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CA 2868384

ABSTRACT

The present invention is directed to permanently alkaline neutralized aqueous
dispersions of polyurethane or polyurethane-acrylics dispersions that are Schiff base
cross-linkable and to the preparation of such dispersions. The invention also relates to
an aqueous coating composition obtained from the above process, in which
polyurethane A and/or vinyl polymer B is Schiff base crosslinkable under ambient

conditions, useful as decorative and/or protective coatings.
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PROCESS FOR PREPARING A SCHIFF BASE CROSSLINKABLE AQUEOUS
DISPERSION OF A POLYURETHANE

The present invention relates to the field of polyurethanes especially urethane-
acrylic based dispersions.

Urethane-acrylic (U-A) dispersions have good resistance to water, chemicals,
solvents and abrasion and so are commonly used in coating compositions such as decorative and
protective coatings.

To prepare stable aqueous urethane-acrylic dispersions, both the acrylic part and
the polyurethane (PU) part must be dispersed in water. This can be achieved in part by surfactants
and in part by incorporating suitable groups such as ionic or non-ionic hydrophilic groups in the
polyurethane polymer either pendant to the polymer chain or in-chain. Such groups include anions
such as carboxylic, sulfonic, sulfate or phosphate groups that are typically incorporated into the PU
by reacting compounds containing reactive hydrogen and at least one suitable acid group (typically
a carboxylic acid) with polyisocyanate to form the polyurethane component of the urethane-acrylic
dispersion. It is undesirable that large amounts of acidic materials remain in the resultant
dispersion thus a substantial part (if not all) of the acid present must be neutralised in the final
product.

It is also desirable to reduce or eliminate the use of surfactants in an aqueous
coating dispersions as the use of large amount of surfactant increases the water sensitivity of the
coatings that are formed.

When simple inorganic bases (such as KOH) are added to neutralise anionic
polyurethane dispersions to neutralise acid groups therein, they are found unsatisfactory. In
general the viscosity of the polyurethane dispersion rises undesirably when strong inorganic bases
are added. To prevent the dispersion destabilising the polyurethane, it may be modified with large
amounts of hydrophilic groups such as polyethoxy groups. The resultant films and coatings
(whether the PU is modified or not) are also highly water sensitive (compared to PUD neutralised
by other agents) unless a further agent is added to cross-link the polyurethane. So other
neutralising agents are used to prepare commercially available PU dispersions, the most common
of which are volatile amines such as the tertiary amine triethyl amine (TEA). These materials are
readily available and evaporated from the final film.

However it is known that volatile amines also have various disadvantages. For
example they readily evaporate volatile organic compounds (VOC) during the film formation

causing unacceptable environmental pollution and/or poor
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indoor air quality when used indoors. The use of such materials may be more strictly
regulated in the future. Therefore it is desirable to find an alternative method of
providing stable aqueous urethane-acrylic dispersions and/or neutralising acidic
materials used during their preparation.

Various alternatives have been proposed to improve the stability of
aqueous urethane dispersions.

US 2968575 describes a PU latex dispersed in water using an
emulsifier.

US 4,501,852 describes stable aqueous dispersions of polyurethane-
ureas containing (i) 10-120 meq per 100 g of anionic groups chemically incorporated
therein and (ii) up to about 10% by weight of hydrophilic chains containing ethylene
oxide (EO) units. To counter the anionic groups the formulation contains a mixture of
volatile and non-volatile cations in an equivalent ratio from about 1:4 to 4:1. The
examples use as component (ii) a non-ionic polyether monoalcohol of n-butanaol,
ethylene oxide and propylene oxide (in a molar ratio 83:17) having an OH-number of
26. This component aids dispersion but increases water sensitivity. The examples also
use the undesirable NMP as a solvent.

US 4,701,480 describes aqueous polyurethane-urea dispersions with
improved hydrolytic stability formed from an aqueous polyurethane-urea-dispersion
containing carboxylic acid groups neutralized with volatile organic bases which are then
converted to non-volatile cations by adding alkali metal salts of organic or inorganic
acids in an amount sufficient to displace at least a portion of the volatile organic bases.
The volatile organic bases may be optionally removed by distillation under reduced
pressure. All the examples contain NMP and distillation is undesirable because it uses
large amounts of energy and may cause excessive foaming (as described in US
2010/0099967 in comparative example XV1).

US 2006-0229409 describes polyurethane dispersions made from
TMXDI with a special embodiment on page 9 where the use of metal hydroxides is
mentioned. This is not exemplified in the examples nor is TMXDI a suitable
diisocyanate for use in coatings (it is too soft).

US 2010-0098867 (Costa) describes a method of making agueous
dispersions of carboxylated anionic polyurethanes that are free of volatile amines and
do not contain any polyoxyethylene or polyoxypropylene side chains. First a
prepolymer (containing 2-10% by weight of isocyanate groups and 10-100 meq of

carboxylic groups) is prepared by reacting: a polyol with a carboxylic acid group; a non-
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ionic palyol, and a (cyclo)aliphatic polyisocyanate. The prepolymer is dispersed in an
agueous solution of an alkaline metal hydroxide and then the prepolymer is chain
extended with a polyamine.

EP1153051 describes aqueous dispersions of anionic polyurethanes
with pendant carboxylic acid groups that are neutralised with a reactive volatile amine
compound (tertiary amino functional acrylic monomer (DMAEMA)) that is subsequently
incorporated in the polymer backbone by radical polymerization. Unreacted free
monomer remains in the final product which thus still contains volatile amines. The
monomer may also contain impurities in the monomer and hydrolysis may generate the
undesirable side product dimethylethanol amine.

W093/24551 describes an aqueous polyurethane polymer dispersion
comprising the reaction product of: organic polyisocyanate; polyester polyol which
incorporate polymerized units derived from dimer acid; non-ionic and/or ionic
dispersing groups and at least one of the following polymerized units: cyclo-aliphatic
polyol of molecular weight (Mw) < 400; cyclo-aliphatic polyacid of MW < 400, aromatic
polyol MW < 500, aromatic diacid Mw < 500 and an active hydrogen chain extending
compound.

WO 2001-027179 (Stahl) describes an anionic polyurethane
dispersion which is neutralised by a tertiary amine functional urethane polymer or
oligomer. Although the polymeric material is less volatile than reagents such as TEA,
this method adds extra expense and complexity to preparation of the PU dispersion
and is not completely successful at removing all acidic groups.

Surprising the applicant has found a means to stabilise aqueous
dispersions of acrylate and anionic polyurethanes without the proceeding
disadvantages.

In particular the applicant has found that adding an alkali metal
neutralising agent at an early stage in the process reduces or avoids some or all of the
preceding problems with the prior art.

Therefore broadly the invention comprises a process for preparing an
aqueous dispersion of a polyurethane [A], the process comprising the steps of:

(a) reacting components one and three (and two and four where present) to form
an acidic isocyanate terminated prepolymer that comprises anionic or
potentially anionic functional groups thereon; where:
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(1) component one comprises 10 to 80% by weight of at least one
polyisocyanate optionally containing at least one anionic or potentially
anionic dispersing group;

(2) optional component two comprises up to 15% by weight of at least one
isocyanate-reactive polyol containing at least one anionic or potentially
anionic dispersing group;

(3) component three comprises 15 to 85% by weight of at least one
isocyanate reactive polyol other than component two if present, and
having a weight average molecular weight greater than or equal to 500
Daltons, optionally containing at least one anionic or potentially anionic
dispersing group; and

(4) optional component four comprises up to 20% by weight of at least one
isocyanate reactive polyol other than component three and two if present
and having a weight average molecular weight less than 500 Daltons;

where if component two is not present component one ar three contains at least one

anionic or potentially anionic dispersing group;

where the amounts of components one to four are expressed as a weight

percentage calculated from the total amount of the above components (i.e. one and

three and optional two and/or four where present) being 100%; and

where the mixture used in step (a) is substantially free of volatile amines and N-alkyl

pyrrolidinones;

(b) adding to the reaction mixture from step (a) an alkali metal neutralising agent
in an amount from 0.05 to 6 parts by weight substantially to neutralise the
isocyanate terminated prepolymer obtained from step (a);

where the amount (in weight parts) of the alkali metal neutralising agent is

calculated based on the weight of alkali metal in the neutralising agent relative to the

total amount of components one to four in step (a) being equal to 100 parts; and

(c) reacting the neutralised prepolymer from step (b) with an active hydrogen
compound to extend the chain of the prepolymer to form an aqueous
dispersion of polyurethane A.

