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TITLE

Ink and Coating Formulations and Polymerizable Systems For Producing the Same

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to US Provisional Patent Application 61/618,236,

filed March 30, 2012 entitled Ink and Coating Formulations and Polymerizable Systems For

Producing the Same, the contents of which in its entirety is hereby incorporated herein by

reference.

INCORPORATION BY REFERENCE

All documents cited or referenced herein and all documents cited or referenced in the

herein cited documents, together with any manufacturer's instructions, descriptions, product

specifications, and product sheets for any products mentioned herein or in any document

incorporated by reference herein, are hereby incorporated by reference, and may be employed

in the practice of the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary embodiments disclosed herein related to inks and coatings and

polymerizable systems therefor. Of particular interest are polymerizable di-substituted, di-

activated vinyl compositions, not including cyanoacrylates, such as, but not limited to,

methylene malonates, methylene β-ketoesters, methylene β-di-ketones, dialkyl disubstituted

vinyl, dihaloalkyl disubstituted vinyl, whether monofunctional, difunctional or

multifunctional monomers, oligomers or polymers.

2. Background

Methylene malonates are compounds having the general formula (I):



wherein R and R' may be the same or different and may represent nearly any substituent or

side-chain. Such compounds have been known since 1886 where the formation of diethyl

methylene malonate was first demonstrated by W. H . Perkin, Jr. (Perkin, Ber. 19, 1053

(1886)).

However, earlier methods for producing methylene malonates suffer significant

deficiencies that preclude their use in obtaining commercially viable monomers. Such

deficiencies include unwanted polymerization of the monomers during synthesis, formation

of undesirable side products, degradation of the product, insufficient and/or low yields, and

ineffective and/or poorly functioning monomer product. These problems have impinged on

their practical use in the production of commercial and industrial products.

Certain co-inventors of the instant application have recently filed patent applications

on improved methods of synthesis of methylene malonates, namely, PCT/US 11/056903

Synthesis of Methylene Malonates Substantially Free of Impurities, and PCT/US 11/056926

Synthesis of Methylene Malonates Using Rapid Recovery in the Presence of a Heat Transfer

Agent. The synthesis procedures provided therein result in improved yields of heretofore

elusive high quality methylene malonates and other polymerizable compositions.

The polymerizable compositions are amenable to chain-building and/or cross-linking

polymerization by anionic or free radical initiation and have the potential to form the basis of

a highly valuable and large-scale platform for the chemical synthesis and formulation of new

chemical products.

In the art, there exists a need for new classes of commercially viable products, in

particular, inks and coatings. Specifically, the commercial reduction to practice of a low or



zero energy input, very fast polymerizing addition polymer platform with far ranging

property sets coupled with crosslinking that is also by design environmentally, biologically or

metabolically compatible with most living organisms that is finally also either in whole or

part made from a broad sustainable resource base, including sugars, atmospheric gases, waste

gases and synthesis gas opens up a vast array of new technologies that can deliver great

benefits to society.

One particular need in the art is for coatings, inks and the like where a protective

and/or decorative layer could be applied as a 100% solids reactive composition that could

cure, if desired, nearly instantaneously, with little or no energy input. Such ink or coating

compositions could have dramatic impact on energy use reduction as well as significant

reduction in solvent use. Either alone or in combination with a surface activator, such

systems would eliminate the need for two part condensation polymerization or addition

polymerization systems where complex, precise mixing and metering systems are required.

Further, such systems would reduce or eliminate the need for sophisticated ovens required to

control temperature and solvent volatilization. Finally, such desirable systems would reduce

the level of catalyst, preferably less than 2% by weight catalyst, to dramatically reduce

leaching non-bound chemical elements and provide for more facile activation.

Such a non-thermally activated and/or accelerated system dramatically would change

the types of materials one could use in manufacturing the related substrates and the steps at

which they could be used. By example, where certain thermoplastics or decorative elements

may not survive a typical 150°C or higher oven cure for 20 minutes or more, at ambient

temperatures virtually any known material could be utilized.

In the art is it desired to provide functional and/or decorative coatings or inks that

could be 100% solids and that would not require pre-polymerization into emulsions. It is also

desired to have such coatings or inks that would be environmentally resistant, that did not



require energy input (heat or light) for activation. Such coatings and inks could provide key

benefits such as the substantial reduction of energy use on application and cure, elimination

of complex solvent handling and recovery equipment, the elimination of the energy related

equipment, and the ability to use said systems for thermally sensitive substrates. By example,

the ability to replace ultraviolet light cure systems for inks and overprint varnishes would

provide all of the aforementioned benefits. Also desired is the replacement of emulsion-

based inks where environmental resistance is poor, where 50% water compositions must be

contained and shipped and managed and where an instant cure would provide for far more

raid throughput for the office or home user where ultraviolet light systems are costly,

complex and even dangerous to manage.

Thus, new classes of commercially viable products, in particular, coating and ink

formulations, processes and application equipment and the articles utilizing such materials

are highly desired in the art.

SUMMARY OF THE INVENTION

Accordingly, exemplary embodiments disclosed herein meet these and other needs by

providing new classes of substantially 100% solids coating or ink systems requiring low

catalyst loading, that offer on-demand, high speed, substantially energy free, ambient curing,

that may be designed to be environmentally, biologically and/or metabolically compatible.

