurethanschaum-
stoffen aus Druckbeh#ltern, dadurch gekennzeichnet, daf sie
10 bis 50 Gewichtsteile verflissigtes Kohlendioxid und 30 bis
90 Gewichtsteile mindestens eines fliissigen oder unter Druck
verflissigten Treibmittels aus der Gruppe der Ether mit ins-
gesamt 2 bis 4 RKohlenstoffatomen, der Ketone mit 3 bis 5 Koh-
lenstoffatomen, der aliphatischen Kohlenwasserstoffe mit 2
bis 12 Kohlenstoffatomen, der cyclischen Kohlenwasserstoffe



pr.astics obtained according to the nethod of the - I nvention are

di stingui shed by very good~heat—— .. - insulation properties.

Thie met hod according to the invention for the 15 production of foamed ™
plastics can be carried out such that a foam ng agent conposition
pre-fornulated in a pressurised vessel is used, which conposition
was pWRHMIShy pl aci ng the physical foaning agent  WPCHEPISI04122
liquid or has been |iquefied under pressure in a 20 pressuri sed vessel
in the destred—parts by wei ght- and forcing in the desired quantity

s A §§S“Hi|\|||m|\ﬂllmlunll|to orocesd accor dig to the mothod of the

mxc 3 bis 12 Kohlenstoffatomen, der halogenhaltigen Kohlen-
wasserstoffe mit 1 bis 5 Kohlenstoffatomen oder der halogen-
haltigen Ether mit lnsgesamt 2 bis 6 Kohlenstoffatomen ent-
hdlc.

5. Treibmittelzusammensetzung nach aAnspruch 1 oder 2 zur
Herstellung von Ein- oder Zweikomponenten-Polyurethanschaum-
-stoffen aus Druckbeh#ltern, dadurch gekennzeichnet, daR sie
10 bis 50 Gewichtsteile verfliissigtes Kohiendioxid'und 10 bis
100 Gewichtsteile.mindestens eines Triallephosphates oder
TrialkylphosphonateS'aus der Gruppe Triethylphosphat, Tri-
chlorisopropylphosphat, Ttisdhlorethylphosphat, Trischloriso-
propylphosphat, Trlschlorpropylphosphat Trichlorethylphos-
phat, Trlchlorpropylphosphat Trlethylphosphat, Dimethylet-
hylphosphat, Trlchlorlsopropylphosphat Dlmethylmethylphosho—
nat Dzethylmethylphosphonat oder Dlethylethylphosphonat vor-
zugsweise Trischlorpropylphosphat, enthilt.

6. Halogenfreie'TreibmittelzusammenSetzung'nach Anspruch
3, dadurch gekennzeichnet, da® sie 20 bis 30 Gewichtsteile
verfliissigtes Kohlendioxid und 50 bis 60 Gewichtsteile Butan
N\ oder eines Propan/Butan-Gemlsches und/oder 5 bls 15 Gew1chts—
teile Aceton enthilt, ' '

7. Treibmittelzusammensetzung nach Anspruch 3, dadurch
gekennzeichnet, daR sie 20 bis 40 Gewichtsteile verfliissigtes
Kohlendioxid und 10 bis 50 Gewichtsteile eines halogenhalti-
gen Kohlenwasserstbffes'aus der'Gruppe 1;1;Di¢hlor-1-fluor—
ethan, Pentafluorethan oder 1,1-Difluorgthan'enthalt.'

_ __8._Treibmittelzusammensetzung nach anspruch 3, dadurch
gekennzeichnet, daf sie 20 bis 40 GewiéhtSteile'verflﬁssigtes
'Kohlendioxid und 10 bis 50 Gewichtsteile Dxfluormethoxy-
2,2,2- trxfluorethan enthilt



I nvention such that the foam ng agent conposition to be 25 used is not . .

produced until imedi ately before the foam ng operation for the

pol ymers or pol yneri sabl e conponents which are to be foaned. In

this case, in a : pressurised vessel outside the extruder unit

pr oper | i quefied carbon dioxide is introduced in the 30

corres jng..quantities into the additional |iquid - foam ng agent

comoani ch carbon di oxiRfFHESSN4423 | qui d
tate, whe he conmponents. | argely m x together. The honpbgenous

m xture of , !Lﬁ,”m”um car bon di oxi de and |iquid foanmi ng agent

conponent ained is g+en introduced into the extruder unit

Vi a ' an inl et" f&r Tiquid foan1ng agent s.

9 Verfahren zZur- Herstellung gesch&umter Kunststoffe mit
Hilfe von Trezbmltteln, dadurch gekennzelchnet daR man eine
fllissige Treibmittelzusammensetzung nach Anspruch 1, welche
0,5 bis 50 Gew.-% verfliissigtes Kohlendioxid enth&lt, ein-

setzt.

10. Verfahren nach AnSpruch 9, dadurch gekennzeichnet,
‘dafs man eine Treibm1ttelzusammensetzung, welche 10 bis ' \_b
20 Gewichtsteile verflﬁssigtes Kohlendloxld und 30 bis 90 Ge-
wichtsteile mindestens eines fliissigen oder unter Druck ver-
flissigten Treibmittels aus der Gruppe Alkdhole mit 1 bis
5 Kohlenstoffatgmen, aliphatische KohlénWaSserstoffe mit 2
bis 12 Kohlenstoffatomen, cyciische KohlehWasserstoffe mit 3
bis 12 Kohlenstoffatomen, halogenhaltlge Kohlenwasserscoffe
mit 1 bis 5 Kohlenstoffatomen oder halogenhaltlge Ether mit
insgesamt 2 bis 6 Kohlenstoffatomen enthélt, einsetzt.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet,
daff man eine Treibmittelzusammensetzung. welche 10 bis 20 Ge-
wichtsteile verfliissigtes Kohlendioxid und 30 bis 90 Ge-
wichtsteile mindestens eines aliphatiéchen oder halogenhalti- W,
gen Kohlenwasserstoffes oder halogenhaltigen Ethers enthilt,
einsetzt. '

- 12. Verfahren nach anspruch 11, dadurch gekennzeichnet,
dafl man eine Tre;bmzttelzusammensetzung. welche 10 bis 20 Ge-
wichtsteile verflissigtes Kohlendioxid und 30 bis 90 Ge-
wichtsteile 1,1-Difluorethan und/oder 30 bis 90'Gewichtsteile
1,1-Dichlor-1-fluorethan enthilt, einsetzt.

13. Verfahren nach Anspruch 12 dadurch gekennzeichnet,
daf man eine Treihmlttelzusammensetzung, welche 10 bls 20 Ge-
wichtsteile verflissigtes Kohlendioxid und 80 bis 90 Ge-
wichtsteile 1, 1-Dichlor~1-£f1lucorethan enthait; einsetzt.



9-.

The met hod according to the invéention is suitable both

for the producti on of open ﬂl,'mi m celled rigid or
fl-exi bl e foans. "The net hod “ﬂ "Hﬂrﬂﬂm- suitabl e for producing

pol yur et hane foaned plastlcs 5¢ Lt wmKrfowr PU processing units, e.g.

t he

ﬁNﬂS‘

hi gh- pressure or | ow pressure mxing units which are ui pped with
wo | . PC%MI&&MH&

28

14. Verfahren nach Anspruch 9, dadurch gekennzeichnet,
da® man eine Treibmittelzusammensetzung, welche 10 bis
20 Gew1chtste11e verfliussigtes Kohlendioxid, 50 bis 70 Ge-
wichtsteile 1,1-Difluorethan und 20 bis 35 Gewichtsteile
Ethanol enth#lt, einsetzt. ' ' o

15. Verfahren nach Anspruch 11, dadurch gekennzeichnet,
daR man eine Treibmittelzusammensetzung, welche 10 bis
20 Gewichtsteile verfliissigtes Kohlendioxid und 80 bis
90 Gewichtsteile Difluormethoxy-2,2,2-trifluorethan enthalt,
einsetzt. o '

"16. Verfahren nach Anspruch 11, dadurch gekennzeichnet,
daf® man eine Treibmittelzusammensetzung, welche 10 bis
20 Gewichtsteile verflilssigtes Kohlen@ioxid und 80 bis 90 Ge-
wichtsteile n-Pentan enth&lt, einsetzt. |

17. Veffahren nach Anspruch 9, dadurch gekennzeichnet,
daf man geschiumte Polyethylen-, Polystyrol- oder Poly-uret-
han-Runststoffe herstellt. ' ' : '

18. Verfahren zur Herstellung eines Einkomponenten— oder
Zweikomponenten-Polyurethanschaumstoffes, dadurch gekenn-
zeichnet, daf man aus einem Druckbehilter, -welcher ein Iso-
cyanatgruppen enthaltendes'Prepolymer, gegebenenfalls weitere
tibliche Hilfsstoffe sowie als Treibmittel eine Treibmittelzu-
sammensetzung gemif einem der Anspriiche 1 bis 2 oder 4 bis 8
enthilt, einen Polyurethanschaumstoff durch Entspannen des im
Druckbehilter herrschenden Uberdruckes auf Atmosphirendruck
Uber ein geeignetes Ventil erzeugt. '

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet,
daf man eine Treibﬁittelzusammensetzung in einer Menge von 5
bis 40 Gew.-%, bezogen auf die Gesamtmischung aus Prepolymer
und Treibmittelzusammensetzung, einsetzt.



static mxers known fromthe prior—art can be used for  this.

