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Method of preparation of thermodegradable polyurethane foams

Field of the Invention

The invention relates to a method of preparation of thermodegradable polyurethane
foams, containing an incorporated thermolabile azo-compound, allowing for the

thermal degradation of the polymer into components that can be optionally re-used.

Background Art

Polyurethane (PUR) foams are widely used in many fields as structural, insulating,
electroinsulating, flotation, cushion and packing material. Flexible PUR foams are
usually prepared by the reaction of a polyfunctional alcohol (so-called polyol),
polyisocyanate and a blowing agent. The most commonly used is the ,,one-shot*
preparation process, wherein the reactants are mixed directly in the reactor under
simultaneous addition of water as the blowing agent, catalyst and other additives.
The foam properties are mostly affected by the initial material properties, but they
can be modified by a broad range of additives, i.e. fillers, stabilizers, cross-linking
agents or chain extenders (G. Oertel: Polyurethane handbook, 2nd ed., Hanser
Publisher (1993)).

Since polyurethane foams belong to thermosets (they cannot be melted and mostly
not even dissolved), it is difficult to recycle or degrade these materials and therefore
they are often disposed of at dumping places after their life time expiration.
Thereby, they pollute the environment by sparingly decomposable materials. A
possible solution of this problem could be the preparation of thermodegradable
polyurethane foams, degradable at a predefined temperature to low-molecular
soluble substances that can be re-used. However, the resulting thermodegradable
polyurethane foams must retain the structural properties at both foam preparation
temperatures and at maximum foam applicability temperatures (up to 160 °C) and,
on the contrary, they should allow a controlled decomposition at a temperature
much lower than 240 °C, which is the initial decomposition temperature of urethane
bonds in polyurethane foams. A modification of the polymer network by a

thermosensitive prodegradant with the maximum rate of chemical bond
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decomposition in the range of from 160 °C to 200 °C, preferably at about 180 °C, is

necessary to achieve such thermodegradable polyurethane foam.

The thermoprodegradant is a substance containing a thermolabile chemical bond
that decomposes by heating above the required temperature and releases free
radicals capable of initiating the thermal decomposition of said polymer network
(Hendry et al.: US 3,909,497 (1975)). The thermodegradable prodegradant, which
initiates the thermal degradation of the polymer, can be admixed into PUR foam
either as an additive without chemical binding, then the degradation proceeds
slowly, or in can be bound by a covalent bond to an initial substance before the
preparation of PUR, and then the degradation proceeds more quickly. The
advantage of the covalently bound thermoprodegradant is that the initiation and the
degradation, e.g., of thermodegradable PUR foams, proceeds in the entire polymer
volume by thermolabile groups decomposition in the polymer. A substantial
advantage is also the possibility to choose the degradation temperature which
allows to control the thermodegradable PUR foam decomposition rate.

The synthesis of thermodegradable polymers with controllable thermodegradability
characteristics is possible mostly because of a large number of symmetric,
bifunctional azo-compounds (XRN=NRX, wherein X is OH, COOH or COOMe
groups), which are well known as sources of tertiary alkyl or aryl radicals in
thermally, photochemically or electrochemically initiated degradations.

Some polymers containing azo-compounds acting as macro initiators of the radical
polymerization have been already studied. The most commonly used thermal
initiator for radical polymerization is azobisisobutyronitrile (AIBN), because its
decomposition rate is not dependent on the medium and therefore it is exactly
known. Moreover, the radicals formed by nitrogen elimination do not undergo any
further fragmentation. For example, AIBN has been used for polybutene-1 chain
cleavage in an organic solvent (A. Frese: DE 1299880 (1969)). Unfortunately, the
AIBN decompositon rate at the temperatures above 80 °C is too fast for
decomposition kinetic experiments. Moreover, some polymers have to be thermally
stable up to 160 °C (including also polyurethanes), that is why already in 1967
Mortimer (US 3,306,888 (1967)) synthesized azobisisobutanol (ABIB) as a new
compound providing free radicals applicable for kinetic studies at the temperatures

in the range of 150 to 200 °C. At these temperatures, ABIB undergoes a homolytic
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bond cleavage by disproportionation to free tertiary radicals, which do not
recombine, and its decomposition rate follows first-order kinetics (G. A. Mortimer:
US 3306888 (1967)). Azobisisobutanol (ABIB) shown in Fig.1, can be prepared by
the synthesis from azobisisobutyronitrile according to Mortimer.

