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A high solids content dendrimer polymer composition

. Technical Field
The  present invention relates to a polymer
composition having a high solids- content, methods of

preparing the same and uses thereof.

Background
Dendritic polymers (or “dendrimers”) have been used
in the field of manufaéturing protective coatings due to
its unique structure which leads to the formation of high
performance coatings. Protective coatings provide
protection for a surface from damage by the elements such
as Water, snow, ice, heat, dirt, smog, bird droppings,

chemical attacks and acid precipitation.

As dendritic polymers are polymers with
hyperbranched structures which can comprise a high number
of reactive functional groups exposed at the peripheral
edges of the hyperbranched dendrimer molecule, they are
considered as one of most promising resin systems to
provide films with high cross-1linking density and high

surface protection performance. Depending on the degree

~of branching, dendritic polymers may be classified into

first, second, third, fourth or even fifth generation
dendritic polymers. A first generation dendritic polymer
may theoretically have a total of eight peripheral
reactive functional groups, whereas a second generation
polymer will have theoretically sixteen peripheral
functional groups, and whereas a third generation polymer
will have theoretically thirty two Peripheral functional
groups and so forth. The total number of peripheral
functional groups per molecule is also referred to as the

peripheral functionality.
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The molecules of dendritic polymers mimic the
hydrodynamic volumes of spheres, and as such, they can be
used to provide coatings of high molecular weights whilst
maintaining relatively low viscosity. At the same time,
dendritic polymers provide coatings with high crosslink

density at the same time keep its flexibility.

Conventionally, protective coatings comprising
dendritic polymers are provided as organic solvent-based
coating systems due to the dendritic polymer’ s lack of
solubility in water. Such solvent-based systems provide
excellént abrasion resistance, fiexibility, adhesion, and
chemical resistance. However, due to the presence of
organic solvents which are volatile in nature, cQatings
pfepared from solvent-based systems will typically emit
an undesirably high level of volatile organic compounds
(“voc”). in many countries have driven coating
manufacturers to explore théu possibilities of coating

compositions having significantly reduced VOC emissions.

Further, another challenge for solvent-based
coatings 1is to improve the solid content. One way to
achieve this objective 1is to reduce the quantity of
organic solvents so as to increase solid substances to
obtain high solid coatings. However, lower solvent
content will increase viscosity and sacrifice paint

workability.

Additionally, dendritic polymers, especially high
generation dendritic polymers, such as Boltorn H30™ and
Boltorn H40™, are considered as a new class of
macromolecular compounds, and are used in high
performance coatings. However, these dendritic polymers
typically possess melting points above 60°C and require
dissolution in organic solvents. While wusing organic

solvents will improve the film forming properties for
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these dendritic polymer compositions, the trade-off is
that solvent-based coatings may display inferior pencil
hardness and chemical resistance if solvent is trapped in
the highly cross-linked cured film and cannot be removed.
The hazardous nature of organic solvents in a coating

composition also limits the area of applications.

Accordingly, there is a need to provide a polymer
composition that overcomes, or at least ameliorates, one
or more of the disadvantages described above. In
particular, it is an object of the present invention to
providé a polymer Composition thét is capable of forming
high performance coatings, with near-zero or zexro VOC
emissions and at the same time, display improved pencil
hérdness, chemical resistance relative to conventional

solvent-based coatings.

Summary

In a first aspect, there is provided a polymer
composition comprising: (i) one or more functionalized
dendritic polymers; and (ii) a reactive diluent that is
capable of being chemically coupled to the functional
groups of ‘the dendritic polymers, wherein when said
dendritic polymer is coupled to said reactive diluent in
the presence of a cross-linker, a polymerized solid is

formed at high concentrations in a liguid medium.

In one embodiment, the concentration of the

polymerized solid is at least 55% in the ligquid medium.

In one embodiment, the 1iquid medium may comprise an
organic solvent or an aqueous solvent. In another
embodiment, the polymer composition may be substantially

devoid of the liquid medium.

Advantageously, the presence of the reactive diluent

substantially reduces or completely negates the need for
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the wuse of an organic solvent, such as acetones,
dimethylformamides and/or the 1like, for dissolving the
dendritic polymers. As a result, the disclosed polymer
compositions can be advantageously used to'prepare high
guality polymer coatings having substantially reduced
volatile organic compounds (VOC) emissiohs. ~Even more
advantageously, the disclosed polymer compositions can be
used to prepare coatingsv having zero or near-zero VOC

emissions.

The disclosed coating composition may comprise
functional groups which are 'moisture—curable, heat-
curable, radiation-curable or curable by other methods
known in the art. In one -émbodiment, the disclosed
coating composition is moisture-curable or heat-curable.
Examples of a moisture-curable functional group include,
but are hot limited to, isocyanates or Dblocked
isocyanates. An example of a heat-curable functional
group includes, but is not limited to, carbodiimides. An
example of radiation-curable functional groups includes,
but is not limited to, acrylates.

Furthermore, when the disclosed polymer compositions
are used in thebpreparation of coating compositions, the
reactive diluent is capable of forming bonds with the
dendritic polymer, for instance through reactions with
suitable cross-linkers, to thereby form an integral
structure with the dendritic polymer backbone.
Advantageously, by becoming integrated into the dendritic

polymer backbone, the reactive diluent is substantially

prevented from evaporating out of the coating
composition, further reducing the VOC emission of
coatings prepared from the disclosed polymer
compositions.
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Further advantageously, as a consequence of
requiring 1little or no organic solvent in the polymer
composition, the disclosed compositions possess a
relatively high concentration of polymerized solids (or
“high solids content”) compared to conventional solvent-
based polymer compositions. A high solids content is
advantageous in that for a same thickness of coating
film, a lesser amount of such high solids content polymer
compositions is needed compared to polymer compositions
having a lower solids content, for providing comparable

coating properties.

In a second aspect, there is provided a method of

preparing a high solids, two-component (2K) coating
cbmposition, said method. comprising the steps of: (a)
providing a first compohent comprising: (i) one or more
functionalized dendritic pblymers; (ii) a reactive

diluent capable of being chemically coupled to the
functional groups of the dendritic polymers, wherein when
said dendritic polymer is <coupled to said reactive
diluent in the presence of a cross-linker, a polymerized
solid is formed at high concentrations in a 1liquid
medium; and (b) providing a second component comprising;
(i) one or more cross-linkers; (c) mixing said first and

second components to form said coating composition.