Additionally, exemplary embodiments optionally include crosslinkable systems for improved

chemical and physical properties.

Exemplary embodiments disclosed herein provide examples in the use of methylene

malonate monomers and other polymerizable compositions (e.g., monomers, oligomers,

and/or polymers) as reactive inks and coatings. Of particular interest are polymerizable ink

and/or coating compositions such as di-substituted, di-activated vinyl compositions such as,



but not limited to, methylene malonates, methylene β-ketoesters, methylene β-diketones,

dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl, whether monofunctional,

difunctional or multifunctional monomers, oligomers or polymers. Such compositions and

their associated monomeric and polymeric-based products could be useful in household,

industrial and medical applications and settings. Additionally, unlike many other monomers,

exemplary methylene malonate and related monomers and their products can be produced via

sustainable routes as well as be designed to be environmentally and/or biologically benign

and as such many of the products can be generally regarded as "green."

One exemplary embodiment disclosed herein relates to an ink composition. The

reactive composition comprises a polymerizable composition including a di-activated vinyl

compound such as a methylene malonate, methylene β-ketoester, methylene β-diketone,

dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl; and optionally, a coloring agent.

Another exemplary embodiment disclosed herein provides a system comprising an ink

composition comprising a polymerizable composition comprising at least one member of the

group consisting of a methylene malonate, methylene β-ketoester, methylene β-diketone,

dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl and, optionally, a coloring agent;

and a polymerization activator.

In one aspect, the invention provides an ink composition comprising a polymerizable

composition comprising one or more di-activated vinyl compounds, with the proviso that said

a di-activated vinyl compound is not a cyanoacrylate; and optionally, a coloring agent.

In certain embodiments of the ink composition of the invention, the di-activated vinyl

compound is at least one member of the group consisting of methylene malonate, methylene

β-ketoester, methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted

vinyl. In still other embodiments, the di-activated vinyl compound is a multifunctional di-

activated vinyl compound.



In other embodiments of the ink composition of the invention, the coloring agent is at

least one member of the group consisting of: organic pigment, organo-metallic pigment,

mineral-based pigment, carbon pigments, titanium pigment, azo compound, quinacridone

compound, phthalocyanine compound, cadmium pigment, chromium pigment, cobalt

pigment, copper pigment, iron pigment, clay earth pigment, lead pigment, mercury, titanium

pigment, aluminum pigment, manganese pigment, ultramarine pigment, zinc pigment, arsenic

pigment, tin pigment, iron oxide pigment, antimony pigment, barium pigment, a biological

pigment, dye, photochromic, conductive and liquid crystal polymer pigment piezochromic

pigment, goniochromatic pigment, silver pigment, diketopyrrolo-pyrrole, benzimidazolone,

isoindoline, isoindolinone, radio-opacifier.

In some embodiments of the ink composition of the invention,the polymerizable

composition is substantially 100% solids. In other embodiments of the ink composition of

the invention, the composition has shelf-life of at least 6 months at ambient temperature.

In certain embodiments of the ink composition of the invention, the polymerizable

composition is able to polymerize through an anionic cure mechanism. In other

embodiments, the polymerizable composition is cross-linked during polymerization. In still

other embodiments, the polymerizable composition is curable at ambient temperature.

In other embodiments of the ink composition of the invention, the composition further

comprises an activating agent in the form of a base, a base precursor, a base , or base

enhancer. In certain embodiments, the polymerization activator is selected from an organic

material, an inorganic material or an organo-metallic material, or a combination thereof. In

other embodiments, the polymerization activator is at least one member selected from:

sodium acetate; potassium acetate; acid salts of sodium, potassium, lithium, copper, and

cobalt; tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether primary,

secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-



pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,

piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, Ν ,Ν-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

In still other embodiments, the composition further comprises a formulation additive.

In certain embodiments, the formulation additive is at least one member selected from:

plasticizers, thixotropic agents, adhesion promoters, antioxidants, light stabilizers, UV

stabilizers, fillers, surfactants, wetting agents, viscosity modifiers, extenders, dispersants,

anti-blocking agents, defoamers, air release agents, anti-sagging agents, anti-setting agents,

matting agents, flattening agents, waxes, anti-mar additives, anti-scratch additives, inert

resins.

In another aspect, the invention provides, a coating composition comprising a

polymerizable composition comprising one or more di-activated vinyl compounds, with the

proviso that said a di-activated vinyl compound is not a cyanoacrylate.

In certain embodiments of the coating composition of the invention, the di-activated

vinyl compound is at least one member of the group consisting of methylene malonate,

methylene β-ketoester, methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl

disubstituted vinyl. In still other embodiments, the di-activated vinyl compound is a

multifunctional di-activated vinyl compound.



In other embodiments of the coating composition of the invention, the coating may

further include a coloring agent, including, but not limited to, organic pigment, organo-

metallic pigment, mineral-based pigment, carbon pigments, titanium pigment, azo compound,

quinacridone compound, phthalocyanine compound, cadmium pigment, chromium pigment,

cobalt pigment, copper pigment, iron pigment, clay earth pigment, lead pigment, mercury,

titanium pigment, aluminum pigment, manganese pigment, ultramarine pigment, zinc

pigment, arsenic pigment, tin pigment, iron oxide pigment, antimony pigment, barium

pigment, a biological pigment, dye, photochromic, conductive and liquid crystal polymer

pigment piezochromic pigment, goniochromatic pigment, silver pigment, diketopyrrolo-

pyrrole, benzimidazolone, isoindoline, isoindolinone, radio-opacifier.