It will be seen that the sum of the amounts of ingredients given (a)

and (b) together will total greater than 100 parts by weight.

In the process of the invention any of components (1) (2) and/or (3)

(i.e. any of these by themselves or any combination) may comprise at least one anionic

or potentially anionic dispersing group. However it is preferred that the isocyanate
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component (1) does not contain an anionic or potentially anionic dispersing group but

instead at least one such group comprises the polyol component (2).

comprises:

(a)

step (a).

Therefore in one embodiment of the process of the invention, step (a)

reacting:

(1
(2)

3)

(4)

10 to 80% by weight of at least one polyisocyanate;
1 to 15% by weight of at least one isocyanate-reactive polyol containing
at least one anionic or potentially anionic dispersing group;
15 to 85% by weight of at least one isocyanate reactive polyol other than
(2), and having a weight average molecular weight > 500 Daltons
optionally comprising at least one anionic or potentially anionic
dispersing group; and
optionally up to 20% by weight of at least one isocyanate reactive polyol
other than (2) and (3) and having a weight average molecular weight <
500 Dalton; to form an acidic isocyanate terminated prepolymer that
comprises anionic or potentially anionic functional groups and which is
substantially free of volatile amines and N-alkyl pyrrolidinones (such as
TEA, NMP or NEP).

Preferably step (b) occurs during or substantially immediately after

Without being bound by any mechanism it is believed that in step (b)

the metal cation from the alkali metal neutralising agent forms a counterion for the

anionic group thereon (and/or anionic group formed from the potential anionic groups

thereon)

A further aspect of the invention provides a process for preparing an

aqueous coating composition comprising bringing into intimate admixture components
(i) and (ii):
10% to 95%, preferably 20% to 80%, more preferably 30% to 65% by weight

of a polyurethane dispersion A obtained and/or obtainable by the process of

(i)

(i

wherein

the invention as described herein; and
90% to 5%, preferably 80% to 20%, more preferably 70% to 35% by weight of

a vinyl polymer B optionally having a glass transition temperature > 15°C

(i) and {ii) add up to 100% and are calculated based on weight of solids (excluding the

water); and
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where the composition (and both components (i) and (ii)) are substantially free of
volatile amines and N-alkyl pyrrolidinones.

Preferably both components (i) and (ii) form different phases which
are present in the same particles.

Preferably in the process of the invention as described above the
polyurethane A and/or the vinyl polymer B are self cross-linkable, preferably Schiff
base cross-linkable, under ambient conditions. More preferably the polyurethane A
comprises a carbonyl group capable of undergoing Schiff base self-cross-linking.

A still further aspect of the invention provides an aqueous coating
composition obtained and/or obtainable by a process of the invention.

Use of Schiff base crosslinkers has been described to make
polyurethane foams. For example US4016113 describes use of certain aromatic or
Spiro diamine Schiff bases to cross-link PU foams. Schiff base crosslinking of PU
foams has also been described in US3321433, US3657192, US3890255, US3907721
and US3926867

However polyurethane foams are different from aqueous PU
dispersions and especially from urethane acrylate dispersions where Schiff base
crosslinking has not been used to improve stability. Surprisingly a Schiff base
crosslinking reaction still occurs at alkaline environment. This was because urethane
acrylic dispersions are typically alkaline but become acidic on drying (as amine
evaporates) and it was believed that a low pH (acidic conditions) were essential for self
crosslinking. In a system such as those of the present invention described herein
(which are permanently alkaline) Schiff base cross-linking would not be expected to
work.

For example see Journal of Applied Polymer Science Vol104 p3948
2007: ‘Acid condition is indispensable for the crosslinking reaction between diacetone
acrylamide and adipic acid dihydrazide. Acrylic acid is usually incorporated into
copolymer to give an acid condition to facilitate the crosslinking reaction.” (page 3948,
column 2 lines 26 to 33)

Also Journal Coat Technol. Res 5(3) p285 (2008) in the section
discussing the “Fundamentals of keto-hydrazide crosslinking” states: ‘Comparison of
the initial rates of the reactions under different pH conditions clearly shows that the
chemical reaction rate increases with decreasing pH, as illustrated in Fig. 4. We
conclude then that the reaction is acid catalysed.” (page 288, column 2, lines 27 to 31).

The section headed “Conclusions’ states: ‘Moreover, the crosslinking reaction is acid
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catalysed and the reaction rate increases as pH decreases.’ (page 296, column 1, lines
21t023)

It can be seen that there is a technical prejudice against using Schiff
base cross-linked acrylic polymers in non-acidic (neutralised) or alkaline systems. As it
is well known that PU dispersions are acidic must be neutralised (for the reasons
stated herein), Schiff base crosslinking has not been used in permanent alkaline
systems.

The applicant has found surprisingly that the urethane acrylic systems
when permanently alkaline neutralized can still be self cross-linked via a Schiff base
mechanism. In particular the applicant has found that these acidic aqueous PU
dispersions that are subsequently neutralised may contain Schiff base crosslinkable
urethane and/or vinyl polymers to produce urethane acrylic dispersions that reduce or
avoid some or all of the preceding problems with the prior art.

Therefore broadly the present invention provides an aqueous coating
composition comprising:

(i) 10 to 95% by weight of a Schiff base crosslinkable polyurethane A obtained by
the reaction of:
(a) an isocyanate terminated prepolymer formed from components one to
five comprising:

(1) 10 to 80 parts by weight of at least one polyisocyanate

(2) 1 to 15 parts by weight of at least one isocyanate-reactive polyol
containing at least one anionic or potentially anionic dispersing
group

(3) 15 to 84 parts by weight of at least one isocyanate reactive polyol
other than (2) of weight average molecular weight > 500 Daltons;
optionally containing at least one anionic or potentially anionic
dispersing group.

(4) optionally up to 20 parts by weight of at least one isocyanate
reactive polyol other than (2) or (3) of weight average molecular
weight < 500 Daltons

(5) 0.05 to 6 parts by weight of an alkali metal neutralising agent
(preferably whose cation acts as counterion of the anionic group of

(2)).
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where the amounts of (1), (2), (3), (4) and (5) are calculated as a weight parts
relative to the total amount of components (1) to (5) being 100 weight parts.
Component 3 and/or 4 contain Schiff base crosslinkable carbonyl groups

(b) an active hydrogen chain extending compound; and

90 to 5% by weight of a Schiff base cross-linkable carbonyl groups containing
vinyl polymer B wherein the weight % amounts of (i) and (ii) are calculated as
a percentage of the total amount of (i) and (ii) and these percentages add up
to 100%; and

where the composition is:

substantially free of volatile amines and N-alky! pyrrolidinones (preferably
solvent free); and

is neutralised with a metal neutralising agent and the composition comprises a
polyamine of polyhydrazide compound.

Alternatively, the present invention provides an aqueous coating

composition comprising:

()

10 to 95% by weight of a Schiff base crosslinkable polyurethane A obtained by

the reaction of:

(a) an isocyanate terminated prepolymer formed from components one to
five comprising:

(1) 10 to 80 parts by weight of at least one polyisocyanate

(2) 1 to 15 parts by weight of at least one isocyanate-reactive polyol
containing at least one anionic or potentially anionic dispersing
group

(3) 15 to 84 parts by weight of at least one isocyanate reactive polyol
other than (2) of weight average molecular weight > 500 Daltons;
optionally containing at least one anionic or potentially anionic
dispersing group.

(4) optionally up to 20 parts by weight of at least one isocyanate
reactive polyol other than (2) or (3) of weight average molecular
weight < 500 Daltons

(5) 0.05 to 6 parts by weight of an alkali metal neutralising agent
(preferably whose cation acts as counterion of the anionic group of

(2)).
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where the amounts of (1), (2), (3), (4) and (5) are calculated as a weight parts

relative to the total amount of components (1) to (5) being 100 weight parts.

