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Abstract

A one-component polyurethane composition is
described that comprises a latent curing agent bonded to the

prepolymer, from which curing agent aldehyde is liberated
upon curing. Said aldehyde comprises two phenyil groups. By
the specific design of the polyurethane composition, the

application characteristics as well as the ageing resistance

of the cured polyurethane are improved.
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LATENT AMINO GROUPS AND ISOCYANATE GROUPS COMPRISING

POLYURETHANE PREPOLYMERS, METHOD FOR THEIR PRODUCTION
AND THEIR USE

BACKGROUND OF THE INVENTION

The present invention relates to polyurethane
compositions, 1n particular a humidity curing one—component
polyurethane composition comprising a prepolymer which, be-
sides of isocyanate groups, also comprises latent amino
groups bonded to the prepolymer. The polyurethane composition
can e.g. be used as filling composition for any kind of

joints, as adhesive for elastic bonding or as elastic coating
for sealing areas.

One-component polyurethane compositions compris-

1ing latent amines are known for a long time and broadly de-

scribed. In comparison with usual one-component polyurethane

compositions, that are cured by the reaction with ambient
humidity, the compositions comprising latent amines have the
advantage that upon curing by means of said latent amines no

CO, 1s liberated and thus no blisters are formed.

GB 1,064,841 and EP 469,751 for example describe

one-component polyurethanes that besides of isocyanate groups
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comprising prepolymers comprise polyaldimines as latent
amines.

The known systems, however, show the following
disadvantages:

In order to cure, they need a relatively high
amount of water. In order to add two moles of prepolymer
chains, two moles water are needed. Two aldimine groups of a
polyvaldimin have to be hydrolyzed, so that each of the two
liberated amino groups then can make an additilion reaction
with one isocyanate group of a polymer chaln and accordingly
two moles of aldehyde are liberated. These systems of the
state of the art have therefore the disadvantage that they
are slowly curing in places deep under the surface, since a
relatively high amount of water has to diffuse through the
already formed skin. Also for the application in thick
layers, as they are often found in the case of sealing joints
and elastic bonding, a fast through-curing of the whole layer
is desired. Furthermore, the aldehyde formed during curing 1in
quite large amounts can affect the features of the materaial.

EP 19 906 describes one-component polyurethane
systems that, besides of isocyanate groups comprising pre-
polymers, also comprise latent amines, namely polyurethanes
comprising cycloaminals as latent amines. The cycloamlnals
are produced from a diamine with two secondary amino groups
and an aldehyde. As substituents at the C-atoms of the ring
hydrogen and alkyl groups are mentioned. Said systems only
need one mole water for liberating the two secondary amino
groups and thus for the addition of two isocyanate comprising
prepolymer chains, and furthermore also only one mole of
aldehyde is liberated. The use of secondary amines as curing
agents in the polyurethane chemistry, however, has the dis-
advantages that the formation of hydrogen bonds between the

ureas of the polymer chains are hindered due to the formed N-
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substituted ureas, thereby affecting the features of the
material.

EP 1 065 describes one-component polyurethanes
that comprise cycloaminals as latent amines whereby the
cycloaminals are bonded to the isocyanate groups comprising
prepolymer by means of urea groups. For the production of
sald cycloaminals amines with a secondary and a primary
amino group are used.

According to EP 19 906 as well as EP 1 065, for
the production of the cycloaminals preferably aldehydes are
used, that lead to products with an insufficient storage
stability, in particular in combination with the cheap
aromatic isocyanates. Furthermore, these aldehydes, upon
curing of the products, lead to an intense smell that is a
great nuisance, 1n particular for the application on large

areas and/or for the use of the polyurethane compositions in

the interior of buildings.

BRIEF SUMMARY OF THE INVENTION

Hence, 1t 1s a general object of the present in-
vention to provide a one-component polyurethane that is also
fast curing upon application in thick layers, shows little
tendency for blister formation and good storage stability,
that 1s not annoying due to its smell and in particular leads
to a cured product with improved aging resistance.

It has surprisingly been found that the object of
the present invention 1s met by a system comprising latent
amino groups bonded to the prepolymer, whereby an aldehyde of
formula (V) (formula see below) has been used for the prepa-
ration of the latent amino groups. Such a system leads to
products having an excellent storage stability even in combi-

nation with the cheaper aromatic isocyvanates. Such a system

3 -
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furthermore cures without annoying smell emission and pro-
vides also in the cured state no smell emission as well as
improved aging resistance.