In some embodiments of the ink composition of the invention,the polymerizable

composition is substantially 100% solids. In other embodiments of the ink composition of

the invention, the composition has shelf-life of at least 6 months at ambient temperature.

In certain embodiments of the coating composition of the invention, the

polymerizable composition is able to polymerize through an anionic cure mechanism. In

other embodiments, the polymerizable composition is cross-linked during polymerization. In

still other embodiments, the polymerizable composition is curable at ambient temperature.

In other embodiments of the coating composition of the invention, the composition

further comprises an activating agent in the form of a base, a base precursor, a base , or base

enhancer. In certain embodiments, the polymerization activator is selected from an organic

material, an inorganic material or an organo-metallic material, or a combination thereof. In

other embodiments, the polymerization activator is at least one member selected from:

sodium acetate; potassium acetate; acid salts of sodium, potassium, lithium, copper, and

cobalt; tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether primary,

secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-



pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,

piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, Ν ,Ν-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

In still other embodiments, the composition further comprises a formulation additive.

In certain embodiments, the formulation additive is at least one member selected from:

plasticizers, thixotropic agents, adhesion promoters, antioxidants, light stabilizers, UV

stabilizers, fillers, surfactants, wetting agents, viscosity modifiers, extenders, dispersants,

anti-blocking agents, defoamers, air release agents, anti-sagging agents, anti-setting agents,

In another aspect, the invention provides a process for printing onto a substrate

comprising:

providing an ink composition comprising a polymerizable composition

comprising one or more di-activated vinyl compounds with the proviso that

said a di-activated vinyl compound is not a cyanoacrylate, and, optionally, a

coloring agent, to an ink delivery mechanism; and

delivering the ink composition from the ink delivery mechanism to a substrate.

In certain embodiments of the printing process, the di-activated vinyl compound is

least one member of the group consisting of methylene malonate, methylene β-ketoester,

methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted vinyl.



In other embodiments of the printing process, the coloring agent is at least one

member of the group consisting of: organic pigment, organo-metallic pigment, mineral-based

pigment, carbon pigments, titanium pigment, azo compound, quinacridone compound,

phthalocyanine compound, cadmium pigment, chromium pigment, cobalt pigment, copper

pigment, iron pigment, clay earth pigment, lead pigment, mercury pigment, titanium pigment,

aluminum pigment, manganese pigment, ultramarine pigment, zinc pigment, arsenic pigment,

tin pigment, iron oxide pigment, antimony pigment, barium pigment, a biological pigment,

dye, photochromic, conductive and liquid crystal polymer pigment. In certain embodiments,

the coloring agent may be colorless, fluorescent or iridescent.

In another embodiment, the printing process, further comprises the step of providing

an polymerization activator in the form of a base, a base precursor, a base converter, or base

enhancer.

In another embodiment, the printing process, further comprises the step of

polymerizing the polymerizable composition to form an inked image on the substrate.

In still another embodiments of the process, the polymerization of the polymerizable

composition occurs upon delivery to the substrate.

In yet another embodiments, the printing process further comprises a step of

providing a polymerization activator to the substrate, wherein the polymerization activator

includes a base, a base precursor, a base converter, or base enhancer. In seme embodiments,

the polymerization of the polymerizable composition occurs upon contact with the

polymerization activator.

In certain embodiments, the polymerization activator is selected from an organic

material, an inorganic material or an organo-metallic material, or a combination thereof. In

other embodiments, the polymerization activator is at least one member selected from:



sodium acetate; potassium acetate; acid salts of sodium, potassium, lithium, copper, and

cobalt; tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether primary,

secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-

pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,

piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, Ν ,Ν-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

η still other embodiments, the ink delivery mechanism is adapted to deliver a

polymerization activator through a separate pathway from a pathway for delivering the

polymerizable composition.

In some embodiments, the printing process further comprises a step of adding at least

one formulation additive. In certain embodiments, the formulation additive is at least one

member selected from: plasticizers, thixotropic agents, adhesion promoters, antioxidants,

light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity modifiers,

extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-sagging

agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar additives, anti-

scratch additives, inert resins.

In another aspect, the invention provides aprinting system comprising:



a first container comprising a polymerizable composition comprising one or more di-

activated vinyl compounds with the proviso that said a di-activated vinyl compound is

not a cyanoacrylate; and

a second container, separate from the first container, comprising a polymerization

activator.

In certain embodiments of the printing system, the polymerization activator includes a

base, a base precursor, a base converter, or base enhancer. In other embodiments, the

polymerization activator comprises a basic material selected from an organic material, an

inorganic material or an organo-metallic material, or a combination thereof. In still other

embodiments, the polymerization activator is at least one member selected from: sodium

acetate; potassium acetate; acid salts of sodium, potassium, lithium, copper, and cobalt;

tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether primary,

secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-

pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,

piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, Ν ,Ν-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

In some embodiments, the printing system further comprises at least one formulation

additive. In certain embodiments, the formulation additive is at least one member selected

from: plasticizers, thixotropic agents, adhesion promoters, antioxidants, light stabilizers, UV



stabilizers, fillers, surfactants, wetting agents, viscosity modifiers, extenders, dispersants,

anti-blocking agents, defoamers, air release agents, anti-sagging agents, anti-setting agents,

matting agents, flattening agents, waxes, anti-mar additives, anti-scratch additives, inert

resins.