Advantageously, the disclosed method may be
performed without the use of an organic solvent or with
substantially reduced amounts of an organic solvent to
thereby form coatings with near-zero or zero VOC
emissions. Further advantagedusly, as the dendritic
polymers are miscible with the reactive diluent, the said
first component is stable for prolonged storage even in

the absence of solvent and may be mixed with cross-
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linkers just prior to applying the coating composition
onto a surface. ’ -

In a third aspect, there is provided a method of

preparing a high solids, single component (1K) coating

composition, said method X comprising the steps of:
providing a polymer composition comprising: (i) one or
more functionalized dendritic polymers; (ii). a reactive

diluent capable of being chemically coupled to the
functional groups of the dendritic polymers, wherein when
said dendritic polymer is coupled to said reactive
diluent in the presence of a cross—linker,'a polymerized
solid 1is formed at high ,ooncentrations in a 1liquid

medium, ; and (iii) one or more blocked cross-linkers.

Advantageously, the coating composition may be
curable upon the application of heat. In:one embodiment,
the 1K coating composition can be cured by heating the
coating composition to unblock the cross-linkers so that

they may react with the functional groups of the

- dendritic polymer to form a cross-linked network thereof.

Advantageously, the disclosed method of the third
aspect may be performed without the use of an ‘organic
solvent or with substantially reduced amounts of organic
solvent to thereby form coating compositions with

substantially reduced or zero VOC emissions.

In yet another aspect, there is provided a coating
composition comprising: (i) one or more functionalized
dendritic polymers; and (ii) a reactive diluent that is
capable of being chemically coupled to the functional
groups of the dendritic polymers, wherein when said
dendriticApolymer is coupled to said reactive diluent in
the presence of a cross-linker, a polymerized soiid is
formed at high concentrations in a liquid medium; and

(iil) one or more cross-linkers.
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In another aspect, there is provided the polymer
composition according to the first aspect for use in the
preparation of a single component (1K) coating

composition' wherein the dendritic polymer; reactive

diluent and cross-linker are in a single component.

In still another aspect, there 1is prdvided the
polymer composition according to the first aspect for use
in the preparation of a two-component (2K) coating
composition wherein the dendritic polymer and the
reactive diluent are in one component and a crosslinker

is in the other component.

Definitions

The following words and terms used herein shall have
the meanihg.indicated:

As used herein, the terms “organic solvent” or
“solvent” are used interchangeably throughout the presént
specification to refer to organic compounds capable of
dissolving substantially hydrophobic polymers. Exemplary

solvents may include but are not limited to non-polar and

aprotic solvents, such as, acetones, dichloromethane
(DCM), tetrahydrofuran (THF), ethyl acetate (EtOAc),
dimethylformamide (DMF), . acetonitrile, and dimethyl
sulfoxide (DMSO), butyl acetate (BA) and or mixtures
thereof. |

As used ‘herein, the term “solids content” is taken
to refer to the concentration of non-volatile material
(such as polymerized solids) contained in a polymer
composition. More particularly, the term refers to the
non-volatile material left behind after volatile
components such as a solvent (which serves as a carrier
or vehicle for the polymer composition) has been removed

from the polymer composition.
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As used herein, the term “high solids content” when

used to describe a polymer compésition,‘ refers to a

‘polymer composition that has at least a concentration of

55% of non-volatile material remaining after volatile
material in the polymer composition have been removed
from the composition.

The term “radiation-curable composition”, as used in
thebcontext of the present specification, shall be taken
to refer to a composition comprising a polymer having
functional groups capable of forming covalent bonds with
chain extenders, cross—iinkers or other poiymer molecules
upon exposure to electromagnetic radiation, including

ultra-violet (UV) radiation,_ to form a cross-linked

.polymer network.

The term “heat-curable composition”, as used in the
context of thevpresent specificatioh, shall be taken to
refer to a composition comprising a polymer having
functional groups capable of forming covalent bonds with
chain extenders, cross-linkers or other polymer molecules
upon application of heat, to form a cross-linked polymer
network.

The term “moisture-curable compoéition”, as used in
the context of the present specification, shall be taken
to refer to a composition comprising a poiymer having
functional groups capable of forming covalent bonds with
chain extenders, cross-linkers or other polymer molecules
in the presence of water or -OH containing compounds, to

form a cross-linked polymer network.

The word “substantially” does not exclude
“completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from

the definition of the invention.
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Unless specified. otherwise, the terms "comprising"
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated Vaiue, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
value. ‘ |

bThroughout this disclosure, certain embodiments may
be disclosed in a range format. It éhould be understood
that the description in range format fis merely for
convenience and brevity and should not be construed as an
inflexible 1limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have 'specifically disclosed all the
possible sub-ranges as well as individﬁal numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as ffom 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.

Disclosure of Optional Embodiments
Exemplary, non-limiting embodiments of a polymer
composition according to the first aspect will now be

disclosed.
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In one embodiment, the disclosed polymer composition
comprises an organic solvent. The organic solvent méy be
present in an amount of about 45% by weight, about 40% by
weight, about 35% by weight, about 30% byiweight, about
25% by weight, about 20% by weight, about 15% by weight,
about 10% by weight, or about 5% by weight or less. In a
preferred embodiment, the disclosed polymer composition

is substantially free of an organic solvent.

In one embodiment, the disclosed polymer composition
may have solids content of about 60% by weight or more,
about 65% by weight or more, aboﬁt 70% by weight or more,
about 75% by weight or moré, about 80% by weight or more,
about 85% by weight or more, about 90% by weight or more,
or about 95% by weight or more. In a preferred
embodiment, the solids content of the disclosed polymer

composition is about 100%.

The reactive diluent may have a relatively low
molecular weight compared to the dendritic polymer. In
one embodiment, the disclosed reactive diluent may be
selected from one or more compounds having an average
molecular weight of 1less than or equal to 500. In
another embodiment, the reactive diluent may have an
average molecular weight of less than 400. In yet another
embodiment, the disclosed reactive diluent may have an
average molecular weight of " 300 or lesser.' In vyet
another embodiment, the disclosed reactive diluent may

have an average molecular weight of 200 or lesser.