In 1975, ABIB was incorporated into linear polyurethane polymer chain, the
thermostability of which was studied (Hendry et al.: US 3,909,497 (1975)). The
reaction proceeded in three steps in dimethylsulfoxide at 100 °C for 6 hours. It has
been found that the linear PUR thermoplast modified in this way decomposed in 2
hours at 185 °C to soluble degradation products.

According to our knowledge, no solution of the problem of degradation of PUR
foams including incorporation of a thermolabile bi-functional azo-compound into
the polymer network with the aim to form thermodegradable polyurethane foams is

at present known.

Disclosure of the Invention

The object of the present invention is a method of preparation of thermodegradable
polyurethane foams, characterized in that at least one bifunctional azo-compound
having the general formula
X-CH,-C(Ri1R2)-N=N-C(R|R,)-CH,-X,
wherein X is -OH, -COOH or -COOMe and R; and R; are C;-Cy alkyl or Cs-Cyy
cycloalkyl,
is mixed with at least one polyisocyanate compound having the general formula
R(NCO)n,
wherein n represents an integer from 2 to 5, R is selected from the group comprising
an aliphatic hydrocarbon containing 2-18 carbon atoms, cycloaliphatic hydrocarbon
having 4-15 carbon atoms, arylalkyl having 8-15 carbon atoms and an aromatic
hydrocarbon containing 6-15 carbon atoms,
at the temperature of from 20 °C to 50 °C, thereby forming an azoisocyanate
precursor, which is subsequently mixed with at least one polyol, wherein the
isocyanate index [NCOJ/[OH] x 100 is in the range of from 70 to 120, and with at

least one blowing agent in the presence of at least one catalyst.
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The mixture is after mixing poured into a mould and reacts afterwards in open air
approximately for 48 hours.

The present invention is based on the modification of the PUR foam properties by the
incorporation of the thermoprodegradant based on bifunctional azo-compound into
the polymer network aiming to get controllably thermodegradable polyurethane
foams (TD-PUR), degradable at a predefined temperature of about 180 °C.

In accordance with this invention, the TD-PUR foam is formed by the reaction of the
bifunctional azo-compound with the polyisocyanate and subsequently with the
polyol, with at least one type of catalyst, blowing agent and optionally a surfactant.
The mixture can be supplemented by further additives such as pigments, fire
retardants, fillers etc.

A suitable bifunctional azo-compound, having the general formula X-CH,-C(R;R»)-
N=N-C(R|R,)-CH,-X, wherein X is -OH, -COOH or -COOMe group and R; and R,
are Cy-Cyp alkyl or Cs-Cyq cycloalkyl, posseses active functional groups applicable for
reactions with a polyisocyanate or a polymer. Symmetric azo-compounds having two
hydroxyl groups, wherein R; = R;, such as azobisisobutanol, are preferred.

In the general formula R(NCO), of the polyisocyanate n represents an integer from 2
to 5, preferably 2, and R is selected from the group comprising aliphatic hydrocarbon
containing 2 - 18 (preferably 6 - 10) carbon atoms, cycloaliphatic hydrocarbon having
4 - 15, preferably with 5 - 10 carbon atoms, araliphatic hydrocarbon having 8 - 15
(preferably 8 -13) carbon atoms or aromatic hydrocarbon containing 6-15
(preferably 6 - 13) carbon atoms. Generally, commonly available polyisocyanates,
such as 2,4- and 2,6-toluenediisocyanates and their isomers mixtures (TDI) are
preferred.

