(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2022/140149 A1
30 June 2022 (30.06.2022) WIPO I PCT
(51) International Patent Classification: Published:
B32B 15/08 (2006.01) CO8K 5/5317 (2006.01) i int tional 5 ¢ (Art. 21(3))
CO8K 5/07 (200601) Wi inlernationat searcet repor. ri.

(21) International Application Number:
PCT/US2021/063769

(22) International Filing Date:
16 December 2021 (16.12.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/129,755 23 December 2020 (23.12.2020) US

(71) Applicant: ARKEMA INC. [US/US]; 900 First Avenue,
King of Prussia, Pennsylvania 19406 (US).

(72) Inventors: FUKUYAMA, Takehiro; Arkema Inc., 900
First Avenue, King Of Prussia, Pennsylvania 19406 (US).
VAESSEN, Diane M.; Arkema Inc., 900 First Avenue,
King of Prussia, Pennsylvania 19406 (US).

Agent: ROSSI, Joanne et al.; Arkema Inc., 900 First Av-
enue, King of Prussia, Pennsylvania 19406 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

(54) Title: NOVEL PVDF POWDER FOR REDUCED DISPERSION VISCOSITY COATINGS

(57) Abstract: A method of reducing dispersion viscosity in a dispersion coating formulation is disclosed. The method comprises
substituting a portion of the conventional PVDF in the formulation with a highly crystalline PVDF. The highly crystalline PVDF has
a crystallinity 44% or greater (from X-ray diffraction). The highly crystalline PVDF imparts lower viscosity to the coating dispersion
O formulation.

202227140149 A1 | IV 00 0010 O O



WO 2022/140149 PCT/US2021/063769

Novel PVDF Powder for Reduced Dispersion Viscosity Coatings

Field of the Invention

[0001] The invention relates 1o a method of making a dispersion coating formulation having low
viscosity and a polyvinylidene fluoride {PVYDF) dispersion having low viscosity.

Background of the Invention

[0002] Solvent-borne paints with high dispersion viscosity lead to problems for coating application (on
a high-speed coil coating line or sprayed onto metal parts) and handling (e.g., pumping paint through a
production facility and into containers).

[0003] US 20130122309 requires the use of dispersants or other additives to reduce dispersion
viscosity, which can negatively affect other properties such as color. The current invention can reduce
dispersion viscosity without adverse effects.

[0004] There are other patents involving the use of dispersants (US6017639) or crosslinkable acrylics
(WO 2001/000739) to reduce viscosity.

[0005] Solvay patent US 6,362,271 B1 mentions high crystallinity. It does not mention improved
dispersion viscosity.

[0006] US6699933 (PPG) uses an aminoalkyl (meth)acrylate containing acrylic polymer that can be
used in PVDF dispersion formulations to reduce viscosity without using dispersants.

[0007] Surprisingly it has been found that the incorporation of highly crystalline PVDF characterized in
that said highly crystalline PVDF has a high crystallinity, high melting point, high enthalpy, and/or faster
crystallization, into solvent-borne dispersion coatings leads to a reduction of dispersion viscosity across

a range of different formulations.

Brief Summary of Invention:

[0008] The invention relates to a method of reducing the viscosity on a dispersion coating formulation,
the method comprising adding/substituting a highly crystalline polyvinylidene fluoride for a portion of
the conventional PVDF to reduce the dispersion viscosity of a dispersion coating formulation containing
organic solvents. Also provided it a dispersion coating formulation having a highly crystalline
polyvinylidene fluoride in an amount of at least 10% of the total PVDF in dispersion coating formulation.
The presence of the highly crystalline polyvinylidene fluoride provides for reduced viscosity as compared

to the same formulation without the highly crystalline polyvinylidene fluoride. A pigmented version of
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the dispersion coating is also disclosed. The dispersion is useful for producing tough, chemical-resistant

coatings, especially on metallic substrates, including for use as a coil coating or an architectural coating.

[0009] The amount of highly crystalline PVDF in the dispersion coating formulation is equal to or
greater than 10 wt% of total PVDF and preferably is equal to or greater than 25 wt% of total PVDF in the
dispersion coating formulation. Preferably, the highly crystalline PVDF in the dispersion coating
formulation is from 10 wt% to 90 wt%, preferably 25 wt% to 75 wt% of total PVDF. The highly crystalline
PVDF in the dispersion coating formulation can be from 33 wt% to 90 wt%, or from 45 wt% to 90wt% of
total PVDF.

[0010] Following the method of the invention substituting a highly crystalline PVDF for a portion of
conventional PVDF in a dispersion coating formulation provides for a reduction in viscosity of the
dispersion coating formulation of at least 10% , preferably at least 20% as compared to the same
formulation without the PVDF substitution as measure by rotational viscometer at 10 sec -1.

[0011] ASPECTS OF THE INVENTION

[0012] Aspect 1: A method of reducing dispersion viscosity in a dispersion coating formulation
comprising introducing a portion of highly crystalline PVDF as part of a dispersion coating formulation
wherein the dispersion coating formulation comprises at least one conventional PVDF, at least one
acrylic thermoplastic resin, organic solvent and optionally pigment, to form a coating formulation,
wherein the highly crystalline PVDF has a crystallinity 44% or greater (from X-ray diffraction), and
wherein the highly crystalline PVDF has a peak height on first cool of DSC of greater than 1.4 W/g, and a
peak width at half-height on first cool of DSC of less than 4.8 degrees C wherein the portion of highly
crystalline PVDF is at least 10wt%, preferably at least 25% by weight of the total PVDF in the dispersion
coating formulation.