In one variant for the productlon f foaned PU 10 pl astics, the
foam ng agents accalmwmll “lﬂent ion T may contarn aaditionat
liquid additives . retardants, as an additional conponent .
in addition to pressure | i quefied carbon di oxi de and one or nore

phy5| ng -agents which are liquid and/or have 15 - been |iquefied
under bgégﬁgt . Conventional flane retardahﬁgﬂgﬁﬁmﬂpﬁ. phosphat e

esters or phosphonates, Cor r espondi ng .phosphate esters or
phosphoni c esters whi ch have three | ower al kyl groups or three
| ower . alkyl groups substityged by one or nore hal ogen atons

' 20 Verfahren zur Herstellung einer Tre;bmlttelzusammen-

”setzﬁﬁg ‘hach. Affspruch 1, dadurch gekennzeichnet, da8 man in
eine flﬁss;ge oder unter Druck verflissigte weitere Komponen—
te, vorzugsweise ein Treibmittel oder_eln Flammschutzmittel
unter Druck verflussigtes Kohlendioxid einleitet oder umge-
kehrt, sodaf die Treibmittelzusammensetzung 0,5 bis 50 Gew.-%
fltissiges CO, enth&lt.

L e

21. Zusammensetzung aus Prgpolymer dnd Treibmittel zur
Herstellung eines Einkomponenten- oder Zweikomponenten-Poly-
urethanschaumstoffes, dadurch gekennzeichnet, daf sie eine
Treibmittelzusammensetzung gemdf® einem der Anspriiche 1 bis 2
oder 4 bis 8 enthidlt.

22. Anordnung zur Herstellung eines Einkomponenten- oder
Zweikomponenten-Polyurethanschaumstoffes, dadurch gekenn-
Zzeichnet, daf sie ein Isocyanatgruppen enthaltendes Prepoly-
mer und eine Treibmittelzusammensetzung geméf einem der An-
spriiche 1 bis 2 oder 4 bis 8 in einem mit einem Ventil ver-
sehenen Druckbehdlter enthilt.
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{54) Bezeichnung: FLUSSIGES KOHLENDIOXID ENTHALTENDE TREIBMITTEL

(57) Abstract

- The invention concerns a process for preparing foamed plastics, wherein a liquid foaming agent composition containing carbon dioxide
liquefied under pressure is used. In addition to the carbon dioxide liquefied under pressure, ali conventional liquid physical foatnmg agents
such as alcohols, ahphatlc or cyclical hydrocarbons, halogenous hydrocarbons or halogenous ethers can be used. The process is suitable in
particular for preparing foamed polyethylene, polystyrene or polyurethane plastics. Foaming agent compositions containing carbon dioxide
liquefied under pressure are also suitable for producing single or multi-component polyurethane foamed materials. In addition to the carbon
dioxide liquefied under pressure all conventional liquid physical foaming agents such as ethers, ketones, aliphatic or cyclical hydrocarbons,
hulogenous hydrocarbons or halogenous ethers can be used. The invention further concerns a process for preparing these foammg ageat
compositions. _

(§7) Zusammenfassung

Beschrieben wird ein Verfahren zur Herstellung geschiumter Kunststoffe, bei dem man eine fitissige Treibmittelzusammensetzung
einsstxt, welche unter Druck verflissigtes Kohlendioxid enthilt. Neben dem unter Druck verfliissigtem Kohlendioxid kdnnea dabei alle
Givlichen fliissigen physikalischen Treibmittel wie Alkohole, aliphatische oder cyclische Kohlenwasserstoffe, halogenhaltige Kohlenwasser-
stoffe oder halogenhaltige Ether verwendet werden. Das Verfahren cignet sich insbesondere fiir die Herstellung geschiumter Polyethlen-, |
Polystyrol- oder Polyurethan-Kunststoffe. Treibmittelzusammensetzungen, welche unter Druck verfliissigtes Kohlendioxid enthalten, eignen
sich auch zur Erzeugung voa Einkomponenten- oder Mehrkomponentea-Polyurethan-Schaumstoffen. Neben dem unter Druck verdliissigtem
Kohlendioxid k6anen auch hier alle tiblichen filissigen physikalischen Treibmittel wie Ether, Ketone, aliphatische oder cyclische Kohlen-
wasserstoffe, halogenhaltige Kohlenwasserstoffe oder halogenhaltige Ether cingesetzt werden. Weiterhin wird ecin Verfahren zur Herstellung |
dieser Treibmittelzusammensetzungen beschrieben.
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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 also 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 and heat insulation which is often

still unsatisfactory.

25

Also, hitherto the production of
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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gridups,=i socyanurate groups, urea groups or biuret groups, which
are referred to as "nodified pol yi socyanat es" or "isocyanate
prepol yners" may also 5 -~ be used. In the production of PU foaned

pl asti cs, pol yi socyanates are usually reacted with conpounds

whi ch contain at |east two hydrogen at@s which are reactive to

| socyanat e groups, for exanple conpounds cont ai ni ng hydroxyl groups
on the basi $nbérptligest énsthéObuildipgl pet Meterapdranndastrded.al so

conpounds Cfﬂtgknég lﬁds?%na%gagbﬂs?ﬁ@qéogaigﬁggfﬁgpan%@Qh thiol groups.

-Fur t her nore f oaned
pl asti cs, sﬂbhregftertrefyraﬁﬂnég aﬁdASrPHr§9ﬁmd: an initigdtal conpounds

such as tinpgelbs AixearBOtY¥LeEnae d3thSan excBBY Be Wi%Hocyanate

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 fdaming 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 foan.

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.
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| -t he »met hod according to the invention is used for t he

production of pol ystyrene or pol yethyl ene foaned materials, al
foamraw materials known per se nay al so : ~ be used for this. 20
In known manner, in addition to t-he polyners and/or pol ymeri sabl e
constituents all known additives or 3 auxiliaries, for exanple

nucl eation agents, pore regul at or substances, flane retardants,

antistatic It was thapgefibse shabbfiestref phastihvestien tpopyovidei ng 25
agents, fi'ﬁ&&SmQEhQXSSfH?prSdGQQEQ-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 liguid 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
CO,. Preferred foaming agent compositions contain 5 to
50% by weight liquid ¢€0,, in particular 10% by weight to
50% by weight.

20 In addition to the liquid CO,, 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.

. This Sheet HasBeenReilaced

(A



Anot hers- enbodi ment of the invention relates to the producti on- of

si ngl e-conponent or nulti-conponent PU : foamed materials from
pressurised vessels, and w |l be expl ained'below. In this case too,
a foam ng agent 30 conposition containing 0.5 to 50% by wei ght

l'i quefied CJerr] is used. 4 "Foam ng agent conposition”
I s understood to nean the liquid content of the foam ng agent
conposi ti onA further subject of the invention is a method for

producing foamed plastics with the aid of foaming
agents, in which a liquid fdaming 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 10° 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 10° 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 orgénic compounds such as ethers, e.qg.
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

This Sheet Has Been RTla




encl osed in the pressurised vessel, including the gas phase
| ocated in the pressurised vessel.
in this variant contains . at |east one addi-tional |iquid conponent
in addition to 5 the liquid CJerr]. 1t my contain, for exanple,

liquid
addi ti onal

10

15

20

25

30

35

or pressure-|liquefied mhysical foam ng agent as
i quid conponent. Hal ogenated foani ng
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. '

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
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

. 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
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,
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
(R23), 1,1-dichloro-1-fluoroethane (R141b), 1l-chloro-
1,1-difluoroethane (R142b) or 1,3-dichloro-1,1,2,2,3,3-
hexafluoropropane (R216a). Examples of fluoro-
hydrocarbons are pentafluoroethane (R125),
1,1,1,2-tetrafluoroethane (R134a), 1,1,1-trifluoro-
ethane (R143a), 1,1,2-trifluoroethane (R143),
1,1-difluorocethane (R152a), 1,1,1,3,3-pentafluoro-
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agents :are highly suitable; hal ogen-free foam ng agents are often

environnental ly conpatible and to be 10 -  preferred. According to a
particularly advantageous - - . variant, liquid CO[err] is contained as
t he sol e foam ng agent, -and the liquid additional conponent is
formed by aliquid flane retarglant fromthe group of esters of

phosphoric acid or the esters of phosphonic acid. 15 Any customary
| i qui d physprapaheafRRgSfigent ectadilebyopropane (R338)I,yovol atile organic

compounds S4fPePRa€if8iF 11,13 ﬁg—%éﬁi:g!ﬂiuogﬁgflgé%b?ﬁg6%%?:3@5 pent ane,

hept ane,

hexane, a

xtures, enate car bons or

hal ogenat ed"Bahegenatedpesberel 4s underesaad EPquPan2o conponents in
addi tion toriReroeRES¥b8thbgHeb-e@1G8EBBBhers containing hydrogen,

5

10

15

20

25

30

35

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
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
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-l1-fluoroethane (R141b). Further
foaming agent compositions used particularly preferably
in the method according to the invention are foaming
agent compositions which contain 10 to 20 parts by
weight liquefied carbon dioxide and 80 to 90 parts by
weight 1,1-dichloro-1-fluoroethane (R141b) and also
optionally additionally 1 to 3 parts by weight water,
or consist of the afore-mentioned mixture. Likewise
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,l1-~difluoro-
ethane (R152a) and 20 to 35 parts by weight ethanol, or
consists of this mixture. Among the compositions
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
particularly preferred. Of the aliphatic hydrocarbons,

* This Sheet Has Been Reilaced'
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di-oxi de: Al so gases |iquefied under pressure, such as pr opane or

butane, may be used in addition to the | i quefi ed carbon di oxi de.