Component 3 and/or 4 contain Schiff base crosslinkable carbonyl groups

an active hydrogen chain extending compound; and

(i) 90 to 5% by weight of a vinyl polymer B wherein the weight % amounts
of (i) and (i) are calculated as a percentage of the total amount of (i) and
(il) and these percentages add up to 100%; and

where the composition is:

substantially free of volatile amines and N-alkyl pyrrolidinones (preferably

solvent free); and

is neutralised with a metal neutralising agent and the composition comprises a

polyamine of polyhydrazide compound

Alternatively, the present invention provides an agueous coating

composition comprising:

(i)

10 to 95% by weight of a polyurethane [A] obtained by the reaction of:
(a) an isocyanate terminated prepolymer formed from components one to
five comprising:

(1) 10 to 80 parts by weight of at least one polyisocyanate

(2) 1 to 15 parts by weight of at least one isocyanate-reactive polyol
containing at least one anionic or potentially anionic dispersing
group

(3) 15to 84 parts by weight of at least one isocyanate reactive polyol
other than (2) of weight average molecular weight > 500 Daltons;
optionally containing at least one anionic or potentially anionic
dispersing group.

(4) optionally up to 20 parts by weight of at least one isocyanate
reactive polyol other than (2) or (3) of weight average molecular
weight < 500 Daltons

(5) 0.05 to 6 parts by weight of an alkali metal neutralising agent
(preferably whose cation acts as counterion of the anionic group of
(2)).

where the amounts of (1), (2), (3), (4) and (5) are calculated as a weight parts
relative to the total amount of components (1) to (5) being 100 weight parts.

(b) an active hydrogen chain extending compound; and
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(i) 90 to 5% by weight of a Schiff base crosslinkable carbonyl groups

containing vinyl polymer B wherein the weight % amounts of (i) and (ii) are

calculated as a percentage of the total amount of (i) and (ii) and these

percentages add up to 100%; and

where the composition is:

substantially free of volatile amines and N-alkyl pyrrolidinones (preferably
solvent free); and

is neutralised with a metal neutralising agent and the composition comprises a

polyamine of polyhydrazide compound.

Another aspect of the invention provides an aqueous coating as
claimed immediately above, in which polyurethane A and/or vinyl polymer B is Schiff
base cross-linkable under ambient conditions.

The following components may preferably be present in the following
amounts by weight given as parts by weight or percentages by weight of the total
amount of components (1) to (5) where present.

Preferably component (1) (the polyisocyanate) is present in an amount
from 15 to 70, more preferably from 20 to 60, most preferably 25 to 50 by weight.

Preferably component (2) (the anioinic isocyanate-reactive polyol) is
present in an amount from 2 to 12, more preferably from 3 to 10, most preferably 4
to 7 by weight.

Preferably component (3) (the high (>500D) mw isocyanate-reactive
polyol) is present in an amount from 20 to 80, more preferably from 25 to 75, most
preferably 30 to 60 by weight.

Preferably optional component (4) (the low (<500D) mw isocyanate-

reactive polyol) is present in an amount from 0.5 to 20, more preferably from 1 to 15,
most preferably 2 to 10 by weight.

Preferably optional component (5) (the alkali metal neutralising agent) is
present in an amount from 0.1 to 6, more preferably from 0.2 to 5, most preferably 0.5
to 4 by weight.

The present specification discloses and claims a process for preparing

CA 2868384 2019-11-29
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a Schiff base crosslinkable aqueous dispersion of a polyurethane A, wherein the
process comprises the steps of: (a) reacting the following components to form an
acidic isocyanate terminated prepolymer that comprises anionic or potentially anionic
functional groups thereon; wherein: (1) component one comprises 10 to 80% by
weight of at least one polyisocyanate optionally containing at least one anionic or
potentially anionic dispersing group; (2) optional component two comprises up to 15%
by weight of at least one isocyanate-reactive polyol containing at least one anionic or
potentially anionic dispersing group; (3) component three comprises 15 to 85% by
weight of at least one isocyanate reactive polyol other than component two if present,
and having a weight average molecular weight greater than or equal to 500 Daltons
optionally containing at least one anionic or potentially anionic dispersing group; and
(4) optional component four comprises up to 20% by weight of at least one
isocyanate reactive polyol other than component three and two if present and having
a weight average molecular weight less than 500 Daltons; wherein if component two
is not present then component one or component three comprise at least one anionic
or potentially anionic dispersing group; and wherein the amounts of components one
to four are expressed as a weight percentage calculated from the total amount of the
above components being 100%; and wherein the mixture used in step (a) is free of
volatile amines and N-alkyl pyrrolidinones; (b) adding to the reaction mixture from
step (a) an alkali metal neutralising agent selected from the group consisting of
sodium hydroxide, potassium hydroxide, lithium hydroxide and mixtures thereof in an
amount from 0.05 to 6 parts by weight to neutralise the isocyanate terminated
prepolymer obtained from step (a); where the amount (in weight parts) of the alkali
metal neutralising agent is calculated based on the weight of alkali metal in the
neutralising agent relative to the total amount of components one to four in step (a)
being equal to 100 parts; and (c) reacting the neutralised prepolymer from step (b) in
an aqueous medium with an active hydrogen compound to extend the chain of the
prepolymer to form an aqueous dispersion of polyurethane A; and (d) adding a
polyhydrazide compound to the aqueous dispersion of polyurethane A to form the

Schiff base crosslinkable aqueous dispersion, wherein the Schiff base crosslinkable

CA 2868384 2019-11-29
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aqueous dispersion optionally comprises a vinyl polymer B, and wherein in case the
Schiff base crosslinkable aqueous dispersion comprises a vinyl polymer B, the
polyurethane A comprises a carbonyl group which is Schiff base cross-linkable under
ambient conditions and/or the vinyl polymer B comprises a carbonyl group which is
Schiff base crosslinkable under ambient conditions, and in case the Schiff base
crosslinkable aqueous dispersion does not comprise a vinyl polymer B, the
polyurethane A comprises a carbonyl group which is Schiff base crosslinkable under
ambient conditions, and wherein an equivalent ratio of amine groups to carbonyl
groups that are Schiff base crosslinkable in the Schiff base crosslinkable aqueous
dispersion is 0.2:1 to 1.5:1.

The present specification also discloses and claims a process for
preparing an aqueous coating composition comprising a polyhydrazide compound,
wherein the process comprises bringing into admixture components (i) and (ii),
wherein (i) component (i) comprises 10% to 95% by weight of a Schiff base
crosslinkable aqueous dispersion of a polyurethane A; and (ii) component (ii)
comprises 90% to 5% by weight of a vinyl polymer B optionally with a glass transition
temperature > 15°C, where the weight % amounts of components (i) and (ii) are
calculated as a percentage of the total amount of (i) and (ii) and these percentages
add up to 100%; the Schiff base cross-linkable aqueous dispersion is obtained by a
process comprising the steps of: (a) reacting the following components to form an
acidic isocyanate terminated prepolymer that comprises anionic or potentially anionic
functional groups thereon; wherein: component one comprises 10 to 80% by weight
of at least one polyisocyanate optionally containing at least one anionic or potentially
anionic dispersing group; optional component two comprises up to 15% by weight of
at least one isocyanate-reactive polyol containing at least one anionic or potentially
anionic dispersing group; component three comprises 15 to 85% by weight of at least
one isocyanate reactive polyol other than component two if present, and having a
weight average molecular weight greater than or equal to 500 Daltons optionally
containing at least one anionic or potentially anionic dispersing group; and optional

component four comprises up to 20% by weight of at least one isocyanate reactive

CA 2868384 2019-11-29
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polyol other than component three and component two if present and having a weight
average molecular weight less than 500 Daltons; wherein if component two is not
present then component one or component three comprise at least one anionic or
potentially anionic dispersing group; and wherein the amounts of components one to
four are expressed as a weight percentage calculated from the total amount of the
components being 100%; and wherein the mixture used in step (a) is free of volatile
amines and N-alkyl pyrrolidinones; (b) adding to the reaction mixture from step (a) an
alkali metal neutralising agent selected from the group consisting of sodium
hydroxide, potassium hydroxide, lithium hydroxide and mixtures thereof in an amount
from 0.05 to 6 parts by weight to neutralize the isocyanate terminated prepolymer
obtained from step (a); where the amount (in weight parts) of the alkali metal
neutralising agent is calculated based on the weight of alkali metal in the neutralising
agent relative to the total amount of components one to four in step (a) being equal to
100 parts; (c) reacting the neutralised prepolymer from step (b) in an aqueous
medium with an active hydrogen compound to extend the chain of the prepolymer to
form an aqueous dispersion of polyurethane A, and (d) adding a polyhydrazide
compound to the aqueous dispersion of polyurethane A, and wherein the
polyurethane A comprises a carbonyl group which is Schiff base cross-linkable under
ambient conditions and/or the vinyl polymer B comprises a carbonyl group which is
Schiff base cross-linkable under ambient conditions, and wherein an equivalent ratio
of amine groups to carbonyl groups that are Schiff base crosslinkable in the Schiff
base crosslinkable aqueous dispersion is 0.2:1 to 1.5:1.