Polyols obtained both from petrochemical and natural renewable sources can be used
in the reaction mixture. Polyols obtained from crude oil can be based on polyethers,
polyesters, polyacetals, polycarbonates, polyesterethers, polyestercarbonates,
polythioethers, polyamides, polyesteramides, polysiloxanes, polybutadiens and
polyacetones. In the present invention, the polyetherpolyol of the petrochemical
origin having hydroxyl number in the range of 40 — 600 mg KOH/g is preferred for
polyurethane foams, more preferred are polyols having relatively low hydroxyl
number in the range of 40 — 160 mg KOH/g (even more preferably 40 — 60 mg
KOH/g) and the molecular weight in the range of 2000 — 6000 g.mol” (preferably
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3000 — 4000 g.mol™). Polyols based on natural oils, such as castor, sunflower, palm,

corn, peanut, linseed or cottonsead oils can be used as full or partial polyol
alternatives of the polyols of the petrochemical origin.
Preferred catalysts for the preparation of flexible TD-PUR according to the invention

are known and commonly available chemicals such as tertiary amines (triethylamine,

tributylamine, N-methylmorpholine, N-ethylmorpholine, N,N,N',N'-
tetramethylethylenediamine, pentamethyl-diethylenetriamine, 1,4-
diazabicyclo(2,2,2)octane, N-methyl-N'-dimethylaminoethylpiperazine,
bis-(dimethylaminoalkyl)piperazine, N,N-dimethylbenzylamine, N,N-
dimethylcyclohexylamine, N,N—diethylbenzylémine, bis-(N,N-

diethylaminoethyl)adipate, N,N,N',N'-tetramethyl-1,3-butanediamine, N,N-dimethyl-
phenylethylamine, 1,2-dimethylimidazole, 2-methylimidazole), monocyclic and
bicyclic amines together with bis-(dialkylamino)alkylethers such as 2,2-(bis-
(dimethylamino)ethyl)ether. Further suitable catalysts are for instance inorganic
compounds, especially those based on tin compounds, preferably tin salts of
carboxylic acids such as tin acetate, tin octoate, tin laurate, tin ethylhexanoate and
tin(IV) compounds, such as dibutyltin(IV) oxide, dibutyltin(IV) dichloride,
dibutyltin(IV) diacetate, dibutyltin(IV) laurate, dibutyltin(IV) maleate and
dioctotin(IV) diacetate. The catalytic components are mostly used in the form of
mixtures thereof in the total amount of 0.01-0.4 % w/w, relative to the total mass of
the mixture. .

A blowing agent addition is also necessary for the PUR foams manufacture.
Chlorofluorinated hydrocarbons, hydrogenated chlorofluorinated hydrocarbons and
hydrogenated fluorinated hydrocarbons from the group of physical foaming agents
are used. The chemical blowing agents used are those, which form CO, due to the
reaction with polyisocyanates.

A widely used blowing agent is water. Isocyanate groups reacting with water form
CO,, that froths the reaction mixture up even before the subsequent stiffening.
However, an excessive amount of water causes foam cracking and collapsing. Water
can be added also in the form of steam or salt hydrates. However, water is preferably
added in the liquid form. The amount of water added is in the range of 2 - 20 % w/w

relative to isocyanate, preferably in the range of 2 - 5 % w/w.
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Surfactants, stabilizers, fire retardants, fillers and antioxidants can be used in the
mixtures for PUR foams. They are usually mixed with the initial polyol component
before its reaction with the polyisocyanate. Sulfonated castor oil, silicone oil (e.g.,
polydimethyl  siloxane, polyoxyalkylenether-polydimethyl siloxane  block
copolymer), triethylamine oleate, dimethylamine ricinoleate, or diethylamine or
triethylamine mixtures with a suitable fatty acid, e.g., oleic, ricin acids etc., can be
used as the surfactant providing for the complete homogenization of reaction
components and assuring the foam stability and strength. Addition of powdered or
fibrous inorganic fillers increases the volume mass. Powdered fillers support also the
regular cell structure formation. Organic fillers such as starch, wood flour etc.,
contain hydroxyl groups, which can react with isocyanate groups, however, since
these fillers are solid substances, the reaction rate in the heterogeneous phase is slow
and these fillers act as inert materials. Foams containing these fillers show a lower
resistance against humidity. Particles of phenolic resins and polystyrene can be also
used as fillers. Further inorganic fillers such as clays and talc are used. They act
similarly as the synthetic fillers, but do not affect the foam hygroscopic properties.
PUR foams can also be coloured to any colour by suitable pigments before blowing.
Pigments have to be resistant against an elevated temperature, considering the
exothermic character of the reaction of polyisocyanate with polyol. Since PUR are
very often required to be inflammable, fire retardants such as trichloroetylphosphate,
antimony(IIT)oxide, chlorinated paraffins with antimony(IIl)oxide etc., can be added.
The preparation according to the invention of the TD-PUR foams with incorporated
bifunctional azo-compounds includes two steps:

In the first step, the azo-compound reacts with polyisocyanate forming the
azoisocyanate precursor. If diisocyanate is used, the molar ratio of azo-compund to
diisocyanate is preferably in the range of 1 : 2.0 — 1 : 2.5. If another polyisocyanate
is used, the molar ratio to azo-compound has to be modified adequately. Precursor
formation can be preferably verified by FT-IR spectroscopy.

In the second step, the prepared azoisocyanate precursor is added to the polyol
mixed with other components of the system (catalyst, blowing agent and optionally
other additives) in a manner that maintains the optimum isocyanate index
(INCOJ/[OH] x 100). The foam containing the polyisocyanate in a stoichiometric

ratio relative to other components has the isocyanate index equal to 100. It has been
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shown that foams with the content of isocyanate lower than the stoichiometric ratio,
e.g. having the isocyanate index in the range of 85 — 90, have a reduced covalent
cross-link content in the system, resulting in a more elastic foam. The foams
containing excess of isocyanate relative to polyol, e.g., having the isocyanate index
of 105 - 110, are typically harder than those having the isocyanate index of 100.
The isocyanate index in the range of 70 - 120 is preferred for TD-PUR foams of the
invention, more preferably in the range of 100 - 110. The amount of the
azoisocyanate precursor added to the polymer mixture will affect the thermal
degradation process (initiation, rate, intensity etc.) of the resulting TD-PUR foam,
that is mostly based on the degradation of -N=N- groups in the polymer network

according to this invention (Equation 1).

CH3 CH3 CH3 CH3
] 180 °C
VW (C—N=N—CvWN\ N2 + VWG + Cv\n

C H 3 C H 3 C H 3 C H 3
Equation 1. Thermal degradation of azo-bonds in the polymer network

The amount of the azoisocyanate precursor added to the polymerization mixture can
be reduced depending on the desired conditions of the thermal degradation,
however this decreases also the isocyanate index value. In order to modify the
isocyanate index to the required value, unmodified polyisocyanate (eventually
diisocyanate) that does not affect the thermal degradation process significantly can
be added to the system. |

In the third step, the preparation of the TD-PUR foam proceeds according to a
standard industrial method for the preparation of flexible PUR foams, wherein the
reaction mixture is homogenized by mixing until a cream consistency is acquired

and then the reaction mixture is poured into a mould. The new thermodegradable

PUR foam is let to cure for 48 hours in the open air.

The invention is further illustrated by way of example, which should not be

construed as further limiting.
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Tables and Figures

Table 1 shows the composition of the reaction mixtures of example 1.

Table 2 shows the degradation temperatures of thermodegradable polyurethane
foams prepared according to example 1.

Table 3 shows the kinetic data of the degradation of thermodegradable polyurethane
foams prepared according to example 1.

Fig. 1 represents the chemical structure of azobisisobutanol.

Fig. 2 represents the weight loss dependence on the temperature of each TD-PUR foam
sample according to example 1.

Fig. 3 shows the dependence of the Ty on the amount of ABIB in TD-PUR.

Fig. 4 shows the degradation curves for various amounts of ABIB in TD-PUR.