In other embodiments of the printing system, the first and second containers are

carried in an ink cartridge.

In still another aspect, the invention provides, a printing system comprising:

a printer cartridge including a chamber;

a polymerizable composition within the chamber comprising one or more di-

activated vinyl compounds, with the proviso that said a di-activated vinyl

compound is not a cyanoacrylate;

a polymerization activator within the chamber, wherein the polymerization

activator is prevented through physical or chemical means from initiating

polymerization until predetermined activating conditions are met.

In certain embodiments,

In certain embodiments of the printing system, the polymerization activator includes a

base, a base precursor, a base converter, or base enhancer. In other embodiments, the

polymerization activator comprises a basic material selected from an organic material, an

inorganic material or an organo-metallic material, or a combination thereof. In still other

embodiments, the polymerization activator is at least one member selected from: sodium

acetate; potassium acetate; acid salts of sodium, potassium, lithium, copper, and cobalt;

tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether primary,

secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-

pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,



piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, N,N-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

In some embodiments, the printing system further comprises at least one formulation

additive. In certain embodiments, the formulation additive is at least one member selected

from: plasticizers, thixotropic agents, adhesion promoters, antioxidants, light stabilizers, UV

stabilizers, fillers, surfactants, wetting agents, viscosity modifiers, extenders, dispersants,

anti-blocking agents, defoamers, air release agents, anti-sagging agents, anti-setting agents,

matting agents, flattening agents, waxes, anti-mar additives, anti-scratch additives, inert

resins.

In another aspect, the invention provides, a process for coating a substrate comprising

providing a coating composition a polymerizable composition comprising one

or more di-activated vinyl compounds, with the proviso that said a di-activated

vinyl compound is not a cyanoacrylate, and, optionally, a coloring agent; to

an coating delivery mechanism; and

coating a substrate with the coating composition from the coating delivery

mechanism.

In certain embodiments of the coating process, the di-activated vinyl compound is at

least one member of the group consisting of methylene malonate, methylene β-ketoester,

methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted vinyl.



In other embodiments, the coating process further comrpsises the step of polymerizing

the polymerizable composition to form the coating. In certain embodiments, the

polymerization of the polymerizable composition occurs upon delivery to the substrate.

In other embodiments, the printing process further comprises a step of providing a

polymerization activator to the substrate. In certain embodiments, the polymerization

activator includes a base, a base precursor, a base converter, or base enhancer. In still other

embodiments, the polymerization activator comprises a basic material selected from an

organic material, an inorganic material or an organo-metallic material, or a combination

thereof. In still other embodiments, the polymerization activator is at least one member

selected from: sodium acetate; potassium acetate; acid salts of sodium, potassium, lithium,

copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine whether

primary, secondary or tertiary; an amide; salts of polymer bound acids; benzoate salts; 2,4-

pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines; piperidene,

piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine, pyridine,

triethylamine, tripropylamine, triethylenediamine, Ν ,Ν-dimethylpiperazine, butylamine,

pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines with

organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic acid;

copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc

chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers.

In other embodiments, the polymerization of the polymerizable composition occurs

upon contact with the polymerization activator.

In another embodiment, the substrate is a plant-based material, plastic, carbon-based

material, metal, or a glass-based material. In certain embodiments, the substrate is paper,



oak, Douglass fir, balsa, polyphenylene ether (PPE) plastic, polycarbonate (PC), silicon,

glass, fiberglass, silver coated copper, copper, steel, or aluminum.

In still other embodiments, the coating process further comprises, the step of adding a

formulation additive. In certain embodiments, the formulation additive is at least one

member selected from: plasticizers, thixotropic agents, adhesion promoters, antioxidants,

light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity modifiers,

extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-sagging

agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar additives, anti-

scratch additives, inert resins.

In another aspect, the invention provides a coated article comprising:

a substrate;

a coating on at least a portion of said substrate, wherein the coating includes a

coating produced by polymerizing a polymerizable composition comprising

one or more di-activated vinyl compounds, with the proviso that said a d

activated vinyl compound is not a cyanoacrylate.

In certain embodiments of the coated article, the one or more di-activated vinyl

compounds is at least one of a methylene malonate, methylene β-ketoester , methylene β-

diketone , dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl.

In certain other embodiments of the coated article, the substrate is a plant-based

material, plastic, carbon-based material, metal, or a glass-based material. In particular

embodiments, the substrate is paper, oak, Douglass fir, balsa, polyphenylene ether (PPE)

plastic, polycarbonate (PC), silicon, glass, fiberglass, silver coated copper, copper, steel, or

aluminum.



In still other embodiments, the coated article is an automobile component, a metal

can, a plastic container, a construction material.

In yet other embodiments, of the coated article, the coated article may include at least

one thermally sensitive material.

In another aspect, the invention provides a system for coating an article, comprising:

a) a coating composition comprising a polymerizable composition comprising

one or more di-activated vinyl compounds, with the proviso that said a di-activated vinyl

compound is not a cyanoacrylate; and

b) means for applying the coating composition to the article.