The present specification also discloses and claims an aqueous coating
composition comprising: (i) 10 to 95% by weight of a polyurethane A obtained by the
reaction of: (a) an isocyanate terminated prepolymer formed from components one to
five comprising: (1) 10 to 80 parts by weight of at least one polyisocyanate; (2) 1 to
15 parts by weight of at least one isocyanate-reactive polyol containing at least one
anionic or potentially anionic dispersing group; (3) 15 to 84 parts by weight of at least
one isocyanate reactive polyol other than (2) of weight average molecular weight

> 500 Daltons; (4) optionally up to 20 parts by weight of at least one isocyanate

Date Regue/Date Received 2020-05-25
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reactive polyol other than (2) or (3) of weight average molecular weight < 500
Daltons; and (5) 0.05 to 6 parts by weight of an alkali metal neutralising agent
selected from the group consisting of sodium hydroxide, potassium hydroxide, lithium
hydroxide and mixtures thereof, where the amounts of components (1), (2), (3), (4)
and (5) are calculated as a weight parts relative to the total amount of components
(1) to (5) being 100 weight parts, (b) an active hydrogen chain extending compound;
and (ii) 90 to 5% by weight of a vinyl polymer B wherein the weight % amounts of (i)
and (ii) are calculated as a percentage of the total amount of (i) and (ii) and these
percentages add up to 100%; and (iii) a polyhydrazide compound, and wherein the
polyurethane A comprises a carbonyl group which is Schiff base crosslinkable under
ambient conditions and/or the vinyl polymer B comprises a carbonyl group which is
Schiff base crosslinkable under ambient conditions, and where the composition is
free of volatile amines and N-alky! pyrrolidinones.

The term "alkali metal neutralising agent" denotes an alkali metal
compound, preferably an alkali metal salt, that is sufficiently basic under the
conditions (under which the polyurethane dispersion is prepared) to neutralise the
acidic groups on the polymer. Without wishing to be bound by any mechanism it is
believed that ions from the alkali metal neutralising agent act as counter ions to ionic

groups formed from

CA 2868384 2019-11-29
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acidic groups on the polymer. Preferred alkali metal salts comprise cations such as potassium,
sodium and/or lithium with sodium being more preferred. Preferred alkali metals salt comprise
anions such as carbonate, bicarbonate, hydroxide and/or hydride, with hydroxide being more
preferred. The most preferred alkali metal neutralising agents are sodium and/or potassium
hydroxide.

The polyurethane dispersions of the invention may (unless indicated otherwise
herein) be prepared conventionally using conventional polyols and isocyanates.

For example the polyisocyanate used in the present invention as component one
may be selected from those described in W02007-006586 as polyisocyanate component (i) (see
from page 7, line 33 to page 8, line 20).

For example the NCO-reactive polyols used in the present invention as
components two, three and four (subject to the other requirements for these components specified
herein) may be selected from those described in W02007- 006586 as components (ii), (iii) and/or
(iv) (see from page 8, line 30 to page 9, line 24).

The term "ambient self cross-linkable" denotes a polymer that under ambient
conditions will form covalent bonds between different functional groups on different polymer chains
to form cross links without the addition of additional separate crosslinker. Preferred self cross-
linking urethane-acrylic polymers are those that bear both carbonyl functional groups and carbonyl
reactive amine and/or hydrazine functional groups to impart crosslinkability to the urethane-acrylic
polymer. Preferably either polyurethane [A] or vinyl polymer [B] are capable of self cross-linking by
a Schiff base reaction under ambient conditions (also known as Schiff base cross-linking).
Alternatively both polyurethane A and vinyl polymer B are capable of self-crosslinking by Schiff
base reaction under ambient conditions.

Without wishing to be bound by any mechanism it is believed that in Schiff base
crosslinking the carbonyl and (C=0 reactive) amine / hydrazine groups react together in a Schiff
base reaction to link the polymer chains. The carbonyl groups may be incorporated into the vinyl
polymer by the free-radical addition polymerisation of at least one carbonyl-containing mono-
ethylenically unsaturated monomer (e.g. diacetone diacrylamide (DAAM). The carbonyl reactive
amine and/or hydrazide groups may be introduced by addition of polyamine and/or polyhydrazide

compounds (e.g.

CA 2868384 2019-04-26
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adipic acid dihydrazide) Similarly a carbonyl functional component (3) can be used to
incorporate Schiff base reactable groups in the polyurethane.

Component one comprises a polyisocyanate. Suitable
polyisocyanates may comprise aliphatic, cycloaliphatic, araliphatic, aromatic and/or
polyisocyanates modified by the introduction of urethane, allophanate, urea, biuret,
carbodiimide, uretonimine, urethdione or isocyanurate residues. Examples of suitable
polyisocyanates include ethylene diisocyanate, 1,6-hexamethylene diisocyanate,
isophorone diisocyanate, cyclohexane-1, 4-diisocyanate, 4,4’-dicyclohexylmethane
diisocyanate, p-xylylene diisocyanate, a,o’-tetramethylxylene diisocyanate, 1,4-
phenylene diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, 4,4’-
diphenylmethane diisocyanate, polymethylene polyphenyl polyisocyanates, 2,4'-
diphenylmethane diisocyanate, 3(4)-isocyanatomethyl-1-methyl cyclohexyl isocyanate,
1,5-naphthylene diisocyanate and mixtures thereof. Preferred polyisocyanates are
isophorone diisocyanate, 4,4’-dicyclohexylmethane diisocyanate, toluenediisocyanate
and 4,4’-diphenylmethane diisocyanate.

Components two, three and four comprises various polyols as defined
herein. Suitable polyols may comprise propylene glycols, poly(propylene
oxide/ethylene oxide) copolymers, polytetrahydrofuran, polybutadiene, hydrogenated
polybutadiene, poysiloxane, polyamide polyesters, isocyanate-reactive polyoxyethylene
compounds, polyester, polyether, polyether ester, polycaprolactone, polythioether,
polycarbonate, polyethercarbonate, polyacetal and polyolefin polyols.

Preferably component two comprises a polyol with an anionic or
potential anionic dispersing group thereon.

Preferred anionic dispersing groups are carboxylic, phosphate,
phosphonate or sulfonic acid groups. Preferred potentially anionic dispersing groups
are precursors for the anionic dispersing groups described herein, i.e. groups which
under the conditions of step (a) will transform into the anionic dispersing groups. Most
preferred anionic dispersing groups are carboxylic or sulfonic acid groups. Conversion
to the salt form is achieved by neutralisation of anionic groups with an alkali metal
neutralising agent during step (a).

Component three comprises a isocyanate reactive polyol with a
weight average molecular weight of greater than 500 daltons (high mw polyol).
Component four comprises a isocyanate reactive polyol with a weight average
molecular weight of less than 500 Daltons.
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In case of polyurethane A is Schiff base crosslinkable, preferably
component 3 contains carbonyl groups suitable for Schiff base crosslinking. The
carbonyl content of component 3 is 0.1-10 meq carbonyl/gr polyol, preferably 0.5-5
meq carbonyl/gr polyol, most preferably 1-3 meq carbonyl/gr polyol.

The presence of carbonyl (i.e. aldo or ketone) functional groups in the
examples of the present invention can be determined by any suitable known method
such as by means of °C resonances in "*C mnr spectrum. For ketones and aldehyde
carbonyl groups these generally appear from 190 to 210 ppm irrespective of the side-
chain substituents. These can be distinguished from carbon 13 resonances from other
C=0 groups such as in carboxylic acid derivatives (amides, esters, carboxylic acids,
acid chlorides etc.) which generally appear from 160 to 185 ppm. For example in one
suitable method the °C NMR spectra of a 200 mg sample in 600 microlitres of a carrier
medium of CDClI; and Chromium (lIl) acetylacetonate (also denoted as Cr(acac)s) may
be recorded. Alternatively the presence of carbonyl groups (i.e. aldo or ketone) in the
process of the invention can be determined from relevant ahsorption peaks in the infra-
red spectrum of the reaction mixture. From these or other known methods the amount
of unreacted carbonyl groups present in sample can be determined.