Examples
Example 1

Azobisisobutanol (ABIB) was prepared by a modified method according to
Mortimer (US 3,306,888 (1967)). The azoisocyanate precursor was prepared by
mixing azobisisobutanol with toluenediisocyanate isomers mixture at the molar ratio of
1:2.25, i.e., 47.9 g of azobisisobutanol with 107.79 g of toluenediisocyanate isomers
mixture (TDI), consisting of 2,4-toluenediisocyanate and 2,6-toluenediisocyanate in
molar ratio 80/20 at 40°C for 5 minutes (see Equation?2). The resuiting
azoisocyanate precursor was further mixed with 100.0 g of polyetherpolyol (PEP)
having the hydroxyl number 48 + 3 mg KOH/g and the molecular weight of 3500
g.mol”, with water and the catalyst mixture, which is a mixture of 0.03 g of
(bis(dimethylamino)ethyl)ether with 0.09 g of triethylenediamine, 0.21 g of tin
ethylhexanoate and 1.0 g of polydimethylsiloxane as the surfactant according to
Table. 1 in such a way to retain always the same isocyanate index equal to 102.
Samples were mixed at 2500 r.p.m. until the cream consistence was acquired and
immediately poured into prepared moulds. Samples prepared by this way were kept
standing in the open air for 48 hours until the reaction was completed. Apart from
the reference sample (REF.PUR) containing no ABIB, four samples of TD-PUR
foams containing 1.6; 7.8; 12.6 and 18.3 % w/w of ABIB were prepared. Results

are shown in Table 1.
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CHy Cly ‘
Yoo |
HO~CHy= = N=N= (‘Z.“ ~CH,—OH + OCN NCO —
a— L
CHa CHy
ABIB TDI
H O CHy CH; (‘!) H
[ 1 1 1 i ¢ )
OCN Q— N-C=0=CHy=C=-N=N=C-CH,~Q—~C—N NCO
hal :
CHy CHo

Equation 2. Azoisocyanate precursor synthesis by reacting of ABIB with TDI.

In order to retain the same isocyanate ratio in all samples (including the reference
foam REF.PUR), the maximum amount of ABIB added to PUR foam is 18.3 %
w/w. At this amount all TDI in the reaction mixture will be bound to ABIB. No
more ABIB azo-initiator can be introduced into the system. If less than 18.3 % w/w
of ABIB is added to the mixture (and thus also smaller amount of TDI bound to
ABIB) an unmodified TDI (TDI extra) has to be added to the system for
maintaining the isocyanate index (see Table 1).

The thermodegradation of the resulting TD-PUR foams has been studied by the
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC).
Based on these analyses, it was found that the thermodegradable PUR foam
containing an incorporated azo-compound according to this invention has the initial
degradation temperature by about 62.3 °C lower (177.7 °C) in comparison with the
original commercial foam (240.9 °C). The rate of thermodegradation of TD-PUR
containing 18.3 % w/w of ABIB was found to be more than 3 times greater after six
hours at 200 °C which is in agreement with the increase of the weight loss from
6.8 % to 20.1 % in comparison with the unmodified PUR foam.

TD-PUR foam samples including the sample of the unmodified PUR foam (REF.PUR)
and the pure ABIB, were subjected to the thermogravimetric analysis. The weight loss
dependence on temperature of each TD-PUR foam sample is illustrated in Fig. 2.

Whereas the REF.PUR thermogram shows a two-stage curve corresponding to the
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urethane and polyether bonds degradation, all other thermograms of TD-PUR foams

modified by the ABIB addition show a three-stage degradation change
corresponding to the azo-bond decomposition in ABIB followed by the urethane
and polyether bonds decomposition.

The thermogravimetric TGA curve for REF.PUR shows that the reference PUR
foam starts to degrade at the temperature To = 240.9 °C (initiate degradation
temperature measured at the weight loss equal to 1 % w/w) corresponding to the
urethane bond degradation (Ty), reaching the maximum degradation rate at the
temperature Ty = 336.2 °C. After the approximate total mass decrease of 35 % w/w
of the REF.PUR foam, the second mass change of the sample occurs, which
corresponds to the polyether (Tg) bond decomposition at the temperature of about
357 °C. The maximum rate of this degradation process is reached at the temperature
Tg = 416.9 °C. The degradation processes of the REF.PUR foam terminate at the
temperature of about 450 °C.

The thermogram of the TD-PUR sample with the maximum content 18.3 % w/w of
ABIB shows three stage changes of the weight loss. The analysis discloses that the
sample degradation (especially the cleavage of azo bonds in ABIB) occurs already
at the temperature of about To= 177.7 °C, when the maximum thermodegradation
rate of azo-bonds T, is at 226.5 °C.

