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A DISPERSANT FOR USE IN A FLUOROCARBON COATING COMPOSITION

RELATED APPLICATIONS
[0001]  This patent application claims priority to and all advantages of United States

Patent Application No. 11/275,916, which was filed on February 3, 2006.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The subject invention generally relates to a dispersant and a fluorocarbon
coating composition. More specifically, the subject invention relates to a dispersant that

aids in dispersion of fluorocarbon resins in the fluorocarbon coating composition.

2. Description of the Related Art

[0003]  Coating compositions are typically applied to a substrate to provide the
substrate with certain functional and aesthetic qualities, such as color, appearance, and
protection. Coating compositions typically include resins, cross-linking agents reactive
with the resins, and pigments for imparting color to cured films formed from the coating
compositions. One type of coating composition, a fluorocarbon coating composition,
typically includes a fluorocarbon resin such as polyvinylidene fluoride (PVDF) and is
useful for applications requiring excellent weather resistance and durability.

[0004] Fluorocarbon resins typically ﬁave poor rheology and pigment wetting
characteristics. That is, fluorocarbon resins and pigments typically do not adequately

disperse in fluorocarbon coating compositions. Therefore, it is common to add
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dispersants to fluorocarbon coating compositions to aid in dispersion of fluorocarbon
resins.

[0005] One type of dispersant that has previously been added to fluorocarbon coating
compositions is an acrylic resin. Acrylic resins typically provide fluorocarbon coating
compositions with excellent pigment wetting characteristics. Some existing fluorocarbon
coating compogitions include acrylic resing that have been manipulated during
polymerization. For example, some existing dispersants have been polymerized from
actylic acids and acrylic esters having additional functionality to provide dispersants with
cross-linking sites. Some existing dispersants have also been polymerized with an
acryloxyalkyl oxazolidine to optimize the pigment wetting characteristics of the
dispersants. One specific acryloxyalkyl oxazolidine that has been previously utilized is
3-(2-methacryloxyethyl)-2,2-spirocyclohexyl oxazolidine (MESQO). However, MESO is
becoming increasingly difficult and/or expensive to obtain due to high manufacturing
costs,

[0006] To achieve excellent weathering and chemical resistance for cured films
formed from fluorocarbon coating compositions, high fluorocarbon resin content is
typically desired in the fluorocarbon coating compositions, Many coating applications
call for fluorocarbon coating compositions having at least 70 parts by weight of
fluorocarbon resin based on 100 parts by weight of the fluorocarbon coating composition.
Such high fluorocarbon resin content contributes to relatively high viscosity of the
fluorocarbon coating composition since fluorocarbon resing typically have poor pigment
wetting characteristics and often do not adequately disperse in fluorocarbon coating

compositions. Fluorocarbon coating compositions having relatively high viscosities are
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not optimal for applications requiring automated coating processes and uniform film
thickness. Therefore, for some coating applications, particularly coil coating
applications, it is desirable to have high fluorocarbon resin content and lower viscosity
than is currently possible with existing fluorocarbon coating compositions.

[0007]  Attempts to lower viscosity of fluorocarbon coating compositions have
included polymerizing and/or reacting the dispersant with polyimides, primary and
secondary substituted amino groups, epoxy groups, and the like to form modified
dispersants. However, these modified dispersants do not wet pigments or lower viscosity
as well as dispersants modified with MESO.

[0008]  Due to the inadequacies of existing dispersants, there romains an opportunity

to provide a dispersant which improves upon existing dispersants.

SUMMARY OF THE INVENTION AND ADVANTAGES

[0009]  The subject invention provides a dispersant for use in a fluorocarbon coating
compositions. The dispersant comprises a reaction product of a non-functional acrylic
monomer, an amino-functional vinyl monomer, and a hydroxy-functional acrylic
monomer. The dispersant has amine functionality from the amino-functional vinyl
~ monomer to aid in dispersion of fluorocarbon resins in the fluorocarbon coating
composition. The dispersant also has hydroxyl functionality from the hydroxy-functional
acrylic monomer to enhance cross-linking with cross-linking agents in the fluorocarbon

coating composition.
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[0010] The subject invention also provides the fluorocarbon coating composition '
comprising a fluorocarbon tesin, the dispersant, and a cross-linking agent reactive with
the dispersant. A fluorocarbon coating system comprising a substrate and the
fluorocarbon coating composition disposed on thé substrate is also provided.

[0011]  The dispersant allows for a desired fluorocarbon resin content of the
fluorocarbon coating composition while providing desired viscosity and pigment wetting
charactetistics of the fluorocarbon coating composition. Additionally, the dispersant
includes monomers that are commercially available and relatively inexpensive such that
manufacturing fluorocarbon coating compositions that include the dispersant is not cost
prohibitive. Since the dispersant has amine functionality, the dispersant also aids in
dispersion of fluorocarbon resins. Further, since the dispersant has hydroxyl
functionality, the dispersant enhances cross-linking with cross-linking agents in the

fluorocarbon coating composition and contributes to uniform film formation.
DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention includes a fluorocarbon coating compositiont and a
dispersant for use in the fluorocarbon coating composition. The dispersant is typically
used to aid in dispersion of fluorocarbon resins in the fluorocarbon coating composition,
However, it is to be appreciated that the dispersant of the present invention can have
applications beyond ﬂuorocarbdn coating compositions, such as in automotive coating

compositions.
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[0013]  The fluorocarbon coating composition comprises a fluorocarbon resin, the
dispersant, and a cross-linking agent reactive with tﬁe dispersant. The fluorocarbon
coating composition may further comprise a solvent component and an additive
component.