[0013] Aspect 2: The method of aspect 1, wherein the reduced viscosity is at least 10% less as
compared to the same formulation using conventional PVDF in place of the highly crystalline PVDF and
having no highly crystalline PVDF.

[0014] Aspect 3: The method of aspect 1 or 2, wherein the solvent does not contain isophorone.
[0015] Aspect 4: The method of any one of aspects 1 to 3, wherein the crystallinity of the highly
crystalline PVDF is between 44%-55%, preferably 44.1 to 54%.

[0016] Aspect 5: The method of any one of aspects 1 to 4, wherein the highly crystalline PVDF has a
peak height on first cool of DSC of from in W/g of between greater than 1.4 to 2.5, and more preferably
between 1.4-2.0.
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[0017] Aspect 6: The method of any one of aspects 1 to 5, wherein the highly crystalline PVDF has a
peak width at half-height on first cool of DSC of between 2.0-4.7 degrees C, more preferably between
3.0-4.0 degrees C.

[0018] Aspect 7: The method of any one of aspects 1 to 6, wherein the highly crystalline PVDF has a
melting point of greater than 162°C, 163°C or greater, preferably 165°C or greater.

[0019] Aspect 8: The method of any one of aspects 1 to 7, wherein the melt viscosity of the highly
crystalline PVDF is from 5-50 kpoise at 100 sec-1 and 232C.

[0020] Aspect 9: The method of any one of aspects 1 to 8, wherein the ratio of highly crystalline PVDF
to conventional PVDF is from 10:90 to 90:10, preferably 25:75 to 75:25.

[0021] Aspect 10: The method of any one of aspects 1 to 8, wherein the ratio of highly crystalline PVDF
to conventional PVDF is from 35:65 to 90:10, preferably 45:55 to 90:10.

[0022] Aspect 11: The method of any one of aspects 1 to 10, wherein said highly crystalline PVDF
comprises hexafluoropropylene monomer units.

[0023] Aspect 12: The method of any one of aspects 1 to 11, wherein the ratio of total PVDF in the
dispersion coating formulation to acrylic thermoplastic resin is between 90:10 to 30:70.

[0024] Aspect 13: The method of any one of aspects 1 to 12, wherein said acrylic thermoplastic resin
comprises at least about 65 weight percent methyl methacrylate monomer units and up to about 35
weight percent comprises ethyl methacrylate or butyl methacrylate or ethyl acrylate monomer units or
combinations thereof.

[0025] Aspect 14: The method of any one of aspects 1 to 13, wherein said pigment comprises titanium
dioxide.

[0026] Aspect 15: The method of any one of aspects 1 to 13, wherein said pigment comprises at least
one of metal oxides, alumina flake pigment, pearlescent mica pigment and combinations thereof.
[0027] Aspect 16: A dispersion coating formulation comprising of a highly crystalline PVDF wherein at
least 10% of the total PVDF in the coating is highly crystalline and wherein the dispersion coating
formulation comprises at least one conventional PVDF, at least one acrylic thermoplastic resin, organic
solvents and optionally pigment, wherein the highly crystalline PVDF has a crystallinity 44% or greater
(from X-ray diffraction), and wherein the highly crystalline PVDF has a peak height on first cool of DSC of
greater than 1.4 W/g, and a peak width at half-height on first cool of DSC of less than 4.8 degrees C.
DETAILED DESCRIPTION OF THE INVENTION

[0028] Afll percentages used herein are weight percentages uniess siated otherwise, and all molecular

weights are weight average molacular weights unless stated otherwise. All references cited are



WO 2022/140149 PCT/US2021/063769

incorporated herein by reference. Malh viscosity {MV} is measured at 232°C at 100 sac-1 according to
ASTM D3835.

[0029] Highly crystalline means a degree of crystallinity 44% or greater measured by X-ray diffraction. The
terms resin and (co)polymer can be used interchangeable. “PVDF” means polyvinylidene fluoride.

[0030] DHSPERSION

[0031] The dispersion coating formulation comprises a bland of a highly crystalline PVDF, Conventional
PYDF and a compatibie polymer, such as, but not Himited 1o, an acrylic thermoplastic resin, such as
polymethyl methacryiate (PVMMAL homopolymer or copolymers of MMA with g acrviic monoamers,
where the total PYDF (highly crystalline and the conventional) makes up greater than 50 weight percent
of total polymer in the formulation. A preferred embodiment is a blend of 70-93 weight percent of PVDF
and 2-30 weight percent of polymethyl methacrylate or a polymethyimethacrylate copolymer based on
total weight of PVDF and acrylic thermoplastic resin. The PMMA copolymer contains more than 50
weight percent of methyl methacrylate monomer units, The acrylic thermoplastic resin can be added to
the PVYDF polymer at any point during the formation of the final dispersion coating formulation, and may
be first blended with other components that are further blended with the PVDF. In one embodiment, a
liquid premix containing the acrylic thermoplastic resinin organic sobvent{s} is first formed, and optional
dispersing agents and the PVDF then added to the liquid premix The dispersion coating formulation of
the presant invention also contains sohvent and may optionally contain, optional dispersant and optional
pizment, This dispersion coating formulation dispersion is usad to create a coating on a substrate,
[0032] The PVDF is dispersed in an organic solvent which may optionally include a low level of one or
more dispersants, and optional additives to form the dispersion coating formulation. The PYDF is
present in the dispersion coating formulation at from 15 to 50 weight percent, preferably from 17 to 45
weight percent based on the total dispersion weight, The level of optional dispersant used s from O to
5%, based on the waight of BVDF, and preferably from 8.1 to 3% by weight.