By parallel measurement of the sample using DSC analysis it was found that the Ta
temperature corresponds to the maximum value of the endothermic peak, i.e., to the
temperature, at which the sample absorbed during heating the maximum heat. This
finding proves that the azo-bond cleavage is an endothermic reaction that initiates the
complete PUR foam decomposition. After ABIB decomposition in the TD-PUR foam
with the total weight loss of appfoximately about 21 % w/w, an exothermic urethane
bond break-down at Ty = 314.3 °C and polyether bond decomposition at Tg = 418.7
°C follow.

By comparing the TGA curves of particular TD-PUR foams including REF.PUR
(0 weight % of ABIB) and pure ABIB, we can conclude that whereas temperatures
of the maximum rates of decomposition of polyether bond (Tg) of particular
samples do not differ significantly (degradation of a stable bond), the initiate
degradation temperature (T¢) and the temperature of the maximum rates of

degradation of azobisisobutanol (TA) and urethane bond (Ty) decrease with the
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increasing content of ABIB in TD-PUR foam. Particular values of degradation

temperatures acquired from first derivations of DTG curves of corresponding
thermograms are shown in Table 2.
It is interesting that at the temperature T4 of the ABIB alone (177°C), the thermal
degradation of TD-PUR with the maximum content of ABIB equal to 18.3 % w/w
starts. It is evident that the ABIB binding to TDI results in the shift of initiate
degradation temperature to higher Ty in the resulting TD-PUR foam. Fig. 3 shows
that the initiate degradation temperature (Ty), measured at 1 % w/w of the sample
weight loss, is inversely proportional to the ABIB amount in TD-PUR foam. By the
addition of 18.3 % w/w ABIB into the chemical mixture for PUR foam preparation, a
decrease of Ty by about 62.3 °C from 240.9 % of REF.PUR to 177.7 °C when the
decomposition rate of ABIB is maximum. This confirms the assumption, that the
addition of the thermolabile ABIB azo-compound to the mixture for PUR foam
preparation significantly affects the thermal stability of the TD-PUR by creating
particular tertiary radicals attacking urethane bonds in TD-PUR. This causes a faster
thermal degradation of the entire TD-PUR foam at lower temperatures compared to
the commercial REF.PUR.
The thermo degradation of the polymer 3D-covalent network is known to decrease
the molecular weight of particular polymer chains, which affects positively the
degradation products solubility useful for recycling.
In order to evaluate the degradation rate after incorporating ABIB to PUR foams,
the REF.PUR sample together with TD-PUR foam samples containing from 7.8 to
18.3 % w/w of ABIB was subjected to thermodegradation at 200 °C for the period
of 6 hours (isothermal mode). Results of individiual degradation curves in Fig. 4
show the direct dependence between the enhancing degradation rate of TD-PUR
and the increasing amount of thermolabile ABIB in TD-PU.
The degradation rate constants (k) of each TD-PUR foam sample in Fig.4 were
calculated from 1/t; in accordance with the first order kinetic equation that fits the
Kinetic data (1): |

y = Ar.exp (-kx/t;) +yo “4)
Calculated values are disclosed in Table 3 together with weight losses of particular

samples during 6 hours at 200 °C.
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Table 3 shows more than 3 fold enhancement of the thermodegradation rate (from
0.003 to 0.01 s) by adding 18.3 w% of ABIB into TD-PU foam. In this case, the
weight loss after 6 hours at 200 °C increased almost three times from 6.8 % to
20.1%.

5 All percentages shown in this document are weight % if not stated otherwise.
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13
CLAIMS

A method of preparation of thermodegradable polyurethane foams,
characterized in that at least one bifunctional azo-compound having the
general formula

X-CH,-C(RR5)-N=N-C(RR;)-CH,-X,
wherein X is -OH, -COOH or -COOMe and R; and R; are C;-Cy alkyl or Cs-
Cyocycloalkyl, '
is mixed with at least one polyisocyanate compound having the general
formula

R(NCO)y,
wherein n represents an integer from 2 to 5, R is selected from the group
comprising an aliphatic hydrocarbon containing 2-18 carbon atoms,
cycloaliphatic hydrocarbon having 4-15 carbon atoms, arylalkyl having 8-15
carbon atoms and an aromatic hydrocarbon containing 6-15 carbon atoms,
at the temperature of from 20 °C to 50 °C, thereby forming an azoisocyanate
precursor, which is subsequently mixed with at least one polyol, wherein the
1socyanate index [NCO]J/[OH] x 100 is in the range of from 70 to 120, and

with at least one blowing agent in the presence of at least one catalyst.