In case of polyvinyl polymer B is Schiff base crosslinkable, the vinyl
polymer contains carbonyl groups suitable for Schiff base crosslinking. Preferably the
vinyl polymer contains 0.1-20 wt% of a carbonyl functional monomer on total
monomers, more preferably 0.5-10 wt% of a carbonyl functional monomer on total
monomers, most preferably 1-5 wt% of a carbonyl functional monomer on total
monomers.

Preferably the equivalent ratio of amine groups to carbonyl groups is
0.2 to 1.5, more preferably 0.35 to 1.1, most preferably 0.6 t0 0.9.

In one embodiment of the invention it is preferred that the acrylic
urethane of the invention and/or prepared according to the process of the invention is
substantially free of any non-ionic functional polyols as it is believed that such
components may deteriorate water resistance.

In a still further embodiment of the invention it is preferred that the
polyurethane dispersions (PUD) and/or the urethane acrylics of or prepared in the
present invention are permanently basic (i.e. after neutralisation with the alkali metal
neutralising agent), preferably exhibiting a pH of > 8. Although PUDs and urethane
acrylic coatings with a high pH were thought to be undesirable, the applicant has

surprisingly found that they may solve some or all of the problems identified herein.
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Optionally additional surfactant may be added to facilitate dispersing
the urethane however this is not preferred as it has a detrimental effect on the water
resistance.

In the present invention it is preferred that the neutralising agent is
added to the prepolymer as by pre-neutralizing the prepolymer urethanes with lower
acid values can be synthesized which have improved water resistance. More preferably
the neutralizing agent is added as aqueous solution.

Preferred compositions of the invention have low acid values (AV),
more preferably the AV of the total composition is from 1 to 40 mg KOH / g, more
preferably 2-20 mg KOH/g, most preferably 3-15 mg KOH/g.

Without wishing to be bound by any mechanism it is believed that
(alkali) metal ion neutralized urethane-acrylic based dispersions contain sufficient
ambient self crosslinkable groups to compensate for the deteriorated chemical stain
resistances, specifically water resistance and optionally may also be made without a tin
catalyst so the compasition may be tin free. Such urethane acrylic dispersions may be
advantageously used as coatings for surfaces such as floors.

The PUD and urethanes of and/or used in the present invention are
cross-linked (preferably at ambient temperature under standard conditions) by a Schiff
base mechanism which means that crosslinking takes place by the reaction of a
carbonyl functional group(s) (as defined herein) with a carbonyl-reactive amine and/or
hydrazine (or blocked amine and/or blocked hydrazine) functional group. In this context
“carbonyl functional group’ means an aldo or keto group and includes enolic carbonyl
groups such as found in acetoacetyl groups. Suitable carbonyl-reactive compounds
may comprise Schiff bases (or precursors therefor) which are compounds comprising
at least one functional group with a carbon-nitrogen double bond where the nitrogen
atom is connected to an aryl and/or alkyl group (and not hydrogen), such as stable
imines for example compounds having the general formula RR”C=NR" where R’, R”
and R™ are independently organic moieties. Useful Schiff bases comprise azomethine
and secondary aldimines (azomethines where the carbon is connected to a hydrogen
atom, i.e. of general formula R’'CH=NR") and/or Schiff bases derived from aniline,
where R” is a phenyl or a substituted phenyl such compounds also referred to as anils.
Schiff base precursors denote any suitable compounds which under the reaction
conditions described herein transform or react to form a Schiff base which is capable of
undergoing Schiff base crosslinking as defined herein. Examples of carbonyl-reactive

amine (or blocked amine) functional groups include any of the following compounds or
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groups: R-NH;, R-O-NH,, R-O-N=C<, R-NH-C(=0)-0O-N=C< and/or R-NH-C(=0)-O-
NH; where R is optionally substituted C; to Cs, preferably C, to Cyo alkylene, optionally
substituted alicyclic, optionally substituted aryl, and/or R may also be part of a polymer.
Examples of carbonyl-reactive hydrazine (or blocked hydrazine) compounds or groups
include R-NH-NH,, R-C(=0)-NH-NH,, R-C(=0)-NH-N=C<, R-NH-C(=0)-NH-NH, and/or
R-NH-C(=0)-NH-N=C< where R is as described above.

Many other variations embodiments of the invention will be apparent
to those skilled in the art and such variations are contemplated within the broad scope
of the present invention.

Further aspects of the invention and preferred features thereof are

given in the claims herein.

Examples
The present invention will now be described in detail with reference to

the following non limiting examples which is by way of illustration only.

Abbreviations:
DMPA = dimethylolpropionic acid
MMA = methyl methacrylate
n-BA = n-butylacrylate
BMA = butyl methacrylate
EDTA = ethylenediamine tetraacetic acid

Viscosity was determined with a Brookfield DV-I viscometer (spindle
S61, 60 rpm, 23°C)

Particle size distribution was measured on a Particle Size Distribution
Analyser (PSDA) from Polymer Laboratories. Samples are diluted until a concentration
of approximately 0,05%. Samples are filtered over 2 micron filtered and measured on
Cartridge Type 2 (20nm to 1500nm).

Reagents and materials:

- PL-PSDA Eluent concentrate: 0.04% Sodium azide solution (Polymer Laboratories
part no. 0850- 2000, 4x 100ml)

- PL-PSDA Marker: 0.02 g 3-nitrobenzene sulfonic acid in 250ml Ulira pure water.

- Standards: Latex Particle Size Standards from 2-1000 nm; KSTN0026, KSTN 0027,
KSTN0028 and KSTNO0O33 t/m KSTN0O039



10

15

20

25

30

CA2868384
-16 -

- Ultra pure demineralized water or HPLC grade water.
- Syringe filters: regenerated cellulose, 0.45um membrane, Spartac Millex-AP™ 20 pre filter 25
MM, 2.0um membrane, Millipore.

For determining the particie size value, the median diameter is mentioned in the
examples. When a broad particle size distribution is found, the diameter at peak value is

mentioned.

Comparative Example Comp A (reproduced from example Xl of US 2010/009867 (Da Costa))

A reaction vessel, equipped with internal thermometer, stirrer and cooler, was filled,

under nitrogen atmosphere and at room temperature, with 442.6 g of polypropylene ether glycol
(having molecular weight 2,000 g/mol), 30.9 g of DMPA and 50.0 g of N-methylpyrrolidone. The
mixture was heated to 40 °C and stirred for 30 minutes. 213.2 g Desmodur W (available from
Bayer) was added under stirring to the homogeneous mixture which was then heated to 60°C for
30 minutes. The reaction temperature was brought to 100°C and maintained for 2 hours, until the
titrimetric determination of the free NCO groups still present gave a calculated value of 4.12% by
weight. 650 g of the obtained prepolymer, cooled to 65°C, are dispersed in 10 minutes under
vigorous stirring into 1057.1 g of demineralised water cooled at 18°C and containing 10.84 g of
potassium hydroxide. Then 65.2 g of a 15.5% aqueous solution of hydrazine are added in 10
minutes and a maximum temperature of 34°C is reached during the extension step. After 30
minutes stirring, the NCO peak in the IR spectrum at 2240 cm’ is disappeared and 1 .780 g of
BYK® 346 are added. The resulting amine free (but N-methyl pyrrolidone containing) polyurethane
dispersion had a solids content of 34.3 wt %, a pH of 8.0 and a viscosity of 66 cps. The median

particle size was 170 nm.

