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. AN AQUEOUS DISPERSIBLE POLYMER COMPOSITION

Technical Field
The. present invention relates to an agueous
digpersible polymei: composition, methods of preparing the

same and uses thereof.

Background

Dendritic poiymers have been used in the £field of
manufacturing protective coatings due to thelr unigue
struéture which leads to the formation of  Thigh
performance‘- coatings. Protective coatings offer
prétection for a surface from damage'by the elements such
as water, snow, ice, heat, dirt, smog, organic waste,
chemical attacks and acid precipitation.

As dendritic polymers are hyperbranched structures
which can cémprise a high number.ofrreactive functional
grdups expesed at the peripheral edges of the dendritic
polymer, they are considered aé one of most promising

resin systems for providing coating f£ilms having high

‘cross~-linking 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 theoretically .

have thirty two peripheral functional groups and SO
forth. The toﬁal number of peripheral functional groups
per molecule is also vreferred to as the peripheral

functionality.
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Dendritic polymérs can mimic the hydrodynamic
volumes of spheres, and as such, zthey can be used to
provide coatings of high molecular weights whilst
maintaining .relatively low viscosity. At the same time,
dendritic polymérs can be used to provide coatings with

high cross-linking density while maintaining the

flexibility of the coating.

Conventionally, protective coatings comprising
dendritic polymeré'ara provided as organic scolvent-based
coating systems due to the dendritic polymer’s lack of
solubility in watér. ‘ | -

Such solvent-based systems provide excellent
abrasion resistance, flexibility, adhesion, and chemical”
resistance. However; due to the presénce of ocrganic
solvents which are volatile in nature, coatings prepared
from solvent-based systems will typically emit an
undeéirably high level of wvelatile organic compounds
(“VOC”).‘ In recent years, ever stricter regulatory
requirements in wmany countries have driven coating

manufacturers to explore the possibilities of coating

" compositions that have low VOC emission levels. Thus,

water-based coétings"that do mnot involve the use of
organic solvents have been contemplated in the art.

. However, due to the hydrophobic  nature of large
polymers like dendritic polymers, at least some amount of
ionic content 1is regquired to be gréfted -onto these

pélymers to allow the,pblymer compogitions to be soluble

in water.

One known method for incorporating ionic groups onto

dendritic polymers is by reacting hydroxyl functional

- dendritic polymers with acid anhydrides followed by

neutralization of the mixture. In this ﬁethod, carboxyl
groups are grafted onto the peripheral surface of the

dendritic polymers to improve its sclubility in water. In
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one kKnown 4water-based ‘dendritic polymer coating,‘ the
coating comprises a”fluorine-containing‘dendritic‘polymer
having at least one pendant fluorocarbon moiety and at
least one pendant anionic moiety. Presumably, the
presence of the anionic moieties improves the solubility
of the dendritic polymer in water.

However, this additional modification step is
cumbersome and results in added expenditure related to
the procurement of required chemicals and solvents for
performing the modification step. Furthermore, some of
the required chemicals and * solvents are organic
pollutants and their disposal would pose a problem
logistically and enviromnmentally.

More importantly, it has been observed that the
incorporétion of excess ionic groups, for example
carboxyl groups, = will adversely affect coating
perfoimance, especially with respect to the chemical
resistance and water resistance of the coating.

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 provide an agueous dispersible polymer
composition that does not require an - additional
modification step for achieving solubility in an agueous

solvent, and at the same time, being capable of providing

coatings that exhibit comparable, if£. not superior,

performance when compared with conventional water-based

coatings.
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Summary

In a first aspect, there is provided an agqueous
dispersible pelymer  composition comprising: (i) a
hydroxyl functional dendritic polymer, wherein  the
hydroxyl functional dendritic polymer is completely
unmodified; (ii) one or more polar compounds, said polar
compounds being miscible with both said hydroxyl
functional dendritic polymer and an agueous sclvent; and
wherein the one or more pcolar compounds are pregent in an
amount sufficient to disperse said hydroxyl functional
dendritic polymer in said agueous solvent, wherein the
weight ratioc of said hydroxyl functional dendritic
polymer to saild polar compounds is from about 1:9 to
about 4:1.

Advantageously, the dendritic polymer is capable of
being dispersed in an agqueocus solvent without the need to
functionalize the peripheral sgsurface of the dendritic
polymer with one or more ionic groups.

It has been observed that when the dendritic polymer
has been functionalized with dionic groups, such as
carboxyl groups, the performance of a coating prepared
from the functionalized dendritic polymer may exhibit
inferior chemical/water resgistance, when compared to a
coating prepared from a dendritic polymer that has not
been functionalized with pendant ionic groups.
Conversely, a dendritic polymer that has not been
functionalized 1ig incapable of being dispersed in an
aqueous solvent and tends to experience phase separation
when mixed with an aqueous solvent. This results in an
unstable polymer composition that cannot be readily, if

at all, formed into a ccating film.



Advantageously, the agqueous dispersible polymer
composition disclosed herein avoids the abovementioned
drawbacks by being capable of dispersing in an agueous
golvent without reguiring functionalization with ionic
moieties. Hence, the disclosed polymer compositions may
also be used to prepare water-based coatings having

superior coating performance, particularly, in terms of

43
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chemical and water resistance. Also advantageously, the
disclosed aqueous dispersible polymer composition is
stable in admixture with an agueous solvent and can be
readily mixed with c¢ross-linkers tc form a coating
composition.

In a second aspect, there is provided an agueous
polymer dispersion comprising: (i) at least ocne hydroxyl
functional dendritic polymer, wherein the hydroxyl
functional dendritic polymer 1s completely unmodified;
(ii) one or more peclar compounds, said polér compounds
being miscible with both said hydroxyl functional
dendritic polymer and an agueous solvent; and (iii) an
aqueous solvent, wherein the weight ratio o0f said
hydroxyl functional dendritic polymer to said polar
compounds ig from about 1:2 to about 4:1. In one
embodiment, the aqueous solvent is water.

Advantagecusly, the agueocus polymer digpersgion is
stable for prolonged storage and does not suffer from
phase separation. Also advantageously, there 1s no
requirement to functionalize the dendritic polymer to
provide the above disclosed polymer dispersion. Hence,
the process of obtaining the agueous poliymer dispersion
is simplified and results in time / cogt savings. Ls
also discussed, the disclosed agueous polymer dispersion
can be used to prepare an agqueous phase coating such ag,
a water-based coating, that demonstrates superior
chemical / water resistance, compared to a water-based
coating prepared from an agueous polymer dispersion,
wherein the dendritic polymer has been functionalized

with ionic groups.
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In a third aspect, there is provided a coating
composgition comprising a first component and second
component, wherein said first component comprises: (i) at
least one hydroxyl functional dendritic polymer, wherein
the hydroxyl functional dendritic polymer i1is completely
unmodified; (ii) one or more polar compounds, saild peolar
compounds being miscible with both said Thydroxyl
functional dendritic polymer and an agueous solvent;
(iii) an agueous soclvent; and salid second component
comprising (iv) one or more cross-linkers; and wherein

said

5a
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first and second components, when mixed together, form
the coating composition, wherein the weight ratio of said
hydroxyl functional dendritic polymer to said polar
compounds is from about 1:9 to about 4:1.

In a fourth aspect, there is provided a process for
preparing an agueous dispersible polymer composition,
sald process comprising the gsteps of (a) mixing a
hydroxyl functional dendritic polymer, one or more polar
compounds in an aquecus solvent to form said agueous
dispersible polymer composition, said one or more polar
compounds being selected to be miscible with both said
hydroxyl functional dendritic polymer and said agueous
solvent; wherein the  Thydroxyl functional dendritic
polymer 1is completely unmodified, wherein said one or
more polar compounds are provided in an amount sufficient
to disperse said hydroxyl functional dendritic polymer in
sald agueous solvent, wherein the weight ratio of said
hydroxyl functional dendritic polymer tc said polar
compounds ig from about 1:9 to about 4:1.

In an embodiment, there is provided the agueous
dispersible polymer composition asg defined above for use
in the preparation of a single component coating

composition.

In an embodiment, there is provided the agueous
dispersible polymer composition as defined above for use

in preparation of a two-part coating composition.



10

15

In a fifth aspect, there is provided a process for
preparing an agquecus dispersion of a hydroxyl functional
dendritic polymer comprising the steps of (a) contacting
a hydroxyl functional dendritic polymer with at least ons
polar compound to form a first component, wherein the
hydroxyl functional dendritic polymer is completely
unmodified, wherein the weight ratio of said hydroxyl
functional dendritic polymer to said polar compounds is
from about 1:9 to about 4:1; and {(b) contacting the firgt
component with an aguecus solvent to form the aqueous
dispersion of a hydroxyl functional dendritic peclymer;
wherein the polar compound ig misgcible with the agueocus
sclvent and the hydroxyl functional dendritic polymer;
and wherein the polar compound is provided in an amount
sufficient to disperse the hydroxyl functional dendritic

polymer in the aqueous solvent.