The method according to claim 1, characterized in that the bifunctional azo-
compound, R; and R, are the same, preferably, the bifunctional azo-compound

is azobisisobutanol.

The method according to claim 1, characterized in that the polyisocyanate
compound is a compound having the general formula R(NCO);, wherein R is
as defined in claim 1, and the molar ratio of the bifunctional azo-compound to

the diisocyanate is from 1 : 2.0to 1 : 2.5.

The method according to claim 3, characterized in that the diisocyanate
compound is selected from the group comprising 2,4-toluenediisocyanates, 2,6-

toluenediisocyanates or mixtures thereof.
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The method according to claim 1, characterized in that the polyols are selected
from the group comprising polyols obtained from crude oil and polyols based
on natural oils, preferably from polyols based on polyethers, polyesters,
polyacetals, polycarbonates, polyesterethers, polyestercarbonates,
polythioethers, polyamides, polyesteramides, polysiloxanes, polybutadiens and
polyacetones, more preferably polyetherpolyols of the petrochemical origin

having hydroxyl number in the range of 40 — 600 mg KOH/g.

The method according to claim 1, characterized in that the blowing agent is
water, and the amount of water added is 2 to 20 % w/w, relative to

polyisocyanate.

The method according to claim 1, characterized in that the catalyst is present
in the mixture in the amount of 0.01 to 0.4 % w/w, relative to the total mass of
the mixture, and it is selected from the group comprising tertiary amines and

tin-containing compounds.

The method according to claim 1, characterized in that the mixture containing
at least one azoisocyanate precursor, at least one polyol, at least one blowing
agent and at least one catalyst further contains at least one further additive
selected from the group comprising surfactants, stabilizers, fire retardants,

fillers, pigments and antioxidants.

The method according to claim 1, characterized in that the mixture containing
at least one azoisocyanate precursor, at least one polyol, at least one blowing

agent and at least one catalyst further contains at least one polyisocyanate.
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Table 1
[+) o
REF.PUR | 16%whw | 7.8%wiw | '20% | 183 %
Reactant Amount[g] | ABIBlg] | ABIB[g] | .o’ W
ABIB [g] | ABIB [g]
azo-TDI ; 8.07 40.40 80.71 | 155.69
TDI 80/20 (extra) 53.91 50.58 40.45 27.10 ;
polyetherpolyol 100 100 100 100 100
(OH = 48+3)
water 4.68 4.68 4.68 4.68 468
catalyst mixture * 0.33 0.33 0.33 0.33 0.33
polydimethylsiloxane 1.00 1.00 1.00 1.00 1.00

Catalyst mixture composition *

[9] [% wiw]
bis(dimethylamino)ethyl)ether 0.03 0.02
triethylenediamine 0.09 0.06
Tin ethylhexanoate 0.21 0.13




WO 2010/066211

PCT/CZ2009/000153

2/6
Table 2
Degradation
temperatures ABIB 0 % ABIB 1.6 % 7.8% 12.6 % 18.3 %
°C) REF. PUR ABIB ABIB ABIB ABIB
To 83.6 240.9 227.6 213.6 198.8 177.7
Ta 177.0 - 272.9 253.8 241.3 226.5
Tu - 336.2 331.2 3234 314.3 314.6
Te - 416.9 4151 416.9 412.4 418.7
Table 3
| 18.3 %
0, 0,
0% ABIB | 7.8 % ABIB ABIB
Weight loss in 6 hours at 200 °C 6.8 % 114 % 201 %
Degradation rate ﬁonstant 0.003 0.006 0.01
k=1t (s")
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