[0033] The highly crystalline PVDF used to reduce the viscosity of the dispersion coating formulation in the
present invention is characterized by a degree of crystallinity 44% or greater than (by X-ray diffraction),
preferably between 44 to 55%. Preferably, the melt viscosity is between 5 and 50 Kpoise. Enthalpy, and/or
faster crystallization is shown by dynamic scanning calorimetry (DSC) testing (on first cooling). The highly
crystalline PVDF useful to reduce viscosity has a Peak Height in W/g to be equal to or greater than 1.4,
preferably between 1.4-2.5, and more preferably between 1.4-2.0; and Peak Width half-height of less
than 4.8 degrees C, preferably less than 4.7, more preferably less than 4.4. The Peak Width half-height

can be between 2.0-4.7 degrees C, more preferably between 2.5-4.4 degrees C, more preferably
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between 3.0-4.0 degrees C. Generally, the melting point is greater than or equal to 164C, preferably greater

than or equal to 165C.

[0034] The powder particle size of the all the PVDF in the formulation is D10 less than 4 microns,
preferably less than 2.5 microns, more preferably less than 2 microns to have good gloss and D99 of less
than 100 microns, preferably less than 50 microns, more preferably less than 25 microns. in order to
obtain good gloss and prevent defects as a result of too large a particle size in the coating.

[0035] The addition of the highly crystalline PVDF allows for the viscosity of the dispersion coating
formulation to be reduced while maintaining the total percentage of PVDF in the dispersion coating
formulation. By reducing dispersion viscosity, higher solids formulations are possible, meaning less
solvent waste/shipment.

[0036] The conventional PVDF in the dispersion coating formulation has a crystallinity of less than
44%. Generally, the Peak Height of the conventional PVDF is less than 1.4 W/g, preferably less than
1.35; and Peak Width half-height of 4.8 degrees C or greater. In some embodiments the melting point
will be less than or equal to 163C.

[0037] This reduced viscosity result is surprising as both the conventional PVDF and the highly crystalline
PVDF have very similar particle size distributions (i.e., each PVDF dispersed independently into a solvent
should lead to the same distribution of particles, and therefore the same viscosity). Two powders with
similar particle size distribution and similar composition would be expected to have similar viscosity but
surprising in this invention they do not.

[0038] A lower dispersion viscosity in the dispersion coating formulation (DCF) has the added benefit of
allowing for higher solids in the formulation, which means less shipping costs and less solvent waste. There
will also be less visible marks coming from application equipment remaining on the baked coating allowing
extremely smooth coating surfaces.

[0039] Highly crystalline Polyvinvlidenes fluoride

[0040] Arn especially preferred highly crystalline PYDF is a homopolymer of virtidene fluoride,
Copolymers of vinylidene fluoride can also be usad as the viscosity modifying highly crystalline PYDFE,
[0041] The highly crystalline PYDF may be a homopolymer, a copolymer, a terpolymer or a blend of a
PYDF homopolymer or copolymer with one or more other polymers that are compatible with the PVDFE.
FYDF copolymers and terpolymers of the invention are those inwhich virglidene fluoride units comprise
greater than 70 percent of the total weight of all the monomer units in the polymer, and more

preferably, comprise greater than 90 percent of the total weight of the units,
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[0042] Copolymers, terpolymers and higher polymers of vinvlidene fluoride may be made by reacting
vinylidene Huoride with one or more monomaers from the group consisting of vinyl fluoride,
triftucroethyviens (VF3}: tetrafivorosthyiens {TFE) one or more of partly or fully fluorinated alpha-
olefins such as 3,3,3-trifluoro-1-propeneg, 1,2,3,3,3-pentafluorepropens, 3,3,3,4. 4-pentaflucre-1-butane,
and hexafluoropropylene (HFP}; the partly fluorinated olefin hexafluoroiscbutylens; perfluorinated
{alkyl) vinyl ethers, such as perfluoromethyl vinyl ether{PMVE}, perfluoroethyl viryd ether{PEVE], and
perfiunre propyl vinyl ether{PEVEY and perfluore-2-propoxypropyl vinyl ether, flusrinated dioxoles, such
as perfluore{l, 3-dioxele} and perfluore{2, 2-dimethyvi-1 3-dioxole}, alivlie, partly fluorinated aliylic, or
fluprinated allylic monomers, such as 2-hydroxyethyl aliyt ether or 3-albvioxypropanediol, and ethene or
propenea,

[0043] The PVEF could also be grafted with a reactive monomer such as maleic anhydride, which can
bond to surfaces and improve adhesion. These functionalized resins are described in 1.5, Pat. No.
7,241,817, incorporated herein by reference,