Example 1
PEC-205 is a ketone-functional polyester polyol, available from DSM, which has a

hydroxyl value of 80 mg KOH/g and an acid value of < 1 mg KOH/g. The ketone functionality is 1.7
milliequivalents carbonyl groups per g polyol. A 2000 cm® flask equipped with a thermometer and
overhead stirrer was charged with 144.12 g of polyol PEC-205, 76.37 g polyTHF 650 (OH-value =
173.5 mg KOH/g), 231.18 g Desmodur™ W (available from Bayer), 29.64 g DMPA, 69.42 g MMA
and 0.11 g butylated hydroxytoluene. This mixture was heated to 50°C and tin octoate (0.20 g)

CA 2868384 2019-04-26
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was added. The reaction was allowed to exotherm to 90° C. After the exotherm was
complete the reaction was kept at 90° C for 2 hours. The isocyanate content of the
prepolymer was 6.54% (theoretical 6.72%). Then 540.0 g of the obtained prepolymer
was cooled to a temperature of 40°C and 191.41 g of a 5.68% KOH solution in
demineralized water was added under vigorous stirring. Subsequently 704.14 g of
demineralized water was added to the flask and the mixture was stirred until a
homogeneous dispersion was obtained. After that, 71.37 g of a 15.5% hydrazine
solution was added together with 34.0 g of water. The radical polymerization was
initiated by the addition of 0.48 g of tertiary butyl hydroperoxide in demineralized water,
0.011 g of iron(INEDTA and a subsequent feed addition of 17.0 g of a 1% solution of
isoascorbic acid in demineralized water, over a period of 10 minutes. Finally, 15.29 g of
adipic acid dihydrazide and 4.14 g of BYK®-346 were added. The batch was filtered
through a filter cloth to remove any coagulum formed during the reaction. The resulting
amine free polyurethane acrylic hybrid dispersion had a solids content of 35.7 wt %, a

pH of 7.5 and a viscosity of 36 cps. The median particle size was 47 nm.

Comparative Example Comp B

A 2000 cm® flask equipped with a thermometer and overhead stirrer
was charged with 99.66 g polypropylene glycol 1000 (OH-value = 112 mg KOH/qg),
137.82 g polypropylene glycol 2000 (OH-value = 56 mg KOH/g), 172.48 g Desmodur
W (available from Bayer), 21.58 g DMPA, 107.88 g MMA and 0.17 g butylated
hydroxytoluene. This mixture was heated to 50°C and tin octoate (0.11 g) was added.
The reaction was allowed to exotherm to 90° C. After the exotherm was complete the
reaction was kept at 90° C for 2 hours. The isocyanate content of the prepolymer was
4.99% (theoretical 5.12%).

528.23 g of the obtained prepolymer was cooled to a temperature of
40°C and 186.65 g of a 5.68% KOH solution in demineralized water was added under
vigorous stirring.

Subsequently 744.78 g of demineralized water was added to the flask
and the mixture was stirred until a homogeneous dispersion was obtained. After that,
53.19 g of a 15.5% hydrazine solution was added together with 17.6 g of water.

The radical polymerization was initiated by the addition of 0.74 g of
tertiary butyl hydroperoxide, 0.02 g of iron(IDEDTA and a subsequent feed addition of
26.4 g of a 1% solution of isoascorbic acid in demineralized water, over a period of 10

minutes.
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The batch was filtered through a filter cloth to remove any coagulum
formed during the reaction. The resulting amine free polyurethane acrylic hybrid
dispersion had a solids content of 34.3 wt %, a pH of 7.7 and a viscosity of 15 cps. The

median particle size was 59 nm.

Example 2
PEC-205 is a ketone-functional polyester polyol, available from DSM,

which has a hydroxyl value of 80 mg KOH/g and an acid value of < 1 mg KOH/g. The
ketone functionality is 1.7 milliequivalents carbonyl groups per g polyol.

A 2000 c¢cm® flask equipped with a thermometer and overhead stirrer
was charged with 237.48 g of polyol PEC-205, 172.48 g Desmodur W (available from
Bayer), 21.58 g DMPA, 107.88 g MMA and 0.17 g butylated hydroxytoluene. This
mixture was heated to 50°C and tin octoate (0.11 g) was added. The reaction was
allowed to exotherm to 90° C. After the exotherm was complete the reaction was kept
at 90° C for 2 hours. The isocyanate content of the prepolymer was 4.83% (theoretical
5.12%).

526.9 g of the obtained prepolymer was cooled to a temperature of
40°C and 186.17 g of a 5.68% KOH solution in demineralized water was added under
vigorous stirring.

Subsequently 742.9 g of demineralized water was added to the flask
and the mixture was stirred until a homogeneous dispersion was obtained. After that,
53.05 g of a 15.5% hydrazine solution was added together with 17.6 g of water.

The radical polymerization was initiated by the addition of 0.64 g of
tertiary butyl hydroperoxide, 0.02 g of iron(I)EDTA and a subsequent feed addition of
26.33 g of a 1% solution of isoascorbic acid in demineralized water, over a period of 10
minutes. Finally, 25.10 g of adipic acid dihydrazide was added.

The batch was filtered through a filter cloth to remove any coagulum
formed during the reaction. The resulting amine free polyurethane acrylic hybrid
dispersion had a solids content of 34.3 wt %, a pH of 7.3 and a viscosity of 1995 cps.

The median particle size was 56 nm.

Example 3
PEC-205 is a ketone-functional polyester polyol, available from DSM,

which has a hydroxyl value of 80 mg KOH/g and an acid value of < 1 mg KOH/g. The

ketone functionality is 1.7 milliequivalents carbonyl groups per g polyol. A 2000 cm®
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flask equipped with a thermometer and overhead stirrer was charged with 660.37 g of
polyol PEC-205, 479.63 g Desmodur W (available from Bayer), 60.0 g DMPA, 300.0 g
MMA and 0.30 g butylated hydroxytoluene. This mixture was heated to 50°C and tin
octoate (0.35 g) was added. The reaction was allowed to exotherm to 90° C. After the
exotherm was complete the reaction was kept at 90° C for 2 hours. The isocyanate
content of the prepolymer was 4.97% (theoretical 5.13%). Then 600.0 g of the obtained
prepolymer was cooled to a temperature of 40°C and 170.4 g of a 5.89% KOH solution
in demineralized water was added under vigorous stirring. Subsequently 891.0 g of
demineralized water was added to the flask and the mixture was stirred until a
homogeneous dispersion was obtained. After that, 65.96 g of a 15.5% hydrazine
solution was added together with 10.0 g of water. The radical polymerization was
initiated by the addition of 0.25 g of tertiary butyl hydroperoxide, 0.012 g of
iron(INEDTA and a subsequent feed addition of 14.4 g of a 2.5% solution of isoascorbic
acid in demineralized water, over a period of 10 minutes. The batch was mixed for 10
minutes at 45°C and subsequently was cooled tao 25°C. Then 476.0 g of this
urethane/acrylic hybrid dispersion was diluted with 150 g of demineralized water and
70.66 g of n-butyl acrylate and 29.44 g of methyl methacrylate were added to the
mixture, which was then stirred for one hour. After that, 0.3 g of tertiary butyl
hydroperoxide were added and a second radical polymerization of the (meth)acrylic
monomers was initiated by a feed addition of 12.0 g of a 1% solution of isoascorbic
acid in demineralized water, over a period of 10 minutes. After completion of the
reaction, 8.52 g of adipic acid dihydrazide and 25.6 g of demineralized water were
added. The batch was filtered through a filter cloth to remove any coagulum formed
during the reaction. The pH of the resultant composition was about 7. The resulting
amine free polyurethane acrylic hybrid dispersion had a solids content of 35 wt %. The
acid value of the dispersion is 10.5 mg KOH/ g solid resin. Urethane/acrylic ratio is
50/50 and theoretical value of the overall Tg of the acrylic phase is 0°C.

The resulting amine free polyurethane acrylic hybrid dispersion had a
solids content of 34.2 wt %, a pH of 6.9 and a viscosity of 10 cps. The median particle

size was 65 nm.