The humidity curing one-component polyurethane
composition according to the present invention comprises a
prepolymer that, besides of isocyanate groups bonded to the
prepolymer, furthermore comprises latent amino groups which
amino groups are also bonded to the prepolymer. The polyure-
thane composition can e.g. be used as sealing composition for
any kind of joints, as adhesive for elastic bonding or as
elastic coating for sealing areas. It is characterized 1in
that it cures without blisters formation and smell genera-

tion, is very economic and provides long-time stability.

DETAILED DESCRIPTION OF THE INVENTION

An object of the present invention 1s a prepoly-
mer, comprising latent amino groups linked to the prepolymer,
which latent amino groups have been produced using an
aldehyde of formula V shown below.

In the scope of the present invention, latent
amino groups are functional groups that upon contact with
humidity hydrolyze to amino groups.

The latent amino groups can be aldimine groups
or cycloaminal groups that are bonded to the polyurethane
prepolymer by a urea group bond. Upon cleavage of an aldehyde
both hydrolyze to amines.

The prepolymer according to the ilnvention can be

described by formula (I).

(NCO);my A (B)p (T)

whereby

L a A ama s o ama aa_aaaa _____________ 5
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A = a (m+n)valent radical, as it is generated
by the cleavage of (m+n) isocyanate groups

from a (m+n) valent polyurethane prepoly-

mer .
5 m = 1 or 2
n = 1 or 2
B = a latent amino group that is bond to A by a

urea bond, as 1t 1s shown in formula (II)

or (III).
10
O
\NJJ\N/D\N ~ (IT)
H | -
R
E (ITI)
O
N )L R
ﬁ N N
\_p./

15 whereby

R represents an aliphatic hydrocarbon radical
with 1 to 8 C-atoms, a cycloaliphatic hydrocarbon radical

with 5 to 15 C-atoms or a phenyl radical or an alkylphenvl
radical with 7 to 15 C-atoms,

20

D represents a divalent aliphatic hydrocarbon

radical with 1 to 8 C-atoms, a divalent cycloaliphatic hydro-




10

15

20

25

30

CA 02267702 1999-04-01

carbon radical with 5 to 15 C-atoms or a divalent alkylphenyl

radical with 7 to 15 C-atoms or,

in the case of formula (II), R and D form to-
gether with the nitrogen atom a five-membered or six-membered
ring, substituted by a hydrocarbon chain with 1 to 5 C-atoms,

carrying the aldimine group, and

E represents a phenyl radical, an alkylpehnyl
radical, and in particular an optionally substituted phenyl-
oxy radical, or an optionally substituted alkyloxyphenyl
radical, whereby as substituents alkyl groups and alkyloxy
groups are preferred. Although substituted phenyloxy radicals
and alkyloxyphenyl radicals are possible, unsubstituted radil-
cals are preferred, since they are more readily obtailinable
and therewith more economic.

The compound B is produced starting from a suit-
able diamine with a primary and a secondary amino group of

the general formula (IV)

H. _D<
w’ NH,

R (IV)

whereby

R represents an aliphatic hydrocarbon radical
with 1 to 8 C-atoms, a cycloaliphatic hydrocarbon radical
with 5 to 15 C-atoms or a phenyl radical, or an alkylphenyl
radical with 7 to 15 C-atoms,

D represents a divalent aliphatic hydrocarbon

radical with 1 to 8 C-atoms, a divalent cycloaliphatic hydro-

P,V R — T " —
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carbon radical with 5 to 15 C-atoms, or a divalent alkyl-
phenyl radical with 7 to 15 C-atoms, or
R and D form together with the nitrogen atom of
the secondary amino group a five-membered or six-membered
5 ring, substituted by a hydrocarbon chain with 1 to 5 C-atoms,

carrying the primary amino group.

As non limiting examples, the following amines
are mentioned: N-methyl ethylenediamine, N-methyl propylene-
10 diamine, N-ethyl ethylenediamine, N-cyclohexyl propylene-
diamine, 4-amlinomethyl piperidine, 3-(4-aminobutyl) piperi-
dine and 4-amino benzylamine. N-aminoethyl piperazine is less

sultable, since the tertiary amino group reduces the storage

stability of the prepolymer according to the invention due to
15 catalytic effects.

The diamine (IV) is reacted according to methods

known from literature i1n a molar relation of 1:1 with a suit-
able aldehyde, whereby the water formed during condensation
1s removed, for example by means of a water separator.

20 The sultable aldehyde (V) 1s represented in the
following formula

OHC

)5 (V)

whereby E represents a phenyl radical, an alkylphenyl radi-
cal, and 1n particular an optionally substituted phenyloxy
30 radical or an optionally substituted alkyloxylphenyl radical.

(For the substitution of the radicals see above.)