[0044] The PVDF polymers are conveniently made by an emulbsion polymerization process, but
suspension and solution processes may also be used. In an emulsion polymerization process, a reactor is
charged with de-ionized water, and a non-fluorinated water soluble surfactant capable of emuisifying
the reactants and polymer during polymerization, and the reactor and its contents are deoxygenated
while stirring. The reactor and contents are heated 1o the desired temperature and vinylidene fluoride,
and, optionally, chain transfer agents to control copoblymer molecular waight are added at the selected
amount and ratio, When the desired reaction pressure is reached, an initiator is added to start and
mainiain the reaction,

[0045] The reactor used in the polymerization is a pressurized polymerization reactor, equinpad witha
stirrer and heat control means. The temperature of the polymerization can vary depending on the
characteristics of the initiator used, but it is typically between 50° € and 135° O, and most conveniently
it is between 70° €. and 120" ¢, The temperature is not Hmited to this range, however, and might be
higher or lower i a high-temperature or low-temperature initiator 1s used. The prassure of the
polymerization is typically between 1380 and 8275 k¥Pa, but it can be higher if the equipment permits
operation at higher pressure. The pressure is most conventently between 3450 and 5520 kPa,

[0046] The poivvinylidene fluoride latex from the polymerization has a solids level of from 15 1o 70
weight percent, preferably from 20 to 85 weight percent. The polymer particles in the polymerization
latex dispersion have a primary particla size in the range of 50 to 560 nm, and preferably from 100-500

nm. When dried the primary particles coagulate to form larger powder particies,
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[0047] To obtain dry PVDF, the latex is coagulated by conventional methods the coagulum is separated
and the separated coagulum may be washed. To provide powder, the coagulum is dried by means
known in the art, such as by spray drying or freeze drying.

[0048] Acryiic Thermoplastic Resin

[0049] The dispersion coating formulation contains a blend of a PVDF with a compatible polymer, such
as, but not limited to, an acryiic thermoplastic resin where the PVDF makes up greater than 50 weight
percent of the blend. In a preferred embodiment, the blend is 70-98 weight percent of PVDF and 2-30
weight percent of polymethyl methacrylate or a polymethylmethacrylate copolymer. Examples of the
compatible acrylic thermoplastic resin include, but are not limited to, polymethyl methacrylate (PMMA)
homopolymers or copolymers of methyl methacrylate (MMA) with alkyl-acrylic monomers, preferably
C1 to C4, for example such as ethyl acrylate, ethyl methacrylate and butyl methacrylate.The acrylic
thermuoplastic resin contains more than 50 weight percent of methyl methacrylate monomer units. The
acrylic thermoplastic resin can be blended with the PVDF at a point during the formation of the final
coating dispersion, and may be first blended with other components that are further blended with the
PVDF. In one embodiment, a liquid premix containing the acrylic thermoplastic resin in organic
solvent(s) is first formed, and optional dispersing agents and the PVDF then added to the liquid premix.
Acrylics useful in the present invention preferably have a weight average Mw in the range of 50,000-
300,000 g/mol relative to a PMMA standard using GPC.

[0050] The acrylic thermoplastic resin may comprise at least about 65 weight percent methyl
methacrylate monomer units and up to about 35 weight percent of ethyl methacrylate or butyl

methacrylate or ethyl acrylate monomer units or combinations thereof.

[0051] DHSPERSANY

[0052] Dispersants known in the art can be used as dispersants in the present invention.

[0053] SOLVENY

[0054] Ths PVDF, and optional dispersant are dispersed in an organic soivent, or a mikture of organic
solvents, The organic solvent typically acts as a solvent for the PYIIF; that is, the PYDF is substantially
insoluble and dispersed in the solvent at room temperature but becomes solvated or dissolved in the
solvent when the dispersion coating formulation is heated. The solvent generally makes up 20t 75
weight percent and, preferably, about 38 to about 70 weight percent of the coating dispersion.
Preferably, the solvent component of the dispersion coating formulation preferably does not include

isophorone.
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[0055] insoms instances, it may be preferable to choose a solvent that will not be totally volatilized
under the baking conditions used and the residual solvent remaining in the film can act as a plasticizer.
For other applications, it may be preferable to choose a selvent that will be essentially complately
volatilizad under the baking conditions employed. Preferably, the solvent has a boiling point of from
1707 Coto 4007

[0056] Sobvents useful in the invention include, but are not imited to, glycerol esters, glyeol esters,
esters {e.g., butyrates) of other aliphatic polyols, phthalates, adipates, benzoates, arelates, carbonates,
trimaellitates, phosphates, citrates, stearates, sehacates, glutarates, oleates, alkyds, polymeric ssters,
epoxidizad oils, epoxy tatlates, amide-asters, sulfonamides, terpenes, aromatics and ketones, esters of
aliphatic dibasic acids and di- or trigsters of aliphatic polvols and monocesters of alkyvleneoxy ethers,
Preferably the solvent includes a diester of a branched aliphatic diol, and more preferably, a butyrate
diestar of a branched octanediod, such as 2,2 4-trimethyi-1, 3-pentanediol dilsobutyrate {"TXIB"}L