Example 4
A polyester polyol was synthesized from the following components:

Pripol 1009 (available from Croda, 49 wt%), adipic acid (12 wt%) and 1,4 cyclohexane
dimethanol (39 wt%). The polyester polyol had a hydroxyl value of 113 mg KOH/g and
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an acid value of 0.47 mg KOH/g. A 2000 cm® flask equipped with a thermometer and
overhead stirrer was charged with 324.87 g of this polyester polyol, 253.51 g
Desmodur W (available from Bayer), 21.0 g DMPA, 150.04 g MMA and 0.35 g
butylated hydroxytoluene. This mixture was heated to 50°C and tin octoate (0.35 g)
was added. The reaction was allowed to exotherm to 90° C. After the exotherm was
complete the reaction was kept at 90° C for 2 hours. The isocyanate content of the
prepolymer was 5.23% (theoretical 5.42%). Then 332.9 g of the obtained prepolymer
was cooled to a temperature of 40°C and 82.40 g of a 5.68% KOH solution in
demineralized water and 8.14 g of Antarox CA-630 were added under vigorous stirring.
Subsequently 521.7 g of demineralized water was added to the flask and the mixture
was stirred until a homogeneous dispersion was obtained. After that, 39.88 g of a
15.5% hydrazine solution was added together with 20.49 g of water. Subsequently 0.82
g of Tego foamex 805, 294.47 g of demineralized water, 54.2316 g of n-butyl acrylate,
127.19 g of methyl methacrylate and 23.46 g of butyl methacrylate were added and the
mixture was stirred for one hour. After that, 2.36 g of tertiary butyl hydroperoxide and
0.03 g of iron(INEDTA were added. The radical polymerization of the (meth)acrylic
monomers was initiated by a feed addition of 67.9 g of a 1% solution of isoascorbic
acid in demineralized water, over a period of 10 minutes. Then 400.0 g of this
dispersion was used for a next radical polymerization step. To this amount, 57.0 g of
demineralized water, 23.8 g of methyl methacrylate, 9.71 g of n-butyl acrylate and 1.04
g of diacetone acrylamide were added and the mixture was stirred for one hour. After
that, 0.104 g of tertiary butyl hydroperoxide and 0.004 g of iron(Il)EDTA were added.
The radical polymerization of the (meth)acrylic monomers was initiated by a feed
addition of 2.76 g of a 2 % solution of isoascorbic acid in demineralized water, over a
period of 10 minutes. Finally, 0.38 g of adipic acid dihydrazide were added to the
dispersion.

The batch was filtered through a filter cloth to remove any coagulum
formed during the reaction. The resulting amine free polyurethane acrylic hybrid

dispersion had a solids content of 34.8 wt %, a pH of 7.9 and a viscosity of 12 cps.

Example 5

PEC-205 is a ketone-functional polyester polyol, available from DSM,
which has a hydroxyl value of 80 mg KOH/g and an acid value of <1 mg KOH/g. The
ketone functionality is 1.7 milliequivalents carbonyl groups per g polyol. A 2000 cm?®

flask equipped with a thermometer and overhead stirrer was charged with 144.12 g of
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polyol PEC-205, 76.37 g polyTHF 650 (OH-value = 173.5 mg KOH/g), 231.18 g
Desmodur W (available from Bayer), 29.64 g DMPA, 69.42 g MMA and 0.11 g
butylated hydroxytoluene. This mixture was heated to 50°C and tin octoate (0.20 g)
was added. The reaction was allowed to exotherm to 90° C. After the exotherm was
complete the reaction was kept at 90° C for 2 hours. The isocyanate content of the
prepolymer was 6.54% (theoretical 6.72%). Then 540.0 g of the obtained prepolymer
was cooled to a temperature of 40°C and 191.41 g of a 5.68% KOH solution in
demineralized water was added under vigorous stirring. Subsequently 704.14 g of
demineralized water was added to the flask and the mixture was stirred until a
homogeneous dispersion was obtained. After that, 71.37 g of a 15.5% hydrazine
solution was added together with 34.0 g of water. The radical polymerization was
initiated by the addition of 0.48 g of tertiary butyl hydroperoxide in demineralized water,
0.011 g of of iron(I)EDTA and a subsequent feed addition of 17.0 g of a 1% solution of
isoascorbic acid in demineralized water, over a period of 10 minutes. Finally, 4.14 g of
BYK®-346 were added. 200.0 g of this dispersion was used for a next radical
polymerization step. To this amount, 153.3 g of demineralized water, 58.76 g of methyl
methacrylate, 23.96 g of n-butyl acrylate and 2.56 g of diacetone acrylamide were
added and the mixture was stirred for one hour. After that, 0.26 g of tertiary butyl
hydroperoxide and 0.008 g of iron(IDEDTA were added. The radical polymerization of
the (meth)acrylic monomers was initiated by a feed addition of 6.82 g of a 2 % solution
of isoascorbic acid in demineralized water, over a period of 10 minutes. Finally, 2.86 g
of adipic acid dihydrazide were added to the dispersion. The batch was filtered through
a filter cloth to remove any coagulum formed during the reaction. The resulting amine
free polyurethane acrylic hybrid dispersion had a solids content of 34.2 wt %, a pH of

7.8 and a viscosity of 19 cps..

Table 1: Formulations

Example | Coalescent BYK-346 | Film appearance
Comp A None None Good
Ex 1 10% Dowanol DPM 0.25% Good
Comp B 1% Dowanol DPnB 0.25% Good
Ex 2 10% Dowanol DPnB 0.25% Good
Ex 3 10% Dowanol DPnB 0.25% Good
Ex 4 12% Dowanol DPM 0.50% Good
Ex5 10% Dowanol DPM 0.25% Good
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Formulations were prepared by slow addition of the additives
(mentioned in the Table above) to the polyurethane dispersion, while stirring.

Stain Resistance

The examples, prepared and formulated as described above were
cast onto a Leneta test chart using a wire rod at a wet film thickness of 125 micron. The
cast films were then allowed to dry at room temperature for 1 hour, followed by ageing
of the coatings at 50°C for 16 hours. The coatings were allowed to cool to room
temperature for 1 hour.

The stain resistance of the coated cards towards the following stains
were then assessed: water, ethanol (48%), detergent (Andy, 50% solution), coffee, hot
pan. In all cases, a spot (1 cm?) of the respective stain was placed on the coating and
covered with a piece of filter paper and a watch glass. In case of the “hot pan test” a
small glass beaker filled with boiling hot water was placed on cold water on a test chart.
All mentioned spots were left for one hour; water, ethanol (48%) and detergent (50%)
were also tested for 16 hours. After these periods, the spot was gently wiped off with a
tissue and the film was assessed for its integrity. This was rated between 0 to 5, where
0 = film totally destroyed/strongly discoloured and 5 = film fully intact without any
defects/discolouration. The results for the clear coatings are shown in Tables 2A and
2B below.

Table 2A: Properties

Ex Hardnes | Resistances 1h
s W | E48% | A50% | C HP
A 36 1 0 1 2 0
1 121 5 4 5 4 5
B 68 2 1 2 2 2
2 85 5 4-5 5 4-5 |4
3 87 5 4 5 4-5 |[4-5
4 102 5 3-4 5 5 2
5 113 5 2 5 5 4-5
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Table 2B: Properties (continued)

Ex Resistances 16h Total
"|W | E48% | A50% | C score

A 0 0 1 1 6

1 5 0-1 4-5 2 35

B 2 0-1 3 1 15.5

2 5 4 5 34 405

3 5 5 5 2 40

4 5 3 4-5 5 38

5 5 1 4-5 4-5 |36.5

Hardness = KOnig hardness (seconds)
W = water
E48% = ethanol, 48% solution in demineralized water

A50% = Andy. 50% solution in demineralized water (detergent)

C = coffee
HP = hot pan

Total score = sum of all individual scores on stain resistances

PCT/EP2013/057455
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CLAIMS:

1. A process for preparing a Schiff base crosslinkable aqueous dispersion of a
polyurethane A, wherein the process comprises the steps of:

(a) reacting the following components to form an acidic isocyanate
terminated prepolymer that comprises anionic or potentially anionic
functional groups thereon; wherein:

(1) component one comprises 10 to 80% by weight of at least one
polyisocyanate optionally containing at least one anionic or
potentially anionic dispersing group;

(2) optional component two comprises up to 15% by weight of at least
one isocyanate-reactive polyol containing at least one anionic or
potentially anionic dispersing group;

(3) component three comprises 15 to 85% by weight of at least one
isocyanate reactive polyol other than component two if present,
and having a weight average molecular weight greater than or
equal to 500 Daltons optionally containing at least one anionic or
potentially anionic dispersing group; and

(4) optional component four comprises up to 20% by weight of at least
one isocyanate reactive polyol other than component three and
two if present and having a weight average molecular weight less
than 500 Daltons;

wherein if component two is not present then component one or component

three comprise at least one anionic or potentially anionic dispersing group;

and

wherein the amounts of components one to four are expressed as a weight

percentage calculated from the total amount of the above components being

100%; and

wherein the mixture used in step (a) is free of volatile amines and N-alkyl

pyrrolidinones;