Preferably the foam ng agent. conpositions according to 25 t he

i nvention contain nore than 5% by weight, in- ' particular 5 to 50,

e.g. 5 or 10 to 30% by wei ght, 7 liquefied carbon dioxide.

Foam ng agent conpositions which contain 10 to 50 parts by wei ght

| i quefi ed carpentanexidepantidGlapl@Opparfesr@@. Prelfgprabilyht aof at | east
one foam ng, ?%1%@bﬁhahé?khgﬂbdto the inv8hti8h EsﬂEaEhgﬂﬁf'Ed under

pressure, fro

allphatlc hydrocarbons should contain 10 to 20 parts by
weight liquefied carbon dioxide and 80 to 90 parts by

5 weight n-pentahe 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 CO,. CO, 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 invention'. 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

! TRANSLATOR’S NOTE: This sentence could also be interpreted

to mean "... thermoplastic materials, ... materials, foamed
35 according to the invention, are produced."
T




et:hers -having a total of 2 to 4 carbon atons, ketones having 3 to
5 carbon atons, aliphatic hydrocarbons

12 having 2 to 12 carbon atons{ hal ogenat ed hydrocarbons
having 1. to 5 carbon atons .or hal ogenated ethers having
8

according to fhe invention it is possible to introduce
carbon dioxide in the ligquefied 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 pefore the
foaming operation for the polymers or polymerisable
components which are to be foamed. 1In 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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a-total- of 2 to 6 carbon atons or consist of such a m xture are
preferred. Exanples of aliphatic 5 “hydr ocarbons are pentane, hexane,
hept ane and gasol i ne . fractions, . in particular. Iight gasolines
havi ng a boiling point in the range of 15°to 80[err]C. Preferably
the lowboiling fractions, such as prompane and/ or but ane, used in
pressure-liquefied form Exanples of 10 cyclic hydrocarbons are
cyclopropanehecmetncenaaoerdmﬂg to the inyehtherais. stillhibbdenbhbtt

hydrocarbonf raﬁﬁe gS&ﬁEQ?gn of openF%Qlfgﬁn H&daﬂggaageg&ibﬁ'“g

fluorochloro roca ons oro rocar ons 0SSI b
fIuorochlornhgddooarﬁbﬁxlble foamSareTbegmethpdréalpau@#snﬁam&me (R22),

1,1- d'Chlorﬁu% %ﬁfﬁ for Rﬁbﬂgégﬁghgaﬁg g%éﬁghe }ogmggrglgs%lggfluoroethane

(R142b) or | or o- l'uor, o ropane R216a) .
Exa®mpl es ofKﬁPMBrBﬁyﬁreﬁﬁﬁﬁbﬁg Bpits, e.g. hlg -pressure or 1°W‘

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 C{‘to C, 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 diisoéyanates or polyisocyanates may be

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

2,6-toluylene diisocyanate, diphenylmethane

diisocyanate, polymethylene polyphehyl isocyanate and
35 mixtures thereof. Polyisocyanates containing
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trd fl uaronet hane (R23), pentafl uoroethane (R125),

1,1,1, 2-tetrafl uoroethane (R134a), 1,1,1-trifluoro- 20 et hane
(R143a), 1,1,2-trifluoroethane (R143), ' -1, 1-difl uoroethane (R152a),
1,1,1, 3, 3-pent af | uor o- propane (R245fa), oétafl uoropropane (R218)
or 1,1,1, 3, 3,-pentafl uorobut ane (R365nfc). "Hal ogenated

et hers" are understood to nean hydrogen-contai ning 25

fl uor ochl or carbedsinidel gebapshensethanke grodpkl, ualdophanate

nethoxy-z,zﬁgobrlfl 5§§5Pﬁgst % ngs'Eﬁ%gg §%°%k r biu Q§S|ble et hers

are di net hy R&r or tones acetone is
particul ar|l grpupser whdch are referfhé toanSndm@geﬁuedonp05|t|ons accordi ng

to the 30 po1yikBYgaIhheBs"RBPa 1E6EFaRRtRALAPRAVRL EOHAR0 RNt S and
5 be used. 1In the production of PU foamed plastics,

' polyisocyanates are usually reacted with compounds
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
CO, is used.

"Foaming agent composition" is understood to mean the
liquid content of the foaming agent composition

. This Sheet Has Been Replaced




consi stz only of liquefied carbon dioxide as the sole f oam ng agent

component. Bl ends which contain or consi st of |iquefied carbon
dioxide in a quantity of 20 . to 30 parts by melght and butane or a
pr opane/ but ane 35 mxture in a quantity of 50 to 60 parts by weight

and/or acetone in a quantity of 5 to 1lpiparts by weight

enclosed in the pressurised vessel, including the gas
phase located in the pressurised vessel.

The foéming agent composition in this variant contains
at least one additional liquid component in addition to

5 the liquid CO,. It may contain, for example, a liquid
or preséure-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 CO, 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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13 x are preferred. A customary nixtufe, for exanple a

m xture having a vapour pressure of approxi mately

3.7 bar

(absol ute) can be used as the propane/butane . - m xture. 5

Al so preferred are foanmi ng agent conpositions accerdi ng

to the

I nvention which contain or consist of 18 to 50 parts by wei ght
| i quefi ed carbon di oxide and 10 to 90 parts by weight of a
haIogenatedhhvﬁnqcarbonlarcarbon atomshahagegahaﬂedthydrobarbbhs case,

f oam ng ag
parts

10

15

20

25

30

35

eﬂgviga 1 tohgngg§ gocaré % ggga%rdcggﬁbﬁﬁ ﬂ%v&%gto 30

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

mixture are preferred. Examples of aliphatic
hydfocarbons 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
cyclic hydrocarbons are cyclopropane, cyclopentane and
cyclohexane. "Halogenated hydrocérboné" are understood
to mean hydrogen—-containing fluorochlorohydrocarbons or
fluorohydrocarbons. Possible fluorochlorohydrocarbons
are e.g. chlorodifluoromethane (R22), 1,l1-dichloro-1-
fluoroethane (R141b), l1l-chloro-1l,l-difluoroethane
(R142b) or 1,3fdichloro-1,1,2,2,3j3—hexaf1uoropropane
(R216a). Examples of fluorohydrocarbons are
trifluoromethane (R23), pentafluoroethane (R125),
1,1,1,2-tetrafluoroethane (R1l34a), 1,1,1l-trifluoro-
ethane (R143a), 1,1,2-trifluoroethane (R143),
1,1-difluoroethane (R152a), 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
‘fluorochloroethers or fluoroethers, such as difluoro-
méthoxy-z,z,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
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 gquantity of 20
to 30 parts by weight and butane or a propane/butane
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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hal ogenat ed hydrocarbons 10 to 90 partsmby melght

1, 1-di f |l uor oet hane (R152a) and/or -1, 1- iéht-Oro- | - fl uor oet hane
(R14l b) are particularly preferred. Anbng 15 - the conpositions
according to the invention containing hal ogenat ed et hers, those
f oam ng agent conpositions whaeh contain or consist of 15 to 40
parts by wei ght | i quefied carbon dioxide and 10 to 20 parts by
wei ght are pﬁefbunednethompstpﬁaiytmn&kumeoeﬁbanex@ﬁbAE)aare 20
particul arl r ' er.p r eferred
vari ant, thélEEQ%gnégglng a Va&&%nt§93%%§%% 8§ aggkﬁghﬁhven i on may

[ cont ai n] 3.7 bar fhbsphute)esadr beoiussﬁoggh het propadedipatangs f | anme
retardants LRyxegdebtion to pressure-liquefied carbon

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. 1In 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-difluorocethane (R152a) and/of 1,l-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—z,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 C1 - 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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25 <« dioxide as |iquid conponent. Phosphate or phosphonic

esters which contain three d - C4 al kyl groups, which are
optionally substituted by one or nore-hal ogen atons are
particularly suitable, such as tris-chloroisopropyl phosphat e,
tris-chl oroethyl phosphate trichloroethyl 30 phosphat e,

trichl oropropyl phosphate, tris-chloropropyl phosphate, triethyl
phosphat e, PHeffrerhplgt bylispbhiplrapeppyl phosphate—dbchbedoisﬁmmmmyl
phosphate o | B t h

concentrati nghggéﬁ§%q§ B¥eferred Soaﬂgﬁg ggah% cgﬁgﬁl uekled carbon
di oxi de andfgeet ef35oaming @genparpghay mbaghco@wv@@hare thexefore

phosphonat eparticularly 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 1C 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 1C or 2C PU foamed materials.

The 1C PU foamed material mixture to be foamed in known
manner may in known manner contain a polyocl 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
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14 # Preferably tris-chloropropyl phosphate is used. These
particularly preferred foam ng agent conpositions are free of
foam ng agents other than CO.err] and are therefore . particularly
environmental |y conpatible. - 5 . The foam ng-agent conpositions
according to the I nvention aregssuitable for the production of al
PU

dicarboxylic acids or their anhydrides, or mixtures
thereof may for example be contained in the 1C 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
hydroﬁyl 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, aminoalcchols or aminoethers, e.q.

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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feans known hitherto from pressurised vessels, in particul ar for
foam ng 1C and 2C PU foaned materials. The foam ng agent
conpositions according to the 10 i nvention can al so be used for the
production of nmulti- conmponent PU foamed materials in which the
foam f orm ng agents with nore titBan one reactive conponent are

pour ed separately into a pressurised vessel. The foam ng

agent conpoeopodymerscofdsijokaneherenfent egampde suitabde as be used for
t he product alled 1.5C PU foans, in which, in contrast
to the 2C f%gﬁggiéégﬁgntlty of a pol yol conponent which is

I nsufficient for reaction of the i socyanate groups is added to the

prepol yner a 1c pu £8AfAf hli%tlekoiRiaAPkC&b BB 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 foaming agent composition according to the invention.