[0014] Sujtable fluorocarbon resins for purposes of the present invention include
polyvinylidine fluoride (PVDF), such as those sold under the trademark Kynar®,
polyvinyl fluoride, polytetrafluoroethylene, copolymers of vinylidene fluoride and
tetrafluoroethylene, such as those sold under the trademark Kynar® SL, a
fluoroethylene/vinyl ester/vinyl ether sold under the trademark Fluonate®, proprietary
vinylidene fluoride-based polymers also sold under the frademarks Kynar® 500 and
Kynar® SI., and combinations thereof. The fluorocarbon resins typically have a weight |
average molecular weight of from 100,000 to 500,000 g/mol.

[0015] The fluorocarbon resins typically provide cured films formed from the
fluorocarbon coating composition with excellent chemical and mechanical resistance and
are typically useful in powder form. The fluorocarbon resins in powder form are
typically insoluble in the solvent component in the fluorocarbon coating composition of
the present invention, but are swelled by the solvent component, which can increase the
viscosity of the fluorocarbon coating composition. The fluorocarbon resin is typically
present in the fluorocarbon coating composition in an amount of from 30 to 99, more
typically from 45 to 85, and most typically from 55 to 75 parts by weight based on 100
parts by weight of the fluorocarbon coating composition. In order to achieve optimal
chemical and mechanical resistance for cured films formed from the fluorocarbon coating

composition, it is desirable for the fluorocarbon resin to be present in the fluorocarbon
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coating composition in an amount of about 70 parts by weight based on 100 paris by
weight of the fluorocarbon coating composition. However, when the fluorocarbon resin
is present in an amount of greater than 70 parts by weight, manufacturing costs of the
fluoracarbon coating composition typically significantly increase due to the high cost of
the fluorocarbon resins,

[0016] The cross-linking agent of the fluorocarbon coating composition is reactive
with the dispersant and provides covalent bonds between monomers to aid in cured film
formation.  The cross-linking agent may be an aminoplast resin, such as a
melamine/formaldehyde resin or a melamine/urea resin. Other suitable cross-linking
agents include isocyanates, blocked isocyanates, organosilanes, and glycol ureas, The
cross-linking agent is generally selected to be substantially non-reactive with the
dispersant at ambient temperatures, but to cross-link with the dispersant at an elevated
temperature, The cross-linking agent is typically present in the fluorocarbon coating
composition in an amount of from 0.2 to 10 parts by weight based on 100 parts by weight
of the fluorocarbon coating composition.

[0017]  The dispersant comprises a reaction product of a non-functional actylic
monomet, an amino-functional vinyl monomer, and a hydroxy-functional acrylic
monomer., The dispersant has amine functionality from the amino-functional vinyl
monomer to aid in dispersion of fluorocatbon resins in the fluorocarbon coating
composition and has hydroxyl functionality from the hydroxy-functional acrylic
monomer to enhance cross-linking with the cross-linking agent in the fluorocarbon

coating composition, as set forth in more detail below.
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[0018]  The non-functional acrylic monomer may include alkacrylic monomers, alkyl
acrylic monomers, and/or alkyl alkacrylic monomers. It is to be appreciated that the term
non-functional means free from functional groups such as primary amines, secondary
amines, tertiary amines, hydroxyls, phosphates, and sulfonyls. However, the non-
functional acrylic monomer may include unsaturation. That is, the non-functional acrylic
monotner may include a carbon-carbon double bond.

[0019] The non-functional acrylic monomer typically has a formula weight of from
86 to 200, more typically from 90 to 150, and most typically from 90 to 120 g/mol. The

non-functional acrylic monomer may be-represented by the general formula;

0
Ry

N
/

R4

C=—=C—C—0—R;
Ro

wherein R; and R; are the same or different and are each selected from —JH and a C; to
Cs alkyl and R is a C; to Cg alkyl. The non-functional acrylic monomer is typically
selected from the group of methyl methacrylate, ethyl acrylate, ethyl methacrylate,
methyl acrylate, butyl acrylate, butyl methacrylate, and combinations thereof. It is to be
appreciéted that the non-functional acrylic monomer may also be selected from an isomer
of butyl methacrylate, such as tert-butyl methacrylate. A suitable non-functional acrylic
monomer, methyl methacryiate, is commercially available from BASF Corporation of
Florham Park, New Jersey.

[0020]  The non-functional acrylic monomer is typically present in the dispersant in
an amount of from 50 to 99 parts by weight based on 100 parts by weight of the

dispersant. Without intending to be limited by theory, the non-functional acrylic
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monomer is typically useful for providing a cured film formed from the fluorocarbon
coating composition with weather resistance and toughness,

[0021] The amino-functional vinyl monomer typically has a formula weight of from
60 to 340, more typically from 80 to 240, and most typically from 90 to 140 g/mol. The
amino-functional vinyl monomer is a vinyl monomer that is typically represented by the

general structure:

\/R4\R5 or
NN,

wherein R4 is typically selected from the group of an aliphatic straight chain having from

§

1 to 20 carbon atoms, an aliphatic branched chain having from 1 to 20 carbon atoms, an
aliphatic ring, and combinations thereof; and Rs and R are typically each independently
selected from the same or different alkyl amine groups having from 1 to 20 carbon atoms
or a heterocyclic ring having at least one nitrogen atom., More specifically, the amino-

functional vinyl monomer is typically represented by the general structure:

N,
N o
)

wherein R7 and Ry are typically each independently selected from the same or different
alkyl amine groups having from 2 to 20 carbon atoms and Ry is typically selected from a

heterocyclic ring having at least one nitrogen atom. The amino-functional vinyl
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monomer may include at least one side group comprising a carbon, nitrogen, or oxygen
atom. The amino-functional vinyl monomer is a vi:nyl monomer that may comprise a
primary amino group and/or a secondary amino group. It is to be appreciated that the
term vinyl is to be differentiated from the terms acrylate and methacrylate as represented

by the general structures:

=

g
—o
T—0

Acrylate Methacrylate

The amino-functional vinyl monomer is typically selected from the group of I1-vinyl
imidazole, 4-vinyl pyridine, 1-vinyl-2-pyrrolidinone, amino propyl vinyl cther, and
combinations thereof. A suitable amino-functional vinyl monomer, amino vinyl propyl
ether, is commercially available from BASF Corporation of Florham Park, New Jersey.