[0057] Other preferred solvents for use in the present invention include polvol diesters, such as
triethylene glycol bis{2-ethyvthexancate} {TEG-EH), and esterfied ethers, e.g., esters of glycol monoethers
such as propylenegiveot methyi ether acetate [(PMAacetate} or dipropylenegiveol methyl ester acetate
{DPMAL

[0058] Other useful solvents which may be present to some extent as part of the solvent portion of the
present dispersion coating formulation inciude phihalates such as butyl benayl phthalate and dialhyl
phthalates {e.g., di{Z2-sthythexyl} phithalate, dimethy phithalate and dioctyl phihalate}; aromatics such as
tolusne and xylenes; ketones such as isophorone; aliphatic dibasic acid esters such as dioctyl azelate,
diisochecyi adipate and dif 2-ethylthexyl) sebacate; phosphates such as trioctyl phosphate and 2-
ethythexyi diphenyi phosphate; epoxy plasticizers such as epoxidized soybean off, epoadized tall ol fatty
acid 2-ethylhexyi astars, and other conventional polyester solvents commonly employed as plasticizers.
[0059] Prefarably, at least about 6¢ weight percent of the solvent portion of pigmented versions of the
present dispersion coating formulation consists of ong or more non-aromatic esters. The solvent
fraction may include a minor amount {Le., no more than about 30 welght %) of a non-aromatic ketone
and/or a hydroxy functional solvent such as a glveol monoether {e.g., butyl carbitol} or 2 half ester of an
aliphatic dicl {e.g., 2,2, 4-trimethyl-1, 3-pentanediod monoisobutyrate), More preferably, at least about 90
weight % and, most prefarably, substantially the antire solvent portion consists of one or maore norn-
aromatic esters. in one embodiment at least 95 weight percent of the schvent portion is 2,2 4-trimethyl

1,3-pentanedicl diisobutyrate {TXIB}. Gther preferred dispersion coating formulations include a solvent
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component consisting essentially of ong or more of TXIB, butyl carbito! acetate, PM acetate, DPM
acetale or mixtures thereof,

[0060] in designing a particular formudation, the solvent system and optional dispersant are typically
chosen to complemeant each other. For example, amine-based dispersants are particularly effective
where the main solvent is an ester or mikture of esters, When the dispersion coating formulation is
based on a ketone solvent, fluorinated anionic surfactants can be particularly effective,

[0061] OTHER ADDITIVES

[0062] One or more other additives may also be added to form a final dispersion coating formulation.
Such additives are known in the coating art, and include a flatling agent to reduce gloss, an additive to
improve mar resistance, surfactants, antioxidants, ultraviolet Hight absorbers and stabilizers, rheclogy
control agents, coalescing agents and the like,

[0063] The present dispersion coating formulation rmay be a clear {unpigmented}, such as when applied
as a protective top coat layer, The dispersion coating formulation is often pigmented 1o provide opacity,
and color. Typical, pigmented versions of the present dispersion coating formulation include about 5 to
about 50 and preferably about 20 to about 40 wil of one or more pigments of total solids in dispersion.
Useful pigments include pipments generally used in the coating industry.

[0064] Some example pigments include but are not limited to metal oxides, alumina flake pigment,
pearlescent mica pigment and combinations thereof. Titanium dioxide is a common pigment.

[0065] PREPARATION AND APPLICATION

[0066] Th= dispersion coating formulation of the present invention may be prapared by conventional
methods. For example, the dispersion coating formulation may be prepared by bending the varicus
components using a high speed disperser and milling equipment, such as a small media mill,

[0067] In general the ratio of total PVDF in the dispersion coating formulation to acrylic thermoplastic
resin is between 90:10 to 30:70 by weight.

[0068] The dispersion coatings of the invention may be applied 10 a substrate by means known in the
art, including but not limited to brushing, bar coating, roll coating, inkiet application and spraving. The
coating may be applied to one, or more sides of the substrate, The substrate is generally metallic,
including but not limited to aluminum, hot dipped galvanized steel, and zinc-aluminum alioys on steel.
Twio or more coats of the dispersion coating may be added, and the metal may be physically or
chemically primed prior 1o coating, Following application of the PYDF dispersion coating the substrate s

heated to cure the coating and form a tough film.
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[0069] Wheare large rolls of thin gauge metal are to be coated, it s advantageosus to apply the
dispersion coating formulation via a coil coating process, such as reverss roll coating. When the coating
is carried out using such a process, the coated metal substrate is typically cured by heating for about 10
t0 about 50 seconds at a tempearature of about 2007 £ 1o 300° £ i & spray coating process is used the
resutting film is usually cured by heating for about 10 to about 15 minutes at a termperature of about
2310° Coto about 270° C The baking temperatures are not critical, but must be high enough to causa the
PYDF polymer particles in the dispersion to coalesce into a cortinueous film,

[0070] The dispersion coating formulation of the invention is generally used at a total solids content of
between 25 to 30 weight percent, preferably 30 to 70 weight percent. if desired, however, the
dispersion coating formulation may be thinned prior to being applied by the addition of a solvent. For
spray applications additional solvent, such as xylene, toluene, methyl ethyl ketone or 2-butoxy sthanol,
or the like, may be added to reduce the resin solids content of the dispersion coating formulation. The
usaful viscosity of the dispersion varies depending upon the spray equipment and atmospheric
conditions. When applied via spray meathods, pigmented versions of the present dispersion coating
formulation can have a total solids content of about 50 to about 70 weight percent {total resin solids of
about 35 to about 50 weight percent). Clear versions of the present dispersion coating formulation can
contain a total resin solids content of about 30 to about 45 wils,