In certain embodiments, the coating system, further comprises:

cl) a polymerization activator; or

c2) a surface coupling agent; or

c3) both an activating agent and a surface coupling agent;

each of which are capable of being applied by means for applying b).

In other embodiments, of the coating sytem the polymerization activator is at least one

member selected from: sodium acetate; potassium acetate; acid salts of sodium, potassium,

lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and hydroxide; an amine

whether primary, secondary or tertiary; an amide; salts of polymer bound acids; benzoate

salts; 2,4-pentanedionate salts; sorbate salts; propionate salts; secondary aliphatic amines;

piperidene, piperazine, N-methylpiperazine, dibutylamine, morpholine, diethylamine,

pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-dimethylpiperazine,

butylamine, pentylamine, hexylamine, heptylamine, nonylamine, decylamine; salts of amines

with organic monocarboxylic acids; piperidine acetate; metal salt of a lower monocarboxylic

acid; copper(II) acetate, cupric acetate monohydrate, potassium acetate, zinc acetate, zinc



chloracetate, magnesium chloracetate, magnesium acetate; salts of acid containing polymers;

salts of polyacrylic acid co-polymers. In other embodiments of the coating system, the

coupling agent is at least one member of the group consisting of a silane,

tetramethylguanidine, titanate, and a salt of an acid-containing polymer, and salt of

polyacrylic acid co-polymer.

In still other embodiments, the coating system, further comprises a formulation

additive. In certain embodiments, the formulation additive is at least one member

selected from: plasticizers, thixotropic agents, adhesion promoters, antioxidants, light

stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity modifiers,

extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-sagging

agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar additives,

anti-scratch additives, inert resins.

The purpose and advantages of the present invention will be set forth in and apparent

from the description that follows. Additional advantages of the invention will be realized and

attained by the methods and systems particularly pointed out in the written description and

claims hereof, as well as from the appended drawings.

These and other embodiments are disclosed or are obvious from and encompassed by,

the following Detailed Description.

DESCRIPTION OF THE INVENTION

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the

meaning commonly understood by a person skilled in the art to which this invention belongs.

The following references provide one of skill with a general definition of many of the terms



used in this invention: Singleton et al, Dictionary of Microbiology and Molecular Biology

(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988);

The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale

&Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following

terms have the meanings ascribed to them below, unless specified otherwise.

As used herein, the term "methylene malonate" refers to a compound having the core

formula —-0-C(0)-C(=CH 2)-C(0)-0 . Diethyl methylene malonate monomer is a

methylene malonate having two ethyl groups and is denoted DEMM herein. Dimethyl

methylene malonate monomer has two methyl end groups and is denoted DMMM or D3M

herein.

As used herein, the term "methylene beta-ketoester" or "methylene D-ketoester",

refers to a compound having the core formula C(0)-C(=CH2)-C(0)0 .

As used herein, the term "methylene beta-diketone" or "methylene β-diketone" refers

to a compound having the core formula C(0)-C(=CH2)-C(0) .

As used herein, the term "polymerizable composition" refers to a monomeric,

oligomeric, or polymeric composition or mixture comprising molecules that are able to be

polymerized by chain extension, cross-linking, or both.

As used herein, the term "monofunctional " refers to an addition monomer, for

example a methylene malonate, having only one addition polymerizable group.

As used herein, the term "difunctional" refers to an addition polymerizable function

containing monomer, oligomer, resin or polymer, with two such addition polymerizable

groups, such as two methylene malonate groups.

As used herein, the term "multifunctional" refers to an addition polymerizable

function containing monomer, oligomer, resin or polymer, with three or more such addition

polymerizable groups, such as three or more methylene malonate groups. Thus



"difunctional" is a specific example of "multifunctional."

As used herein, the terms "volatile" and "non-volatile" refers to a compound which is

capable of evaporating readily at normal temperatures and pressures, in the case of volatile;

or which is not capable of evaporating readily at normal temperatures and pressures, in the

case of non-volatile.

As used herein, the term "formulation additives" refers to additives included in a

formulated system to enhance physical or chemical properties thereof and to provide a

desired result. Such formulation additives include, but are not limited to, dyes, pigments,

toughening agents, impact modifiers, rheology modifiers, plasticizing agents, thixotropic

agents, natural or synthetic rubbers, filler agents, reinforcing agents, thickening agents,

opacifiers, inhibitors, fluorescence or other markers, thermal degradation reducers, thermal

resistance conferring agents, surfactants, wetting agents, defoamers, dispersants, flow or slip

aids, biocides, and stabilizers.

The term "pigment" as used herein refers to any agent able to impart color or opacity

to the exemplary compositions disclosed herein. Thus, an agent such as organic pigment,

organo-metallic pigment, mineral-based pigment, carbon pigments, titanium pigment, azo

compound, quinacridone compound, phthalocyanine compound, cadmium pigment,

chromium pigment, cobalt pigment, copper pigment, iron pigment, clay earth pigment, lead

pigment, mercury pigment, titanium pigment, aluminum pigment, manganese pigment,

ultramarine pigment, zinc pigment, arsenic pigment, tin pigment, iron oxide pigment,

antimony pigment, barium pigment, a biological pigment, dye, photochromic, conductive

and liquid crystal polymer pigment piezochromic pigment, goniochromatic pigment, silver

pigment, diketopyrrolo-pyrrole, benzimidazolone, isoindoline and isoindolinone, radio-

opacifier and the like are all referred to herein as a "coloring agent" or "pigment" regardless

of solubility in the polymerizable composition.