As an especially suitable aldehyde the 3-phenyl-

oxXy benzaldehyde shall be mentioned, see formula below:
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OHC

From a technical point of view, furfual were also

suitable. However, in view of its toxicity furfural should

not be used.

The reaction product of the above mentioned

reaction can either be an amino aldimine (VI), see the

| E
R

following formula:

or a cycloaminal (VII),

HA
N
N

D

=
N’R
/

(VI)

see following formula:

(VII).
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During the reaction of the diamine (IV) with the
aldehyde (V) usually cyclisation to a cycloaminal (VII) takes
place, provided that the two nitrogen atoms of the diamine
are separated by an ethylene unit or a propyvlene unit, so

5 that a five-membered or a six-membered ring is formed. Addi-
tionally, the radical R at the secondary amino group has to
be relatively small. If R 1s too large, the steric interac-
tion between the radical R and the aldehvde radical condensed
to the diamine effects that the cyclisation does not take

10 place, so that instead of the cycloaminal the amino aldimine
1s formed. This 1s further discussed below with regard to two
N-substituted propylene diamines. If R is for example a
methyl group, then the cycloaminal (VII/1l) is formed, if R
1s for example a cyclohexyl group, then the amino aldimine

15 (VI/1l) 1s formed, as represented in the schema below:

R = Methyl

R - - H,O /
\N/\/\NHZ + O/\© = 2

H

R = Cyclohexyl

T E l
R = Methyl
HSC\N/\/\N ~ N
H e ——————

VIH/1 > 95%

-

R = Cyclohexyl O\ Q
H E N
| E/NH

-

VI/1 > 95%
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Both condensation products, the amino aldimine
(VI) as well as the cycloaminal (VII) comprilise an NH-group by
which they can be added to an isocyanate group of a
prepolymer according to methods known from literature,
whereby the inventive polyurethane prepolymer (I) with
isocyanate groups and latent amino groups 1s formed.
According to Hesse et al., Helv. Chim. Acta 1997, 80, 996, a
cycloaminal that has been produced starting from a
propylenediamine with a secondary and a primary amlno group
and an aldehyd, can react at the primary as well as at the
secondary nitrogen atom with an electrophilic compound or
group, respectively, such as e.g. an 1socyanate group,
dependent on the dimension or the electronic structure of the
substituents present. In the case of cycloaminals (VII) one
has to assume that - as described in literature - the
approach of the isocyanate group to the NH-group of the
cycloaminal is hindered due to the large aromatic substituent
at the aminal-C, and that the molecule therefore presumably
reacts at least in a major part by the tautomeric structure
(VI)at the other nitrogen. This would mean that the reaction
product of the isocyanate comprising prepolymer (VIII) with
the cycloaminal (VII) is at least 1n a major part the same as
the one with the amino-aldimine (VI), namely the polymer (I)
according to the invention, whereby B were present 1in the
form of structure (II), that is in the form of the aldimine.
These considerations concerning the structure, however, shall
by no means limit the invention.

A suitable prepolymer to which the amino-aldimilne
(VI) or the cycloaminal (VII) can be bound, is the reaction
product of a polyol with a polyisocyanate, whereby the
isocvanate component has been used i1n excess, so that, atter
the completion of the reaction of all OH-groups, a polyure-
thane prepolymer with i1socyanate groups has been formed,

represented by the general formula

-10 -
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A(NCO)mqm+n (VIII),

whereby A has the already described meaning. The mean
5 molecular weight of this prepolymer is in the range of 500 to

20000 g/moles.
Suitable polyols for the production of such a

prepolymer are the following raw materials well known in the
polyurethane chemistry, or mixtures of said raw materials:

10 Polyetherpolyols that are the polymerisation
products from ethylene oxide, propylene oxide or butvylene
oxide or mixtures thereof, whereby in particular polyols with

low unsaturation level (< 0.07 double bond equivalents/ mole)

are advantageous, as well as
15 polyester polvyvols, produced from divalent to

trivalent alcohols such as for example ethylene glvycol,
propylene glycol, hexanediol, neopentyl glycol, glycerin,
trimethylol propane or diethylene glycol with less than
equimolar amounts of divalent carboxylic acids or their

200 anhydrides or thelr esters such as e.g. adipic acid,
phthalic acid, hexahydrophthalic anhydride, or maleic acid,

or hydroxyterminated polyvbutadiene polymers.
The polyols, 1n general, show an OH-functionality

of 1.5 to 3 and an average molecular weight from 500 to

25 20’000 g/mole.

In addition to the mentioned polyols, compounds
with two or more OH-groups can be used as chaln extenders or
crosslinkling agents. Mentioned as examples are 1,4-butane
diol and trimethyvlol propane.