6a
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Definitions .
The following words and terms used herein shall have
the meaning indicated: '
The term “polér compound” as used in the context of

the present specification shall be taken to refer to

compounds having one or more polar functional groups

having .an unequal charge distribution about one or more
covalent bonds, due to the differences in the electro-
negativity of the atoms sharing the covalent bonds.
Exemplary polar functional groups include but are th
limited to hydroxyl groups (-OH), carbonyl groups. (-C=0},
carboxyl groups - (-COOH), amino groups (-NRz}), and
halogenated alkyl groups.

The  word  “substantially” does  not exclude
“completely” e.g. a cdmposition 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.

Unless specified otherwise, the terms “comprising”

and "comprise”, and grammatical wvariants thereof, are

intended to repreSent'"open“ or "inclusive" language such ‘
that they include recited elements but élsp 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 vélue,‘ more
typically +/- 4% of the stated value, more typically +/;,
3% of the stated wvalue, more typicaliy, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically 4/; 0.%% of the stated
value.

2s used herein, the term "dendritic polymer" refers

to a three-dimensional macromolecular material comprising
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a polyvalent core that is covalently bonded to a

plurality of dendrons (or tree-like structures). The term

"dendron® means a tree-like structure having multiple
branching layeré‘(or "generations"™) that emanates from a
focal peoint, suchlas a polyvaleﬁt core. EBach succeeding .
branching layer or generation of a dendron extends Ifrom
the prior generation, and each branching. layer or
generation im the dendron has one or more terminal
reactive sites (br "terminal functional groups") Ffrom

which the succeeding generation (if any) may'extand, or

in the case of the last generation, which may provide a

terminal functional group. on the dendritic polymer.
Dendritic .polymers generally have a large number of
terminal.functiénal groups, lack eﬁtanglements, and have
a low hydrodynéﬁic volume. Further, as used herein, the

term “dendritic polymer" includes both "dendrimers" and

vhyperbranched polymers". In certain ewbediments, the

term “dendritic pelymer” includes solely hyperbranched
polymers. As uégd herein, the term "dendrimer" refers to

a dendiitic‘polymer having a symmetrical globular shaped

‘that results from a controlled process giving an

essentially monodisperse molecular weight distribution.
As used herein, the term "hyperbrahched polymer" refers

to a dendritic polymer having a certain dJdegree of

asymmetry and a pelydisperse ‘molecular - weight

distribution. Hyperbranched polymers may be exemplified
by those marketed by Perstorp under the Trademarks
Boltorn H20™, Boltorn H30™, Boltorn H40™, etc. '

Dendritic polymers can include dendritic polyesters,
dendritic  polyols, dendritic  polyethers, dendritic
polyamineg, and mixtures thereof. In some instances, the
dendritic polymer is a dendritic polyester.

The term “miscible” as wused herein refers to a

liguid capable of being mixed with another liguid without
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separation in to two phases. In some instances, twe

liguids that are miscible can be mixed in any ratio

‘without separation in to two phases. In instances where

miscible is used to describe the interaction of a liguid
and a solid, miscible refers to a liguid capable of
substantially solubilizing the solid. In certain
embodiments, the solid is completely solub;e in the
migscible liguid. - In certain embodiments, the solid ig
greater than abdut 90%, greater than about 95%, or
greater than about $7% soluble in the liguid.

The phrase “hydroxyl functional dendritic polymer”
as used herein refers to dendritic polymers having oné or
more hydroxyl functional gréups on the dendriﬁic polymer
that are capable of being functionalized with a hydroxyl
reactive functional group to form a covalent'bond. In
some instances, the hydroxyl functional dendritic polymer
is substantially unmodified, i.e., 0, 1, 2, 3, 4, 5, 6,
7,'8, 9, 10, 11, 12, or 13 of the hydroxyl functional
groups have been reacted with a hydroxyl reactive

functional group to form a covalent bond. In some

instances, the hydroxyl functional dendritic polymer has

about 30%, about 25%, about 20%, about 15%, about 10%, or
about 5% of the hydroxyl Ffunctional groups modified,
i.e., reacted with a hydroxy reactive fuhctional group to
form a covalent bond. In some instances the hydroxyl
functional dendritic polymer is completely unmodified,

i.e., none of the the hydroxyl functional groups have

been reacted with a hydroxyl reactive functional group.

Throughout this disclosure, certain embodiments may
be disclosed in a range fofmat. It should be understood
that the description in range. format is wmerely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed

ranges. Accordingly, the description of a range should be



10

15

20

23

30

WO 2013/028134 POT/SG2012/000297

considered to have specifically disclosed ‘all the
possible sub-ranges as well as rindividual' numerical
values within that range. For example, description of a
range sﬁch as from 1 to 6 should be considered to have
specifically 6isciosed sub-ranges such as from-l to 3,
fromrl_to'é, from 1 to 5, from 2 to 4, from‘g te 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This-app;ies

regardless of the breadth of the range.

Digclogure of Optional Embodiments

Exemplary, non-limiting embodiments of an agueous
dispersible polymer} comﬁosition according to the first
aspect will now be disclosed.

The aqueous dispersible polymer compoéitibn may
further comprise an agueous solvent( In one embodiment,
the équeuus-solvent is water. In a preferred embodiment,
the agqueous solvent is de-ionized water. Advantageously,
the disclosed aqueous dispersible polymer compositions

can be used to prepare corganic solvent-free coatings,

‘which are desirable for their low volatile organic

compounds (VOC) emissions and advantageously therefore
the compeositions are free of any VOC wheri mixed in an
agqueous phase solvent. Further advantageousl?; the
prepared coatings havé comparable, if not superior,
pencil hardness, chemical resistance and water resistance

relative to coatings prepared f£rom conventional water-

baged polymer compcsitions.

The weight ratio of the Thydroxyl functional
dendritic polymer to the one or more polar compounds ﬁay

be in a range of from about 1:10 to about 10:1.

In one embodiment, the weight ratio of dendritic

polymer to the one or more polar compounds may be about

10
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1:9, about 1:8, about 1:7, about 1:6, about‘lis, about
1:4; about 1:3, about 1:2, about 1:1, about 2:1, "about
3:1, about 4:1, about 5:1, about €:1, about 7:1, about
8:1 or about 9:1. -

In one embodiment, the weight ratio of the dendritic
polymer “to_ the polar  compounds is. 1:1. The '?.mourit. of -
péléf'comﬁoﬁnd'méysﬁé'provided,inbéxcéSS_wiﬁﬁ res?edﬁ £o
the dendritic polymer. In one embodiment, the weight

ratio of the dendritic polymer to the polar compounds is

rabout 1:2, about 1:4 or about 1:9. Advaﬁtageoysly, it has .

been found that providing the polar compound in excess

greatly decreases the viscosity of the polymer

. composition and accordingly improves the workability of

the polymer composition for £ilm formation. Also
advantageously, it has been found a polymer composition
having the polar compound in excess Véan still form
coatingé with cowmparable qualitiegs (e.g. pencil hardness)
when compared Lo ccatings formed f:om - polymer

compositions having a higher proportion of dendritic

polymer.

In one embodiment, the ‘weight ratio of dendritic
polymer to the one or more polar compounds may be from
about 1:9 to about 4:1. In another embodiment, the
weight ratio of dendritic polymer to the one or more
polar compounds wmay be from about 1:5 to about 5:1.
advantageously, it is has been found that éuch. weight

ratios provide optimal solubility in an agueous medium

whilst maintaining good coating performance.

The one or more polar compounds may have an average
molecular weight of less than 500. In one embodiment,
the one or more polar compounds may have an average '
molecular weight of less than 400. In yet another

embodiment, the one or more polar compounds may have an

i1
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average molecular weight of less than 300. In still
another -embodiment, the polér compounds  may have an
average molecular weight of less than 200,
Advantageously, polar compounds having average molecular

weight of 500 or less may be more effective with respect

to  dispersing the  dendritic - polymer.- in = the. agueous’

solvent. Without being bound by theory, it is pdstulated
that the. small wmolecular size of the polar. compounds
increases its soiubility in a peolar solvent due to its
higher specific area for é&lectrostatic interactions
between i;s.polax functional groups and the polar groups
of the agueous solvent. This  in turn results in an
overall increase in'solubilitylof the polymer composition
comprising the hydroxyl functional dendritic polymer and

the polar compounds.

_Advantageously, the polar compound ﬁay form strong

hydrogen bonds with both the dendritic polymer as well as

an agueous solvent, such as ﬁater, and thereby promote

the dispersibility of dendritic polymer in water.

In this respect, the one or more polar compounds may
comprise ons or more functional groups selected from the

group consisting of: hydroxyl functional group, amino

. functional group, halogen functional group, carbonyl

functional group, carboxyl - functional group and

combinations thereof.

