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Organolead Compounds as Potential Catalysts for Making Polyurethane Foams*

By H.G.J.OvERMARS and G.M. VAN DER WANT
Institute for Organic Chemistry T.N.O., Utrecht (The Netherlands)

Polyether-urethanes are currently manufactured by
reacting a linear or a branched polyether of moderate
molecular weight with a polyfunctional isocyanate. The
polyether component should carry terminal hydroxyl
groups and optimally its molecular weight should lie
between 2000 and 3000. Mostly an aromatic diisocyanate
like tolylene diisocyanate is used as the reaction partner.

CH,
1
/ 7N
HO—{R O0-].R OH + 0--C=N—- - -N=C=0
\
cn,
A\
—+ —{R—0-].R-0-CO-NH— -NH-c0-0—
A\
X/

Essentially the same process can be used for the manu-
facture of foams. Then, however, the presence of a blow-
ing agent is required. As such either a very volatile com-
pound (like e.g. Freon) may be employed or carbon
dioxide. The latter is formed if to the reaction compo-
nents some water is added which then readily reacts

with part of the isocyanate. R

—N=C=0 + H,0 —+ —NH, + CO,

* Paper presented at the Third Symposium ”Makromolekulare
Stoffe *, Ziirich, October 1964.

Of course, due precautions should be taken to ensure
that the evolution of gas occurs when the polymerizing
mass has the right viscosity, and also that the ultimate
foam attains an even cell structure.

The reactions of the isocyanate both with the hydroxyl
groups of the polyether component and with water pro-
ceed rather slowly. Therefore catalysts have to be added
for both reactions, in particular if the process is to be
conducted as a one-shot process. Actually, so far two
separate catalysts are required, since each reaction needs
its specific type of catalyst. At present, catalysis of the
isocyanate-water reaction is usually effected by adding
a tertiary amine such as 1,4-diaza-[2,2,2]-bicyclooctane
(pABCO) or N-ethylmorpholine. On the other hand, in
order to catalyze the isocyanate-polyol reaction usually
either a semi-organic tin salt like stannous dioctoate is
applied or an organotin compound derived from tetra-
valent tin as e.g. dibutyltin dilaurate.

Since for many years already our Institute has been
actively engaged in exploratory research in the field of
organometallic chemistry based on each of the three
IVth main group metals Ge, Sn and Pb, we started a
more directed investigation into the nature of the cata-
lytic processes just mentioned. Parallel to it we under-
took a broad screening of representatives of these three
groups of organometallics for any catalytic activity in
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catalysts for the isocyanate-water reaction. This is com-
pletely in contrast with the situation with any of the or-
ganotins. Actually, hitherto none of the many semi-or-
ganic metal or organometallic compounds investigated
had displayed such a strong catalytic effect in the gas
evolution test.

The present findings suggest that it might be feasible
to apply an organolead of the type RPbX, as the sole
catalyst in the preparation of polyether-urethane foams
i.e. without the simultaneous use of a tertiary amine as
a foam catalyst. It largely depends on the relation be-
tween activity and concentration of the catalyst for
either reaction whether this possibility may be realized.
Only if a concentration can be found at which, under
technical circumstances, the compound under investi-
gation catalyzes either reaction to exactly the right ex-
tent, that compound may be applied as the sole catalyst.
This possibility was verified experimentally.

A commercial branched polyether is intimately mixed in a
cardboard beaker with 0.1 to 0.5% by weight of an aryllead
triacylate, 3% of water and 1% of a commercial foam stabilizer.
Subsequently, a stoichiometric amount of a tolylene diiso-
cyanate isomer mixture is added under vigorous stirring. After
about 15 seconds the mixture is transferred to a paper-lined
mould which is isolated at the outside. After formation of the
foam at ambient temperature, which usually occurs within one
minute, the foam is allowed to attain complete gelation (about
10 minutes) and finally heated at 80°C for another 10 minutes.

By this method foams have been obtained with a fine
and regular foam structure and with densities varying
from 0.02 to 0.04.4

None of the aryllead triacylates catalyze the trimeriz-
ation of isocyanates as has been verified by the method
of BRITAIN.?

4 The procedure has been laid down in Dutch Patent Appl. No.

299.409 (October 18th, 1963) and in corresponding foreign appli-

cations.

S J.W.BRiTAIN, Ind. Eng. Chem. (Prod. Res. & Dev.) 1 (1962) 261.
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The technological merits of the present process and
the chemical and mechanical properties of foams pre-
pared by it are under investigation.
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Zusammenfassung

Eine Reihe Organometallverbindungen, abgeleitet von den
drei Vierte-Hauptgruppe-Metallen Germanium, Zinn und Blei,
wurde gepriift auf etwaige katalytische Aktivitit bei den bei-
den der Polyurethanschaumbildung zugrunde liegenden Teil-
reaktionen: die Isocyanat—Polyol- und Isocyanat-Wasser-Re-
aktion. Es wurden nur Verbindungen mit wenigstens einer
Kohlenstoff-Metall-Bindung untersucht.

Unter den Organogermaniumverbindungen wurden gar
keine katalytisch aktiven Reprisentanten aufgefunden.

Wihrend in der Zinnreihe, wie auch von unseren Versuchen
bestiitigt wurde, namentlich Verbindungen des Strukturtypus
R,SnX, und RSnX, in der Isocyanat-Polyol-Reaktion Aktivi-
tit aufweisen und erstgenannte tatsichlich im technischen
Schaumproze3 Verwendung finden, wurde iiberraschender-
weise gefunden, daf} in der Bleireihe nur Vertreter vom Typus
RPbX, katalytisch aktiv sind. Uberdies zeigte sich, daB3 die
letztgenannte Verbindungsgruppe nicht nur die Isocyanat—
Polyol-Reaktion, sondern auch die Isocyanat-Wasser-Reaktion
katalysiert.

Schaumversuche zeigten, da3 Organobleiverbindungen vom
Typus RPbX, sich als Katalysatoren zur Herstellung von Poly-
urethanschiumen eignen. Dieses Verfahren hat das besondere
Merkmal, daf} kein tertidres Amin als Kokatalysator mitver-
wendet werden muf}.