30 As polyisocyanates for the production of such a
prepolymer aliphatic, cycloaliphatic or aromatic isocyanates
with at least two 1socyanate groups per molecules are
useable. As non limiting examples, the following isocyanates,

well known 1in polyurethane chemistry, are mentioned:

-11 -
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2.4- and 2,6- toluene diisocyanate, 4,4’'-and
2,4'-diphenylmethane diisocyanate, 1sophorone dilsocyanate,
2.2,4- and 2,4,4-trimethyl-1, 6-hexamethylene diisocyanate,
1, 6-hexamethylene diisocyante, m- and p-tetramethyl xylylene

5 diisocyvanate and the isomeres of 4,4’'- or 2,4’'- dicyclohexyl
methane diisocyanate, as well as polymers or oligomers of

said isocyanates as well as mixtures from two or more of the

mentioned 1socyanate components.
The polyol component and the 1socyanate component

10 are reacted according to usual methods, e.g. at temperatures
of 50 to 100°C, optionally with co-use of suitable catalysts,
whereby the isocyanate component 1s used 1n excess. As reac-

tion product, the mentioned polyurethane prepolymer with 1so-

cyanate end groups 1is formed.
15 During the reaction of the amino-aldimins (VI) or

the cycloaminals (VII), respectively, with the polyurethane
prepolymer, the inventive prepolymer 1s formed that comprises
isocyanate groups as well as latent amino groups (see formula

below) :
20 (NCO)mq A (B) p (I),

whereby B represents the appended latent amino group

according to the following two formulas:

O
\NJ\N/D\N//\Gi (IT)
H | E
R
|
O ; (III)
N /lL\ ./R
N N N
H ./

.12 -
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A, R, D and E have the already described meaning.

Both possible embodiments of B, the one with ap-
pended aldimine groups (II) as well as the one with appended
cycloaminal groups (III) are latent amines. Upon contact with
humidity, water reacts with the latent amine. The aldehvde
used for blocking the amine thereby 1s separated and amino
groups are formed that at once react with the isocyanate
groups of the prepolymer of the present invention. The pre-
polymer chains thereby are connected with each other by urea
group bonds. By a sulitable catalysis, for example with or-
ganlic aclds or organic anhydrides, the deblocking of the
latent amines with water can be selectively accelerated in
comparison with the i1socyanate water reaction.

The inventive prepolymer comprising isocyanate
groups and latent amino groups (I) can additionally be ad-
mixed with a further polyisocyanate compound with two or more
1socyanate groups, for example a diisocyanate monomer, a di-
lsocyanate oligomer or a isocyanate terminated polvurethane
prepolymer. The molar ratio of all isocyvanate groups to the
latent amino groups in sum is 1:1 to 1:0.2. If more iso-
cyanate groups than latent amino groups are present, upon
curing the excess 1socyanate groups directly react with
ambient humidity, whereby urea group bonds are formed under
COo-liberation as well.

In comparison with usual compositions comprising
the components prepolymer and polyaldimin in separated form,
the inventive composition, requires only half the amount of
water 1n order to perform cross-linking. One mole water is
sufficient to add two moles of polymer chains, whereby one
mole aldehyde 1s liberated. For this reason, it is excel-
lently suitable for an application in thick lavers, since
less water has to diffuse through the already formed skin,

and therefore a faster through-curing is achieved. This

-13 -
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compositions are therefore in particular suitable for sealing
joints and elastic bonding where a fast through-curing
represents a great advantage.

The strength of the inventive polymer 1is faster
built up than with usual systems with polyaldimines not
bonded to the polymer. Since the latent amine in the
inventive polymer is already bonded to the prepolymer chain,
only half the amount of addition reactions are needed 1n
order to build up the strength of the polymer. Thils results
in the fact that the inventive polymer is less susceptible to
blister formation, even if the latent amine is dosed 1n less
than an equimolar amount. The pressure of the COp-gas formed
during cross-1linking of an excess of 1socyanate groups can
better be dealt with by the already established strength.
Therefore, it is possible to formulate blister-free curing
formulations comprising an excess of isocyanate groups 1n
comparison with the latent amino groups. This has several
advantages. On the one hand, costs can be reduced since the
latent amines, 1n comparison with the other components, are
expensive, on the other hand less aldehyde 1s liberated.

In polyurethanes, aldehydes have a plasticizing
effect. In particular volatile aldehydes provide two essen-
tial disadvantages. First, the nuisance due to the smell dur-
ing the working processing of the polyurethane composition,
second, a possible nuisance due to the smell that, due to the
diffusion of the aldehyde out of the cured composition lasts
for a long time. But even if such diffusion would not result
in an essential nuisance by the smell, i1n any case 1t leads
to an embrittlement due to the reduction of the concentration
of the plasticizing aldehyde.