The term "printing process" as used herein generally encompasses lithography, offset

printing, flexography, gravure printing, screen printing, letter press and digital printing

processes.

As used herein the term "base" refers to a component having at least one

electronegative group capable of initiating anionic polymerization.

As used herein the term "base precursor" refers to a component that may be converted

to a base upon being acted upon in some manner, e.g., application of heat, chemical reaction,

or UV activation.

As used herein the term "base converters" refers to an agent that is capable of acting

in some manner to generate or convert another component into an active base.

As used herein, the term "base enhancer" refers to an agent that is capable of acting in

some manner to improve or enhance the basicity of an agent.

Unless otherwise identified, all percentages ( ) are "percent by weight."

Exemplary Embodiments

Exemplary embodiments disclosed herein provide novel and nonobvious

improvements in the use of polymerizable compositions (e.g., monomers, oligomers, and/or

polymers) as inks and coatings. Of particular interest are polymerizable ink and/or coating

compositions comprising di-substituted, di-activated vinyl compositions such as, but not

limited to, methylene malonates, methylene β-ketoesters, methylene β-diketones, dialkyl

disubstitued vinyl, dihaloalkyl disubstituted vinyl, whether monofunctional, difunctional or

multifunctional monomers, oligomers or polymers.



The following examples are provided as proof of concept and are exemplary in nature,

and not intended as limiting the invention disclosed herein.

INK FORMULATIONS

Certain exemplary embodiments disclosed herein relate to ink formulations. Five

pigment dispersions were added to diethyl methylene malonate monomer without addition of

solvent. The pigment dispersions were obtained from Elementis Specialty Chemicals. The

five pigments studied are provided in Table 1.

The ink formulations for DEMM are shown in Table 2. Hydroquinone monomethyl

ether (MeHQ) and methane sulfonic acid (MSA) were added as stabilizers to inhibit

premature polymerization.

MeHQ = hydroquinone monomethyl ether
MSA = methane sulfonic acid



In addition to the DEMM formulations discussed herein, exemplary ink formulations

can be made from the methylene malonate family of compounds. Some other exemplary

compounds include dimethyl methylene malonate, di-n-propyl methylene malonate, di-

isopropyl methylene malonate, dibenzyl methylene malonate. Suitable ink formulations can

be made from other methylene malonates, methylene D-ketoesters, methylene β-di-ketones,

dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl, the monofunctional, difunctional,

or multifunctional form thereof, and any combination thereof.

Methodology:

The general procedure of making pigment formulations in DEMM comprised placing

the monomer in a suitable vessel with a magnetic stir bar. Stirring, without heating, at 900

rpm, and while stirring, slowly adding the selected ink pigment. After the pigment addition,

the sample was continuously stirred for an additional 5 minutes.

Comparative Example 1: Pigment Formulations in Ethyl Cyanoacrylate

Similar methodology was used on an ethyl cyanoacrylate purchased from Henkel

(Loctite 420). Again, the material was placed into a suitable vessel with a stir bar. The

sample was stirred at 900 rpm, without heating. The pigment dispersions were slowly added

while stirring. After the pigment addition, the sample was stirred for 5 additional minutes.

Comparative Example 2: Pigment Formulations in Acetone

Similar methodology was used on an acetone sample. Again, the material was placed

into a suitable vessel with a stir bar. The sample was stirred at 900 rpm, without heating.

The pigment dispersions were slowly added while stirring. After the pigment addition, the

sample was stirred for 5 additional minutes.

Observations Of Sample Ink Formulations:

The magnetic stirring process provides a solution of formulation with most pigments

well dissolved or distributed, while some aggregations of pigment particles are observed. It



is suggested that a higher shear method may be utilized for more uniform mixing. Other

mixing methods known in the art may be utilized as well such as stirring with a high-speed

water-cooled stirrer, or milling on a horizontal bead mill.

Stability Study of DEMM Ink Formulations and Comparative Example 1:

Table 3 presents the results of a stability study comparing DEMM Inks and

Comparative Example 1. It was not necessary to include Comparative Sample Number 2 in

the stability study as it did not contain a polymerizable composition. The term "With

ExtraMSA" relates to a standard amount of MSA used to stabilize DEMM without any

pigment dispersion and additional MSA added to counter the basicity of the pigment

dispersion. The term "No Extra MSA" relates to the amount of MSA usually added to

stabilize DEMM without any pigment dispersion (3-5 ppm). The final amounts of MSA

added to the "With Extra MSA" samples are provided in Table 2, above. The trials at 82°C

are used to simulate long-term shelf storage. It is generally accepted in the art that 12 days at

82°C relates to about 2 years of shelf life at ambient temperature.

MSA= methane sulfonic acid



In all cases, the DEMM Ink formulations "With Extra MSA" exhibited better shelf-

life stability than Comparative Example 1 "With Extra MSA." Additionally, all DEMM Ink

formulations "No Extra MSA", except Blue at 25°C, outperformed Comparative Example 1

"No Extra MSA." It is noted that generally, the DEMM Ink formulations "With Extra MSA"

were more shelf-stable than the "No Extra MSA" DEMM Ink formulations.