[0022] The amino-functional vinyl monomer is typically present in the dispersant in
an amount of from 0.2 to 20 parts by weight based on 100 parts by weight of the
dispersant. The amino-functional acrylic monomer is typically useful for providing the
dispersant with amine functionality. Without intending to be limited by theory, it is
believed that amine functionality -from the amino-functional vinyl monomer aids in
dispersion of fluorocarbon resins in the fluorocarbon coating composition because extra
electrons from the nitrogen of the amine group are attracted to a highly polar fluorine of
the fluorocarbon resin. Additionally, in an embodiment where the amino-functional vinyl

monomer is represented by the general structure:
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the oxygen group adjacent to the vinyl group withdraws electrons to enhance the
reactivity of the amino-functional vinyl monomer. Since adequately dispersed
fluotocarbon resins contribute to lowered viscosity and desired pigment wetting
characteristics of the fluorocarbon coating composition, the fluorocarbon coating
composition‘including the dispersant of the present invention is useful for applications
requiring automated coating processes and uniform film thickness,

[0023]  The hydroxy-functional acrylic monomer typically has an alkacrylic structure,
an alkyl acrylic structure, or an alkyl alkacrylic structure. The hydroxy-functional actylic
monomer typically has a formula weight of from 100 to 200, more typically from 115 to
160, and most typically from 130 to 150 g/mol. The hydroxy-functional acrylic

monomer may be represented by the general formula:

Rig

>c=T—c—o—R12

Ryp
Ryt

wherein Ry and Ryq are the same or different and are each selected from —H and a C; to
Cs alkyl and R;; is the residue of an alcohol having additional OH or beta-diketone
functionality. The hydroxy-functional acrylic monomer is typically selected from the
group of hydroxyethyl methacrylate, hydroxyethyl acrylate, hydroxypropyl methacrylate,

hydroxypropyl acrylate, acetoacetoxyethyl methacrylate, and combinations thereof. A

10
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suitable hydroxy-functional acrylic monomer, hydroxyethyl methacrylate, is
commercially available from BASF Corporation of Flortham Pérk, New Jersey.

[0024]  The hydroxy-functional acrylic monomer is typically present in the dispersant
in an amount of from 0.5 to 20 parts by weight based on 100 parts by weight of the
dispersant. The parts by weight of the non-functional acrylic monomer, the amino-
functional vinyl monomer, and the hydroxy-functional acrylic monomer in total do not
exceed 100 parts by weight of the dispersant. Without intending to be limited by theory,
it is believed that the hydroxyl functionality of the hydroxy-functional acrylic monomer
enhances cross-linking with cross-linking agents in the fluorocarbon coating composition
by providing the dispersant with sites that are reactive with the cross-linking agent,
Enhanced cross-linking contributes to uniform film formation and provides the cured film
formed from the fluorocarbon coating composition with excellent hardness and
durabilitjr.

[0025]  The dispersant typically has a weight average molecular weight of from
25,000 to 40,000, more typically from 30,000 to 35,000 g/mol. The dispersant is
typically present in the fluorocarbon coating composition in an amount of from 5 to 50
parts by weight based on 100 parts by weight of the fluorocarbon coating composition.
The dispersant allows for a desired fluorocarbon resin content of the fluorocarbon coating
composition while providing desired viscosity and pigment wetting characteristics of the
fluorocarbon coating compogition. Without intending to be limited by theory, it is
believed that amine functionality from the amino-functional vinyl monomer of the
dispersant aids in dispersion of fluorocarbon resins in the fluorocarbon coating

composition because extra electrons from the nitrogen of the amine group are attracted to

11
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the highly polar fluorine of the fluorocarbon resin. Further, since the dispersant aids in
dispersion of fluorocarbon resins in the fluorocarbon coating composition, viscosity and
pigment wetting characteristics are typically optimized even at the desired fluorocarbon
resin content, Since the dispersant comprises monomers that are commercially available
and are relatively inexpensive, manufacturing the fluorocarbon coating composition
comprising the dispersant is typically not cost prohibitive. It is fo be appreciated that one
objective of the present invention is to reduce or eliminate reliance on 3-(2-
methacryloxyethyl)-2,2-spirocyclohexyl  oxazolidine, MESO, for  dispersant
polymerization; however, it may still be used in reduced quantities. Other cyclo
oxazolidines may also be substituted for MESO to reduce cost.

[0026] The solvent component of the fluorocarbon coating composition typically
includes an organic solvent or a mixture of solvents. Suitable solvents include, but are
not limited to, glycols, esters, ether-esters, glycol-esters, ether-alcohols, aliphatic
hydrocarbons, aromatic hydrocarbons, phtﬁalate plasticizers, and combinations thereof.
Specific examples of suitable solvent components include Aromatic 100, Aromatic 150,
butyl carbitol acetate, dibasic ester, methyl amyl ketone, and isophorone.