Date Regue/Date Received 2020-05-25
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(b) adding to the reaction mixture from step (a) an alkali metal neutralising
agent selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide and mixtures thereof in an
amount from 0.05 to 6 parts by weight to neutralise the isocyanate
terminated prepolymer obtained from step (a);
where the amount (in weight parts) of the alkali metal neutralising agent
is calculated based on the weight of alkali metal in the neutralising
agent relative to the total amount of components one to four in step (a)
being equal to 100 parts; and

(c) reacting the neutralised prepolymer from step (b) in an aqueous
medium with an active hydrogen compound to extend the chain of the
prepolymer to form an aqueous dispersion of polyurethane A; and

(d) adding a polyhydrazide compound to the aqueous dispersion of
polyurethane A to form the Schiff base crosslinkable aqueous
dispersion, wherein

the Schiff base crosslinkable aqueous dispersion optionally comprises a vinyl
polymer B, and wherein

in case the Schiff base crosslinkable aqueous dispersion comprises a vinyl
polymer B, the polyurethane A comprises a carbonyl group which is
Schiff base cross-linkable under ambient conditions and/or the vinyl
polymer B comprises a carbonyl group which is Schiff base
crosslinkable under ambient conditions, and

in case the Schiff base crosslinkable aqueous dispersion does not comprise
a vinyl polymer B, the polyurethane A comprises a carbonyl group
which is Schiff base crosslinkable under ambient conditions,

and wherein an equivalent ratio of amine groups to carbonyl groups that are
Schiff base crosslinkable in the Schiff base crosslinkable aqueous

dispersion is 0.2:1 to 1.5:1.

Date Regue/Date Received 2020-05-25
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2. The process as claimed in claim 1, wherein component three contains
carbonyl groups suitable for Schiff base crosslinking in case the polyurethane

A is Schiff base cross-linkable.

3. The process as claimed in claim 1 or 2, in which either component one,
component two or component three comprises at least one anionic or

potentially anionic dispersing group.

4. The process as claimed in claim 1, 2 or 3, in which the Schiff base
crosslinkable aqueous dispersion comprises
(i) 10 to 95% by weight of the polyurethane A, whereby step (a) comprises
reacting:

(1) 10 to 80% by weight of at least one polyisocyanate;

(2) 1to 15% by weight of at least one isocyanate-reactive polyol
containing at least one anionic or potentially anionic dispersing
group;

(3) 15 to 85% by weight of at least one isocyanate reactive polyol
other than (2), and having a weight average molecular weight
> 500 Daltons; and

(4) optionally up to 20% by weight of at least one isocyanate reactive
polyol other than (2) and (3) and having a weight average
molecular weight < 500 Dalton;

to form an acidic isocyanate terminated prepolymer that comprises

anionic or potentially anionic functional groups and which is free of

volatile amines and N-alkyl pyrrolidinones; and
(i) 90 to 5% by weight of the vinyl polymer B wherein the weight %
amounts of (i) and (ii) are calculated as a percentage of the total
amount of (i) and (ii) and these percentages add up to 100%; and
where the Schiff base crosslinkable aqueous dispersion is free of volatile

amines and N-alkyl pyrrolidinones.

Date Regue/Date Received 2020-05-25
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The process as claimed in any one of claims 1 to 4, in which step (b) occurs

during or immediately after step (a).

A process for preparing an aqueous coating composition comprising a

polyhydrazide compound, wherein the process comprises bringing into

admixture components (i) and (ii), wherein

(i) component (i) comprises 10% to 95% by weight of a Schiff base
crosslinkable aqueous dispersion of a polyurethane A; and

(i) component (ii) comprises 90% to 5% by weight of a vinyl polymer B
optionally with a glass transition temperature > 15°C, where

the weight % amounts of components (i) and (ii) are calculated as a

percentage of the total amount of (i) and (ii) and these percentages add up

to 100%;

the Schiff base cross-linkable aqueous dispersion is obtained by a process

comprising the steps of:

reacting the following components to form an acidic isocyanate terminated

prepolymer that comprises anionic or potentially anionic functional groups

thereon; wherein:

component one comprises 10 to 80% by weight of at least one

polyisocyanate optionally containing at least one anionic or potentially anionic

dispersing group;

optional component two comprises up to 15% by weight of at least one

isocyanate-reactive polyol containing at least one anionic or potentially

anionic dispersing group;

component three comprises 15 to 85% by weight of at least one isocyanate

reactive polyol other than component two if present, and having a weight

average molecular weight greater than or equal to 500 Daltons optionally

containing at least one anionic or potentially anionic dispersing group; and

optional component four comprises up to 20% by weight of at least one

isocyanate reactive polyol other than component three and component two if

Date Regue/Date Received 2020-05-25
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present and having a weight average molecular weight less than

500 Daltons; wherein

if component two is not present then component one or component three
comprise at least one anionic or potentially anionic dispersing group; and
wherein

the amounts of components one to four are expressed as a weight
percentage calculated from the total amount of the components being 100%;
and wherein

the mixture used in step (a) is free of volatile amines and N-alkyl
pyrrolidinones;

adding to the reaction mixture from step (a) an alkali metal neutralising agent
selected from the group consisting of sodium hydroxide, potassium
hydroxide, lithium hydroxide and mixtures thereof in an amount from 0.05 to 6
parts by weight to neutralize the isocyanate terminated prepolymer obtained
from step (a);

where the amount (in weight parts) of the alkali metal neutralising agent is
calculated based on the weight of alkali metal in the neutralising agent
relative to the total amount of components one to four in step (a) being equal
to 100 parts;

reacting the neutralised prepolymer from step (b) in an aqueous medium with
an active hydrogen compound to extend the chain of the prepolymer to form
an aqueous dispersion of polyurethane A, and

adding a polyhydrazide compound to the aqueous dispersion of polyurethane
A, and wherein

the polyurethane A comprises a carbonyl group which is Schiff base cross-
linkable under ambient conditions and/or the vinyl polymer B comprises a
carbonyl group which is Schiff base cross-linkable under ambient conditions,
and wherein

an equivalent ratio of amine groups to carbonyl groups that are Schiff base
crosslinkable in the Schiff base crosslinkable aqueous dispersion is 0.2:1

to 1.5:1.

Date Regue/Date Received 2020-05-25
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An aqueous coating composition obtained by a process as claimed in

claim 6.

An aqueous coating composition comprising:
(i) 10 to 95% by weight of a polyurethane A obtained by the reaction of:
(a) an isocyanate terminated prepolymer formed from components
one to five comprising:

(1) 10 to 80 parts by weight of at least one polyisocyanate;

(2) 1 to 15 parts by weight of at least one isocyanate-reactive
polyol containing at least one anionic or potentially anionic
dispersing group;

(3) 15 to 84 parts by weight of at least one isocyanate reactive
polyol other than (2) of weight average molecular weight
> 500 Daltons;

(4) optionally up to 20 parts by weight of at least one isocyanate
reactive polyol other than (2) or (3) of weight average
molecular weight < 500 Daltons; and

(5) 0.05to 6 parts by weight of an alkali metal neutralising agent
selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide and mixtures thereof;

where the amounts of components (1), (2), (3), (4) and (5) are
calculated as a weight parts relative to the total amount of components
(1) to (5) being 100 weight parts,
(b) an active hydrogen chain extending compound; and
(i) 90 to 5% by weight of a vinyl polymer B wherein the weight % amounts
of (i) and (ii) are calculated as a percentage of the total amount of (i) and (ii)
and these percentages add up to 100%; and
(i) a polyhydrazide compound, and wherein
the polyurethane A comprises a carbonyl group which is Schiff base

crosslinkable under ambient conditions and/or the vinyl polymer B comprises

Date Regue/Date Received 2020-05-25
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a carbonyl group which is Schiff base crosslinkable under ambient conditions,
and

where the composition is free of volatile amines and N-alkyl pyrrolidinones.

9. An article and/or substrate coated by a composition as claimed in claim 7 or
8.
10. A method of coating an article and/or substrate comprising the steps of

() applying a coating composition as claimed in claim 7 or 8 to an article
and/or substrate, and

(I drying the coating thereon to obtain a coated article and/or substrate.

Date Regue/Date Received 2020-05-25
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