The reactive diluent may be selected to be a liquid
at room temperature. In one embodiment, the reactive
diluent is selected to have a melting point of lower than
20°C. In another embodiment, the reactive diluent is

selected to have a melting point of less than 10 °Cc. In

10
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still another embodiment, the reactive diluent is

selected to have a melting point of less than 0 °C.

Concurrently, the reactive diluent may also be
selected to have boiling points greater than 150°C.
Preferably, the reactive diluent has a boiling point of
greater than 200°C.ﬁ Even more preferably, the reacﬁive
diluent 1is selected to have a boiling point of greater
than 250°C. Advantageously, this may aid to prevent the
reactive diluent £from evaporating out of the polymer
composition during a post-processing step, such as heat
curing( of a coating prepafed from ‘the polymer

composition.

'The‘reactive diluent may also comprise one or more
distinct compounds, each compound having two or more
functional groups selected from the group consisting of:
hydroxyl functional group, amino functional group,
halogen functional group and carboxyl functional group.
In one embodiment, the reactive diluent may comprise two
or more hydroxyl functional group per molecule of

reactive diluent.

The reactive diluent may’ be selected from any
suitable class of cémpounds that are capable of being
miscible with the dendritic polymers. In one embodiment,
the reactive diluent may be selected from the group

consisting of: alcohols, carboxylic acids, halogenated

alkyls, halogenated olefins, amines, alkylamines,
alkenylamines, olefinic alcohol, cycloalkyl alcohol,
cycloalkenyl alcohol and mixtures thereof. In one

embodiment, the reactive diluent may be cycloalkyl
alcohol. 1In yet another embodiment, the reactive diluent
may be cycloalkyl diol. In a preferred embodiment, the
reactive diluent may be selected from 1,3-cyclohexane

dimethanol and/or 1,4-cyclohexane dimethanol.

11
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The disclosed polymer composition may be in solution
form, wherein the solution comprises the dendritic
polymers in admixture with the reactive diluent. In one
embodiment, the weight ratio of the dendritic polymers to

the reactive diluent is from about 1:50 to about 1:2. 1In

- one embodiment, the weight ratio of the dendritic polymer

to reactive diluent may be about 1:40, about 1:35, about
1:30, about 1:25, about 1:20, about 1:15, about 1:10,
about 1:9, about 1:8, about 1:7, about 1:6, about 1:5,
1:4 or about 1:3.

Ih the disclosed polymer éomposition; the one or
more dendritic polymers may be hydroxyl functional
dendritic polymers. The hydroxyl functional dendritic
polymers may' have a theoretical number of ‘about l6 to
about 128 peripheral hydroxyl functional groups per
molecule of>dendritic polymer. In one embodiment, the
hydroxyl functional dendritic polymers are selected to
have an average of about 20 to about 80 peripheral
hydroxyl functional groups per molecule of dendritic
polymer. In one embodiment, the dendritic polymers may
have an average theoretical number of 64 hydroxyl groups

per molecule of dendritic polymer.

The disclosed polymer <composition may further
comprise one or more cross-linkers. Any cross-linker
compound comprising a functional moiety capable of
reacting with the peripheral hydroxyl groups of the
dendrimer to form covalent bonds, may be used as a cross-

linker in the disclosed composition.

Exemplary cross-linkers may be selected £from, but

are not limited to, the group consisting of:
polyisocyanates, blocked polyisocyanates, melamine
formaldehyde resins, epoxy resins, carbodiimide

compounds, and aziridine-functional compounds.

12
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In one embodiment, the functional moiety may be an

aliphatic or aromatic isocyanate comprising the cross-

‘linkable moiety (-N=C=0). In one embodiment, the cross-

linker may have a general formula R-N=C=0, wherein R may
be selected from substituted or non-substituted,
aliphatic or aromatic alkyls, alkenyls, aryls and the

like.

In another embodiment, the cross-linker may be a di-
isocyanate having a general formula O0=C=N-R;-R,-N=C=0,
wherein R; and R,, being same or different, may be
independently - selected from | substituted or non-
substituted, aliphatic or . aromatic, alkyls, alkenyls,

aryls and the like.

In one embodiment, the cross-linker is selected from

the group . consisting of: diphenylmethane 4,4r -
diisocyanate, methylenebis-4, 4’ -isocyanatocyclohexane,
1, 6-hexamethylene diisocyanate (HDT) , 1,4-cyclohexane

diisocyanate, p-phenylene diisocyanate/ triphenylmethane-
4,4" ,4'" ,-triioscyanate, methylene diphenyl diisocyanate
(MDI), toluene diisocyénate (TDI), tetramethylxylene
diisocyanate, isophorone diisocyanate (IPDI) and mixtures
thereof.'-It is preferred that the cross—linkers,are.high
order isocyanates compounds, having at least two, and
preferably at least three or four isocyanate moieties for

each cross-linker molecule.

The cross-linker may also be a blocked compound
wherein its cross-linkable moiety is chemically reacted
with a blocking agent to substantially prevent it from
reacting with the dendritic polymers. In one embodiment,
the cross-linker can be a blocked isocyanate selected
from the list disclosed above. The blocked isocyanate
may be used in 1K coating compositions wherein the cross-

linker 1is provided in admixture with the polymer

13
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composition and does not require a separate mixing step
prior to applying the composition as a coating onto a
surface. In one embodiment, the blocked isocyanate may

be freed for reaction via the application of heat.

For example, blocked isocyanates are not used in 2K
systems where the polymer composition and the cross-
linkers are in separate components and are respectively
mixed shortly before applying the resultant coating

composition as a coating onto a surface.

The cross-linker may also be selected from melamine
formaldehyde resins. In one embodiment, lthe melamine
formaldehyde resin is a hexamethoxymethyl-melamine
formaldehyde resin. In anothér' embodiment, the cross-
linker may be a melamine resin such as a methylated,

butylated melamine resin.

The disclosed polymer composition may  further
comprise an acrylate functional dendritic polymer. In
one embodiment, the polymer composition may comprise, in
admixture with at least one hydroxyl functional dendritic

polymer, an acrylate-functional dendritic pbiymer.