In spite of especially selected additives, such
compositions provide insufficient aging resistance.

Because of the specific “construction” of the

inventive compositions, on the one hand the amount otf

14 -
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liberated aldehyde can be kept low, and by the choice of the
speclific aldehyde with two aryl groups, the transfer of the
aldehyde to the environment can almost entirely be avoided.
A nuilisance due to the smell during the processing of the
composition and later on 1s not found and the aldehvyde

remailns 1n the polyurethane, whereby the aging resistance

1s largely enhanced.

Phenoxy benzaldehyde has proved to be especially
sultable.

The polymer of the invention cures upon contact
with ambient humidity without smelling and without blister
formation. It enables cheap formulations, since on the one
hand it provides an excellent storage stability even if the
cheaper aromatic i1socyanates are used, on the other hand, it
cures already without blisters formation if a comparatively
low dosage of latent amino groups is used.

The inventive prepolymer can be used for the for-
mulation of elastic sealing compositions, any kind of joints,
adhesives for elastic bonding and coating compositions for
sealing areas. In order to meet specific requirements, it can
comprise additives such as plasticizers, solvents, inorganic
or organlic fillers, pigments, fibers, thixotropic agents,
thickeners, flow improving agents, degassing agents, adhesion
promoters, antioxidants, light protection agents and

catalysts.

The following examples serve to further describe
the i1nvention, however, they are not intended to limit it in

any way.

-15 -
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Examples

Remarks:

pbw is used as abbreviation for parts by weight.

The NCO-excess is expressed in percents by weight
of NCO-groups referred to the whole formulation.

The storage stability has been determined by
storing the compositions in closed containers at 60°C for
14 days and following determination of the extrudability.

The tensile strength and the elongation at break
have been determined at cured films according to DIN (German
norms) 53504 (S2).

The combined tension and shear resistance has
been determined on glass according to BS EN (British Standard
European Norm) 1465:1995.

The blister formation was determined by curing at
60°C on a fir-wood surface 110 x 40 mm 1n a wedge-shaped
layer, starting with a layer thickness of 5 mm, spread out
alongside to 0 mm.

The weight loss was determined at 40°C on a
cylinder-shaped sample body with a diameter of 34 mm and a

high of 6 mm.

Example 1

16 -
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131.4 pbw 3-(methylamino) propylamine were given

into a sultable apparatus, e.g. a four-necked glass-flask

equipped with a mechanic stirrer, under nitrogen atmosphere.
5 With cooling and good stirring, slowly 298.5 pbw 3-phenoxy
benzaldehyde were added dropwilise (time needed about 1 hour).

Then the water produced during the reaction was distilled ot

under vacuum at 80°C.
The formed cycloaminal had an amine number of

10 415.5 mg KOH/g, the vyield was 403.0 pbw.

Example 2

m//\\J/A\$F§>\T::::I/CL\[:::]

215.0 pbw 3-{(cyclohexylamino) propylamine were

15

given, 1into a suiltable equipment, e.g. a four-necked glass-
20 flask equipped with a mechanical stirrer, under nitrogen

atmosphere. With cooling and good mixing, slowly 275.6 pbw 3-

phenoxy benzaldehyde were added dropwise (duration about 1

hour). Then the water formed during the reaction was

distilled off under vacuum at 80°C.
25 The formed amino-aldimine had an amine number of

328.3 mg KOH/g, the yield was 465.8 pbw.

30

-17 -
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Example 3

HN

101.1 pbw 4-aminomethyl piperidine were given
into a suitable equipment, e.g. a four-necked glass-flask
equipped with a mechanical stirrer, under nitrogen
atmosphere. With cooling and good stirring, slowly 177.3 pbw
3-phenoxy benzaldehyde were added dropwise (duration about 1

hour). Then the water formed during the reaction was

distilled off under wvacuum at 80°C.
The formed amino aldimine had an amine number of

378.4 mg KOH/g, the vield was 262.5 pbw.

Comparative Example 1

TG

420 pbw 3-phenoxy benzaldehyde were given 1nto a

suitable equipment, e.g. a four-necked glass-flask equipped

with a mechanical stirrer, under nitrogen atmosphere. With

cooling and good stirring, slowly 121.9 pbw 2Z2-methyl-1,5-
pentanediamine were added dropwise (duration about 1 hour).

Then the water formed during the reaction was distilled off

under vacuum at 80°C.

18 -




10

15

20

25

30

CA 02267702 1999-04-01

The formed dialdimine had an amine number of 232

mg KOH/g, the vyvield was 504.1 pbw.