[0027]  The additive component of the fluorocarbon coating composition may include
a ?atalyst. The catalyst is typically used to promote curing of the fluorocarbon coating
composition during cured film formation. Such catalysts are known in the arf and
typically include p-toluene sulfonic acid, methane sylfonic acid, nonylbenzene sulfonic
acid, dinonyl-naphthalene sulfonic acid, dodecylbenzene sulfonic acid,. phenyl acid
phosphate, monobutyl maleate, butyl phosphate, nonoalkyl and dialkyl acid phosphates,

hydroxy phosphate ester, and combinations thereof. Strong acid catalysts may be

12
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blocked, for example, with an amine. Other catalysts that may be useful in the
fluorocarbon coating composition include Lewis acids, zinc salts, and tin salts. The
catalyst is generally present in the fluorocatbon coating composition in an amount of
from 0.1 to 5.0 parts by weight based on 100 parts by weight of the dispersant.

[0028]  The additive component may also include a pigment. The pigment is typically
included in the fluorocarbon coating composition for imparting color to the cured film
formed from the fluorocarbon coating composition. Such pigments are typically known
in the art and are selected by one skilled in the art according to desired color, durability,
weather resistance, and chemical resistance, Suitable pigments include inorganic metal
oxides, organic compounds, metal flake, micas, extender or fillet pigments, and
corrosion-inhibitive pigments such as chromates, silicas, silicates, phosphates,
molybdates, and combinations thereof.

[0029]  In one embodiment, the additive component does not include the pigment and
the fluorocarbon coating composition is typically useful as a clearcoat. The clearcoat is
typically applied over a cured film formed from a color coat to impart sheen to the cured
film,

[0030] The additive component of the fluorocarbon coating composition may also
include any additive known in the art. Suitable additives include, but are not limited to,
initiators, fillers, UV inhibitors, stabilizers, wax solutions, defoamers, and antioxidants.
[0031]  The subject invention also provides a fluorocarbon coating system. The
fluorocarbon coating system comprises a substrate and the fluorocarbon coating
composition disposed on the substrate. The substrate may be any suitable substrate

known in the art such as metal and composite. The substrate is typically metal. The

13
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fluorocarbon coating composition may also be disposed on a substrate that has first been
coated with a primer coating or treated by other methods known in the art such as
electrocoating,  Suitable primer coatings include” acrylics, polyesters, and epoxies
crosslinked with melaﬁines, blocked isocyanates, and phenolics.

[0032] The fluorocarbon coating composition may be applied to the substrate by a
variety -of coating processes, such as coil coating, reverse roll coating, spray coating,
extrusion coating, brush coating, é.nd/or dip coating, However, the fluorocarbon coating
composition of the subject invention is typically formulated for and useful in coil coating
processes. Since the fluorocarbon coating composition comprises the dispersant and has
desired viscosity even at the desired fluorocarbon resin content of the fluorocarbon
coating composition, the fluorocarbon coating composition is useful for applications
requiring automated coating processes and uniform film thickness. In one type of co_ating
process, a reverse roil coil coating process, the fluorocarbon coating composition is
typically applied at a peak metal temperature (PMT) of from 400 to 500 °F at a film
thickness of from 0.2 to 1.2, more typically 0.5 to 0.9 mil. A dwell time at PMT typically
ranges from 10 seconds to S minutes. In another type of coating process, spray coating,
the dwell time at a PMT of from 400 to 500 °F typically ranges from 5 to 20 minutes for
film thickness of from 1.2 to 1.4 mil. In another type of coating process, extrusion
coating, the dwell time at a PMT of from 200 to 500 °F typically ranges from 5 to 20
minutes for film thickness of from 0.3 to 3 mil. The fluorocarbon coating system of the
present invention is typically useful for applications such as building panels, roofing

panels, appliance housings, and automotive components,

14
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[0033] The fluorocarbon coating composition typically has a curing temperature of
from 150 to 315, more typically from 200 to 260 © C. The fluorocarbon coating
composition is typically cured to form the cured film by baking in an oven, although the

fluorocarbon coating composition may be cured by any method known in the art, such as

by exposure to an open heat source,

EXAMPLES
[0034] The following examples are merely intended to illustrate the invention and are
not to be viewed in any way as limiting to the scope of the invention.
[0035] A dispersant is formed according to the formulations listed in Table 1. The

amounts in Table 1 are in grams.

Table 1: Dispersant Formulations

Ex. 1 Ex. 2 Ex. 3 Comp.
Ex. 1

Initiator 10.9 10.9 . 10.9 14.3
Non-Functional Acrylic Monomer 772.4 780.8 774 821.4
Amino-Functional Vinyl Monomer 252 16.8 23.5 0.0
Hydroxy-functional Acrylic Monomer 42.0 42.0 42.0 45.1
15% 3-(2-methacryloxyethyl)-2,2- 0.0 25.2 0.0 31.5
spirocyclohexyl oxazolidine (MESO)/
85% methyl methacrylate solution
Solvent 1450.0 14244 1450.0 1388.1
Total 2300.5 2300.1 2300.4 23004
[0036] In Example 1, the non-functional acrylic monomer is methyl methacrylate, the

amino-functional vinyl monomer is amino propyl vinyl ether, and the hydroxy-functional
acrylic monomer is hydroxyethyl methacrylate. The initiator is Vazo® 67, commercially