Application of Ink Samples to Paper:

A study was undertaken between the DEMM Ink formulations and Comparative

Example 2. Comparative Example 1 formulations were not stable and were therefore not

included in this study.

DEMM Ink formulations produce high-chroma color that cures instantly on paper.

Comparative Example 2 (acetone formulations), although similar in pigment level, provided

less saturated color. Comparative Example 1 formulations were not stable enough to include

in this study.

Adhesion and Scratch Resistance Testing:

The DEMM ink formulations all instantly cure on paper, oak, Douglass fir, balsa, grit-

blasted steel, and polycarbonate. The DEMM ink formulations take approximately one hour

to cure on polyphenyl ether polymers (PPE), nylon and regular steel. It is observed that

thicker applications of the ink tend to take longer to cure than if the application is very thin.

With primer (e.g., a 5% sodium propionate solution), the DEMM ink formulations

cured instantly on all substrates mentioned above and exhibit excellent scratch resistance to a

nickel, razor blade, and a fingernail.

Methodology:

Make an X mark with the ink formulation onto the desired substrate. Let the samples

fully cure for 24 hours. Score over the X mark with a razor blade. Place a piece of scotch

tape over the X mark for 1 minute, then peel off the tape.



Observations:

On most samples, very little ink, if any at all, is taken off from the polycarbonate, oak,

Douglas fir, regular steel, and aluminum substrates. In some cases, very small flakes of the

ink came off at the scored portion. PPE, nylon and grit blasted steel lose a lot more of the ink

pigment as compared to the other substrates.

Water Resistance Test:

The water resistance of DEMM ink formulations on paper was tested for

instantaneous results and long-term water resistance. The water resistance of a commercially

available product was also tested for comparison.

Methodology:

Sample DEMM ink formulations were applied to paper as above. The inked paper

was placed immediately into a tap water bath. A control paper painted with DEMM ink

formulations was also made, and kept dry during this trial. Print outs of commercially

available inkjet inks (Canon inks) were made as comparative samples, one to test in the water

bath, and one to keep dry. Observations of the colorfastness of the inks were made.

Observations:

The DEMM ink formulations can be placed on paper and instantly placed in a tap

water bath with no loss of color. The Canon inks, except for black, showed significant color

loss after 24 hours. The Canon inks were water-based formulations and not specifically

designed to be colorfast in water.

After a week in the tap water bath at room temperature (25°C), the colors of the

DEMM ink formulations were compared to DEMM ink formulation control (dry sample).

For the wet sample, DEMM black ink formulation was seen to be partially flaking off. All

other DEMM ink formulations remained colorfast.

Ink Cure Speed



Ink formulations were made according to the following formula and mixed together:

DEMM: 89%

Pigment Dispersion : 10%

15-Crown-5 Ether: 1%

The pigment dispersions used included red, black, blue, yellow, and white as set forth

above. Steel, aluminum, and polycarbonate test panels were primed (activated) by rubbing a

5% sodium propionate solution in ethanol on them using a cotton swab. The ink formulations

were then cast over the primed substrates using a #2.5 wire wound rod yielding an ink

thickness of approximately 0.25 mil. Cure was instantaneous on all substrates and with all

colors.

The ink compositions disclosed herein "dry" primarily by curing, i.e., by

polymerization of the monomers (monofunctional, difunctional or multifunctional) and hence

are curable inks. Such inks do not, therefore, require the presence of water or a volatile

organic solvent to effect drying of the ink, although the presence of such components may be

tolerated. The inks disclosed herein are preferably substantially free of water and volatile

organic solvents, i.e., substantially 100% solids. However, trace amounts of water or volatile

organic solvents may be present by absorption from the environment and tolerated in the ink

provided they do not cause substantially adversely affect cure.

COATING FORMULATIONS

Coatings were prepared on sheets of steel and aluminum acquired from ACT Test

Panels LLC. For testing purposes, three different application methods were utilized to

prepare the different coatings. In all test cases, the initiator was a solution of 1% by weight

phenolformaldehyde resin in methanol, and the polymerizable agent was 99% pure diethyl

methylene malonate (DEMM). The following methods of application are the same for both

steel and aluminum substrates.



For application method number 1, a line of the initiator was spread across the top of

the substrate from a 3 mL dropper, and then a 2.5 gauge Meyer rod was used to drag the

initiator down on the substrate resulting in a 0.2 mil film. After the methanol evaporated,

which took less than a minute, a line of the DEMM was spread across the top of the substrate

from a 3 mL dropper, and the DEMM was cast on the substrate using a 14 gauge Meyer rod

resulting in a 1 mil film. Curing began immediately.

When using this application method on steel, the coating cured in 90 seconds. Cure

speed is thickness dependent, though, as slightly thicker areas take longer to cure. The result

of the Crosshatch adhesion test (ASTM D3359) was a 5B, and the result of the Pencil

Hardness test (ASTM D3363) was a 5H. A 90 second cure time was also seen when DEMM

was cast over primed aluminum. Performance on aluminum was similar as well with a

Crosshatch test result of 5B and a pencil hardness test result of 6H.

For application method number 2, a line of DEMM was spread across the top of the

substrate using a 3 mL dropper, and cast using a 14 gauge Meyer Rod as described above.