Comparative Example 2

247.9 pbw 3-(methylamino) propylamine were given
into a sultable equipment, e.g. a four-necked glass-flask
equlpped with a mechanical stirrer, under nitrogen
atmosphere. With cooling and good stirring slowly 204.8 pbw
1sobutyraldehyde were added dropwilise (duration about 1 hour).
Then the water formed during the reaction was distilled off

under wvacuum at 80°C.

The formed cycloaminal had an amine number of

778.0 mg KOH/g, the yield was 402.1 pbw.

Example 4, TDI prepolymer

240 pbw of a polypropylene oxide triol with a
mean molecular weight of 4000, e.g. Voranol CP 4055 of Dow,
120 pbw of a polypropylene oxide diol with a mean molecular
weight of 2000, e.g. Voranol CP 2025 of Dow, and 54 pbw
toluene diisocyanate (mixture of 80 % 2,4-isomer and 20 %
2,6-1somer) were mixed under nitrogen atmosphere in a
sultable apparatus, e.g. a four-necked glass-flask equipped

with a mechanical stirrer, then stirred for 4 hours at 80°C

-19 -
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and then cooled and stored in a sealed contaliner. The content

of free isocyvanate groups was 3.28 %.

Example 5, MDI prepolymer

240 pbw of a polypropyleneoxide triol with an
average molecular weight of 4000, e.g. Voranol CP 4055 of
Dow, 120 pbw of a polypropyleneoxide diol with an average
molecular weight of 2000, e.g. Voranol CP 2025 of Dow, and 80
pbw 4,4'-diphenylmethane diisocyanate were mixed under
nitrogen atmosphere in a suitable apparatus, e.g. a four-
necked glass-flask equipped with a mechanical stirrer,
stirred for 19 hours at 80°C and then cooled and stored 1in a

sealed container. The content of free 1socyanate groups was
3.18 %.

Formula for the sealing composition of Examples

6, 7 and 8, and Comparative Examples 3 and 4

Position 1 50 pbw prepolymer of Example 4

Position 2 20 pbw Mesamoll (plasticizer of Bayer)

Position 3 3 pbw Cabosil TS-720* (hydrophobe
pyrogenic silicic acid of Cabot)

Position 4 5 pbw titanium dioxide**

Position 5 20 pbw Omya BLR 2** (chalk powder of Omya)

Position 6 0.1 pbw hexahydrophthalic anhydride

* dried during 15 hours at 100°C
** dried during 15 hours at 120°C
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Example 6

Positions 1 to 5 of the formula for sealing

compositions were homogeneously mixed under vacuum in a
suitable blender, e.g. Planimax of Molteni, Milan, Italy.

5 Then 3.51 pbw of the cycloaminal of Example 1 as well as
position 6 of the formula for sealing compositions were added
and also homogeneously mixed under vacuum. The sealing
composition was then filled into air-tight cartridges.

Results see Table 1.
10

Example 7

Positions 1 to 5 of the formula for sealing

compositions was homogeneously mixed under vacuum in a

15 suitable blender, e.g. Planimax of Molteni. Then 4.36 pbw of
the amino-aldimines of Example 2 as well as Position 6 of the
formula for sealing compositions were added and also

homogeneously mixed under vacuum. The sealing composition was
then filled into air-tight cartridges.

20 Results see Table 1.

Example 8

Positions 1 to 5 of the formula for sealing
25 compositions were homogeneously mixed under vacuum in a
sultable mixer, e.g. Planimax of Molteni. Then about 3.81 pbw
of the amino-aldimines of Example 3 as well as position 6 of
the formula for sealing compositions were added and also

homogeneously mixed under vacuum. The sealing composition was

30 then filled 1into air-tight cartridges.
Results see Table 1.
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Comparative Example 3

Positions 1 to 5 of the formula for sealing
composition were homogeneously mixed under vacuum in a
suitable blender, e.g. Planimax of Molteni. Then 3.02 pbw of
the dialdimine of Comparative Example 1 as well as position 6
of the formula for sealing compositions were added and also
homogeneously mixed under vacuum. The sealing composition was
then filled into air-tight cartridges.

Results see Table 1.

Comparative Example 4

Positions 1 to 5 of the formula for sealing
compositions were homogeneously mixed under vacuum 1n a
suitable blender, e.g. Planimax of Molteni. Then 1.86 pbw of
the cycloaminal of Comparative Example 2 as well as position
6 of the formula for sealing compositions were added and also
homogeneously mixed under vacuum. The sealing composition was
then filled into air-tight cartridges.

Results see Table 1.