[0071] Typical stormer viscosity of the dispersion coating formudation is usually in the rangs 50 to 168
KU. Measured using ASTM D562,

[0072] Ths invention provides for a reduced dispersion coating formulation viscosity comparad to PYDF
dispersions in organic solvents without the presence of the highly crystatline PYDFE. This can bring
advaniages in increasing the PVYDF resin solid content and thus reduce the dispersion YOU level.
Examples

[0073] Raw Materials:

[0074] PARALCID B44%: Methyl methacrylate-aethyl acrylate copolymer, available from Dow Chamicals,
MW is about 140,000

[0075] TI-PURE RGO Ti0., available from DuPont

[0076] BVDF 1 isaconventional PYDF used in coatings with a Melt viscosity in the rangs of 29- 33
kPoise, Bifferent lots were used in Ex 1, £x2 and Ex3 resulting in shightly different particles size
distributions.

[0077] PVDF 2 is a highly crystalline PVDF with a Melt viscosity in the range of 17.5 kPoise to 22.5

kPoise. Different lots were used in Ex 1 and Ex2 resulting in slighthy different particles size distributions

L=
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[0078] PVDF 3 is a highly crystalline PYDF with a Melt viscosity in the range of 5 to 8 kPoise. Different
fots were used in Ex 1 and Ex3 resulting in slightly different particles size distributions

[0079] PVDF:

Melting Delta H Peak Height Peak Width at
PVDF % Crystallinity | Point (°C) (/g (W/g) Half-Height (°C)
PVDF 1
(Conventional) 43.9 162.0 52.9 1.3 4.8
PVDF 2 443 165.5 54.9 1.9 3.7
PVDF 3 48.1 166.2 615 1.9 34

[0080] Degree of crystallinity (% Crystallinity): X-ray diffraction experiments were conducted on the

Rigaku SmartLab diffraction platform (Cu Kow 1.5418 A, 40 kV, 40 mA). WAXS data acquisition: 1D

reflection mode. IS =1 mm. Length slit =10 mm. RS1 =RS2 =3 mm. range: 5.0 — 80.0° 26, 0.03° step,
0.5°/min.

[0081] The DSC runs were cycled 10 °C/min from -20 °C to 210 °C using ASTM E793-06. Melting point
and Delta H are based on second heat, while peak height and peak width at half-height are based on
first cool DSC.

[0082] Example 1
[0083] PVDF:

PVDF D10 (um) D50 (um) D90 (um) D95 (um)
PVDF 1 (Conventional) 2.12 4.23 8.73 11.96
PVDF 2 2.13 4.20 7.90 9.78

[0084] "Particle size was measured on a Microtrac instrument. The data is reported as volume-average
particle size (diameter)

[0085] Procedure for making formulation:

[0086] Step. 1: In a glass container with a screw lid, 40 g of Paraloid B44S and 160 g of toluene were
weighed. The container was sealed and mixed at 50 deg.C, 100 rpm on a mix rotor to obtain 200 g of 40
wt% Paraloid B44S solution.

[0087] Paraloid B44S is a MMA/EA thermoplastic copolymer from Dow chemical company

[0088] Step. 2: The pigment grind was prepared according to the recipe below.
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Pigment grind g

Paraloid B44S 40 % in toluene 66.98
TiO2 77.52
Butyl Diglycol 103.4
Total 247.9

[0089] In a metal cup, Paraloid B44S solution and butyl diglycol were weighed. TiO2 was weighed in a
separate container. The cup with the liquid was put in a homogenizer and secured. While mixing at 1500
rpm, TiO2 was slowly added into the cup, allowing the powder to wet by the liquid before adding more.
After adding all TiO2, the mixture was stirred at 3600 rpm for 10 min. The powder on the cup sides were
scraped off then the mixture was stirred again at 3600 rpm for another 10 min.

[0090] Step. 3: The premix was prepared according to the recipe below. A premix was made with PVDF

1 and a Premix was made with PVDF 2.

Premix g

Paraloid B44S 40 % in toluene 18
Butyl Diglycol 66.07
4-methyl-2-pentanone 6
PVDF Resin 72
Total 162.37

[0091] Ina metal cup, Paraloid B44S solution, butyl diglycol, and methyl isobutylketone were weighed.
The appropriate amount of PVDF1 and PVDF2 in powder form were weighed to obtain the desired ratio
each in a separate container. The cup with the liquid was put in a homogenizer and secured. While
mixing at 800 rpm, PVDF1 was slowly added into the cup, allowing the powder to wet by the liquid
before adding more. After adding all PVDF1, PVDF-2 was slowly added to the same cup by the same
method as PVDF1. The mixture was stirred at 3600 rpm for 10 min. The viscosity of the premix was

measured at 10 sec-1 rpm using a rotational viscometer.