available from DuPont of Wilmington, Delaware. A mixture of Aromatic 100 (534

15
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grams) and methyl n-amyl ketone (MAK) (347 grams) is charged to a reactor equipped
with an agitator, condenser, thermometer, inert gas inlet, and addition funnef. The reactor
is inerted with nitrogen and the mixture is heated to 110 ® C, During a monomer
addition, a premix of the non-functional acrylic monomer, the amino-functional vinyl
monomer, the hdroxy-functional acrylic monomer, and 7 grams of Aromatic 100 is
produced in an addition tank and added to the reactor over a 3-hour period while-
maintaining the temperature at 110 °C. In addition to the premix, 4.6 grams of Vazo® 67
and 34.5 grams of MAK are also added over the 3-hour period to complete the monomer
addition.
[0037) After the monomer addition is complete, the addition tank contents are flushed
with 34.5 grams of MAK and the addition tank confents are held at 110 °C for 30
minutes, Next, 6.3 grams of Vazo® 67 and 34.5 grams of MAK are added in increments
over 90 minutes. The addition tank is flushed with 23 grams of MAK to the reactor. The
dispersant is then held for 30 minutes at 110 °C and cooled.
[0038] The resulting dispersant has a solids content of 38%, an amine value of 16.6
(mg KO/gram resin solids), viscosity of Z (Gardner-Holdt bubble) at 25 °C, and weight
per gallon of 8.50 1b.
[0039]  In Example 2, 50% of the MESO by molar ratio is removed and replaced by
the reaction of the amino-functional vinyl monomer with the non-functional actylic
monomer and the hydroxy-functional acrylic monomer, The non-functional acrylic
monomer is methyl methacrylate, the amino-functional vinyl monomer is amino propyl
vinyl ether, and the hydroxy-functional acrylic monomer is hydroxyethyl methacrylate.

The initiator is Vazo® 67, commercially available from DuPont of Wilmington,

16
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Delaware. A mixture of Aromatic 100 (509 grams) and methyl n;arny] ketone (MAK)
(347 grams) is charged to a reactor equipped with an agitator, condenser, thermometer,
inert gas inlet, and addition funnel. The reactor is flushed with nitrogen and the mixture
is heated to 110 °C. During a monomer addition, a premix of the non-functional acrylic
monomer, the amino-functional vinyl monomer, the hydroxy-functional acrylic
monomer, MESO, and 7 grams of Aromatic 100 is produced in an addition tank and
added to the reactor over a 3-hour period while maintaining the temperature at 110 °C, Iﬁ
addition to the premix, 4.6 grams of Vazo® 67 and 34.5 grams of MAK are also added
over the 3-hour period to completé the monomer addition.

[0040] Aﬁer the monomer addition is complete, the addition tank contents are flushed
with 34.5 grams of MAK and the addition tank contents are held at 110 °C for 30
minutes, Next, 6.3 grams of Vazo® 67 and 34.5 grams of MAK are added in increments
over 90 minutes and held at 110 °C for 30 minutes. The addition tank is flushed with 23
grams of MAK to the reactor. The dispersant is then held for 30 minutes at 110 °C and
cooled.

[0041] The resulting dispersant has a solids content of 38%, an amine value of 17.7
(mg KOH/gram resin solids), viscosity of Z1 (Gardner-Holdt bubble) at 25 °C, and
weight per gallon of 8.51 Ibs.

[0042]  In Example 3, the non-functional acrylic monomer is 772.3 grams of methyl
methacrylate and 1.7 grams of butyl methacrylate, the amino-functional vinyl monomer
is 1-vinyl imidazole, and the hydroxy-functional acrylic monomer is hydroxypropyl
acrylate. The initiator is Vazo® 67, commercially available from DuPont of Wilmington,

Delaware. A mixture of Aromatic 100 (534 grams) and methyl n-amyl ketone (MAK)
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(347 grams) is charged to a reactor equipped with an agitator, condenser, thermometer,
inert gas inlet, and addition funnel, The reactor is flushed with nifrogen and the mixture
is heated to about 110 °C. During a monomer addition, a premix of the non-functional
acrylic monomer, the amino-functional vinyl monomer, the hydroxy—functionallacrylic
monomer, and 7 grams of Aromatic 100 is produced in an addition tank and added to the
reactor over a 3-hour period maintaining the temperature at 110 °C, In addition fo the
premix, 4.6 grams of Vazo® 67 and 34.5 grams of MAK are also added over the 3-hour
period to complete the monomer addition,

[0043] After the monomer addition is complete, the addition tank contents are flushed
with 34.5 grams of MAK and the addition tank confents are held at 110 °C for 30
minutes. Next, 6.3 grams of Vazo® 67 and 34.5 grams of MAK are added in increments
over 90 minutes and held at 110 °C for 30 minutes after the monomer addition, The
addition tank is flushed with 23 grams of MAK to the reactor. The dispersant is then held
at 110 °C for 30 minutes, cooled, and filtered.

[0044] The resulting dispersant has a solids content of 38 %, an amine value of
16.7 (mg KOH/grém resin solids), viscosity of Z1 (Gardner-Holdt bubble) at 25 °C, and
weight per gallon of 8.51 Ibs.

[0045] In Comparative Example 1, the non-functional acrylic monomer is methyl
methacrylate, the hydroxy-functional acrylic monomer is hydroxyethyl methactylate, and
the initiator is Vazo® 67, commercially available from DuPont of Wilmington, Delaware,
A mixture of isophorone (138 grams), xylene (572 grams), and propylene carbonate (552
grams) is charged to a reactor equipped with an agitator, condenser, thermometer, inert

gas inlet, and addition funnel. The reactor is flushed with nitrogen and the mixture is
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heated to 108 °C. During a monomer addition, a premix of the methyl methacrylate, 3-
(2-methacryloxyethyl)-2,2-spirocyclohexyl oxazolidine, hydroxyethyl methacrylate, and
6.9 grams of Vazo 67 is produced in an addition tank and added to the reactor over a 3-
hour period maintaining the temperature at 108 °C to complete the monomer addition.
[0046] After the monomer addition is complete, the reactor contents are held at 108
°C for 30 minutes. The reactor contents are then cooled to 98 °C, and the conversion of
monomers to comparative dispersant is completed by making four additions, one every
30 minutes, each consisting of 1.85 grams of Vazo 67 and 4.85 grams of xylene, Aftera
final post-cook of 40 minutes, the comparative dispersant is cooled and packaged.