The  acrylate-functional dendritic polymer may
contain acrylate functional groups (CH2=CHCOQ—)'attached
to the peripheral surface of the acrylate-functional
dendritic polymer. -The acrylate—functional dendritic
polymer may have a theoretical amount of about 10 to
about 64 ©peripheral acrylate functional groups per
molecule of the acrylate-functional dendritic polymer.
In another embodiment, the theoretical amount of acrylate
functional groups is about 20, about 30, about 40 about
50, or about 60 per molecule ‘of acrylate-functional

dendrimer.

The acrylate-functional dendritic polymer may be

present in the disclosed polymer composition in an amount

14
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of at least 1% by weight or more based on the total
weight  of the polymer composition. In another
embodiment, the acrylate-functional dendritic polymer is
present in an amount of at least 10% by weight or more,
In another embodiment, the acrylate-functional dendritic
polymer is present in an amount of at least 20% by weight

or more.

In one empbodiment,  the acrylate-functional dendritic
polymers may be a hyperbranched polyester acrylate
dendrimer. Advantageously, the presence of the acrylate-
functional dendritic polymer makés it possible to perform
ultra-violet or electron beam (EB) curing of a coating

formed from the disclosed polymer composition.

The disclosed polymer composition may further
comprise one or more additive compounds selected from
ultra-violet (uv) photo-initiators, such as o=
hydroxyketone, a—aminoketone,.phenylglyoxylate, phosphihe

oxide and mixtures thereof.

The disclosed polymer composition may further
comprise one or more catalysts, polyols, surfactants and

nanoparticles.

' The nanoparticles may be metal oxide nanoparticles.
In 6ne embodiment, the metal oxide nanoparticles are
selected from oxides of aluminum and zinc. Typically,
when added into the polymer composition, the average
particle size of the nanoparticles ranges from about 1 nm
to about 500 nm. In another embodiment, these
nanoparticles may be encapsulated within a polymer which
has been suitably functionalized for cross-linking with

the dendritic polymers.

In one embodiment, the catalyst may be selected from
organometallic compounds or tertiary amines. Exemplary

catalysts may include a dibutyltin compound, such as

15
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dibutyltin dilaurate and dibutyltin diacetate,

Triethylenediamine (TEDA) , Triethylamine (TEA),
‘Triethanolamine, N,N-dimethylethanolamine (DMEA), N,N-
dimethylpiperazine and N-ethylmorpholine. In another

embodiment, the catalyst may be a strong acid or a weak
acid, such as a sulfonic acid. Exemplary acid catalysts
may include dodecylbenzyl sulfonic acid, p-
toluenesulfonic acid, dinonylnapthalene disulphonic acid
(DNNDSA) , dodecyl behzene sulphonic acid (DDBSA) ,
dinonylnapthaléne monosulphonic acid (DNNSA), phosphates
such as alkyl acid phosphates, metal salts and carboxylic
acids. In the embodiment where the cross-linkers used

belong to the class of melamine and expoxy resins, acid

'catalysts are used. In the embodiment where the cross-

linkers used Dbelong to the «c¢lass of isocyanates,
organometallic compounds and tertiary amines are used as

catalysts.

The polymer composition may further comprise one or
more silane compounds. In one embodiment, the silane
compounds may comprise at least one reactive group
capable of reacting with an  inorganic compound and at
least one organofunctional group capable of reacting with_

an organic compound.

In one embodiment, the silane compounds are

organosilanes having the general structure:
(Z)3-S1i- (CHz)n-X

wherein (2) is a reactive hydrolysable group selected
from a halide or an (OR) group, wherein R is hydrogen
(H), acetoxy or an alkyl group having 1 to 6 carbon

atoms;

X 1is a organofunctional group, selected from amine,

amino, amine, hydroxyl, carboxyl,'epoxide, methacrylate,

16
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mercaptan (SH), alkyl, alkylene, vinyl, isocyanate,

carbamate and combinations thereof; and

n is an integer from 1 to 10.

In one embodiment, the halide group can be selected
from the group consisting of fluoride (F), bromide (Br).

chloride (Cl) and iodide (I). In one embodiment, Z is Cl.

In one embodiment, R is selected from methyl, ethyl

or phenyl. 1In another embodiment, R is -CH:C=0 (acetoxy).

-In one embodiment, the organosilane can be a
bifunctional organosilane, that is, having a general

formula:
(2')3-5i- (CHy) n-X- (CHz) n-Si- (2%);
wherein X is as defined abbve;

(zYYy and (2%, being same or different, are as defined

above;

n and m are integers, independently selected from 1 to

10.

In one embodiment, the organosilane compound is a
bifunctional trimethoxysilyl  aminosilane, wherein X 1is

amino and where (2Z°) and (2Z') are methoxy.

In another embodiment, the organosilane compound is
a monofunctional trimethoxysilyl epoxysilane, wherein X

is epoxy and (2?) and (Z') are methoxy.

The silane compounds may be present in an amount of
at léast about 0.01% by weight based on the total weight
of the polymer composition. In another embodiment, the
silane compounds may be in an amount from ébout 0.01% to
about 10% by weight based on the total weight of the
polymer composition. In yet another embodiment, the
silane compounds may be present in; an amount of about

25%, about 30%, about 35%, about 40%, about 45%, about

17
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50%, about 55%, about 60%, about 65%, about 70%, about
75%, about 80%, about 85%, “about 90% or about 95% ’by

‘weight, based on the total weight of the polymer

composition.

Advéntageously, the silane compounds may help to
improve the adhesion properties of a coating formed from
the disclosed polymer composition. In particular; the
silane compounds may improve the ability of the formed
coating to adhere to inorganic substrates, such as glass
or ceramics. Further advantagebusly, the silane
compouhds may also act as cross-linkers to promote cross-
linking between the dendritic polymers, thereby
increasing the cross-linking density. As a result, the
formed coatings may exhibit improved hardness, chemical

and moisture resistance.

Exemplary, non-limiting embodiments of the method

according to the second aspect will now be disclosed.

The providing step (a) of the disclosed method may
further comprise, prior to said providing step (a),
mixing the dendritic polymer and the reactive diluent
under temperatures of up to 1505C to form a homogeneous
polymer éolution. Optionally, an aqueous or organic
solvént may be added to the homogeneous polymer solution

to form said first component.