PVDF in Example 1
. 10s-1
PVDF in Example 1
(cp)
100% PVDF 1 (premix) 684
75% PVDF 1/ 25% PVDF 2 (premix) 438
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50% PVDF 1/ 50% PVDF 2 (premix) 368
25% PVDF 1/ 75% PVDF 2 (premix) 339
100% PVDF 2 (premix) 352

[0092] Rotational Viscometer used:
[0093] Equipment: Anton paar MCR302 with P- PTD200 + H-PTD200, PP50 Clamp.

[0094] Step 4: The final formulation was prepared according to the recipe below.

Final Formulation g
Premix 27
Pigment grind 36

[0095] 27 g of the premix from step 3 and 36 g of the pigment grind from step 2 were mixed in a
container. For 100% PVDF1 and 100% PVDF2 formulations, the pigment grind was mixed on the same
day which it was prepared whereas for 75% PVDF1 / 25% PVDF 2, 50% PVDF 1/ 50% PVDF 2, and 25%
PVDF 1/ 75% PVDF 2 formulations, the pigment grind was aged for 10 days before mixing. The viscosity

was measured at 10sec-1 rpm using a rotational viscometer at room temperature (20C).

PVDF in Example 1 10 sec-1

(cp)
100% PVDF 1 (final formulation) 4186
75% PVDF 1/ 25% PVDF 2 (final formulation) 2915
50% PVDF 1/ 50% PVDF 2 (final formulation) 2851
25% PVDF 1 / 75% PVDF 2 {final formulation) 2622
100% PVDF 2 (final formulation) 2912
PVDF 60° Gloss
100% PVDF 1 (final formulation) 25.0
75% PVDF 1/ 25% PVDF 2 (final formulation) 24.3
50% PVDF 1/ 50% PVDF 2 (final formulation) 26.1
25% PVDF 1 / 75% PVDF 2 {final formulation) 325
100% PVDF 2 (final formulation) 33.8

[0096] 60° Gloss was measured after baking the wet coatings at 230C for 15 minutes, then air cooled.

This shows the final properties (gloss) are nearly the same even though dispersion viscosity is different.

[0097] Example 2:
[0098] PVDF:
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D10
Powder PVDF {microns) |D50 {microns) | D90 (microns) | D99 (microns)
PVDF 1 (Conventional) 1.2 3.67 7.59 13.67
PVDF 3 2.44 7.67 18.66 81.65

[0099] "Particle size was measured on a Microtrac instrument. The data is reported as volume-average

particle size (diameter).

[0100] Step 1: The following solvent blend was prepared and kept in a sealed glass jar:

Material Weight (g)
Dowanol DB 252.5
Paraloid B44S (40% in Toluene) 1231

solvent blend was then used for the grind mixture (in step 3)
[0101] Dowanol DB is Diethylene Glycol n-Butyl Ether available from Dow Chemical Company,
Michigan
[0102] Step 2: Using a high speed disperser, the PVDF grind was made according to the recipe below:

Material Weight (g)
Paraloid B44S (40% in Toluene) 45
Dowanol DB 90
Methyl isoamyl Ketone 15
Cyastat SN 0.36
PVDF 180
TOTAL 330.36

[0103] In a small stainless steel pot, all liquids were weighed. PVDF was then weighed out into a
separate beaker. The pot was put onto the mixer, secured, then mixed at 1000 rpm. The PVDF was
slowly poured into pot, allowing the powder to wet out before adding more, and scraping down the
sides after all has been added. The speed was slowly turned up to 3900 rpms and mixed for 10 minutes.

[0104] Step 3: White pigment grind/paint:

Material Weight (g)
PVDF grind from step 2 220
Pre-made solvent blend from step 1 300.5
TiO2 R960 114
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[0105] 100 grams of solvent blend (from step 1) was poured into a new pot, and the mixer was set to
1000 rpm while slowly adding the 114 g TiO2. After all the TiO2 has been added, the speed was turned
up to 3900 rpms and mixed for 15 minutes. The sides of the pot were scraped down and 220 grams of
PVDF grind from Step 2 was added, followed by 4 minutes of mixing at 3900 rpm. The last of the solvent
blend from Step 1 was then added and mixed at 1000 rpm for 1 minute. The paint was then poured into
a glass jar. The Brookfield viscosity was measured after the paints equilibrated overnight (20C), while

the Stormer viscosity was measured two days later. 60° Gloss was measured after baking the coatings at

585F for 45 seconds and quenching in water.

PCT/US2021/063769

PVDF in Example 2 Brookfield Viscosity, cp Stormer 60° gloss
Formulation {Spindle #5) Viscosity, KU
10 rpms 100 rpms
PVDF 1 (Conventional) 9760 1976 99.2 63.9
67% PVDF 1 / 33% PVDF 3 9720 1748 95 57.2
33% PVDF 1 / 67% PVDF 3 9160 1612 92.9 64.9
PVDF 3 8000 1492 91.5 68
[0106] COMPARATIVE Example 3:
[0107] PVDF Resins:
PVDF Resin D10 (um) D50 (um) D90 (um) D99 (um)
PVDF 1 (Conventional) 0.97 3.29 7.2 15.02
PVDF 2 1.22 3.59 7.2 14.8

[0108] "Particle size was measured on a Microtrac instrument. The data is reported as volume-average

particle size (diameter).