A typical 1C 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/m’, can

" be produced from such a 1C PU foam mixture.

30 The 1.5C and 2C PU foamed materials differ from the
single~component foamed materials in that the polyél
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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20 # The foam ng agent conpositions according to the I nvention
have proved very advantageous for the production of |ICor 2C PU
foaned materi al s. .- The 1C PU foaned material mxture to be foaned
i n known manner may i'h known nmanner cont&in a pol yol conponent, 25
a pol yi socyanate conponent, a catal ystiand al so optionally as
auxiliary a flanme retardant as additi onal constituents in addition
to the foanbogpagents already mempdsnedomaycber dsed te the isecomd on.

d ycerol, éﬁ@%ﬁeﬁ poﬂé&?} %Eep%é%sh‘é(%%?uwet%% secon@t ai ned as

addi ti on produ ene .- oxi
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.

The 1C or multi-component PU foamed materials produced
with the foaming agent composition according to the

10 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

15 adhesives.

Furthermore, the invention comprises a method for
producing a 1C 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

20 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
vessels and valves suitable for foaming are generally
known.

Furthermore, the invention relates to 1C or multi-

component PU foamed material mixture for producing a PU
30 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
T T
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et’hyl ese oxi de to pol yval ent al cohols, water or et hyl ene di am ne,
or polyester polyols which were -~ -~ obtained as pol ycondensation
products from polyols with - S

di carboxylic acids or their anhydrides, or m xtures

10

15

20

25

30

35

18

production of PU foamed materials from pressurised
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
which is liquid or has been 1iquefied 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
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 gquantity of
carbon dioxide is then only regulated by the pressure
permitted for aerosol cans'(lo 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
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
content of combustible physical foaming agents which
are liquid or have been liquefied under pressure in the
production of PU foamed materials from pfessurised
vessels. Also from the point of view of cost,
reduction of the liquid or pressure-liquefied physical
foaming agents customary hitherto is extremely
advantageous. '1C 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
high heat insulation properties. Accordingly, PU

foamed materials which have been produced with a
-
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t ker eof- may for exanple be contained in the 1C PU foam m xture as
t he pol yol conponent. A typical polyol _ conponent nmay for instance
be a m xture of a brominated 5 pol yet her palyol (for instance diol or
~triol) with a hydr oxyl - nunber of 200 to 350 and a pol yet her pol yol

(e.g. a diol) with a hydroxyl nunber 0f9110. Furthernore, nodified
vegetabl e oils having an CH nunber in the range of 100 to 300, e.g.
caster oil, feamih8 agentaksmppeditibheaccording to Ehenjineendfion

pol yi socyan b S i
i pheny! et REReEd b CRiPERl) sRieaBle Bt dhena ation slirboseg in o

1, 5- d||socyahatGlaéghpﬁabenétruptRQOCyaﬂah@uslng- t ri phenyl net hane,
1, 6-di i socyanat ohexane, preferably

The following exampies 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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15 - « di phenyl net hane-4, 4' -dii socyanate, or m xtures thereof.

Typical catalysts in 1C PU foam m xtures which can be foanmed in
t he net hod according to the invention with a f oam ng agent
conposition according to the invention - ar e -organi c am nes,

am noal cohol s or am noethers, e.g. 20 29

2- di met hyl am noet hyl - 3- di net hyl am nopr opyl et her, di et hanol am ne,

di net hyl cyclinbexylioni haa a- demetiftyl of approxlmarﬂalgetslmyncgemﬁeranara

nor phol i ne co nds. S i nodi_et hyl et her,
NN d et hyPRIVASEERDe £6n" Sneet produled ScRaBB B3R 0L
mor phol i ne 2ﬁventloncha§oandsnsuﬂypaﬁtap@r@xlm@xedwnﬁﬁph@Vmﬁod|ethyl et her,
are preferred.

b) Liquefied carbon dioxide/R152a/ethanol as foamin
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/m®, and a
polystyrene foam sheet produced according to the
invention had a density of approximately 34 kg/m’.

2. Production of a polyvethylene foam material

a) Liquefied 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 R152a 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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Trd s-chl or oi sopropyl phosphat e, trlchlor0|sopropyl . phosphat e,

tris-chl oroethyl phosphate, trlchloroefhyl _ phosphat e,

tris-chl oropropyl phosphate, trichl oropropyl 30 ' phosphat e,

di met hyl et hyl phosphate, tris-dichloro- I sopropyl phosphat e,

di et hyl net hyl phosphonat e, dipnet hyl ene et hyl phosphat e,
preferably tris-chloro- ' propyl phosphate, may be used as customary
flame produebardanbxdlng to the invention had a den51ty of

approximately 40 kg/m

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 gquantity
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) Liquefied carbon dioxide/R1l41b/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 R141b 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/m®
was produced.

30 b) Liquefied carbon'dioxide[n-pentane[water as
foaming agent:
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16 - ¢ Copol yners of siloxane are for exanple suitable as
stabilisers. A 1C PU foam m xture which is to be foaned

cont ai ns, relative to the foam m xture as 100% by weight, for 5
exanple 20 to 30% by wei ght of a polyol conponent,” 40 to 60% by

wei ght of a pol yi socyanate conponent, @21 to 3% by wei ght catal yst,
optionally 10 to 15% by wei ght of a flane retardant, and optionally
1 to 2% by warghermore, 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 h—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/m® 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/m® was
obtained.

_ 4, Liquefied carbon dioxide/propane/butane/acetone as
20 foaming agent for 1C 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 cm®. 356 g diphenylmethane-4,4-
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f gam:st-abi liser in addition to 15 ta. 3596by melght of a 10 f oam ng
agent conposition according to the: lnventlon A typical I C PU foam
m xture, which can advant ageously ' "be foaned with the aid of the

f oam ng agent conposition according to the invention thus consists
for exanple of approxi mately 2235% by wei ght of a polyol conponent,
15 e.g. of a mxture of a brom nated pol yether polyol with a
hydr oxyl nudﬁésoe&aﬁaﬁetae&ﬁOaﬂﬂédaamﬂlyhthErp@qﬁoban was closiddh a

hydr OXyl gg %f a%nlge %s%l”‘vétlwée r %t 'f%a?nlng m?ent c]oméiosqurir (R(I mat el y

42.5% by wel a po yI'socyanate
di phenyl net henerdmg- toi st;beya,mne@tlm was pamdmdrrMelgla@m 52 ki ght of

a catal yst ?i‘QéEﬁQ’%ellq%eSf:}ed PHOPadd /ButaticRnNal0 ROdRItIHe S

appr oxi mat e by “wei ght S|I|cone foam st ahi liser,
appPOX|nateP§essurlsed YS9y ﬁ@ﬂgﬁ@d&mga2@|am&n%&%&#&a&ﬂ

tris-chl orocarbon 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 1C PU foam mixture was
ready for use. |

The 1C 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/m® 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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propyl sphosphate, and a content of appr.oximately 20% by 25 wei ght of a

f oam ng agent conposition according to the =~ .. I nvention. A

si ngl e-conmponent foamed material having a - uniform fine-celled
structure and | ow bul k density, e.g. a bulk density of
approximately 23 to 25 kg/nferr], can 24 be produced fromsuch a 1C
PU foam m xt ure. 30 The 1.5C and 2C PU foaned naterlals dlffer from
t he : 2dn o piraps : R 4 -

conponent regghgg separate from
t he prepoly d vessel and is not

added to the prepolyner 35 until inmmediately before foamng. Al the
pol yol A polyol blend and a polyisocyanate were poured into an

aerosol can having a volume of 1000 cm® 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 1C PU foamed

15 materials:

214 g of a polyol blend and 356 g polyisocyanate were
poured into an aerosol can having a volume of 1000 cm’
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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14 5 dy nentioned may be used as the second
conponent . EHM“E“E LEH{ rdeni ng, the second conponent may
furthernore i onal catal yst, for exanple the

af ore-menti oned amine or 5 - . mor phol i ne conpounds or alternatively
organonetal lic 25

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.

2. A foaming agent composition according to Claim 1,
characterised in that it contains 5 to 50% by weight,

10 preferably 10 to 50% by weight, in particular 10 to 20%
by weight, liquefied CO,.

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 ligquefied 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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cqnpoumds :t oat e, cobalt naphthenate di butyl tin
di l aurate i inacetate “hek o The 1C or mul ti-conponent PU
f oaned nate mraduee mnth the-foan1ng agent conposition

according to the 10 i nvention possess very good heat insulation
properties and are therefore pell suited for insulation purposes,
e.g. in the construction or housing field. The foam ng agent

conposi t i ongyetder tiydgocarbeisi mi¢ht i3otocane alaxbon atoms, suitable for the

production Rf}§§£¥§igth%n%r%%gggm%%r%%vﬁ%ph dtfﬁ%h%%Eﬂ§% atoms or

Furt hernore ven L conprrsés a me
halogenated ethers having a total of 2 to 6 carbon

atoms.

5 5. A foaming égent 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 liquéfied 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

This Sheet Has Been Rerlac
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odugi ng a 1C or 2C:PU foared- mat rlal . in which a PU : f oamed

naterlal ﬂuln ﬂ& “ Wﬂﬂa pressurised Vessel whi ch contains a PU
foan1n1xt a polyol 20 conponent, a prepol yner
cont ai ni ng |socyana e groups, a catal yst and optionally additional
conventi onal auxiliaries and g so one of the foam ng agent

conposi tions described above by relieving the excess pressure in
t he pressuw&%ﬁ/qslseﬁieﬁ&atdm}erdmme and pl@s’@mr%o tPRGEFYHPYR val ve.