During the mixing step, the dendritic polymers and
the reactive diluent may be mixed in a weight ratio of
dendritic polymers:reactive diluent of about 1:50 to
about 1:2. In another embodiment, the reactive diluent
may be mixed in a | weight ratio of dendritic
polymers:reactive diluent of about. 1:40, about 1:35,
about 1:30, about 1:25, about 1:20, about 1:15, about
1:10, about 1:9, about 1:8, about 1:7, about 1:6, about

1:5, 1:4 or about 1:3. In one embodiment, the reactive

18
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diluent may be mixed in a weight ratio of dendritic
polymers:reactive diluent of about 1:20 to about 1:2.

The providing step (a) of the disclosed method may

further comprise providing one or more additives to the

. first component, including but = not limited to,

surfactants, catalysts, and moisture scavengers.

The solvent, when added, may be provided in an
amount of 45% or less, 40% or less, 35% or less, 30% or
less, 25% or less, 20% or less, 15% or less, 10% or less,
5% or less by weight. In one embodiment of the disclosed

method, the solvent is not added to the polymer solution.

Advantageously, this ailows for the preparation of a
high solids coating composition. in accordance with the
disclosed method.. In one embodiment, the coating
composition formed from the disclosed metﬁod has a solids
content of at least 55%, at least 60%, ét least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at

least 90%, at least 95% and up to 100% by weight.

Exemplary, non-limiting embodiments of the method

according to the third aspect will now be disclosed.

In the disclosed method for preparing a single
component coating composition, the providing step (a) may
further comprise, prior to said providing step (a),
mixing the dendritic polymer  and the reactive diluent
undef temperatures of up to 150°C to form a homogeneous
polymer solution. The homogeneous polymer solution may
thereafter Dbe added to a composition comprising
optionally an organic or aqueous solvent and one or more
blocked cross-linkers to form the single component (1K)

coating composition.

During the mixing step, the dendritic polymers and

the reactive diluent may be mixed in a weight ratio of
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dendritic polymers:reactive diluent of about 1:50 to
about 1:2. In one embodiment, the mixing step may
comprise mixing the dendritic polymers and reactive
diluent in a dendritic polymers:reactive diluent weight
ratio of about 1:40, about 1:35, about 1:30, about 1:25,
about 1:20, about 1:15, about 1:10, about 1:9, about 1:8[
about 1:7, about 1:6, about 1:5, 1:4 or ébout 1:3.

When provided, the solvent may be provided in an
amount of 45% or less, 40% or less, 35% or less, 30% or
less, 25% or less, 20% or less, 15% or less, 10% or less,
5% or iess by weight. In one embodiment of the disclosed
method, the solvent is not provided in said providing

step (a).

Advantageously, this allows for the preparation of a
high solids, 1K coating composition in ‘accordance With
the disclosed method. In dne embodiment, the coating
composition formed from the disclosed method has a solids
content of at least 55%, at least 60%; at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%,-at.

least 90%, at least 95% and up to 100% by weight.

The disclosed method may comprise a step of applying
heat to the polymef composition to cure the coating
system. In another embodiment, the abové disclosed
methods may further comprise a step of ultra-violet

curing.

Examples
Non-limiting examples of the invention will be

further described in greater detail by reference to

‘specific Examples, which should not be construed as in

any way limiting the scope of the invention.
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Materials used

Below 1is a list of the raw materials used in the
following Examples. The commercial names (in bold) of the
following raw chemicals will be used in the Examples for

convenience.

1. Dendritic polymer with theoretically 64
peripheral hydroxyl groups, having a molecular weight
of about 5100 g/mol solid, OH wvalue 470-500, (“Boltorn®

H40”) procured from Perstorp Singapore Pte Ltd.

2. Dendritic polymer with theoretically 16 primary
hydroxyl groups and a molecular weight of 1747 g/mole
solid, OH value 490-530, (“B_oltorn® H20"”) procured from

Perstorp Singapore Pte Ltd.

3. Cycloaliphatic diol that is composed of
approximately a 1:1 ratio of (cis, trans)-1,3-
cyclohexanedimethanol and - (cis, trans)-1,4-
cyclohexanedimethanol, with a.  molecular weight of
144.21, hydroxyl number of 778, (“Unoxol™ Diol”)

procured from Dow Chemical Pacific (Singapore) Pte Ltd.

4. Hexamethylene diisocyanate (HDI), . with NCO
content about 23% (“Desmodur® N3600”) procured from

Bayer MaterialScience AG.

5. A mixed methylated-butylated (55/45) melamine
resin, with >98% solid (“ReSimene® 755”) procured from

Ineos Melamines, Germany.

6. An epoxy functional silane (“Silquest A-187°")

procured from Momentive Performance Materials.

7. A low viscosity and high functionality acrylate
dendritic oligomer (“CN 2302”) procured from SARTOMER
COMPANY .

21



10

15

20

25

30

WO 2013/028133 PCT/SG2012/000296

8. A UV cure photoinitiator (“IRGACURE  500”)

procured from Ciba.

Testing Methods

In the following Examples, the  following
industrially recognized testing methods are wused to

characterize the water-dispersible coatings:

e Viscosity (Brookfield LVT viscometer): ASTM D2196-
86 ;

¢ Adhesion (lmm X 1lmm): ASTM D3359;

e Impact (as ' measured in Inch (in) .pounds (1b)

(direct), in.1b): ASTM D2794;
. PencilvHardness (Break/Scratch): ASTM D3363;

e Flexibility (1/8”): ASTM D5222;

In addition, a methyl ethyl ketone (“MEK”) rub test is.
used to determine the degree of cure of the coating
composition by the resistance.of the composition to MEK.
The following protocol will be adopted for thé methyl MEK

rub test:

(1)  Prepare film on a glass panel with 100um wet

film thickness (“WEFT”);

(ii) Dry the panel at a predetermined temperature
for a predetermined duration (temperature and curing

time depend on specific coatings) prior to testing;

(1id) Saturate a cotton bud with MEK and hold it
at 45° angle to the test surface, rub the test surface
with moderate pressure. A complete rub consisting of

one forwards rub and one backwards rub motion 1is
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considered one double rub. The surface is rubbed
continuously until the substrate glass panel 1is

exposed. Record the total number of double rubs.