[0109] Formulation:

Ingredient Parts by Weight (g)
PVDF 20.5
Paraloid B44S (40% in Toluene) 21.9
TiO, (Ti-Pure R960) 15.8
Isophorone 41.8
Total 100

15




WO 2022/140149 PCT/US2021/063769

[0110] In stainless steel beaker, the Paraloid B44S was weighed, put aside, and covered with foil. In
plastic beaker the isophorone was weighed, put aside, and covered with foil. TiO; and PVDF were
weighed in two separate paper cups. The stainless steel beaker containing the B44 was placed under the
mixer, about 1/3 of isophorone was added, and the mixer was turned on to about 1000 rpms. The TiO>
was then added, while adding small amounts of isophorone to ensure a smooth mixture. Once all the
TiO; was added, the pot was covered and the mixer was turned up to 3900 rpm and allowed to mix for
20 minutes, stopping at 10 minutes of mixing to scrape down the sides. After the 20 minutes of mixing,
more isophorone was added and the mixer was restarted (1000 rpm) while the PVDF was slowly added.
More isophorone was added during the PVDF addition to ensure a smooth mixture. Once all the PVDF
and isophorone were added, the pot was covered and allowed to blend 10 more minutes, stopping at 5
minutes to scrape the sides. Any leftover isophorone was then added during the last minute and
blended at 1000 rpm. The paint was then poured into a glass jar. The Brookfield viscosity was measured

after the paints equilibrated overnight, while the Stormer viscosity was measured about one week later.

L. Brookfield Viscosity, cp . .
PVDF Resin in Example . Stormer Viscosity,
) (Spindle #4)
3 Formulation KU
10 rpm 100 rpm
PVDF 1 (Conventional) 4400 1460 96.1
PVDF 2 4020 1352 94.3

[0111] Examples 1 and 2, non-isophorone formulations show the most benefit.

[0112] This shows there is little effect when isophorone is used as the solvent.
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Claims

1. A method of reducing dispersion viscosity in a dispersion coating formulation comprising introducing
a portion of highly crystalline PVDF as part of a dispersion coating formulation wherein the
dispersion coating formulation comprises at least one conventional PVDF, at least one acrylic
thermoplastic resin, organic solvent and optionally pigment, to form a coating formulation, wherein
the highly crystalline PVDF has a crystallinity 44% or greater (from X-ray diffraction),
and wherein the highly crystalline PVDF has a peak height on first cool of DSC of greater than 1.4
W/g, and a peak width at half-height on first cool of DSC of less than 4.8 degrees C, wherein the
portion of highly crystalline PVDF is at least 10wt%, preferably at least 25% by weight of the total
PVDF in the dispersion coating formulation.

2. The method of claim 1 wherein the reduced viscosity is at least 10% less as compared to the same
formulation using conventional PVDF in place of the highly crystalline PVDF.

3. The method of claim 1 wherein the solvent does not contain isophorone.

4. The method of claim 1 wherein the crystallinity of the highly crystalline PVDF is between 44%-55%,
preferably 44.1 to 54%.

5. The method of claim 1 wherein the highly crystalline PVDF has a peak height on first cool of DSC of
from in W/g of between greater than 1.4 to 2.5, and more preferably between 1.4-2.0.

6. The method of claim 1 wherein the highly crystalline PVDF has a peak width at half-height on first
cool of DSC of between 2.0-4.7 degrees C, more preferably between 3.0-4.0 degrees C.

7. The method of claim 1 wherein the highly crystalline PVDF has a melting point of greater than
162°C, 163 C or greater, preferably 165C or greater.

8. The method of claim 1 wherein the melt viscosity of the highly crystalline PVDF is from 5-50 kpoise
at 100 sec-1 and 232C.

9. The method of claim 1 wherein the ratio of highly crystalline PVDF to conventional PVDF is from
10:90 to 90:10, preferably 25:75 to 75:25.

10. The method of claim 1 wherein the ratio of highly crystalline PVDF to conventional PVDF is from
35:65 to 90:10, preferably 45:55 to 90:10.

11. The method of claim 1 wherein said highly crystalline PVDF comprises hexafluoropropylene
monomer units.

12. The method of claim 1 wherein the ratio of total PVDF in the dispersion coating formulation to

acrylic thermoplastic resin is between 90:10 to 30:70.
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The method of claim 1 wherein said acrylic thermoplastic resin comprises at least about 65 weight
percent methyl methacrylate monomer units and up to about 35 weight percent is ethyl
methacrylate or butyl methacrylate or ethyl acrylate monomer units or combinations thereof.

The method of claim 1 wherein said pigment comprises titanium dioxide.

The method of claim 1 wherein said pigment comprises at least one of metal oxides, alumina flake
pigment, pearlescent mica pigment and combinations thereof.

A dispersion coating formulation comprising a highly crystalline PVDF wherein at least 10% of the
total PVDF in the coating is highly crystalline, at least one conventional PVDF, at least one acrylic
thermoplastic resin, organic solvent and optionally pigment, wherein the highly crystalline PVDF has
a crystallinity 44% or greater (from X-ray diffraction), and wherein the highly crystalline PVDF has a
peak height on first cool of DSC of greater than 1.4 W/g, and a peak width at half-height on first cool
of DSC of less than 4.8 degrees C.
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