In one embodiment, the one or wmore polay compounds
may be selected from the group consisting of alcohols,
carboxylic acids, hydroxyl aéid, halogenated alkyls,
halogenated olefins, amines, alkylamines, alkenylamines,
olefinic alcohols, cyclioalkyl ' alcohol, cycloalkenyl
alechol and mixtures thereof. Iin one embodiment, the
polar compound is selected to be an alcechol, such as

diols and glycols. In another embodiment, the polar

12
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compound is selected to be a cycloalkyl alcohol; In yet
another embodiment, the polar compound is selécted to be

a carboxylic acid.

Where the  polar compound comprises hydroxyl

,functionalityy it is preferred that the jpolar"compound

comprlses ~at | least from about 2 to about 6 hydroxyl :

functional groups per molecule of " the polar compound

In one embodiment, the polar compounds may comprise

from about 2 to about 15 carbon atoms per molecule.

In one embodiment, the polar compound is a low
molecular weight, cycloaliphatic diol, such as,

cyclopropane alcohol, cyelopropene alcohol, cyclobutane

~alcohol, cyclopentane alcohol, cYcloheXane alcohol, or

cycloheptane alcohol. The alcchols may be selected from
mono, diol and triol alcohols having from 1 to 7 carbon

atoms.

In one embodiment, the polar compound 1is 1,6-

cyclchexane dimethanol.

In one embodiment, the polar compound i1s lactic

acid.

The disclﬁsed polymer composition - may - further |
comprise one oOr more cross-linkers. Any; crogs-linkex
compound comprising a functional moiety capable of
reacting with the peripheral hydroxyl ‘groupé of the
dendfitic polymer to form covalent bonds, may bé 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
resinsg, carbodiimide compounds, and aziridine-functional

compounds.

13
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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 “frém substituted ~or non-substituted,

aliphatic or aromatic aikyls, alkenyls, ar?is :qnd. the‘"

like.

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

ar?ls and the like.

In one embodiment, the cross-linker igs selected from

tha Ggroup consisting . of: diphenylmethane 4,4 -
diisocyanate, methylenebis—%,é’—isocyanatocyclohexane,
1,6-hexamethylene dilsocyanate (HDI}, 1,4-cyclchexane

diisocyanate, p-phenylene diisocyanate; triphenylmethane-

‘4;4',4”,—triiochanaté, methylene diphenyl diisocvanate

- (MDI), toluene diisocyanate (TDI), tetramethylxylene

diisocyanate,‘isophcrone 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 éhemically reacted .
with a blocking agent to substantially prevent it from
reacting with the dendritic polymexr. In one embodiment,
the cross-linker can be a blockéd isogyanate sélected
from the list disclosed above. The blocked isocyanate
may be used in single component (1K} coating compositions

wherein the cross-linker is provided in admixture with

14
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the aqueous dispersible polymer composition and does not
require a separate mixing step prior to applyving the
composition as a coating onto a surface, In one

embodiment, the‘ﬁﬁlocked isocyanate may be freed for

reaction via the application of heat.

| For example, blockéd isocyanates are not used in
twb-part (2K} éoating prgparations' where'-the 'aqueéus
dispersible polymer composition and the cross-linkers are
in two separate compositions and are regpectively mixed
shortly before applying the resultant coating composition

as a coating onto a surface.

The crogg-linker may alsco be selected from melamine
formaldehyde resins. In one embodiment, the melamine
formaldenyde resin is a hexamethoxymethyl-melamine
formaldehvde xegin, In another embodiment, the cross-
linker may be a melamine resin such as a methylated,

butvlated melamine resin.

Advantageously, through condensation reactions with

the cross-linkers, the disclosed agueous dispersible

‘polymér compositions are capable of forming water-based

coating ccmpositions.~ In one embodiment, these water-

based coatings may be further subjected to a step of heat

“curing and/or drying to remove the entrained water, to

‘thereby increase the crossFlinking density between the

dendritic polymers.

The aquedus dispersible polymer composition may
further comprise a non-dendritic polymer selected froﬁ
polyester, polyurethane, polyacrylate, pdlyol, polyimide,
copelymers and polymer blends thereof.

In ancother embodiment, the agqueous dispersible
polymer composition may further comprise one or more
acrylate-functional compounds . Advantageously, the

acrylate-functional compounds may be capable of forming

15
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free radiéals Tugénf exposure “to ultra—violet‘ rédiation;
thereby increasing the cross-linking density of the
coating composition. Advantageously, the presence of
acrylate-functional compounds may allow the ‘ﬂater—bésed

coatings to be subject to UV curing.

Tha_hydroxyllfunctional dendritic polymer ﬁay have a-
theoretical number of about 16 to about 128 pefiphéral
hydroxyl groups per molecule of said dendritic polymer.
In one embodiment, the dendritic polymer may have an
average number of 20 to aboﬁt 80 peripheral hydroxyl
groups = per molecule of dendritic pelymer. In one
embodiment, the hydroxyl functional dendritic polymer has
a theoretical number of 64 hydroxyl groups per molecule

of dendritic polymer.

The aqueoué'dispersible polymef may further comprise
one or more additives selected from the group consisting
of s catalyvsts, ultra-violet {uv) photo-initiators,
nanoparticles,‘ surfactants, . coalescent solvents and

mixtures thereof,

The nanoparticles may be metal oxide nancparticles,

In one embodiment, the metal oxide nanoparticles are

- selected from oxides of aluminum and zinc. Typically,

when added into the polymexr composition, the average
particle size of the nanoparticles ranges from about 1.nm
to about = 500 nm. in 4anothex embodiment, these
nanopartiéies may be encapsulated within a polymer which
haé been suitably functionalized for'cross~1inking with

the dendritic polymers.

In one embodiment, the catalyst may be selected from
organometallic compounds and tertiary amines. Exemplary
catalysts may include a dibutyltin compGumd,' such as
dibutyltin dilaurate and dibutyltin diacetatg,
triethylenediamine - (TEDR) , triethyliamine (TE2),

16
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triethanqlémine, N,N—dimethyl‘ethanolamine '(DMEA), N, N-
dimethylpiperazine, 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 sulfonri”c - .acid, -
toluenesulfonic acid, dinonylnapthalene .disulphonic acid
{DNNDSA), dode.cyl" benzene suiphonic acid (DDBSA),
dinonylnapthalene 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 ch melamine and expoxy resins, acid
catalysts are used as catalysts. In the embodiment where
the crosg-linkers 'u.sed belong to the classg of
isocyanates, organometallic compounds a,nci tertiary amines

are used as catalysts.

The agqueous dispersi‘ble polymer cozﬁposition may .

further comprise an alkoxide, the alkoxide having a

‘general Formula M(Z),, wherein nis 3 or 4; M is selected
from the group consgisting of: Zr, Al, Ti, Sn and Si; and

wherein (Z) 1s 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.

_ 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 C1.

In one embodiment, R is selected from methyl, ethyl

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

In one embodiment, the alkoxide may be a siloxane

compound having a general formula of 8i(Z)a.

The aqueous dispersible polymer composition may
further comprise one or more silane compounds. In one

embodiment, the silane éompounds wmay  comprise at least
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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)3-8i- (CHy) n-X

wherein (Z) 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 is a organofunctional group, selected from amine,
amino, amine, hydroxyl, carboxyl, epoxide, methacrylate,
mercaptan (SH), alkyl, alkylene, vinyl, isocyanate,

carbamate and combinations thereof; and
n ig an integer from 1 toc 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 C1.

In one embodiment, R is selected from methyl, ethyl

or phenyl. In anothér’embodiment, R is -CH;C=0 (acetoxy).

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

formula:

(2} 3-81- (CHy) X~ {CHa) n-81-(2%) 5

wherein X is as defined above;

(zY) and (2°), being same or different, are as defined

above;

n and m are integers, independently selected from 1 to

10.
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In one embodiment, the organosilane compound is a
bifunctional trimethoxysilyl aminosilane, wherein X' is.

amino and where (%Z°) and (Z%) are methoxy.

In another émbodiment, the organogilane compound is
a- monofunctional trimethoxysilyl epoxysilane, wherein X

is epoxy and (2z?) and (2!) are methoxy.

The silane compounds may be present in an amount of
at least a.bout 0.01% by weight based on the total weight
of the aquéous dispersible polymer composition. In
aﬁother embodimént, the silane compounds may be in an
amount from about 0.01% to about 10% by weight based on
the total weight of the po-lymer composition. In vet
another embodiment, the silane compounds may be présent
in an amount of a.iaout 25%, about 20%, about 33%, about
40%, about 45%, about E0%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 85%, about
20% or about 95% by weight, based on the total weight ‘oi

the polymer composition.

Advantageously, the silane compounds may help to

improve the adhesion properti‘esﬁ of a coating formed from

‘the" disclosed acﬁueo@zs_ diépersible -polymer composition.