/mmomlmeé)ﬁleed

thoxy.&5 Kshd abl e for foaming are
general | y 4&£%H9r°me oxy= éfn?hernnre é%? i nvention relates to 1C
or nmulti- conponent PU foaned material m xture for producing a PU

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-dif1uoroethane 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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3Q v foa n pressurised vessels ‘whi ch contain

one of t he fgg 'm,ﬁmmulmmﬂmtlons descrl bed above. "~ Anot her
subj ect of the*invertid®n s & net od ' produci ng a foam ng agent
conposition for the :

28
14. A method accordlng to Claim 9, characterlsed in
that a foaming agent compos1t10n is used wh1ch 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 preséure-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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18+ v ammed . naterlals from pressurised
vessels, in Wr{ ﬂ" am”“ Fbon dioxide is used as a f oam ng
L, ,

agent conponen henne according to t he invention, the
physi cal foam ng agent conponent 5 which is liquid or has been

i quefied under pressure is pl aged in a pressurised vessel in the
desired parts by wei ght, and |iquefied, usually pressure-liquefied,

carbon di ox2ole ia hetred £oriprblacingi sedoandgt agent composikden manner.
e o, e 28EaL o OTROB 118" P GRNEE AR, g 4R ERSE! ARpLanLle Lrvent on
vessel (aerdsokide which haanbewhi thgquefiéedyunderapnesshrepiepol yner and
optionally ah{r586c85Neht 50 RCA88Ei0n0E BUABLhENLOYhich is liquia
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 CO,. '

21. A composition consiéting 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 8.

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 fbaming agent
composition according to one of Claims 1 to 2 or 4 to 8
in a pressurised vessel provided with a valve.
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carhon dioxide is then only regulated by the pressure 15 permtted for
aerosol cans (10 to 18 bar) According to the invention, it is

t hen possible to produce pressurised vesselss:icontai ni ng PU f oaned
material m xtures which nay contain approximately 20 to 30 g carbon
di oxi de per 1 kg can. According to nethsds 20 used hitherto, in which

car bon di om&e}g@&@e@)ﬁ&g ddhlth dr’g,(g_'elsleIck&n@aﬁ %@Su%é-%@g 2 figherto

only possi ble uce only approx ar bon

di oxi de disadvantages smh a5\t g ameati s factony ea® the
i nvention it e G Y Al diedsiieer @iwreééﬁoﬁéuon rat@ntent of

combusti bl e physical foam ng agents which are liquid or have been
| i quefi ed under pressure in the
5

10

15

20

25

30
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production of PU foaned materials from pressurised vessels. Also

fromthe point of view of cost, - reduction of the liquid or
pressure-|iquefied physical 30 foam ng agents customary hitherto is
extrenely advant ageous. 1C or nul ti-conponent PU foaned

material s produced with the foam ng age® conposition according to

the i nventi daqm I | .osed- 5?3 e ni f orm
fine-cell ed(fs?‘#%ceél}fi e(:’q{';‘{’ﬁldq:\t/g%je 3[]%57% pﬁléaf?#g%n meoatgli/ nlsu a.i[ i(gins%f%%eeérjt I es.
Accordi ngl ythRgy liquid CGogmidbsausedaivdthhicohfivavdngeegeptsduder with a
example water or higher-boiling solvents. In this
5 manner, controlled pre- and post-expansion of the foam

can be effected.

Japanese Patent Application JP-A 1/254 742 discloses
that polyethylene resins can be foamed with a mixture
of CO, and a readily-volatile organic foaming agent.

10 ' International Patent Application WO 91/08243 relates to
the production of open-pored polyurethane foams.
Preferably ligquid CO, is used as foaming agent, and this
may additionally contain water or other foaming agents
in small quantities.
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19 . « foam ng agent conposition according to the invention

are particularly suitable for insulation purposes in the field of
constructi on and housi ng. The foll ow ng exanples are intended to
explain the 5 invention in greater detail, but wthout restricting
Its scope. 3b

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

10 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
liquid form are suitable as foaming agent compositions

15 in methods for producing foamed plastics. Foaming
agent compositions which contain liquefied carbon
dioxide are also suitable for producing PU foams from
pressurised vessels.

The subject of the invention is foaming agent

20 compositions which contain 0.5 to 50% by weight liquid
CO,. Preferred foaming agent compositions contain 5 to
50% by weight liquid €O,, in particular 10% by weight to
50% by weight.

In addition to the liquid CO,, they contain at least one
25 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
composition. The additional liquid component or
30 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
compositions may also additionally contain known

35 additives and auxiliaries such ‘as. stablllsers or
plasticisers.
REPLACEMENT 5HEET
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Bxanpl:es —“-‘_*_‘“P‘Uductroﬁ—of a polystyrene foanmed materia

a) Li quefi ed ca mmm as foam ng agent: 10 200 kg
pol ystyrene (nelt "gl ﬂ orie mixed with 2 kg tal cum as

nucl eation agent' afd fhis ni xtsure was netered into a conventiona
extruder and nelted. : - Approxi mately 6% by wei ght of a foam ng agent
accordi ng Cclaims

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.

2. A foaming agent composition according to Claim 1,
characterised in that it contains 5 to 50% by weight.

10 3. A foaming agent composition according to Claim 2,
characterised in that it contains 10 to 50% by weight
ligquefied CO,.

4. A foaming agent composition according to Claim 3,
characterised in that it contains 10 to 20% by weight
15 liquefied CO,.

5. A foaming agent composition according to Claims 1
to 4 for the production of foamed plastics,
characterised in that it contains 10 to 20 parts by
weight liquefied carbon dioxide and 30 to 90 parts by

20 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,
cyclic hydrocarbons with 3 to 12 carbon atoms,

25 halogenated hydrocarbons with 1 to 5 carbon atoms or
halogenated ethers with a total of 2 to 6 carbon atoms.

6. A foaming agent composition according to Claims 1
to 4 for the production of single-component or dual-
component polyurethane foamed materials from

30 pressurised vessels, characterised in that they contain
[ ' ,
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t.o the i nvent| “IMHthI ﬁu (TU Iystyr ene, were netered 15 into the
melting zone of an |nJect|on - nozzle into the

pol ystyrene melt” The foan1ng agent conposition according to the
i nvention contained 14 . parts by weight |iquefied carbon dioxide and
86 parts 10 to B0 et ﬁ&%gﬂmamp@mecprmswm dfoxide dwam ng 20

agent conposj |on Xi tel 4. b [ ] In the
m Xxi ng zone pgvzf '&?g% me?’tg ﬂaﬂa%? &J{é ﬁ’amln%ou%?y with the
foan}Pg agemhnnhnxaigéqnnd or :;Z bannnlnquixﬁdrfnd¢§§€5¢$ﬁﬁﬁmdlfhgnzghe
resul ting m thdldddihd JRedhdididet faawzg Sof A Gospd-cell e

m | ed st

foanmed materi a I ne-ce ucture was obt ai ned.
5 carbon atoms, ketones having 3 to carbon atoms,
aliphatic hydrocarbons having 2 to 12 carbon atoms,
cyclic hydrocarbons 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

10 atoms.

7. A foaming agent composition according to Claims 1
to 4 for the production of single-component or dual-
component polyurethane foamed materials from
_ 'pressurised vessels, characterised in that it contains
15 10 to 50 parts by weight liquefied carbon dioxide and
80 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,
20 tris-chloropropyl phosphate, trichloroethyl phosphate,
trichloropropyl phosphate, triethyl phosphate [sic],
dimethylethyl phosphate; trichloroisopropyl phosphate
[sic], dimethylmethyl phosphonate, diethylmethyl
phosphonate or diethylethyl phosphonate.

25 8. A halogen-free foaming agent composition according
to Claim 5, 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.

30 9. A foaming agent composition according to Claim 5,
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
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Both .pol ystyrer X Hrm nml poI yst yrene foam sheets wer e
produced accor “1! I “ |on _ _ pol ystyrene foamfilm

pr oduced accor 20

1, l-dlchlorc—l fluoroethane, pentafluoroethane or
1,1-difluoroethane.

10. A foaming agent composition according to Claim 5,
characterised in that it contains 20 to 40 parts by

5 weight liquefied carbon dioxide and 10 to 50 parts by
weight difluoromethoxy-2,2,2-trifluoroethane.

11. A method for the production of foamed plastics
with the aid of foaming agents, characterised in that a
liquid foaming agent composition according to Claim 1

10 is used which contains 0.5 to 50% by weight liquefied
carbon dioxide.

12. 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
15 30 to 90 parts by weight of at least one foaming agent
which is liquid or has been liguefied 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
20 atoms, halogenated hydrocarbons with 1 to 5 carbon
atoms or halogenated ethers with a total of 2 to 6

carbon atoms.

13. A method according to Claim 12, characterised in
that a foaming agent composition is used which contains
- 25 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.