[0047]  The resulting comparative dispersant has a solids content of 42 %, an amine
value of 13 (mg KOH/gram resin solids), viscosity of Z (Gardner-Holdt bubble) at 25 °C,
and weight per gallon of 8.8 lbs,

[0048]  Each of three dispersants is incorporated into a fluorocarbon coating
composition according to the formulations listed in Table 2. The amounts in Table 2 are
listed in grams.

Table 2: Fluorocarbon Coating Composition Formulations

Ex.1 | Ex,2 | Comp, Ex, 1
Fluorocarbon Resin 240 | 25.0 26.0
Cross-linking Agent 0.7 0.7 0.7
Dispersant 104 | 114 11.4
Pigment 16.1 17.1 17.1
Solvent 48.0 { 45.0 44.0
Additive Component- [ 0.1 0.1 0.1
Catalyst
Additive Component- [ 0.3 0.3 0.3
Defoamer
Additive Component - [ 0.2 0.2 0.2
Wax Solution
Additive Component- [ 0.2 02 0.2
Antioxidant
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[0049] I.n Example 1, a pigment dispersion is formed by dispersing 16.1 g of titanium
oxide pigment in a mixture of 5 g dispersant and 20 g of solvent (isophorone). The
dispersant is reduced with the solvent and powdered titanium dioxide pigment is added
under agitation. The pigment is completely dispersed using a high-speed blade. The
dispersant, solvent, and pigment mixture is then passed through a media mill to achieve
complete dispersion. A fluorocarbon coating base is prepated by dispersing 23.9 g of the
fluorocarbon resin (polyvinylidene difluoride (PVDF)) in 5.4 g of the dispersant and 20 g
of solvent. Again, the dispersant is reduced with solvent, the powdered PVDF is added
under agitation, and the PVDF is completely dispersed using a high-speed blade.

[0050]  An intermediate base is prepared by adding the remaining components into
the fluorocarbon coating base. For example, 0.1 g of acid catalyst and 0.7 g of melamine
crosslinking agent are added to the fluorocarbon coating base. Additionally, 0.3 g of
defoamer, 0.2 g of wax solution, and 0.2 g of antioxidant are added to the fluorocarbon
coating base,

[0051]  The fluorocarbon coating composition is completed by blending the pigment
dispersion and the fluorocarbon coating base and adjusting the viscosity with the
remaining 8.2 g of solvent. Various tests, such as viscosity and density, are run on the -
final fluorocarbon coating composition to ensure its compositional integrity.

[0052] In Example 2, a pigment dispersion is formed by dispersing 17.1 g of titanium
oxide pigment in a mixture of 5 g dispersant and 20 g of solvent. The dispersant is
reduced with the solvent and powdered titanium dioxide pigment is added under

agitation. The pigment is completely dispersed using a high-speed blade. The dispersant,
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solvent, and pigment mixture is then passed through a media mill to achieve complete
dispersion. A fluorocarbon coating base is prepared by dispersing 25 g of the
fluorocarbon resin (polyvinylidene difluoride (PVDF)) in 5.4 g of the dispersant and 20 g
of solvent. Again, the dispersant is reduced with solvent and the powdered PVDF is
added under agitation and the PVDF is completely dispersed using a high-speed blade.
[0053] An intermediate base is prepared by adding the remaining components into
the fluorocarbon coating base. For example, 0.1 g of acid catalyst and 0.7 g of melamine
crosslinking agent are added to the fluorocarbon coating base. Likewise, 0.3 g of
defoamer, 0.2 g of wax solution, and 0.2 g of antioxidant are added to the fluorocarbon
coating base.

[0054]  The fluorocarbon coating composition is completed by blending the pigment
dispersion and the fluorocarbon coating base and adjusting the viscosity ;\Nith the
remaining 7.1 g of solvent. Various tests, such as viscosity and density, are run on the
final fluorocarbon coating composition to ensure its compositional integrity.

[0055] In Comparative Example 1, the pigment dispersion is formed from the
dispersant, the pigment, and the solvent. Next, the fluorocarbon coating base is formed
from the fluorocarbon resin, 5.4 g of the dispersant, and 20 g of the solvent. The
remaining components are added to the fluorocarbon coating base. The cross-finking
agent is hexamethoxymethyl melamine.

[0056] The fluorocarbon coating composition is completed by blending the pigment
dispersion and the fluorocarbon coating base and adjusting the viscosity with the
remaining solvent. Various tests, such as viscosity and density, are run on the final