In particular, the silane compounds may improve the
ability of the‘_' formed coating to adhere to inorganic
substrates, such as glass, metal, minerals or ceramics.
Further advantageously, the silane compounds may also act

as cross-linkers to promote c¢ross-linking between the

dendritic polymers, thereby increasing the cross—l:f.nkingj

density. As a result, the formed coaﬁings may exhibit

improved hardness, chemical and moisture resistance

In certain embodiments, the agueous dispersible
polymer composition may also include one or more polymers
selected from the group consisting of aliphatic

polyester, cyclic polyester, cyclic aliphatic polyester,
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polyacrylate, - polyurethane, polyester | polyol,
pelyurethane polyol, pelyacrylate polyocl, polytarbonate, =
polycarbonate polyel, copelymers-and blends thereof.
Exemplary, rion—limiting embodiments of a process for
preparing an aqueous dispersible polymer composition

according to the fourth and seventh aspects will now be-

‘disclosed.

During the mixing step (a), the one or more polar
compounds fnay be provided in an amount sufficient to
disperse the dendritic polymer in an agueous solvent. In
one embodiment, the pblar compounds may be provided‘ in a
weight "ratio of dendritic j;:olymer to polar compound of

from about 1:10 to about 10:1.

In one embodiment, the mixing step (a) may comprise
providing a weight ratio of dendritic polymer to polar

compounds of about 1:9, about 1:8, about 1:7, about 1:6,

~about 1:5, about 1:4, about  1:3, about 1:2, about 1:1,

about 2:1, about 3:1, about 4:1, about 5:1, about 6:1,
about 7:1, about 8:1 or about 9:1.

In one embodiment, the agueous solvent is selected
to be water. In a 'preferréd embodiment, the . agueous
solvent is de-ionized water. - The water may be added to
the mixture of dendritic polymer and polar compounds in
an amount of from about 20% to about 40% by'weight: based
on total weight of the polymer Acomposition‘. Irﬁ one
embodiment, the water may be added in an amount of about

30% by weight based on the total weight o0f the polymer

composition.
The mixing step (a) mway be performed at a
temperature of from about 20°C to about 200°C. In

another embodiment, the mixing step (a) may be performed

at a temperature of from about 50°C to about 150°C. In
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still another embodiment, the wmixing step (a) may be

performed at a temperature of about 95°C to about 120°C.

The mixing step {a) may comprise physical blending,

wherein the,physic¢l blending is performed under rigorous

‘agitation, for instance, by stirring until the polymer

solution turns homogeneous.

In certain embodiments, the hydroxyl  functional

.dendritic-pdlymer-has a theoretiCaI number of 16 to 128

hydroxyl'groups per moleculé of said polymer.

In certain embodiments, ?hé'fhydroxyl functional
dendritic polymer has a theoretical number'of 16 to 64
hydroxyl groups per molecule of said polymer.

In certain embodiments, the hydroxyl functional
dendritic polymer has a theoretical number of 32 to 64
hydroxyl groups per molecule of said polymer.

'In . certain .embodiments, the hydroxyl functional

dendritic polymer has a theoretical number of 32 hydroxyl

groups pér molecule of said polymer.

In certain fembodiménts;‘ the hydrdxyl functional

~dendritic polymexr has a theoretical number of 64 hydrokyl

groups per moiecule of:said polymer.
 In certain embodiments, the - hydroxyl functional
dendritic polymer ig a hyperbranched polyester. _
Iin cértain embodiments, the polar compound is an
alcohol, diol, polyol, or & hydroxyl substituted
aliphatic carboxylic acid. In certain embodiments, the

polar compound is Unoxol (a mixture of (cis, trans) 1,3

‘cyclohexanedimethanol and = {cis, trans) = 1,4-

cyclohexanedimethanolf diol, 1,6mhekanediol, lactic acid,
ethylene glycol, or polyethylene glycol.

In certain embodiments the process for preparing an
agueocus dispersion of a hydroxyl functieonal dendritic

polymer further comprises contacting the agueous
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dispersion of a hydroxyl functional dendritic polymer

with one or more cross-linkers.

Brief Description Of Drawings
©  The accompanying drawings illustrate a disclosed
embodiment and'serves to explain the principles of the
disclosed embodiment. It is to be 'undexstood, however,
that the drawings are designed for purposes of

illustration only, and not as a definition of the limits

of the invention.

Fig. 1a shows the agueous dendritic polymer
dispersion obtained from Examples 1A to 1F. '

Fig. 1b shows a graph of particle size in nanometers

(nm) of the aqueous'dendritic polymer dispersion cbtained

from Examples 1A to- 1F.

- Fig. 1lc shows a graph of viscosity in centipoise
(cps) of the aqueous dendritic polymer dispersion

obtained from Examples 1A to 1F.

Fig. 2a shows the aqueous dispersible dendritic

polymer solutions. cobtained from Examples 3A to 3F.

Fig. 2b shows a graph of particle size in nanometers
(nm) of the agueous dispersible dendritic polymer

solution obtained from Examples 3A to 3F.

.Fig. 2¢ shows a graph of viscosity in centipcise
{(cps) of the agueous dispersible dendritic polymer

solution obtained from Examples 3A to 3F.

Fig. 3a shows the agueous Jdispersible dendritic

polymer solutions obtained from Examples 3A to 3F.

Fig. 3b shows a graph of particle size in nanometers
{nm} of the 'aqueous dispersible dendritic polymer

solution obtained from Examples 4A to 4C.
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Fig. 3c shows a graph of viscosity in centipoise
(cps} of the agueous dispersible dendritic polymer

solution obtained from Examplés 43 to 4E.

Fig. 4a shows the agueous dispersible dendritic

polymer solutions obtained from Examples B5A to 5F.

Fig. 4b shows a graph of particle size in nanometers
(nm) of the agueous dispersible dendritic polymer

solution ébtained-from Examples 5A to 5E.

Fig. 4c shows a graph of wviscosity in centipoise
(cps) of the agueous dispersible dendritic polymer

solution obtained from Examples 5A to SF.

Fig. 5a shows the aqueocus dispersible dendritic

. polymer sclutions obtained from Examples 6A to 6F.

Fig. 5b shows a graph of partiéle size in nanometers

(nm) of the aqgueous dispersible dendritic. polymer

solution obtained from Examples 6A to 6E.

Fig. 5c¢ shows a graph of viscosity in centipoise

(cps) of the agueous dispersible dendritic polymer

-solution obtained from Examples 6A to 6F.

Fig. 6a shows the agqueous disperSible dendritic

polymer solutions obtained from Examples 72 to 7F.

Fig. 6b shows a gra?h of particle size in nanometers
(nmm) of the agqueous dispersible dendritic polymer

solution obtained £rom Examples 7A to 7F.

Fig. 6c shows a graph of viscosity in centipoise
{cps) of the aqueous dispersible dendritic polymer

solution obtained from Examples 7A to 7F.

Fig. 7a shows the agqueous dispersible dendritic

polymer solutions obtained from Examples SA to SF.
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Fig. 7b shows a graph of particle size in nanometers
(nm} of the aqueoug dispersible dendritic polymer’

solution obtained from Examples 94 to 9F.

Fig. 7¢ shows a graph of wviscosity in centipoise
(cps) of the agueous disgpersible dendritic' polymer

solution obtained from Examples 9A to SF.

Examplés

Non-limiting examples of the invention will be
further described in greater detail by referencé to |
specific Exémples, which should not be‘coﬁstrued.és in

any way limiting the scope of the invention.

Materials used

Below is a list of the raw materials used in the

follOwing'Examples. The commercial names (in bold) of the

i

the Examp

following raw chemicals will be used i
convenience.

1. Dendritic  polymer with theoretically 64

-peripheral hydroxyl groups, having a molecular weight-bf

about 5100 g/mol solid, OH value 470-500, (“Boltorn
H40™") procured from Perst orp Slngapore Pte Ltd

2. Dendrltlc polymer w1th theoretlcally 16 primary

' hydroxyl groups and a molecular‘ weight of 1747 g/mole

solid, OH value 490-530, (“Boltorn H20™") produced from

Perstorp Singapore Pte Ltd,

3. Cycloaliphatic diol that = is composad of
approximately a 1:1 ratio of (cis, trans)-1,3-
cyclohexanedimethanol and {cis, trans)-1i,4-

cyclohexanedimethanol, with a molecular weight of 144.21,
hydroxyl number of 778, (“Unoxol Diol™") produced from

Dow Chemical Pacific (Singapore) Pte Ltd,
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4. Water—dispersible, aliphatic pelyisccyanate, with
~N=C=0 {(NCO) eguivalent weight of about 344 (“Easaqua XD
8037) procured from Perstorp Singapore Pte Ltd.

5. A hexamethoxymethyl-melamine-formaldehyde resin,
with 98% solid f“Resimene 7477) procured from Ineos
Melamines, Germany. ‘

6. Pure aliphatic polyurethane dispetsioh (“PUD
163P") procured from Nipsea Technologies, Singapore,
having solids coﬁtent: 32.8%; Viscosity: 35.5 cps; pH:
7.87; Mw = 39673, and Mn = 9747. ' -

7. A hexamethoxymethyl/n-butyl-melamine formaldehydé
resin, with 98%_solids {“"Resimene CE7103") procured from

Inecs Melamines, Germany.

Testing Methods

In the following Examples, ‘the following
industrially recognized testing methdds‘ are used to

characterize the water-dispersible coatings:

«  Viscosity (Brookfield LVT viscometef): ASTM
' D2196-85; .