14. A method according to Claim 13, characterised in
that a foaming agent composition is used which contains
30 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.
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|nveqt|on had OX|nater 35 kg/n{err] and a

‘pol ystyrene fcimnm*mﬁmlmm accordl ng toithe i nvention had a
density of approxiomatel ¢ 38 kty/ nf err] b) Li quefi ed carbon
d|0X|de/R152a/ethanoI as foamng 5 agent : As descri bed

under Exanpie | &) mobPAEES LA ¥ndp. ‘&%dwalm 14, chmgherme@ imani ng agent

according to the invention atlve te I e net er ed
into a pol y&3% ¢hefoaming ag%ﬁ:tco%%ﬂ BN a en %%%%S?tg?gﬁlﬁggcordl ng

to the 10 10 toizvepiios sprveigiet qupafigdbgam%h@lpxq@gfg@g car bon
80 to 90 parts by weight 1,1—dlchloro—1_fluoroethane.

5 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, 50
to 70 parts by weight 1,1-difluoroethane and 20 to 35
parts by weight ethanol.

10 17. A method according to Claim 13, 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-
trifluoroethane. '

15 18. A method according to Claim 13, 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.

19. A method according to Claim 11, characterised in
20 that foamed polyethylene, polystyrene or polyurethane
plastics are produced.

20. A method for producing a single-component or dual-
component polyurethane foamed material, characterised
in that a polyurethane foamed material is produced from

25 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 4 or 6 to
10 as foaming agent by pressure-relieving the excess

30 pressure prevailing in the pressurised vessel to
atmospheric pressure via a suitable valve.
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dj oxi de, 57 par : Hu nﬁa and 29. parts by wei ght et hanol
The vapour presﬂﬂlﬂ”ﬂlﬁm lﬂﬁ mAg. - ‘agent conpositions was
approxi matel y- 15" bay dt 20[é&rrtC. : A pol ystyrene foamfilm

produced according to the 15 i nvention had a density of approxinmately
36 kg/nferrRl.and amethod accqmliysy yl:(cer(aafmmcs,he:ﬂiamcthbécmr ding to

0 a5 08 Sl B O T s e

2. Production o 7y,
of 5 to 40% by Weight, relative to the total mixture of

prepolymer and foaming agent composition.

5 22. A nethod for producihg_a foaming agent 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
or has been liquefied under pressure, preferably a

10 foaming agent or a flame retardant, or vice versa, so
that the foaming agent composition contains 0.5 to 50%
by weight liquid CoO,.

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

15 component polyurethane foamed material, characterised
in that it contains a foaming agent composition
according to one of Claims 1 to 4 or 6 to 10.

24. An arrangement for producing a single-component or
dual-component polyurethane foamed material,

20 characterised in that it contains a prepolymer
containing isocyanate groups and a foaming agent
composition according to one of Claims 1 to 4 or 6 to

10 in a pressurised vessel provided with a valve.
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a), Liquefied carbon dioxide/ R 52at‘ FQMT la:ca;ﬁv?f oan) " T#cription : RGENLZ to paged ¥

REPLACEMENT SHEBETS  SG

200 g pel yethyl'ene (rmelt i ndex . 3. 54150) were ‘ext r UgE@aim - nadBH SISty paged 2
i dentical conditions as described in Exarrple 1 Drlv%(} ,225&);!-%8 aied _g
f oamed mat eri al L_Appuamurm&-e#y—ﬁ%—by wei g ar Tz
mxture, relative to- 25 pol yet hyl ene, was rret Ifgogtrg ?caggdrdl n Ffaged """
t he i nvention, a foam ng agent “conpositipn conS|st|n8 of 42 AY 1997
parts by weight{liquefied carbon dioxide, 50 partp BHTE OF RECEWRY ght.-Ri62a
and 36 parts by weight R141b was used A f| ne-cel | ed poI yet hyl ene
f oaned materi al S RAno daqudild giasdsd :
f oam t ube

The invention relates to foaming agents containing

. liquid carbon dioxide and to the use thereof in methods
for producing foamed plastics.
N _ ‘
5 The invention also relates to fpaming agent

10

15

20

25

30

compositions which are suitable for the production of
single-component or multi-component polyurethane foamed .
materials from pressurised vessels.

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 REPLACEMENT N
carbon dioxide, have been proposed as substitutes. -

However, carbon dioxide as gaseous physical foaming 0 2 MAY 1997

agent has the disadvantage that, owing to its S

relatively low critical temperature under the
conditions prevailing during the production of plastics
foams, it can be metered only with great difficulty.
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 and heat insulation which is often

still unsatisfactory. Also, hitherto the productibn of

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

aerosol can, are mainly used for filling cavities or



21,

apprOX|nater 40 kg/ merr].
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inteiscices with foam in the building or motor car
industries. In so-called single-component polyurethane
foam (hereafter referred to as 1C PU foam), an initial
polyol mixture together with an excess of diisocyanate
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
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. '

In dual-component polyurethane foam (hereaftexr 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

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 immediétely
before emerging from the pressurised vessel by
actuating the spray valve.

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
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
insulation or an excessively slow evaporation rate.
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example water or higher-boiling solvents. 1In this

5 manner, controlled pre- and post-expansion of the foam
can be effected.

Japanese Patent Application JP-A 1/254 742 discloses
that polyethylene resins can be foamed with a mixture

of CO, and a readily-volatile organic foaming agent.

10 International Patent Application WO 91/08243 relates to
the production of open-pored polyurethane foams.
Preferably liquid CO, is used as foaming agent, and this
may additionally contain water or other foaming agents

in small quantities.
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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 vesselé,

5 which overcome the former disadvantages of the prior
art. A further object was to prbvide new foaming agent

compositions for these methods.

Surprisingly, it has now been discovered that

compositions which in addition to at least one

10 additional liquid component contain carbon dioxide in

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

15 pressurised vessels.

The subject of the invention is foaming agent

compositions which contain 0.5 to 50% by weight liquid

CO,. Preferred foaming agent compositions contain 5 to

'\a E

of 3
unit.

used
osi-tion

85.1
er.

50% by weight liquid CO,, in particular 10% by weight to.

20 50% by weight.

In addition to the liquid CO,, they contain at least one

additional liquid or pressure-liquefied component.

This additional liguid component or the additional

liquid components preferably represent the remainder to
25 - make up to 100% by weight of the foaming agent

composition. The additional 1iquid'component or

components may for example be .liquid or pressure¥

liquefied physical foaming agents and/or liquid flame

retardants, for example selected from the group

30 consisting of phosphate esters and phosphonic acid
esters. Furthermore, the 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 & iethod 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
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
liquefaction, preferably by pressure liquefaction.

Carbon dioxide at room temperature and at normal
pressure (1.01325 x 10° 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

(= 5.72486 x 10° 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 pléstics, for example by means of
the casting or extrusion process. Another embodiment
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
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.q.
diethyl ether, ketones such as acetone, hydrocarbons
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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agent : be used in addition to the liquefied carbon dioxide.

Furthermore, water can be used as a liquid foaming

agent component.

5 Preferabiy, for the production of foamed plastics, a
foaming agent compositibn 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 ageﬁt which is liquid or has been

10 ligquefied 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 and 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 pressuré-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-1-fluoroethane (R141b), 1l-chloro-
1,1-difluoroethane (R142b) and 1,3-dichloro-
1,1,2,2,3,3-hexafluoropropane (R216a). Examples of
fluorohydrocarbons are pentafluoroethane (R125)},
1,1,1,2-tetrafluorcethane (R134a), 1,1,1-trifluoro-

35 ethane (R143a), 1,1,2-trifluoroethane (R143),
1,1-difluoroethane (R152a), 1,1,1,3,3-pentafluoro-
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materi al s; alternatively, 1,1,1,3,3- pentafluorobutane (R365mfe) .

"Halogenated ethers" is understood to mean
fluorochloroethers or fluoroethers containing hydrogen,
5 such as difluoromethoxy-2,2,2-trifluorocethane (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 pérts by weight

15 liquefied carbon dioxide and 30 to 90 parts by weight
1,1-difluorocethane (R152a) and/or 30 to 90 parts by
weight 1,1-dichloro-l-fluoroethane (R141b). 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-1-fluoroethane (R141b) and also
optionélly 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 (R152a) 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—z,z,z—
trifluoroethane (E245) or consist of such mixtures are

35 particularly preferred. Of the aliphatic hydrocarbons,
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n-pentane is pa¥ticularly preferred. Breferably, 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
weight n-pentane and also optionally additionally 1 to
3 parts by weight water or consist of such a mixture.

With all these fdaming agent mixtures, the amount of
the other foaming agents used can be reduced by uéing
the liquid CO,. CO, is physiologically harmless and
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
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
the invention. 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
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
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
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carbon dioxide in the liquefied state even at elevated
temperature into the extruder for the foaming of
thermoplastic polymer melts. 1In contrast to the

‘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
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 méthod according to the invention for the
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
pressurised vessel in the desired parts by weight and
forcing in the desired quantity of pressure-liguefied
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
used is not produced until immediately before the
foaming operation for the polymers or polymerisable
components which are to be foamed. 1In this case, in a
pressurised vessel outside the extruder unit proper
liquefied carbon dioxide is introduced in
corresponding quantities into the additional liquid
foaming agent component at a pressure at which carbon
dioxide is in liquid state, whexreby the components
largely mix together. The homogeneous mixture of
liquefied carbon dioxide and liquid foaming agent
component thus obtained is then introduced into the
extruder unit via an inlet for liquid foaming agents.
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suitable for producing polyurethane foamed plastics.
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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 ligquid 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 hélogen atoms

20 "are particularly well suited. Lower alkyl preferably
stands for C, to C, 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 and 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



density: of approximately 23 kg/nferr] of uniform fine-

structure was obtai ned. The shrinkage of the PU oATrEt-AR

after 7 days' storage at an atnospheric 20 hum di tly jof %PprOX|nat

90% was about 5 percent | ength on average. - MAY 1997As
descri bed under a), a polyol blend and a pol yiis _
poured into an aerosol can of the 10 same vol umej A conposi tion of | 50
g propane/ but ceipne a L.oxide
ves {leattrige: wrtugen. dEekRaSe PERtRet Pl ERE G ERe

i nvention. Tmeodpsyni hgoaganturabepgsoupsn wasapgedupsedor biuretand poured
into the aerQsgl,canRB-Hesrl PEFepPEE’ t8) as "modified
polyisocyanates” or "isocyanate prepolymers" may also
5 be used. 1In the production of PU foamed plastics,
polyisocyanates are usually reacted with compounds
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
organometallic compounds such as tin salts of

15 carboxylic acids 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—compoﬁent or multi-component PU
foamed materials from pressurised'vessels, and will be
explained below. 1In this case too, a foaming agent

30 composition containing.O.S to 50% by weight liquefied
CO, 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
the liquid CO,. 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
preferred. According to a particularly advantageous
variant, liquid CO, 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.