Example 9, adhesive

50 pbw of the prepolymer of Example 5, 15 pbw
Mesamoll (plasticizer of Bayer), 15 pbw carbon black (dried
for 15 hours at 120°C) and 20 pbw Omya BLR 2 (chalk powder ot
Omya, dried for 15 hours at 120°C) were homogeneously mixed
under vacuum in a suitable blender, e.g. Planimax of Molteni.
Then 5.26 pbw of the cycloaminal of Example 1 as well as 10
pbw xylene and 0.1 pbw hexahydrophthalic anhydride were added

and also homogeneously mixed under vacuum. The adhesive was

then filled into air-tight cartridges.

- 272 -

P R ——— A e vl | A,

B B T T T .




10

15

20

25

CA 02267702 1999-04-01

The adhesive has a paste-like consistency. The
storage stability was excellent. During curing on fir-wood at
60°C no blisters were formed, and the adhesive cured without
any smell emission. The through-curing was 6 mm after three
days at room temperature. The tensile strength was 4.7 MPa,

the elongation at break 900 % and the combined tension and

shear resistance 3.4 MPa.

Example 10, coating

50 pbw of the prepolymer of Example 4, 1 pbw
Cabosil TS-720 (hydrophobe pyrogene silicic acid of Cabot,
dried for 15 hours at 100°C), 5 pbw titanium dioxide (dried
for 15 hours at 120°C) and 30 pbw Omya BLR2 (chalk powder of
Omya, dried for 15 hours at 120°C) were homogeneously mixed
under vacuum 1in a sultable blender, e.g. Planimax of Molteni.
Then 5.26 pbw of the cycloaminal of Example 1, 15 pbw solvent
naphtha light (of Aral) as well as 0.1 pbw hexahydrophthalic
anhydride were added and also homogeneously mixed under
vacuum. The coating composlition was then filled into an air-
tight container.

The coating was of ligquid, self-levelling
consistency. The storage stability was excellent. During the
curing on fir-wood at 60°C, no blisters were formed and the
coating cured without any smell emission. The through-curing
was 6 mm after three days at room temperature. The tensile

strength was 2.4 MPa and the elongation at break 800 %.
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Table 1: Results of the formulas for sealing compositions

Ex. 7 comp. comp.
Ex. 3 Ex. 4
all latent

0.55% 0.55% 0.55% 0.55% 0.55%
amino groups)

storage good good good good not stable
stability

through-curing not

after 3 days 3. 5mm 4 mm 4 .3mm 1.8mm examined*
tensile 2 .4MPa 2 .1MPa 2 . 7TMPa 2 . 6MPa not
strength examined¥*
elongation at |500 % 320 % 350 % 600 % not
break examined¥*
blister no no no many not
formation blisters | blisters | blisters blisters evamined*

smell intensive,
disagreeable

NCO excess
(after
reaction of

weight loss

after 4 weeks
40°C

* material no longer extrudable after a few days

storage at room temperature

Discussion of the results of Table 1:

The Examples 6, 7 and 8 differ in that different
diamines with a primary and a secondary amino group have been
used, that upon blocking with 3-phenoxy benzaldehyde form a

cycloaminal structure or an aldemine structure dependent on
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the geometry of the diamine (see Examples 1 to 3).
Independent on whether the latent amino group was present 1n
the form of a cycloaminal (Example 6) or 1n the form of an
aldimine (Examples 7 and 8), all three sealing compositions
showed a good storage stability, fast curing without blister
formation and without annoying smell, good mechanic strengths
and no weight-loss during and after curing.

The Examples 6, 7 and 8 and the Comparative
Example 3 differ in that i1n Examples 6, 7 and 8 the latent
amino groups were bonded to the prepolymer, while 1in
Comparative Example 3 a dialdimine was used, that was not
bonded to the prepolymer. The content of NCO groups that
remaln after reaction of all latent amino groups and thus
cure by reaction with humidity under CO;-liberation, in all
four examples was identical. Due to the binding of the latent
amino groups to the prepolymer, the sealing compositions of
Examples 6, 7 and 8 need less water for the cross-linking of
the polymer chains. It 1s clearly recognizable that said
sealing compositions cure much faster through the layer than
the sealing composition of Comparative Example 3. After three
days, the sealing compositions according to the present
invention already showed a cured skin of 3.5 to 4.3 mm, while
the sealing composition of Comparative Example 3 was only
cured to a depth of 1.8 mm. Also with regard to the blister
formation, a clear difference exists. The sealing
compositions of Examples 6, 7 and 8, 1n spite of the NCO
excess of 0.55 %, showed no blister formation, while the
sealing composition of Comparative Example 3 showed strong
blister formation.