«  Adhesion {lmm X lmm): ASTM D3359;

. Impact {as measufed, in Inch {(in)/pounds {1lb)

{direct)):. ASTM D2794; |
° Pencil Hardness (Break/Scratch): ASTM D3363;
K Flexibility (1/8”): ASTM D5222; -

In addition, a methyl ethyl ketone (“MEK”} rub tesﬁ
is used to determine the degree of cure of the coating
composition by the.resistance of the composition to MEK.
The following protocollwill be adopted for the MEK rub
test: '

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

film thickness (“WFT");
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(ii) Dry the panel at a predetermined temperature
for a predetermined duration (temperature and curing time
depend on spacific coatings) prior to testing;

(iii) Saturate a cotton bud with MEK and hold it at
45°'angle to the Eest surface, rub the test surface with
moderate pressﬁre. A complete rub consisting of one
forwards rub and one backwards rub motion is considered
one double rub. The surface ig rubbed continuously until
the substrate gléss panel is exposed. Record the total
number of double rubs. |

Further, the particle size of the dispersioné
obtained in the following ‘Examples are tested by a
dynamic light scattering (DLS) instrument. DLS obsexrves
the time dependent fluctuations in scattering intensity
caused by constructive and  destructive interference
resulting from the relative Bfownian. movements of the
particles within a dispersion sample. .Aécordingly, the
average particle size can be calculated from time-
dependent fluctuations in light intensity. The following
?rocedure will be adopted to determine the'particle‘size:

(1) Turn on the analyzer. Ensure the system is
warmed up for at least 30 minutes prior to starting the
measurement in order to prevent any thermal'equilibration
issués f:om affecting the measurement results.

(ii) Add 25 uL sample diluent and 25 ml deionized
(D.I.) water into a glass beaker. Dilute sample such that
a transparent appearance or slightly wmilky solution is
obtained. '

{iii) Fill a cuvette up to a minimum of 10 mm in
depth from the bottom of the cuvette for sufficient light
scattering. |

(iv) Run the measurement

(v} Record results accordingly.
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Exanples 1A - 1F

Preparation of acueocus dispersible dendritic polymer

compeosition

goltorn H40 (powder) and Unoxol Diol were miked.in a
100 ml round bottle flask at varying weight ratios. The
mixture turned homogenous after about 1 to 2 hours of
stirring. 43 wt% deionized (D.I.) water, basedA‘on ‘the
weight of E40 and Unoxol DPicol, was added and the mixture
was stirred for  another 5 minutes to form an agueous
dispersible dendritic polymer solution with solid content
about 70%. |

The weight ratios of Boltprn H40:Unoxol Diecl used in
Examples 1A to 1F, the particle sgizes of the dendritic
polymer in the aqueous dispersible solution and the
viscosity of the aqueous dispersible ‘solutions are

tabulated in Table 1 below.

Table 1

Examples  Weight Ratio (Boltormn Particle Viscesity

H40:Unoxol Diol) Size (nm} {cps)

iB : 1:4 294 72

624 178

iF 4:1 ‘ 209 1106

Fig. 1la is =a photograph shoﬁing the aqueou§
dispersible dendritic polymer solutions corresponding to
Examples 1A to 1F, as seen from left <to right
fespectively. It can be observed from Fig. la that the
solutions range from transparent to slightly milky in

appearance. In particular, it can be observed that as
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the weight proportion of the dendritic polywer increased,
the polymer solution became less clear.

Fig. 1b shows a graph of particle size in nanometers
{nﬁ) cof thé agueous dispersible dendritic polymer
sclution obtained from Examples 1A to 1F. It can be-seen
from Table 1 and Fig. 1b that the particle size of the
dendritic polymer in the aquecus dispersible solution
increases. with a decrease in the weight proportion of the
polar compound (i;e., Unoxol Diol), in the seolution.

Fig. 1c shows a graph of viscosity in centipoise
{cps) of the agueous disperéibie dendritic polymei
solution obtained from Examples 1A to 1F. It can be seen
from Fig. ic that the <wviscosity of the agueous
dispersible dendritic polymer solutibns increases with a
decrease in amount of the polar compound, {(i.e. Un.oxol

Diol) in the dispersion..

Example 2

.Preparation of coating compositions  based on agueous

polymer COmpositions of Example 1

The agueous dispersible dendritic polymer solutions
obtained from Examplés 1A to 1F were each admixed with a
blocked melamine cross-linker (Resimene 747) to form one-
component (1K}‘coating compogitions.

All the coatings prepared based on the agueous
polymer sclutions of Examples 13 to 1F were capable of

film formation in a 1K melamine system. The appearances:

o0f the films formed were glossy and smooth. Using the

pencil-hardness test, it c¢an be demonstrated that the
coatings pfepared from the above described 1K melamine
systems possess pencil hardness of up to 7H.

Additionally, based on the WMEK rub test, it 1is

further demonstrated that the chemical resistance of the
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above preyéred coatings is good, withstanding more than
1500 cycles of MEK rubs. | |

As illustrative examples, the components of the 1K
coating’ compositioné prepared based on the aqueous
di8persiblé dendritic polymer solutions of Example 1A and
1F are provided respectively in Table 2.1 and 2.2 below:.
Table 2.1 '

1% Preparation
‘ WT'%
Example 2A .
Dendritic polymer
soulution from Example | 36.7
12
Water ' 12.5
Butanol : 14.9
DPnB | T 5.1
Surfynol DF 110C ™ | 0.3
BYK 345™ ‘ 0.4
Silguest A-187 ™ 0.5
Nacure 8924 ™ ‘ 0.3
{(blocked acid catalyst) .
 Resimene 747 ™ 29,3
{melamine crosslinker)
Table 2.2
1K Preparation
WT%
Example 2B
Dendritic polymer
soulution from Example 43.7
1F ' |
Water . : 4.4
Butanol 12.6
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DPnB

6.6
Surfynol DF 110C ™ 0.3
BYK 345%™ 0.4
Silgquest A-187 ™ 0.5
P !

Nacure 8524 ™ | : 0.3

(blocked acid catalyst) '
- Resimene 747 ™ 54 .4
(melamine crosgslinker) '
Total 100.2

7 Further, the properties of the 1K melamine coatings
prepared based on the sclution from Example 1F are

provided in Table 3 below.

Table 3

kResults - Bxanple 2A Example 2B
In-can Appearance Transparent liguid | Light Milky

Dry Film Good clarity and Good clarity an
Appearance smooth smooth o
Pencil Hardness, 3H/4E , SH/?H

geratch / Break : ' _

MEX Double Rub, >1500- _ >1500

cycles

Example 2C and 2D show the preparation of dual cure
(being heat and UV curable) coéting compositions
comprising  the. wateerispersible dendritic  polymer
solutions of Exanmple 1A and 1F (lA:‘}MO/Unoxol‘Diol =
1:9; 1F: H40/Unoxol Diol = 4:1) in. admixture with a
blocked melamine crosé»linkar (Resimene 747™) and a

polyester acrylate oligomer (CN 2302"™)

The compositions of Examples 2C and 2D are provided

in Tables 3.2 and 3.3 respectively.

The dual cure coating compositions from Example 2C

and 2D were dried by curing with ultraviolet light for &0
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seconds, followed with curing by heating in an oven at

110°C for 45 min.

Using the pencil hardness test, 'the dual cured
coating possessed a scratch hardness of HB (Example 2C},

4 (Example 2D) and a break hardness of 4H (Example 20),

6H (Example 2D) as shown in table 3.4.

Table 3.2:
1X Preparation.
' WT%
Example 2C
Dendritic‘pblymer
solution from Example 22.4
1a
CN 2302 22.3
Waterx 18.2
Butanol. 16.8
Surfynol DF 1loc ™ 0.3
- BYK 345™ 0.4
Silquest A-187™ 0.5
Irgacure 500 ™ 6.7
Nacure 8924 ™ 0.3
{blocked acid catalyst).
Resimene 747 ™ 17.9
{melamine crosslinker)
Total 100.0
Table 3.3:
1K Preparatiocn _
' W%
Example 2D
Dendritic polymer
solution from Example 24.6
iF
CN 2302 2£.6
Water 22.4
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Butanol 12.3
Surfynol DF iloCc ™ 0.3
BYK 345™ 0.4
Silquest A-187 ™ 0.5
Irgacure 500 ™ 0.7
Nacure 8924 ™ 0.3
(blocked acid catalyst)
Resimene 747 ™ 13.8
{(melamine crosslinker)
matal 100.0

Table 3.4

Results

Example 2C

Example 2D

In-can Appearance

Milky White

Milky White

cycles

Pencil Hardness, HB/4H 4H/6H
scratch / Break 3 :
Adhesion, Ilmmxlmm 5% peel off 0% peel off
Flexibility, 1/8” Passed . Passed

MEX Double Rub, >15060 >1500

Examples 32 to 3F

Preparation of an agueous dispersible dendritic polymer

composition

‘The method described in Examples

repeated in this Example,

used in place of Unoxol Diol.