Example 1(a)

Preparation of dendritic polymer solution

Boltorn H40 and Unoxol Diol were mixed in a 100 ml
round Dbottle flask at a @ weight ratio of Boltorn
H40:Unoxol Diol = 1:9. The mixture turned homogenous
after about 15 to 30 minutes of stirring and a clear

resin solution was formed.

Example 1(b)

Preparation of coating composition

y:\ two—component (2K) coating composition comprising

the dendritic polymer solution of Example 1(a)

(H40:Unoxol Diol = 1:9) was prepared by mixing the resin
solution together with a polyisocyanate cross-
linker (Desmodur N3600). - The solids content of the

resultant coating COmposition was about 83%.

The two_components are termed “Side A” and “Side B”

and their respective compositions are shown below in

Table 1.
Table 1
Name ' Weight (%)
Sido A Resin solution from Example 1(a) 20.23
Solvent (acetone) 12.55
| Additive (BYK 302) - 0.36

Catalyst (1% Dibutyltin Dilaurate
(DBTDL) in acetone)
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Side B - Crosslinker (Desmodur N3600) 62.81

Total 100.00

Further, the ratio of peripheral -OH groups of the
dendritic polymer solution to the -N=C=0 groups of the

polyisocyanate cross-linker was about 1:1.3.

Side A and Side B were then mixed together to form a
2K coating composition system, which had a translucent

in-can appearance.

Example 1l(c¢)

Characterization of coating composition
The 2K coating composition from Example 1(b) was
dried at 85 °C for 2 hours. The dry film appearance of the

2K coating composition was clear and glossy.

Using the pencil-hardness test, the 2K coating
composition possessed a scratch hardness of 2H and a

break hardness of more than 6H.

Additionally, using the MEK rub test, the chemical
resistance of the 2K coating composition is more than 500
cycles. The 2K coating composition is also resistant to
water, alcohol and alkaline solution as shown in the

results provided in Table 2 below.

Table 2

Coating prepared based on
Film Performance
Example 1(b)

100y Wet Film Thickness (WFT) on Tin

Pencil Hardness,
: 2H / >6H
scratch / Break

Adhesion, 1mm x 1lmm | 0% peel off
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Impact, In. 1b >80

Flexibility, 1/8” Pass

100u Wet Film Thickness (WFT) on Glass

Pencil Hardness,

_ 2H / 2H
scratch / Break .
MEK Double Rub,
>500
no. of cycles
Spot Test
Water resistance (24 Very slight blisters

hrs) (recovered within 1hr)

5% NaOH Solution
No change
resistance (24 hrs)

50% Ethanol ,
, No change
resistance (1 hr) v

Example 2(a)

Preparation of coating composition

A one-component (1K) coating composition comprising
the dendritic polymer solution of Example 1(a)
(H40:Unoxol Diol =‘ 1:9) was prepared by admixing the
solution together with a melamine (Resimene 755). The
solid content of the total.composition was about 100%,

i.e., no organic solvent was employed at all. -

The components of the coating composition of Example

2(a) is provided in Table 3 below.

Table 3
Name , Weight (%)
Resin solution from
: 35.19
Example 1(a)
Catalyst (Nacure 5225) 0.70
Additive (BYK® 306) 0.50
Crosslinker (Resimene’ 63.61
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755)

Total = - 100,00 e e

Further, the ratio of peripheral -OH groups of the

dendritic polymer solution to the melamine groups of the

cross-linker was about 1:0.9.

Additionally, the 1K melamine coating -composition

system had a liquid in-can appearance.

Example 2 (b)

Characterization of coating composition

The 1K coating composition from Example 2(a) was
dried by heating the composition from room temperature to
140 °C and maintained at 140 °C for 30 minutes. The dry
film appearance of the 1K melamine system was clear and

glossy.

Using the pencil-hardness test, the 1K melamine
system possessed a scratch hardness of 3H and a break

hardness of 5H.

Additionally, USing the MEK rub test,>the chemical
resistance of the 1K melamine system was more than 1500
cycles. The 1K melamine system was also ‘resistant to
watef, alcohol and alkaline solutions as shown in Table 4

below.

Table 4

Coating prepared based on Example

2(a)

Film Performance

1004 Wet Film Thickness (WFT) on Tin

Pencil Hardness,
: 3H / 5H
scratch / break.

1004 Wet Film Thickness (WFT) on Glass

MEK Double Rub, >1500
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no. of cycles

Sﬁdt Test

Water resistance

No change
(24 hrs)

5% NaOH Solution .
No change
resistance (24 hrs)

50% Ethanol
No change
resistance (24 hrs)

0.05 mol/L H,S0, (24

No change
hrs) .

Example 3(a)

Preparation of dendritic polymer solution

| The method described in Example 1(a) was repeated in
this Example, except that a lower functionality dendritic
polymer (Boltorn H20™) was used in place\of Boltorn H40™
and the weight ratio between the Boltorn H20™ and Unoxol
Diol 1is 1:4. The final product obtained waé a clear

solution.

Example 3 (b)

Preparation of coating composition

A 1K coating composition comprising the dendritic
polymer solution of Example 3(a) (H20:Unoxol Diol = 1:4)
was prepared with the method described in Example 2(a).
The so0lid content of the total composition was about

100%.

The components of the coating composition of Example

3(b) is provided in Table 5 below.

Table 5

Name Weight (%)

Resin solution from 36.08
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Example 3 (a)
Catalyst (Nacure 5225) 0.51
Additive (BYK 306) 0.50
Crosslinker (Resimene 62.91
755)
Total ) ' 100.00

In  this example, -the ratio of the theoretical
peripheral -OH groups of the dendritic polymer solution
to the melamine functional groups of the cross-linker is

about 1:0.9.

The formed 1K melamine coating composition had a

liquid in-can appearance.

Example 3 (c)

Characterization of coating composition

The 1K coating composition £from Example 3(b) was
dried using the method described in Example 2(b). The dry
film appearance of the 1K melamine system was clear and

glossy.

Using the pencil-hardness test, the 1K melamine
system possessed a scratch hardness of 3H and a break

hardness of 5H.