The Example 6 and the Comparative Example 4
differ with regard to the aldehyde, which has been used to
block the primary amino group. In Example 6, the latent amino
group has been formed by reaction with 3-phenoxy

benzaldehyde, 1n Comparative Example 4, however, with
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isobutyraldehyde. Therefore, the sealing composition of
Comparative Example 4 shows some disadvantages. Its storage
stability is very bad. Already after a view days at room
temperature, the sealing composition 1s no longer extrudable.
Furthermore, 1t has a very intensive and unpleasant smell
until the material is cured and the liberated aldehyde has
entirely evaporated. Accordingly, 1t shows during the curing
time (4 weeks at 40°C) a loss of weight of 0.9 %, about
corresponding to the amount of isobutyraldehyde, that has
been liberated. The sealing composition of Example 6,
however, provides good storage stability, and the material

cures without smell emission and without loss of weight.

While there are shown and described presently
preferred embodiments of the invention, it 1s to be
distinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and practiced

within the scope of the following claims.
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Patent Claims

1. Humidity curing one-component polyurethane

composition comprising a prepolymer represented by the

following formula (I)
(NCO)m A (B)q (L),

in which A represents an (m+n)-valent radical as

1t is formed by the removal of (m+n) isocyanate groups from a

(m+n) -valent polyurethane prepolymere, characterized in that

m is 1 or 2,

n 1s 1 or 2, and

B 1s a latent amino group, bonded to A by a urea
group bond, whereby B is defined by one of the following
formulas (II) or (III)

\N/U\N/D\N -~ (IT)
H F|3 E

|
(ITT)
O i
N /['L R
N N
H o

>
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whereby R represents an aliphatic hydrocarbon
radical with 1 to 8 C-atoms, a cycloaliphatic hydrocarbon
radical with 5 to 15 C-atoms, or a phenyl radical, or an
alkylphenyl radical with 7 to 15 C-atoms,

D represents a divalent aliphatic hydrocarbon
radical with 1 to 8 C-atoms, a divalent cycloaliphatic
hydrocarbon radical with 5 to 15 C-atoms, or a divalent
alkyvlphenyl radical with 7 to 15 C-atoms, or,

in the case of formula (II), R and D form
together with the nitrogen atom a five-membered or six-
membered ring, substituted by a hydrocarbon chain with 1 to
C-atoms, carrying the aldimine group, and

E represents a phenyl radical, an alkylphenyl
radical, an optionally substituted phenvyloxy radical or an

optionally substituted alkyloxy phenyl radical.

2. The polyurethane composition of claim 1,
wherein the radical E represents a phenoxy group in 3-

position.

3. The polyurethane composition of claim 1 or 2,
whereilin the (m+n)-valent polyurethane prepolymer radical 1is

formed by aromatic 1socyanate units.

4. The polyurethane composition of claim 1 or 2,
wherein the (m+n)-valent polyurethane prepolymer radical 1s

formed by aliphatic i1socyanate units.

5. The polyurethane composition of anyone of
claims 1 to 4, wherein the (m+n)-valent polyurethane

prepolymer radical comprises polyether polyol units.

08 -
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6. The polyurethane composition of anyone of

claims 1 to 4, wherein the (m+n)-valent polyurethane

prepolymer radical 1s formed by polyester polyol units.

7. The polyurethane composition of anyone of

claims 1 to 4, wherein the (m+n)-valent polvyurethane

prepolymer rest 1s formed by a mixture of polyether polyol
units and polyester polvol units.

8. The polyurethane composition of anyone of
claims 1 to 7, wherein the prepolymer has a mean molecular
weight in the range of 500 to 20’000 g/mole.

9. The polyurethane composition of anvyvone of

claims 1 to 8, that comprises an additional polyisocvanate

with two or more isocyanate groups.

10. The polyurethane composition of claim 9 which
comprises as further polyisocyanate, a polyisocyanate
selected from the group consisting of a diisocyanate monomer,
a diisocyanate oligomer or a polyurethane prepolymer with
lsocyanate end-groups, whereby the ratio of all isocvanate

groups to the latent amino groups is 1:1 to 1:0.2.

11. Use of a polyurethane composition of anvone
of claims 1 to 10 as sealing composition for joints, as

adhesive for elastic bonding or as coating for sealing areas.

12. A method for sealing joints, wherein a
polyurethane composition of anyone of claims 1 to 10 is

applied to the joint to be sealed.

13. A method for making an elastic bonding,

wherein a polyurethane composition of anyone of claims 1 to

29 -
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10 1is applied to at least one surface and then brought into

contact with the second surface.

14. A method for sealing areas by coating the
respective area with a polyurethane composition of anyone of

claims 1 to 10.
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