1A to 1F was

except that 1,6-hexanediol was

The weight ratios of Boltorn H40:1,6-hexanedicl used

polymer

viscosity of the

in the agueous

agueous

detailed in Table 4 below.

Table 4

dispersible

in Examples 3A to 3F, the particle sizes of the . dendritic

solution and the

dispersible

solutions are

Examples

Weight Ratio (Beoltorm

Particle

Viscosity
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H40:1,6-hexanedicl) Size (nm} {cps)

3D 1:1 © 464 . 100

3F . 41 815

Fig. 2a is a photograph showing ' the agueous
dispersible dendritic polymer.solutioﬁs corresponding to
Examples 3A to 3F, as seen from left to right
respectively; It can be observed from Fig. 2a that the
solutions range from transparent to milky in appeafance.

_m Fi§. 2b shows a graph of particle siée in nanometers
(om)  of the aqueous dispersible dendriti¢ polymer
sblution'obtained Erom Examp;eé 3A to 3F. It can be séen

from Table 4 and Fig. 2b that the paxticlelsize.of the

" dendritic polymer in the ‘agueous- dispersible solution

increases ‘with"a- decrease in amount of the polar
comﬁoundﬁ i,é.-1,6mhékanediol, in the solution. This is
gsimilar to the fesults shown in Exaﬁples 1A to 1F.

Fig. 2c¢ shows a giaph of 'viscosity in centipoise.
{(cps) of the agueous’ dispersible'-dendritic -leymer
soluﬁion obtained from Examples 3A to 3F. It can be seen
Afrom Fig. 2é that ~ the viscosity . of the agueous
‘dispersible dendritic polymer solution increases with a
decrease i; amount ‘oﬁ ‘the polar amount, i.e. 1,6~
hexanediol}'in the seolution. This is also similar to the

results shown in Examples 1A to 1F.
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Examples 4A to 4F

Preparation of an aqueous dendritic polymer composition

The method described in Examples 1A to 1F was
repeated in this Example, except that ethylene glycol was
used in place of Unoxol Diol.

The weight ratios of Boltorn H40:ethylene glycol
used in Examples 4A to 4F, the ‘pafticlé sizes of the
dendritic polymer in the agueous dispersiblé solutions
and the 'viscosity' of the aqgueous dispersible solutions

are detailed in Table 5 below.

Table &

Examples Weight Ratio (Boltorn Particle Viscosity

H40:ethylene glycol) Size (nm) {cps)

4D 1:1 N.A. 856

4F 4

N.A. Gelled

Fig. 3a shows the agueous dispersible déndritic
polymer solutions obtained from Examples 4A to 4F, as
seen from left to right respectively. It can be observed
from Fig. 3a that the solutions range from translucent to
milky in appearance.

Fig. 3b shows a graph of particle size in nanometers
(nm) of the agueous dispersibie dendritic polymer
solutions obtained from Examples 4A to 4C.

Fig. 3¢ shows a graph of wviscosity in centipoise

(cps) o©f the aqueous dispersible dendritic polymer
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solutions obtained from Examples 4A to 4E. Notably, the
viscosity of Example 4F was too high and experienced

gelation.

Examples 54 to 5F _

Preparation of an agueocus dendritic polymer composition

The method described in Examples 1A to iF was
repeated in this Example, except that polyethylene glycol
400 (PEG) was used in place of Unoxol Diol.

The weight ratios of Boltorn H40:PEG used in
Examples SA:to SF, the particle sizes of the dendritic

polymer in the ' acgueous dispersible solution and the

‘viscosity of the agueous dispersible solutions are

detailed in Table & below.

Table 6

Examples Weight Ratio Particle Viscosity

Sizel(nm) - {cps)

(Boltorn H40:PEG)

5B 1:4 . 236 48

Fig. 4a shows the aqueocus dispersible dendritic
polymer solutionsg obtained from Examples 5A to 5F, as
seen from left to right respectively. It can be observed
from Fig. 4a that the solutions range from transiucent to

milky in appearance.
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Fig. 4b shows a graph of particle size in nancmeters
(nm) of the agueous dispérsible ‘dendritic polymer
solution obtained from Examples 5A to SE. '
Fig. 4c shows a graph of viscosity in centipoise’
5 {cps)  of the aQueous dispersible dendritic  polymer

solution obtained from Examples 5A to SF.

Example 5G

prreparation of coating composition based on the water-

10 dispersible dendritic polymer solution of Example 5

Tﬁe example is the 1K preparation: of the coating
composition comprising the water-dispersible dendritic
pbiymer solution of Example 5F (H40/PEG 400 = 4:1) in

~ admixture with a blocked melamine cross-linker (Resimene

15 747™).
The composition is provided in Table 6.1 ‘and the
characterization results of the coating are provided in

" Table 6.2 below.

Table 6.,1:
1K Preparation
' ‘ WI%
Example
Dendritic polymer .
solution from Example | 52.1
5F
Water _ - 11.6
Butyl Glycol
. 11.9
{coalescent)
Surfyncl DF 110C ™ 0.3
BYK 343™ ‘ : 0.3
Nacure 8924 ™ 0.3
(blocked acid catalyst) )
Resimene 747 ™ 23.5
{melamine crosslinker) '
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Total o - 100.0

Table 6.2

Regults ' Example 5G

In-can Appearance Light Miiky
i Dry Pilm Appearance Good clarity and smooth
Pencil Hardness, scratch / 3H/5H

Break ‘ '

MEK Double Rub, cycles : | =1800

Example 6

Preparation of an agueous dendritic polymer composition

The method described in Examples 1A to 1F was

repeated in this Example, except that lactic acid was

used in place of Unoxol Diol.

.. LA, S b o = s [ P TYA . [P U L T
Lk weight ratios of Boltorn H4d:lactic acid

used in

Examples 6A to 6F, the particle sizes of the dendritic

polymer in the agueous dispersible sclution and the

viscosity of the . agueous dispeisible sclutions are

detailed in Table‘?Ibelow.

Table 7

" Examples Weight Ratio (Beoltorn Particle Vigcosity

H4D:lactic awcid) Size'(nm) _ {eps)
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~Fig. 5a shows the aqueous dispersible dendritic
polymer solutions obtained from Exémples 6A to 6F, as
seen from left to right respectively. It can be observed
from Fig. 5a that the solutions range from translucent to
milky in appearancéf
Fig. 5b shows a graph of particle size in nanometers
(nm) of the agueous dispersible dendritic polymer
solution obtained from Examples A to 6E. '
Fig. 5¢ shoﬁs a graph of wviscosity in centipoise
(cps) of the agueous dispersible dendritic polymer

solution cbtained from Examples 6A to 6F.

Exanples 7A to 7F

Preparation of an aguecus dendritic polymer composition

The method described in Examples 1A to 1F was
repéated in this  Example, except “that a lower
functionality dendritic polymer (Bdltorn H20} was used in
pléce of Boltorn H40.

The weight ratios of Boltorn H20:Unoxol Diol used in

Examples 7A to 7F, the particle sizes of the dendritic

- polymer in the agueous dispersible solution and the

viscosity of the agueous dispersible solutions are
detailed in Table 8 below.
Table 8

Examples Weight Ratio (Boltorn = Particle Viseosity

H20:Unoxol Diol) Size (nom) (cps)

TF £:1 1020 204
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Fig. .6a shows the aqueous dispersible dendritic
polymer solutions obtained Ffrom Exémples 7A to 7F, as
seen from left to right respectively. It can be observed
from Fig. 6a that the scolutions range from transparent to
milky in appearancé. .

Fig. &b shows a graph of particle size in nanometers
{nm}) of the agueous dispersible 'dendritic polymer
sélution obtained from Examples 7A to 7F.

. Fig. 6c shows a graph of wviscosity in centipoise
{(cps) of the aqueous dispersible dendritic polymer

solution obtained from Examples 74 to 7F.

Examplels

Preparation of coating composition based on Example 7

The aquecus dispersible dendritic polymer solutions

obtained from Examples 74 to 7F were each admixed with a

‘blocked melamine_crossmlinker (Resimene 747) to form one-

component (1K) coating compositions.
All of Examplés 7TA to TF were capable of £ilm

formation in a 1K melamine system. The appearances of the

 films‘formed were glossy and smooth. Using the pencil-

hardness test, test results show that the coatings

prepared based on the polymer solutions of Example 7
displayed a pencil hardness of up to 6H. It is noted that
the pencil hardness of Example 8 is slightly lower than
the 1K melamine coatings of Example 2. This is presumably

because Boltorn H20 is a lower functionality dendritic

- polymer as compared to Boltorn H%O. 

aAdditionally, using the MEK rub test, the chemical
resistance of the 1K melamine system was more than 1500
cycies, |

By way of example, the 1K coating compositions
prepared based on the agqueous dispersible dendritic

polymer solutions of Example 7A (H20:Unoxol Diol = 1:9)
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(H20:Unoxol Diol = 4:1) are provided
respectively in Tables 9 and 10 below
Table 9
Name Weight (%)
Polymer solution from Example 7A 39.7
Water 11.7
Butyl Glycol (coalescent) 15.9
Additive (BYK 345™) 0.3
Blocked Acid Catalyst (Nacure 8924™) 0.2
Melamine Crosslinker (Resimene 747™) 32.2
Total 160.0
~ Table 10 _ _
Name . Weight (%).
Polymer solution from Example 7F - 46.3
‘Water 11.4
Butyl Glycel _i3.9
Additive (BYK 345™) 0.4
Blocked Acid Catalyst (Nacure 8924 Q'3
Melamine Crosslinker (Resimene 747™) 27.8
Total 10C.0

Further, the properties_of‘the 1X melamine coatings

prepared based on the solutions from Examples 72 and 7F

are provided in Table 11 below.