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
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
ligquefied carbon dioxide.

Preferably the foaming agent compositions according to
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 30 parts
by weight of at least one foaming agent which is. liquid
or has been liquefied under pressure and is selected
from the group consisting of ethers having a total of 2
to 4 carbon atoms, ketones having 3 to 5 carbon atoms,
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5 Examples of aliphatic 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, are used in pressure-liquefied

10 form. Examples of cyclic hydrocarbons are
cyclopropane, cyclopentane and cyclohexane.
"Halogenated hydrocarbons® are understood to mean
hydrogen-containing fluorochlorohydrocarbons or fluoro-
hydrocarbons. Possible fluorochlorohydrocarbons are

15 e.g. chlorodifluoromethane (R22), 1,1-dichloro-1-
fluoroethane (R141b), 1-chloro-1,1-difluoroethane
(R142b) and 1,3—dichloro—1,1,2,2,3,3-hexafluoropropane

- (R216a). Examples of fluorohydrocarbons are
trifluoromethane (R23), pentafluoroethane (R125),

20 1,1,1,2~-tetrafluoroethane (R134a), 1,1,l-trifluoro-
ethane (R143a), 1,1,2-trifluoroethane (R143),
1,1-difluoroethane (R152a), 1,1,1,3,3-pentafluoro-
propane (R245fa), octafluoropropane (R218) -and
1,1,1,3,3,-pentafluorobutane (R365mfc). “"Halogenated

25 ethers" are understood to mean hydrogen-containing
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.

30 ' The foaming agent compositions accorxrding to the
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 ligquefied carbon dioxide in a quantity of 20

35 to 30 parts by weight and butane or a propane/butane
mixture in a quantity of 50 to 60 parts by weight
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5 mixture.

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

10 halogenated ether. In this case, foaming agent
compositions which contain or consist of 10 to 30 parts
by weight liguefied carbon dioxide and of the
halogenated hydrocarbons 10 to 90 parts by weight
1,1-difluoroethane (R152a) and/or 1,l1-dichloro-1i-

15 fluoroethane (R141b) are particularly preferred. Among
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

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

25 addition to pressure-liquefied carbon dioxide as liquid
components. 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

30 phosphate, tris-chloroethyl phosphate, trichloroethyl
phosphate, trichloropropyl phosphate, tris-chloropropyl
phosphate, triethyl phosphate, dimethylethyl phosphate,
tris-dichloroisopropyl phosphate or dimethylmethyl
phosphonate. Expediently, the concentrations are 10 to

35 50 parts by weight liquefied carbon dioxide and 80 to
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100 parts by weiglt phosphate ester or phHosphonate.
Preferably tris-chloropropyl phosphate is used. These
particularly preferred foaming agent compositions are
free of foaming agents other than CO, and are therefore
particularly envirohmentally compatible.

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 1C and 2C PU foamed materials.
The foaming agent compositions according to the
invention can also be used for the production of multi-
component PU foamed materials in which the foam-formihg
agents with more than one reactive component are poured
separately into a pressurised vessel. The foaming
agent compositions according to the invention can also
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.

The foaming agent compositions according to the
invention have proved very advantageous for the

production of 1C 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,
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
obtained as addition products of propylene oxide or
ethylene oxide to polyvalent alcohols, water or

ethylene diamine, or polyester polyols which were
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dicarboxylic acids or their anhydrides, or mixtures
thereof may for example be contained in the 1C PU foam
mixture as the polyol component. A typical polyol
component may for instance be a mixture of a brominated
polyether polyol (fFor 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. castor oil, are
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
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.
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
compounds, in particular 2,2- dlmorphollnodlethyl ether,
are preferred.

Tris—chioroisopropyl phosphate, trichloroisopropyl
phosphate, tris-chloroethyl phosphate, trichlorocethyl
phosphate, tris-chloropropyl phosphate, trichloropropyl
phosphate, dimethylethyl phosphate, tris-dichloro-
isopropyl phosphate, dimethylmethyl phosphonate and
dimethylene ethyl phosphate, preferably tris-chloro-
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Copolymers of siloxane are for example suitable as

stabilisers.

5 A 1C PU foam mixture which is to be foamed contains,
relative to the foam mixture as 100% by weight, for
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

10 of a flame retardant, and optionally 1 to 2% by weight
foam stabiliser in addition to 15 to 35% by weight of a
foaming agent composition according to the invention.
A typical 1C PU foam mixture, which can advantageously
be foamed with the aid of the foaming agent composition

15 according to the invention thus consists for example of
approximately 22.5% by weight of a polyol component,
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

20 1:1, approximately 42.5% by weight of a polyisocyanate
component, e.q. diphenylmethane-4,4'-diisdcyanate,
approximately 0.5% by weight of a catalyst substance
such as 2,2-dimorpholincdiethyl ether, approximately
1.5% by weight silicone foam stabiliser, approximately

- 25 13% by weight of a flame retardant such as tris-chloro-

propyl phosphate, and a content of approximately 20% by
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,

30 e.g. a bulk density of approximately 23 to 25 kg/m®, can

be produced from such a 1C PU foam mixture.

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
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at ons, pressurised vessel and is not added to the prepolymer

from the group of

until immediately before foaming. All the polyol

components already mentioned may be used as the second
5 component. For more rapid hardening, the second

component-may furthermore contain a conventional

catalyst, for example the afore-mentioned amine or

morpholine compounds or altermatively organometallic

compounds, such as tin dioctoate, cobalt naphthenate,
10 dibutyl tin dilaurate or iron acetonyl acetate.

The 1C 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,

15 e.g. in the construction or housing field. The foaming
agent compositions according to the invention are also
suitable for the production of polyurethahe—based spray
adhesives.

Furthermore, the invention comprises a method for

20 producing a 1C 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

25 auxiliaries and also one of the foaming agent
compositions described above by relieving the excess
pressure in the pressurised vessel to atmospheric
pressure through a valve. Appropriate pressurised
vessels and valves suitable for foaming are generally

30 known.

Furthermore, the invention relates to 1C or multi-
component PU foamed material mixtures for producing a
PU foamed material from pressurised vessels which
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contain one of the foaming agent compositions described
above.

Another subject of the invention is a method for
producing a foaming agent composition foxr the

5 . production of PU foamed materials from pressurised
vesgssels, in which liquefied carbon dioxide is used as a
foaming agent component. In the method according to
the invention, the physical foaming agent component
which is liquid or has been liquefied under pressure is

10 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
according to the invention can then be injected in the

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

20 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 pér 1 kg can. According to methods
used hitherto, in which carbon dioxide was always used

25 . in gaseous form, it was hitherto only possible to
introduce only approximately.B.to 5 g carbon dioxide
per 1 kg can. Advantageously, according to the
invention it is now possible to reduce further the
content of combustible physical foaming agents which

30 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
foéming agents customary hitherto is. extremely

35 advantageous. 1C oxr multi—component PU foamed
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high heat insulation properties. Accordingly, PU

5 foamed materials which have been produced with a
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
10 invention in greater detail, but without restricting

its scope.

Examples

1. Production of a polystyrene foamed material

a) Liguefied carbon dioxide/R152a as foaming agent:

15 200 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 ihvention, relative to polystyrene, was metered

20 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

25 agent composition was approximately 14 bar at 20°C.

In the mixing zone, the polystyrene melt was mixed
homogeneously with the foaming agent composition
according to the invention and then the resulting
mixture was extruded via a nozzle. A closed-celled
30 foamed material of uniform, fine-celled structure was

obtained.
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polystyrene foam film produced according to the
invention had a density of approximately 35 kg/m®, and a
polystyrene foam sheet produced according to the
invention had a density of approximately 33 kg/m’.

b) Licquefied carbon dioxide/R152a/ethanol as foaming

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
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
invention had a density of approximately 36 kg/m®, and a
polystyrene foam sheet produced according to the
invention had a density of approximately 34 kg/m’.

2. Production of a polyethylene foam material

a) Liquefied carbon dioxide/R152a/R141b -as foaming
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
polyethylene, was metered in. According to the
invention, a foaming agent composition consisting of 14
parts by weight liquefied carbon dioxide, 50 parts by
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weight R152a and 36 parts by weight R141b was used. A
fine-celled polyethylene foamed material of low
shrinkage was obtained. The polyethylene foam tube
produced acéording to the invention had a density of
approximately 40 kg/m®.