fluorocarbon coating composition to ensure its compositional integrity.
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[0057] . The fluorocarbon coating compositions of Examples 1 and 2 and Comparative
Example 1 are applied to steel substrates and baked for 55 seconds at 305 © C to yield
0.75 — 0.85 mil (0.019 — 0.022 mm) cured films. To measure uniform film formation,
methylethyl ketone (MEK) resistance of the cured films is determinec(i by the number of
double rubs until cured film failure. Example 1 performs well for 200 + rubs, Example 2
performs well for 200+ rubs, and Comparative Example 1 performs well for 100+ rubs.
These results indicate that the fluorocarbon coating compositions of Examples 1 and 2
perform at least as well as, if not better than, the fluorocarbon coating composition of
Comparative Example 1 that relies upon MESO and is free from amine functionality
from the amino-functional vinyl monomer. The fluorocarbon coating compositions of
Examples 1 and 2 exhibit uniform film formation because the dispersants of Examples 1
and 2 have amine functionality from the amino-functional vinyl monomer and hydroxyl
functionality ﬁ‘om the hydroxy-functional acrylic monomer. Because the dispersants of
Examples 1 and 2 have amine functionality, the dispersants aid in dispersion of
fluorocarbon resins in the fluorocarbon coating composition. Since adequately dispersed
fluorocarbon resins contribute fo lowered viscosity and desired pigment wetting
charactetistics of the fluorocarbon coating composition, the fluorocarbon coating
compositions of Examples 1 and 2 including the dispersant of the present invention are
useful for applications requiring automated coating processes and uniform film thickness.
Since the dispersants of Examples 1 and 2 have hydroxyl functionality, the dispersants
enhance cross-linking with cross-linking agents in the fluorocarbon coating compositions
and confribute to uniform film formation. As discussed above, MESO is becoming

increasingly difficult and expensive to obtain. Therefore, the fluorocarbon coating
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compositions of Examples 1 and 2 provide an alternate fluorocarbon coating composition
that performs well and that is less expensive to manufacture than the fluorocarbon
coating composition of Comparative Example 1.

[0058] The invention has been described in an illustrative manner, and it is to be
understood that the terminology which has been used is intended to be in the nature of
words of description rather than of limitation. Obviously, many modifications and
variations of the present invention are possible in light of the above teachings. The

invention may be practiced otherwise than as specifically described.
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CLAIMS

What is claimed is:
L. A dispersant for use in a fluorocarbon coating composition, said dispersant
comprising a reaction product of?

a non-functional acrylic monomer;

an amino-functional vinyl monomer; and

a hydroxy-functional actylic monomer;
wherein said dispersant has amine functionality from said amino-functional vinyl
monomer to aid in dispersion of fluorocatbon resins in the fluorocarbon coating
composition and has hydroxyl functionality from said hydroxy-functional acrylic
monomer to enhance cross-linking with cross-linking agents in the fluorocarbon coating
composition.
2 A dispersant as set forth in claim 1 wherein said amino-functional viny! monomer

is represented by the general structure:

\/R“\R5 _Or
N\,

wherein R4 is selected from the group of an aliphatic straight chain having from 1 to 20

65

carbon atoms, an aliphatic branched chain having from 1 to 20 carbon atoms, an aliphatic

ring, and combinations thereof: and
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Rs and Rg are each independently selected from the same or different alkyl amine groups
having from 1 to 20 carbon atoms or a heterocyclic ring having at least one nitrogen
atom.

3. A dispersant as set forth in claim 1 wherein said amino-functional vinyl monomer

is represented by the general structure:
o)
\/ N\
\/R5
;or
\/R9

wherein R7 and Rg are each independently selected from the same or different alkyl

H

amine groups having from 2 to 20 carbon atoms and Ry is selected from a heterocyclic
ring having at least one nitrogen atom,

4, A dispersant as set forth in claim 3 wherein said amino-functional vinyl monomer
comprises at least one side group comprising a carbon, nitrogen, or oxygen atom.

5. A dispersant as set forth in claim 1 wherein said amino-functional vinyl monomer
is selected from the group of 1-vinyl imidazole, 4-vinyl pyridine, 1-vinyl-2~
pyrrolidinone, amino propyl vinyl ether, and combinations thereof.

6. A dispersant as set forth in claim 1 wherein said amino-functional vinyl monomer
is present in said dispersant in an amount of from 0.2 to 20 parts by weight based on 100
parts by weight of said dispersant.

7. A dispersant as set forth in claim 1 wherein said hydroxy-functional monomer has

an alkacrylic, alkylacrylic, or alkyl alkacrylic structure.
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8. A dispersant as set forth in claim 1 wherein said hydroxy-functional monomer is
selected from the group of hydroxyethyl methacrylate, hydroxyethyl acrylate,
hydroxypropyl methacrylate, hydroxypropyl acrylate, acetoacetoxyethyl methacrylate,
and combinations thereof.

9. A dispersant as set forth in claim 1 wherein said hydroxy-functional monomer is
present in said dispersant in an amount of from 0.5 to 20 parts by weight based on 100
parts of said dispersant.

10. A dispersant as set forth in claim 1 wherein said non-functional acrylic monomer
is select(;d from the group of methyl methacrylate, ethyl acrylate, ethyl methacrylate,
methyl acrylate, butyl acrylate, butyl methacrylate, and combinations thereof.

11. A dispersant as set forth in claim 1 wherein said non-functional acrylic monomer
is present in said dispersant in an amount of from 50 to 99 parts by weight based on 100
parts by weight of said dispersant.