Table 11

'Properties.

Composition based on
solution of Example
TA

Compogition based
solution of Exampl

| TF

In-~can Appearance

Transparent liguid

Light Miiky

Dry Film
Appearance

Clear and smooth

Clear and smcoth

Pencil Hardness,
scratch / break

3H / 6H

44 / &H
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MEK Double Rub, >1500 o >1500
no. of cycles ‘

Exampies 8a to 9F

Preparation of an aqueous dendritic polymer composition’

The method described in Examples 1A to 7F was
repeatéd in this Example, except that polyethylene glyéol
400 (PEG) was used in place of Unoxol Diol.

The weight ratics of Boltorn H20:PEG 400 used in
Examplés 9A to 9F, the particle sizes of the dendritic
polymer in ‘the ~aqueous dispersible solufion and the
vigcosity of 'the,'aqueous‘ dispersiblé' solutions are
detailed in Table 12 below. | '

Table 12

Examples. Weight Ratio {(Boltorn Particle Viscosity .

H20 : PEG) "+ Bize {(nm) {cps)

Fig. 7a -shows the agueous dispersible dendritic

polymer solutions obtained from Examples 9A to 9F, as

seen Ifrom left to right respactively. It can be observed
from Fig. 7a that the solutions range from transparent to
milky in appearance. '

Fig.-?b shows a graph of particle gize in nanometefs
(nm) of the aqueous dispersible dendritic polymer

solution obtained from Examples 9A to SF.
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Fig. 7c shows a graph of viscosity in centipoise
(cps) ~ of the agueous dispersible dendritic polymer

golution obtained from Examples 9A to 39F.

Exanple 10

Preparation of 2K coating composition by blending with a

polyurethane dispersion (PUD)

Example 10 shows a 2K preparation of a coating
composition comprising a blend of the water-dispersible

dendritic polymef solution of Example 1A (1A: H40/Unbxol

Dicl = 1:9) and PUD 163P in admixture with a

polyisocyanate crosg-linker (Easaqua DX 803™),

Two coating compositions were prepared, namely,
Examples‘ 10A and 10B. Example 10B contains a an

additional PUD component for blending with the dendritic

.polymer solution. The -compositions of Example 10A and 10B

are provided in Tables 11.1 and Table 11.2 respectively.

Table 11.1
2K coating composition ,
WL, %
Example 10A
Side A
Dendritic polymer
o 11.69
solution of Example 1A :
Water 7.18
Dowanocl PnB 1.98
BYK 345 0.72
Surfynel DF-110C . 0.32
1% DBTDL in PnB 2.08
‘EBcosurf BD40S 0.63
8ide B
Easaqua DXB03 75.24
Total 100.00
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Table 11.2
Example 10B
WT ¥ %
Side A
Dendritic polymer
7.04
solution of Example 1A
Water 25.01
PUD 163P 20.84
BYK 345 0.42
Surfynol -DF-110C 0.17
1% DBTDL in PnB 1.25
Side B
Easaqua DX803 45.28
Total 100.00
The characterization results of the coatings

prepared from Examples 10A and 10B are tabulated below

and shown in comparison to a convention polyurethane

cbating.
Table 11.3:

| Results Example 10A Example 10B | PUD 163P J
In-can Slight hazy Milky white | Translucent
Appearance
Dry Film Clear & LClear &
Appearance Clear & Glossy Glossy Glossy
Pencil '
Hardnesgs,
scratch / F/6H ZB/SH HB/4H
Break
Impact, In.lb | =80 =80 =80
Fleflblllty" Pass Pass Pass
1/8 :
MEK Double
Rub, cycles =>1500 644 <10

. Very slight ' - . .
Water, 24hrs blistering: No change Blistering
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(recover in
40min)
>% NaQH Whitening and
Solution, No change No change ,
cracking
24hrs
ig; Ethanol, No change Tiny blister | Blistering

Comparative Example 11

Preparation of a carboxy-terminated dendritic polymer

Comparative Example 11 refers to a conventional
agueous dispersible dendritic polymer that has been
functionalized with ionic functional groups for acquirin§
solubility in an agueous medium. N ‘

Boltorn H40 and about 50%wt N-methyl-2-pyrrolidone
(NMP) bhased on Boltorn H40 were mixed in a 100 ml round
bottom flask with reflux. Stirring was undertaken at

90°C for an hour until the mixture turned homogeneous.

To the stirred mixture, maleic anhydride was
guantitatively added until about 30% of the hydroxyl

functional groups of the - Boltorn H40 have been

subgtituted respectively. The temperature 1s then ralsed

to  100°C and stir:ing. is continued for another 60

minutes. After that, the mixture is cocled to 65°C,

followed by the addition of triethylamine (“TEA”} to

neutralize all acid groups and deionised (DI) water to
adjust solid content. Mixture is stirred for another 15
minutes. The final product is  then cooled to room

temperature and filtered with a 25 pre £ilter cloth.

The f£inal product is a carboxyl group functionalized‘
H40 dendritic polymer solutien, having about 25% of its -
CH groups gubstituted with ~COOH groups, an ~0OH
équivalent weight (Ew) of about 440 and solid content of
about 55.4%. The polymer solution is a nearly clear
yellow liguid.
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Table 12.1 below shows a 1K preparation of a coating
composition based on the carboxyl functionalized polymer

solution of Comparative Example 11.

Table 12.1

Coéting- Composition prepared

from dendritic polymer Wt %
solution qf Eﬁample 11 ‘
30% COOH modified HA0 68.5
Water : 8.9
Qutyllglycol {coalescent) ‘ . 8.9
BYX 345 - - 0.4
Nacure 3924 i 0.4
Resimene 7103 7 V 12
Total : 898.9

The characterization results of the coating of Table

-12.1 are provided in Table 12.2 below.

Table 12.2
Results ‘ Comparable Example
In-can Appearance Light Milky
Dry Film Appearaﬁce - | Hazy and uneven, poor appearancél
Drying condition: 110°C/45min
| 100y WFT on Tin
1 Pencil Hardneés,
scratch / Break 2B/ 2B
Adhesion, lmmxlmm ' 21% peel off
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Impact, In.lb 10

Flexibility, 1/8" Failed

100y WFT on Glass

Pencil Eardness,
48 / 4B
scratch / Break

As can be seen above, while conventional dendritic
polymer (functionalized with carboxyl groups) &ay help to
disperse the dendritic polymer in water, the presencé of
carboxyl functional groups resﬁit in inférior: coating
performance when applied in a 1K melamine coating system.
The dry film coating bhas an uneven surface and causes
poor aesthetic appearance. Additionally, the measured
pencil hardness is only 2B on the surface of a tin panel
and 4B on a glass panel. This is clearly contrasted with
the hardness of B5H / 6H provided by the disclosed

coatings of the present invention.
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Applications

. Tt will be appreciated that the disclosed polymer
compositions and methods éan be uged to prépare water-
based coating compositions which are organic solvent-free
and accordingly emit little or no veolatile organic
compounds at all.

It can be further appreciated that the disclosed
agqueous dispersible compositions are easy to prepare,
without requiring a cumbersome modification step to graft

ionic moieties onto the peripheral surface of = the

polymer. As a result, the -disclosed polymer compositions

can be used to prepare water-based coatings having high
pencil hardness and improved. chemical/water resistance
compared to conventional water-based coatings that
utilize ionic-functionalized polymers. As "~ an added

advantage, by not reguiring any additional surface

modification of the polymers, there can be sgignificant

cost and time savings when preparing the water-based
coatings. ' ' |

It wili be ap?arent that various other modifications
and adaptations of the invention will be apparent to the
peréon skilled. in the art after reading the foregoing
disclosure without departing from the spirit and scope of
the invention cand it is intended that all such
modifications and adaptations come within the scope of

the appended cléims.
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Claims

1. An agueous dispersible polymer composition comprisihg:

(i) a hydroxyl functional dendritic polymer, wherein
the hydroxyl functional dendritic. polyﬁer - 1s completely

unmodified;

{ii) one or more polar compounds, said polar compounds
being miscible with both said hydromyl functiénal ‘dendritic
polymer and an agqueous solvent; and wherein the one or more
polar compounds are present in an amount sufficient to
disperse sald hydroxyl functional dendritic polymer in said
agueous solvent, wherein the weight ratio of said hydro#yl
functional dendritic polymer to said polar compounds is
from about 1:9 to about 4:1.