3. Production of a PU foamed material

For production of the PU foamed material a polyol
mixture, consisting of 40 parts by weight of an
ethyiene 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
Corporation) and 1.5 parts by weight dimethyl-
cyclohexylamine 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
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) Liguefied carbon dioxide/R1l41b/water as foaming
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
R141b 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 dens1ty of approximately 24 kg/m?
was produced.
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Furthermore, a PU foamed material containing 18 parts
- by Weight of a foaming agent composition was produced.
5 - This foaming agent composition consisted according to
the invention of 13.9 parts by weigHt liquefied carbon
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
10 fine-celled structure and a density of approximately
25.4 kg/m® was obtained.

c) Liguefied carbon dioxide/E245 as foaming agent:

Furthermore, a PU foamed material was produced with 35

parts by weight of a foaming agent composition. This
15 foaming agent composition consisted according to the

invention of 14 parts by weight liquefied carbon

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/m® was
20 obtained.

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

foaming agent for 1C PU foamed materials:

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

73 g polyether polyol (diol), brominated, hydroxide
25 number approximately 240,
| 73 g polyether polyol (diol), hydroxide number
approximately 110,
89 g tris-chloropropyl phosphate,

silicone foam stabiliser,

(o]

30 7 g dimorpholinodiethyl ether,
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diisocyanate were added and the aerosol can was closed
by a foam aerosol valve. A foaming agent cbmposition
according to the inventidn was produced by placing 62 g
pressure-liquefied propane/butane and 10 g acetone in a
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
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 1C PU foam mixture was

ready for use.

The 1C PU foam mixture was expelled from the aerosol
can by means of the foaming agent composition according
to the invention. A PU foamed material having a bulk
density of approximately 23 kg/m® of uniform, fine-
celled structure was obtained. The shrinkage of the PU
foamed material after 7 déys' storage at an atmospheric
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,
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
composition according to the invention had a bulk
density of approximately 25 kg/m®.
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5. Liquefied earbon d10x1de/Dropane/butane13141b 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 cm® as described in
5 Example 4. A composition of 62 g propane/butaﬁe, 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 1C PU foamed

15 materialg:

214 g of a polyol blend and 356 g polyisocyanate were

poured into an aerosol can having a volume of 1000 cm®
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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foamed plastics and for the production of single-
component or dual-component polyurethane foamed
materials from pressurised véssels, characterised in
that it contains 0.5 to 50% by weight liquefied carbon
dioxide. '

2. A foaming agent composition according to Claim 1,
characterised in that it contains 5 to 50% by weight

liquefied CO,.

3. A foaming agent composition according to Claim 2,
characterised in that it contains 10 to 50% by weight
liquefied CO,.

4. A foaming agent composition according to Claim 3,
characterised in that it contains 10 to 20% by weight
liquefied CO,.

5. A foaming agent composition according to any one
of Claims 1 to 4 for the production of foamed plastics,
characterised in that it contains 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 liquefied under pressure and is
selected 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
étoms and halogenated ethers with a total of 2 to 6

carbon atoms.

6. - A foaming agent composition according to any one
of Claims 1 to 4 for the production of single-component

or dual-component polyurethane foamed materials from
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pressurised vessels, characterised in that it—contzins
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
and is selected from the group consisting 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, cyclic hydrocarbons with 3 to 12
carbon atoms, halogenated hydrocarbons having 1 to §
carbon atoms and halogenated ethexrs having a total of 2

to 6 carbon atoms.

7. A foaming agent composition according to any one
of Claims 1 to 4 for the production of single-componert
or dual-component polyurethane foamed materials from
pressurised vessels, characterised in that it contains
10 to 50 parts by weight liquefied carbon dioxide and
80 to 100 parts by weight of at least one trialkyl
phosphate or trialkyl phosphonate selected from the
group consisting of triethyl phosphate, trichloro-
isopropyl phosphate, tris-chloroethyl phosphate, tris-
chloroisopropyl phosphate, tris-chloropropyl phosphate,
trichloroethyl phosphate, trichloropropyl phosphate,
tris-dichloroisopropyl phosphate, dimethylethyl
phosphate, dimethylmethyl phosphonate, diethylmethyl
phosphonate and diethylethyl phosphonate.

8. A halogen-free foaming agent composition according
to Claim 7, 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.

9. A foaming agent composition according to Claim 7,
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 selected from the

o
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- 10. A foaming agent composition according to Claim 7,

characterised in that it contains 20 to 40 parts by
weight liquefied carbon dioxide and 10 to 50 parts by
weight ‘difluoromethoxy-2,2,2-trifluorcethane.

11. A method for the production of foamed plastics
with the aid of foaming agents, characterised in that a
liquid foaming agent composition according to Claim 1
is used which contains 0.5 to 50% by weight liquefied

carbon dioxide.

12. 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
30 to 90 parts by weight of at least one foaming agent
which is liquid or has been liquefied under pressure
and is selected from the group consisting of alcohols
with 1 to 5 carbon atoms, aliphatic hydrocarbons with 2
to 12 carbon atéms, cyclic hydrocarbons with 3 to 12
carbon atoms, halogenated hydrocarbons with 1 to 5
carbon atoms and halogenated ethers_with a total of 2

to 6 carbon atoms.

13. A method according to Claim 12, characterised in
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.

14. A method according to Claim 13, characterised in
that a foaming agent composition is used which contains
10 to 20 parts by weight liquefied carbon dioxide and
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30 to 90 parts by weight 1,1-difluoroethine and/or 30
to 90 parts by weight 1,1-dichloro-1-fluoroethane.

15. A method according to Claim 14, 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 1,1-dichloro-1l-fluorocethane.

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, 50

'to 70 parts by weight 1,1-difluorocethane and 20 to 35

parts by weight ethanol.

17. A method according to Claim 13, 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-

trifluoroethane.

18. A method according to Claim 13, 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.

19. A method according to Claim 11, characterised in
that foamed polyethylene, polystyrene or polyurethane

plastics are produced.

20. A method for producing a'single—component or dual-
component polyurethane foamed material, characterised
in that a polyurethane foamed material is produced from
a pressurised vessel which contains a prepolymer
containing isocyanate groﬁps, optionally additional
conventional auxiliaries and a foaming agent
composition according to any one of Claims 1 to 4 or 6

to 10 as foaming agent by pressure-relieving the excess
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21. characterised in

"~ that a foaming agent composition is used in a quantity

A method according to Claim 20,

5 ' of 5 to 40% by weight, relative to the total mixture of
prepolymer and foaming agent composition.

22.

according to Claim 1,

characterised in that carbon

A method for producing a foaming agent compbsition
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dioxide which has been liquefied under pressure is
introduced into an additional component which is liquid
or has been liquefied under pressure or vice versa, so
that the foaming agent composition contains 0.5 to 50%
by weight liquid CO,.

23. characterised in

that the additional component is a foaming agent or a

A method according to Claim 22,
flame retardant.

24. A composition consisting of prepolymer and foaming
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 any one of Claims 1 to 4 or 6 to 10.

25,
dual-component polyurethane foamed material,

An arrangement for producing a single-component or

characterised in that it contains a prepolymer
containing isocyanéte groups and a foaming agent
composition according to any one of Claims 1 to 4 or 6
to 10 in a pressurised vessel provided with a valve. .
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(54) Title: FOAMING AGENTS CONTAINING LIQUID CARBON DIOXIDE
(54) Bezeichnung: FLUSSIGES KOHLENDIOXID ENTHALTENDE TREIBMITTEL
(57) Abstract

‘The invention concems a process for preparing foamed plastics, wherein a liquid foaming agent composition containing carbon dioxide
liquefied under pressure is used. In addition to the carbon dioxide liquefied under pressure, all converitional liquid physical foaming agents
such as alcohols, aliphatic or cyclical hydrocarbons, halogenous hydrocarbons or halogenous ethers can be used. The process is suitable in
parﬁcﬂuﬁormmngfmedpolye&ylene,pdyﬂmmpolylmthmplsﬁu Foaming agent compositions containing carbon dioxide
liquefied under pressure are also snitable for producing single or multi-component polyurethane foamed materials. In addition to the carbon
dioxide liquefied under pressure all conventional liquid physical foaming agents such as ethers, ketones, aliphatic or cyclical hydsocarbons,
halomot;uhydrowbonsorhalogemusedmsmbeund. The invention further concems a process for preparing these foaming agent
compositions.

(57) Zusammenfussung

Beschricben wird ein Verfuhren zur Herstellung geschiumter Kunsistoffe, bei dem man eine fitissige Treibmittelzusammensetzung
cinsetzt, welche unter Druck verfillssigtes Kohlendioxid enthillt. Neben dem unter Druck verfidssigtem Kohlendioxid knnen dabei alle
fiblichen fiissigen physikalischen Treibmittel wie Alkohole, sliphatische oder cyclische Kohlenwasserstoffe, halogenhaltige Kohlenwasser-
stoffe oder halogenhaltige Ether verwendet werden. Das Verfahren eignet sich insbesondere fiir die Herstellung geschitumter Polyethlen-,
Polystyrol- oder Polyurethan-Kunststoffe, Treibmittelzusammensetzungen, wekhemmbnwkvuﬂﬂumk&kndimﬂdm&dmdmen
.} sich auch zur Brzeugung von Einkomponenten- oder Mehrkomponenten-Polyurethan-Schaumstoffen. Neben dem unter Druck verfldssigtem
Kohlendioxid kinnen auch hier alle tiblichen flissigen physikalischen Trelbmittel wic Ether, Ketone, aliphatische oder cyclische Kohlen-
wasserstoffe, mmmmmwmmmmmmmmmmm Weiterhin wird ein Verfahren zur Herstellung
dieser Treibmittelzusammensetzungen beschrieben.