Additionally, using the MEK rub test, the chemical
resistance of the 1K melamine system is more than 1500
cycles. The 1K melamine system is also resistant to
water, alcohol and alkaline solutions as shown in Table 6

below.

Table 6

Coating prepared based on Example
3(b)

Film Performance

100y Wet Film Thickness (WFT) on Tin

Pencil Hardness, 3H / S5H
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scratch / break

100y Wet Film

Thickness (WFT) on Glass

MEK Double Rub,

no. of cycles

51500

“Spot Test

Water resistance (24

hrs)

No change

5% NaOH Solution

resistance (24 hrs)

No change

50% Ethanol

resistance (24 hrs)

No change .

0.05 mol/L H,S0, (24

hrs)

No change

Example 4 (a)

Preparation of coating composition

The method described in Example 3(b) was repeated in

this Example, except

that additional components were

added into the 1K coating compositibn. The solid content

of the total composition was about 77%.

Thevcomponents of

the coating composition of Example

4 (a) are provided in Table 7 below.

Table 7
Name Weight (%)
Resin solution from
25
‘Example 3 (a)

Solvent (n-Butanol) 23.10
Catalyst (Nacure® 5225) 0.75
" Additive (EnviroGem® 0.20

ADO01)

Additive (BYK® 306) 0.25

Promoter (Silquest A- 0.50
187)
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Crosslinker (Resimene’ 41.20
755) _
Total 100.00

In this example, the ratio of the theoretical
peripheral -OH groups of the dendritic polymer solution
to the melamine functional groups of the cross-linker is

about 1:0.9.

The formed 1K melamine coating composition system

had a liquid in-can appearance.

Example 4 (b)

Characterization of coating composition

The 1K coating composition from Example 4 (a) was
dried using the method described in Example 2(b). The dry
film appearance of the 1K melamine system was clear and

glossy.

Using the pencil-hardness test, the 1K melamine
system possessed a scratch hardness of 2H and a break

hardness of G5H.

Additionally/ using the MEK rub test, the chemical

‘resistance of the 1K melamine system is more than 1500

cycles. The 1K melamine system is also resistant to

water, alcohol and alkaline solutions as shown in Table 8

below.

Table 8

Coatihg prepared based on Example

4 (a)

Film Performance

100y Wet Film Thickness (WFT) on Tin

Pencil Hardness,
2H / 5H
scratch / break

100y Wet Film Thickness (WFT) on Glass

MEK Double Rub, >1500
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no. of cycles

Spot Test

‘Water resistance (24

No change
hrs) '

5% NaOH Solution: _ ,
No change
resistance (24 hrs)

50% Ethanol
No change
resistance (24 hrs)

0.05 mol/L H,SO, (24

Very tiny blisters (recovered)
hrs)

Example 5 (a)

Preparation of coating composition

The méthod described in Example 2(a) was repeated in
this Example, . except that additional coﬁponents were
added into the 1K coating composition to produce a 1K UV
curable coating composition. The solid content of the

total composition was about 85%.

The components in the 1K UV curable coating

composition of Example 5(a) are provided' in Table 9

below.
Table 9 ‘
Name ' Weight (%)
Resin solution from
25.28
Example 1(a)
Solvent (n-Butanol) 15.18
Acrylated dendritic .
25.28
polymer (CN 2302) -
Photoinitiator (Irgacure
‘ 3.29
500)
Additive (EnviroGem® ADO1) 0.17
Additive (BYK 306) 0.25
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Catalyst (Nacure®’ 5225) 0.51
Promoter (Silquest A-187°) 0.46
Crosslinker (Resimene’® 747) | 29-5$

Total 100.00

In this example, the ratio of the theoreticai
peripheral -OH groups of the dendritic polymer solution
to the melamine functional groups of the cross-linker is
about 1:0.9. The composition further compriseé of about
25.28 wt% (based on whole formulation) acrylated

dendritic polymer (CN 2302).

The formed 1K melamine uv curable coating

composition had a liquid in-can appearance.

Example 5(b) -

Characterization of coating composition

The 1K UV curable coating composition from Example
5(a) was dried by curing with ultraviolet light for 120
seconds, followedhwith curing by heating in an oven at
140°C for 30 minutes. The dry film appearance of the dual

cure system was clear and glossy.

Using the pencil-hardness test, the dual-cured
coating possessed a scratch hardness of S5H and a break

hardness of 6H.

Additionally, using the MEK rub test, the chemical
resistance of the dual—cured coating is more than 1500
cycles. The dual-cured coating is also resistant to
water, alcohol and alkaline solutions as shown in Table

10 below.

Table 10

Coating prepared based on Example

5 (b)

Film Performance

100y Wet Film Thickness (WFT) on Tin
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Pencil Hardness,
: 5H / 6H
scratch / break

100y Wet Film Thickness (WFT) on Glass

no. of cycles

MEK Double Rub,
>1500

Spot Test

Water resistance (24

hrs)

Tiny blisters (recovered)

5% NaOH Solution
No change
resistance (24 hrs)

50% Ethanol
No change
resistance (24 hrs)

0.05 mol/L HyS0, (24

Few tiny blisters (recovered)
hrs) :

Applications

It can be appreciated that the disclosed polymer
compositions are capable of producing coatings with near-
zero or zero VOC emiSSions, at least in part due to the
relatively low amounts of organic solvent present or a
complete absence of organic solvent in the disclosed
polymer compositions.

It has been further demonstrated that, through the
addition of a reactive diluent in place of conventional
organic solvents, the disclosed polymer compositions do
not suffer any technical drawbacks in terms of its film
forming properties. For instance, it has been shown in
the worked Examples that the reactive diluent isvfully
capable of dissolving the largely hydrophobic dendritic
polymers and the - resultant mixture is a clear,

homogeneous polymer solution. More advantageously, as

‘the reactive diluent is integrally bonded with the

dendritic polymer backbone after reaction with cross-
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linkers, the reactive diluent is prevented from escaping
the coating composition as volatile emissions.  This
feature, coupled with the low amounts or absence of an
organic solvent, further mitigates any potential vocC
emissions from the formed coatings.