2: The agueous dispersible polymer composition of ¢laim
1, wherein said com@osition further comprises an agueous

gsolvent .

3. The a¢ueous dispersible polymer composition of claim

2, wherein the agueous solvent is water.

4. The agueous dispersible polymer composition according
to any one of the preceding claims, wherein said polar

compounds have an average molecular walght of 500 or less.

5. The agueous dispersible polymer composition according
to any one of the preceding claims, wherein said polar
compounds comprise one or more polar functional groups

selected from the groups consistihg of: hydroxyl functional
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group, amino functional group, halogen functicnal group,

carbonyl functional group and carboxyl functional group.

5. The agueocus dispersible polymer compozition according
te claim 5, wherein sald or more polar compounds are
selected from the group consisting'of: alcohols, varboxylic
acids, halogenated alkyls, halogenated olefing, amines,
alkylamines, alkenylamines, olefinic alcchols, cycloalkyl
aleochol, cycleoalkenyl alcohel, hydroxy acid and mixtures

thareof.

7. The agueous dispersible polymer composition according
te any one of the preceding claims, wherein said polar

compounds are cycloalkyl alcohols. ©

8. The agueous dispersible polymer composition according
to any one of claims 1 to 3, wherein said polar compound is

a lactic acid. ' . : .

‘9. The agqueocus dispersible polymer composition according
to claim 7 or claim B, wherein ssid polar compounds
comprise from. about 2 to about 6 hydroxyl Functional

GroOups .,

10. The agueous dispersible polymer composition according
to c¢laim 7 or claim 8, wherein said polar compound comprise

about 2 to about 15 carbon atoms.
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11. The agueous dispersible polymer composition according
to any one of the preceding claims, further comprising one

or more cross-linkers.

12. The aqgueous dispersible polymer composition according
tc any one of the preceding claims, wherein said hydroxyl
functional dendritic polymer has a theoretical number of 16
to 128 hydroxyl groups per molecule of said dendritic
polymer. '

13. The aqu.eousl diépersible polymer composition according
e claim 12, wherein said hydroxyl functional dendritic
pelymer has a theoretical number of 64 hydroxyl groups per

molecule of said dendritic polymer,

14. The aqueous dispersible polymer compesition according
to any one of the "preceding claims, further comprising one
oY more additivgs selected from the group consisting of:
catalysts, ultra-vi‘o'let {(ov) - phote-initiators,

nanoparticles, zurfactants, and mixtures thereaf.

15. The agueous dippersible polymer composition .according
to any one of the preceding claim, further comprising a
non-dendritic polymer selectad | from polyvester,
polyuﬁethane +  polyacrylate, polvel, polvimide, cbpolymers
and polymer blends therectf. '

16. The agqueous dispersible polymer composition according
to any one of the preceding claim, further comprising one

or more alkoxides having the general formula M(Z),, wherein
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n is an integer ranging from 3 to 4; M is selected from the
group consisting of: Zr, Al, Ti, Sn and $i; and wherein (%)
ig a reactive h}?drolysable group selected from a~halide or
an (OR) group, wherein R is hydrogén, acetoxy or an alkyl

group having 1 to & carbon atoms.

17. The agueous dispersible p'ollymer compozition according
to claim 16, wherein said alkexide is a siloxane having =a
general formula of S81(Z),, wherein n and (2) are as defined

in claim 16,

18. The aqueous dispersible polymer composition according
to any one of claims 1 to 17, for use in the preparation of
a single component (1K) coating composition, wherein the
hydroxyl functional dendritic p&lymer, polar compound and

crogs-linker are in a single component.

13. The agueous dispersible polymer composition according
to any one of claims 1 to 17 for use lin the preparation of
a two-part (2K) coating compdsiticn wherein the hydroxyl
functional dendritic polymer and polar compound are in one

component and a crosslinker is in the other component.

20. An agueocus polymer dispersion comprising:

(i) at least one hydroxyl functional dendrit.ic
polymer, wherein the hydroxyl functional dendritic polymer

is completely unmodi £ ied;

{ii) one or more polar compounds, said polar compounds
being miscible with both said hydroxyl functional dendritic -

polymer and ‘a.'n agueous solvent; and
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{iii) an agueous solvent,

wherein the weight ratio of said hydroxyl functional
dendritic polymer to said peolar dompounds is from about 1:9

to about 4:1.

21. . The aqueous polymer dispersion of claim 20, wherein

the agueocus solvent is water.

Z2. The agqueous polymer dispersion of claim 20 or claim

B

21, further comprising one or more cross-linkers.:

23, The agquesus dispersible polymer ;omﬁosition of any one
of claimsg 1‘“22, further ccmprisﬁng oné or more polymers
selected from the group érﬁnsistiﬁg of aliphatic polyester,
cyclic polyester, cyclic aliphatic polyester, polyacrylate,
polyurethane, polyester polyel, polyurethane polyol,
polyacrylate polyol, polycarbonate, polycarbonate pelyol,
éopolymers and blends therecf. |

24. A coating composition comprisging a first conponent and

second component, wherein said first component comprises:

{1) at  least one hydroxyl functional dendritic
polymer, wherein the hydroxyl functional. ‘dendritic polymer

iz completely unmodified; .

(ii) one or more polar compounds, said polar compounds
being wmiscible with both sald hydroxyl functional dendritic

peolymer and an agueous solvent;
(iii) an agueous solvent; and

said second component comprising:
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{iv) one or more cross-linkers; and

wherein saild first and 5second components, when mixed

together, form the coating composition,

wherein the weight ratio of said hydroxyl functional
dendritic polymer to said polar compounds is from about 1:9
to about 4:1.

25. A process for preparing an aqueous dispersible polymer

composition, sald process comprising the steps. of

(a) mixing a hydroxyl funct‘ionai dendritic polymer, one or
more polar compounds in an agueous solvent to form saild
acgueocus dispersible polymer composition, said one or more
polar compounds being selected to be miscible with both
said hydroxyl functional dendritic polymer and said agueous
golvant: wherein the hydroxyl ;mct:;ucma* dendritic r:-.xlymer
is completely unmodified, wherein said one or more polar

o

compounds are provided in an amount sufﬁ:.c:.ent to dispérse
said hydroxzyl functional dendritic polymer in said agueocus
'solvent:, wherein the weight ratio of. said hydroxyl
functional dendritic polymer to said po'lar compounds is

from about 1:9% to about 4:1.

26. The process according to claim 25, wherein said miking
step 15 performed at a temperature of about 20°C to -about
200°C,

27. The process according to claim 25 or claim 26, wherein
said mizxing step comprises physical klending.
53
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28. A process Ifor lpreparing an agueous dispersion of a
hydroxyl functional deandritic polymer comprising the steps
of

(a) contacting =a hydroxyl functional dendritic polymer
with at least one polar compound to form a first ﬁompcnen;
wherein the hydroxyl functional dendritic polymer is
completely unmodified, wherein the weight - ratic of said
hydroxyl -functional dendritic polymer to said polar
compounds is from about 1:9 to about 4:1; and

{b) - contacting the first component with an agueous solvent
to form the aqueous disperéiqn_ of a hydroxyl f{unctional
dendritic polymer; wherein the polar‘ccmpound'is miscible
with the .aquécus solvent and the hydroxyl functional
dendritic polymer; wherein the polar compound is provided
-in an awmount sufficient to disperse the hydroxyl functional
dendritic polymer in the agueous solvent.

29. The oprocess of claim 28, wherein the hydroxyl
functional dendritic polymer has a théoxetical number of 16

to 128 hydroxyl groups per molecule of said pélymer.

30. The process of claim 2B, wherein the hydroxyl
functional dendritic polymer has a theoretical number of 16

to 64 hydroxyl groups per molecule of said polymer.

31. The process of claim 28, wherein the hydroxyl
functiénal dendritic polymer has a theoretical number of 32

to 64 hydroxyl groups per molecule of sald polymer.

22. The process of. claim 28, wherein the hydroxyl
functional dendritic pelymer has a theoretical number of 32

hydroxyl groups per wmolecule of said polymer.
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33. The process of claim 28, wherein the hydroxyl
functional dendritic polymer has a theoretical number of 64

hydroxyl groups per molecule of said polymer.

34. The process of any one of claims 28-33, wherein the
hydroxyl functional dendritic polymer is a hyperbranched

polyester.

35. The process of any one of claimsg 28-34, wherein Ehe
polar compound is an alcohol, diol, poiyol,. or a hydroxyl
substitutad aliphatic carboxylic acid. ‘

36. The process of any one of claimg 28-35, wherein the
polar compound is Unoxol diel, 1,6-hexanediol, lactic acid,

ethylene glycol, or polyethylene glycol.

37. ‘“The process of any one of claims 28-36, fufther
comprising contacting_tha agqueous dispersion of a hydroxyl
functional dendritic polymer with one or wore cross-
linkers.
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