12. A dispersant as set forth in claim 1 having a weight average molecular weight of
from 25,000 to 40,000 g/mol.

13. A digpersant as set forth in claim 12 having a weight average molecular weight of

from 30,000 to 35,000 g/mol.
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14. A dispersant for use in a fluorocarbon coating composition, said dispersant
comprising a reaction product of’

a non-functional acrylic monomer selected from the group of methyl
methacrylate, ethyl acrylate, ethyl methacrylate, methyl acrylate, butyl acrylate,
butyl methacrylate, and combinations thereof;

an amino-functional vinyl monomer selected from the group of 1-vinyl
imidazole, 4-vinyl pyridine, 1-vinyl-2-pyrrolidinone, amino propyl vinyl ether,
and combinations thereof; and

a hydroxy-functional acrylic monomer selected from the group of
hydroxyethyl methacrylate, hydroxyethyl acrylate, hydroxypropyl methacrylate,
hydroxypropyl acrylate, acetoacetoxyethyl methacrylate, and combinations
thereof},

wherein said dispersant has amine functionality from said amino-functional vinyl
monomer to aid in dispersion of fluorocarbon resins in the fluorocatbon coating
composition and has hydroxyl functionality from said hydroxy-functional acrylic
monomer to enhance cross—ﬁnking with cross-linking agents in the fluorocarbon coating

composition.
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15, A fluorocarbon coating composition comprising:
a fluorocarbon resin;
a dispersant comprising a reaction product of;
a non-functional acrylic monomer;
an amino-functional vinyl monomer; and
a hydroxy-functional acrylic monomer; and
a cross-linking agent reactive with said digpersant;
wherein said dispersant has amine functionality from said amino-functional vinyl
monomer to aid in dispersion of said fluorocatbon resin and has hydroxyl functionality
from said hydroxy-functional acrylic monomer to enhance cross-linking with said cross-
linking agent.
16, A dispersant as set forth in claim 15 wherein said amino-functional vinyl
monomer is represgnted by the general structure:
\ R
h VAN
N

4
Rs; or

N,

wherein Ry is selected from the group of an aliphatic straight chain having from 1 to 20

carbon atoms, an aliphatic branched chain having from 1 to 20 carbon atoms, an aliphatic

ring, and combinations thereof: and Rs and R are each independently selected from the

same or different alkyl amine groups having from 1 to 20 carbon atoms or a heterocyclic

ring having at least one nitrogen atom.
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17. A fluorocarbon coating composition as set forth in claim 15 wherein said amino-
functional vinyl monomer is selected from the group of 1-vinyl imidazole, 4-vinyl
pyridine, 1-vinyl-2-pyrrolidinone, amino propyl vinyl ether, and combinations thereof.

18. A fluorocarbon coating composition as set forth in claim 15 wherein said
hydroxy-functional monomer is selected from the group of hydroxyethyl methacrylate,
hydroxyethyl acrylate, hydroxypropyl methacrylate, hydroxypropyl acrylate,
acetoacetoxyethyl methacrylate, and combinations thereof.

19. A fluorocarbon coating composition as set forth in claim 15 wherein said non-
functional acrylic monomer is selected from the group of methyl methacrylate, ethyl
acrylate, ethyl methacrylate, methyl acrylate, butyl acrylate, butyl methacrylate, and
combinations thergof,

20. A fluorocarbon coating composition as set forth in claim 15 wherein said non-
functional acrylic monomer is present in said dispersant in an amount of from 50 to 99
parts by weight, said amino-functional vinyl monomer is present in said dispersant in an
amount of from 0.2 to 20 parts by weight, and said hydroxy-functional acrylic monomer
is present in said dispersant in an amount of from 0.5 to 20 parts by weight, all based on
100 parts by weight of said dispersant, provided that the parts by weight of said non-
functional acrylic monomer, said amino-functional vinyl monomer, and said hydroxy-
functional acrylic monomer in total do not exceed 100 parts by weight.

21. A fluorocarbon coating composition as set forth in claim 15 wherein said
dispersant is present in said fluorocarbon coating composition. in at amount of from 5 to

50 parts by weight based on 100 parts of said fluorocarbon coating composition.
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22. A fluorocarbon coating composition as set forth in claim 21 wherein said
fluorocarbon resin is present in said fluorocarbon coating composition in an amount of
from 30 to 99 parts by weight based on 100 parts of said fluorocarbon coating

composition.
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23. A fluorocarbon coating system comprising:
a substrate; and
a fluorocarbon coating composition disposed on said substrate, said fluorocarbon
coating composition comprising:
a fluorocarbon resin;
a dispersant comprising a reaction product of;
a non-functional acrylic monomer;
an amino-functional vinyl monomer; and
a hydroxy-functional acrylic monomer; and
a cross-linking agent reactive with said dispersant;
wherein said dispersant has amine functionality from said amino-functional vinyl
monomer to aid in dispersion of said fluorocarbon resin and has hydroxyl functionality
from said hydroxy-functional actylic monomer to enhance cross-linking with said cross-
linking agent.
24, A fluorocarbon coating system as set forth in claim 23 wherein said amino-
functional vinyl monomer is selected from the group of 1-vinyl imidazole, 4-vinyl
pyridine, 1-vinyl-2-pyrrolidinone, amino propyl vinyl ether, and combinations thereof}
said hydroxy-functional monomer is selected from the group of hydroxysthyl
methacrylate, hydroxyethyl acrylate, hydroxypropyl methacrylate; hydroxypropyl
acrylate, acetoacetoxyethyl methacrylate, and combinations thereof; and said non-
functional acrylic monomer is selected from the group of methyl methacrylate, ethyl
acrylate, ethyl methacrylate, methyl acrylate, butyl acrylate, butyl methacrylate, and

combinations thereof.
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25, A fluorocarbon coating system as set forth in c¢laim 23 wherein said non-
functional acrylic monomer is present in said dispersant in an amount of from 50 to 99
parts by weight, said amino-functional vinyl monomer is present in said dispersant in an
amount of from 0.2 to 20 parts by weight, and said hydroxy-functional acrylic monomer
i present in said dispersant in an amount of from 0.5 to 20 parts by weight, all based on
100 parts by weight of said dispersant, provided that the parts by weight of said non-
functional acrylic monomer, said amino-functional vinyl monomer, and said hydroxy-

functional acrylic monomer in total do not exceed 100 parts by weight.
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