Additionélly, it can also be appreciated that as the
disclosed polymer compositions do not require or require
only very small amounts of an organic solvent, the
polymer compositions are capable of exhibiting very high
solids content of up to 100% solids by weight. As a
result” of their high‘ solids content, the disclosed
polymer compositions are capable of forming coatings with
improved pencil hardness and improved chemical/water
resistance. _ ‘

The disclosed polymer compositions can therefore be
used in a wide spectrum of applicatibns'tﬁat require high
performance, low VOC emission coatings, such as,
protective coatings, paints, varnishes, sealants,
adhesives and other forms of surface coatings.

It will be further be apparent that various
modifications and adaptations of the presént invention
will be apparent to the person Skilled in the art after
reading the foregoing disclosure without départing from
the épirit and scope of the invention and it is intended
that all such modifications and adaptations come within

the scope of the appended claims.
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Claims

1. A polymer composition comprising:

(1) one or more functionalized dendritic polymers;
and '

(ii) a reactive diluent that is capable of being
chemically coupled to the functional groups of the
dendritic polymers, wherein when said dendritic polymer
is coupled to said reactive diluent in the presende of a
cross-linker, a polymerized solid is formed at high

concentrations in a liquid medium.

2. The polymer compositions of claim 1, wherein. the
concentration of polymerized solid is at least 55% in the

liquid medium.

3. The polymer composition of claim 1 or claim 2,
wherein the liquid medium comprises an organic solvent or

an aqueous solvent.

4. The polymer composition of any one of claims 1 to 3,

wherein said liquid medium is absent.

5. The polymer composition of claim 4, wherein the

concentration of the polymerized solid is about 100%.

6. The polymer composition of any one of the preceding
claims, wherein said reactive diluent is selected from
one or more compounds having an average molecular weight

of less than or equal to 500.
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7. The polymer composition of claim 6, wherein said
reactive diluent is selected from one or more compounds
having an average molecular weight of less than or equal

to 200.

8. The polymer composition of any one of the preceding
claims, wherein said reéctive diluent may comprise one or
more compounds, each compound having two or more
functional groups selected from the group consisting of:
hydroxyl  functional group, aﬁino functional group,

halogen functional group and carboxyl functional group.

9. The polymer composition of claim 8, wherein said
reactive diluent may be selected from alcohols,
carboxylic acids, halogenated alkyls, halogenated
olefins, amines, alkylamines, alkenYlamines, olefinic
alcohol, cycloalkyl alcohol, cycloalkenyl alcohol and

mixtures thereof.

10. The polymer composition of claim 9, wherein said

reactive diluent is a cycloalkyl alcohol.

11. The polymer composition of claim 10, wherein said

reactive diluent is a cycloalkyl diol.

12. The polymer composition of any one of the preceding
Claims, wherein the weight ratio of said dendritic
polymer to said reactive diluent is from about 1:50 to

about 1:2.
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13. The polymer composition of any one of the preceding

claims, wherein said dendritic bpolymér is a hydroxyl

‘functional dendritic polymer.

14. The polymer composition of claim 13, wherein said
hydroxyl functional dendritic polymer has a theoretical
number of from about 16 to about 128 hydroxyl groups per

dendritic polymer molecule.

15. The polymer composition of claim 14, wherein said
hydroxyl functional dendritic polymer has a theoretical

number of about 64 hydroxyl groups per dendritic polymer

molecule.
16. The polymer composition of any one of the preceding
claims, wherein said polymer composition further

comprises one or more cross-linkers selected from the
group consisting of: polyisocyanates, blocked
polyisocyanates, melamine formaldehyde resins, epoxy
resins, carbodiimide compoﬁnds,' aziridine-functional

compounds .

17. The polymer composition of claim 16, for use in the
preparation of a 1K coating composition wherein said
dendritic polymer, reactive diluent and said cross-linker

are provided in a single component.

18. The polymer composition of claim 16, for use in the
preparation of a two component (2K) coating composition

wherein said dendritic polymer and reactive diluent are
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in one component and said cross-linker is in the other

component.

19. The polymer composition of claim 17, wherein said

cross-linkers are blocked polyisocyanate compounds.

20. The polymer composition of c¢laim 18, wherein said

cross-linkers are melamine resins.

21. The polymer composition of any one of the preceding
claims, further comprising ~an  acrylate functional

dendritic polymer.

22. The polymer composition of any one of the preceding

claims, further comprising one or more silane compounds.

23. The polymer composition of claim 22, wherein said

silane compounds are bifunctional organosilanes.

24. The polymer composition of any one of the preceding
claims, further comprising a non-dendritic polymer
selected from ©polyester, polyurethane, polYacrylate,
polyol, polyimidé, co-polymers and polymer blends

thereof.

25. A method of preparing a high solids, two-part (2K)

coating composition, said method comprising the steps of:

(a) providing a first component comprising:
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(1) one or more functionalized - dendritic

polymers;

(ii) a reactive diluent that 1is capable of
being chemically coupled to the functional groups of the
dendritié polymers, wherein when said dendritic polymer
is coupled to said reactive diluent in the presence of a
cross-linker, a polymerized solid is formed at high

concentrations in a liquid medium;.
(b) providing a second component comprising;
(i) one or more cross-linkers;

(¢) mixing said first and second components to form

said coating composition.

' 26. The method of claim 25, wherein the concentration of

the polymerized solid is at 1least 55% in the 1liquid

medium.

27. The method of claim 25 or claim 26, said liquid

medium is an organic or agqueous solvent.

28. The method of any one of claims 25 to 27, wherein
said liquid medium is absent and wherein the

concentration of the polymerized solid is about 100%.

29. A method of preparing a high solids, single
component (1K) coating composition, said method

comprising the steps of:
(a) providing a polymer composition comprising:

(1) one or more functionalized dendritic

polymers;
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(ii) a reactive diluent that is capable of

being chemically coupled to the functional groups of the

dendritic polymers, wherein when said dendritic polymer
is coupled to said reactive diluent in the presence of a
cross-linker, a polymerized solid is formed at high

concentrations in a liquid medium; and

(iii) one or more blocked cross-linkers.

30. The method of claim 29, wherein said liquid medium
is absent and said concentration of polymerized solid is

about 100%.

31. The method of any one of claims 25 to 30, further
comprising a = step of heat ‘curing . said coating

composition.

32. The method of any claim 31, further said comprising a

step of ultra-violet curing.
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