T e initiator was placed in a spray bottle and sprayed on top of the DEMM layer on the

substrate. Curing began immediately. When using this application method on steel, the

coating was cured in 60 seconds and produced a coating with a Crosshatch adhesion of 5B

and a pencil hardness of 5H. Cure was slightly slower on aluminum, where the coating took

90 seconds to cure. The resulting coating had a Crosshatch adhesion of 4B and a pencil

hardness of 6H.

For application method number 3, the initiator was sprayed onto the substrate surface

and the solvent allowed to evaporate. Evaporation occurred in less than 60 seconds. Then,

the DEMM was cast on the substrate using the previously described procedure. Curing began

immediately, but progressed at a much less aggressive rate compared to application methods

1 and 2.



When using this application method on steel, curing occurred slowly, and full cure

was obtained after 13 minutes. The resulting coating had a Crosshatch adhesion of 5B and a

pencil hardness of H. Curing was slightly faster on aluminum where full cure was obtained

after 8 minutes, and resulted in a coating with a Crosshatch adhesion of 5B and a pencil

hardness of HB.

Additional Coatings

A surface coating including pigment dispersions in DEMM can be done on regular

steel, polycarbonate, oak, and aluminum. The cure time for a coating formed by drawing

down with Meyer rod size 8 is roughly 24 hours at room temperature. The cure time for a

coating formed by drawing down with a Meyer rod size 14 also takes roughly 24 hours at

room temperature.

Overlaying the cured coatings as above with either DEMM only, or pigmented

DEMM can form exemplary multilayer coatings with pigment dispersions. Each additional

layer may be applied via Meyer rod, again, with cure times of approximately 24 hours.

Placing the substrates in elevated temperatures conditions can speed up the curing of the

coating (or coating layers). For example, all coatings, on all substrates, cure within 15

minutes at 55 or 82 degrees °C.

Activating Agents, Primers or Initiators

Activating agents suitable for use in the practice of the present invention vary widely.

Selection of the specific activating agent depends upon the chemistry of the polymerizable

composition, the nature of cure mechanisms employed, the method and/or conditions by

which the polymerization is to be effectuated, the end-use application and/or the nature of

any substrate employed in the practice of the invention. The activating agents may include

those involved with the polymerization of one or more polymerizable monomers,

prepolymers, and/or low molecular weight polymers or oligomers, including for example,



activators, co-activators, accelerators, co-accelerators, catalysts, co-catalysts, initiators and

co-initiators. Of general interest for the di-activated vinyl monomers such as methylene

malonates are bases, base precursors, base converters, and base enhancers. For convenience,

unless otherwise stated herein, the terms "activator," "activating agent," "primer," or

"initiator" is used herein to mean any and all such agents.

The required amount of activating agent may be no greater than about 2% by weight

of the polymerizable composition, more preferably less than about 0.5% by weight of the

polymerizable composition, and even more preferably, less than about 0.1% by weight of the

polymerizable composition. In other exemplary embodiments, the desired amount of

activating agent may be defined as the minimum amount necessary to achieve effective

polymerization in a desired application, herein "activating amount." It is believed that the

amount of activating agent required to initiate polymerization is greatly reduced as compared

to known reactive systems such as epoxies, polyurethanes and the like.

Exemplary activating agents may include certain basic compounds. Such basic

activating agents may initiate polymerization primarily through anionic attack. Other

exemplary activating agents may initiate polymerization primarily through free radical

mechanisms.

Exemplary activating agents include any material capable of speeding the rate of cure

of the polymerizable compositions. In certain embodiments, the activating agents include

materials capable of speeding or enabling the cure through a volume of the polymerizable

composition. Exemplary activating agents include, but are not limited to, sodium or

potassium acetate; acrylic, maleic or other acid salts of sodium, potassium, lithium, copper,

cobalt, or other metal cations; salts such as tetrabutyl ammonium fluoride, chloride, bromide,

iodide or hydroxide; or chemically basic materials such as amines and amides; or salts of



polymer bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; or propionate

salts.

Pigmented systems

Pigments and dyes are known in the art of inks and coatings. However, due to the

inherent basic nature of many of the organic colorant materials, such colorants are not readily

used in anionically polymerized systems. Organic pigments and dyes, such as

phthalocyanines, quinacridones, isoindolines, etc, typically contain nitrogen species often in

the form of primary, secondary, or tertiary amines. These materials are often basic enough

that they can initiate the polymerization of anionically polymerized materials thus rendering

them unusable for pigmented systems.

On the other hand, pigments and dyes, by their very nature pose problems for UV

curing by absorbing the UV energy that the photoinitiators need to initiate cure and making

the cure of thicker films extremely difficult. Specialized photoinitiators are often required

that are either expensive, difficult to incorporate, or both to cure highly pigmented systems.

Exemplary embodiments disclosed herein are suitable replacements for digital ink

applications that required irradiation by ultraviolet light. Furthermore, the use of ultraviolet

light in digital ink applications requires the use of significant printer design modifications due

to the need to incorporate the ultraviolet lamps on the printhead in wide format graphic arts

and industrial printers. Ultraviolet lamps need to be placed as close to the jetting of the ink as

possible to initiate cure rapidly and prevent the ink from running and affecting overall print

quality. Placing the ultraviolet lamps on the printheads requires a highly designed print

system with a shuttle mechanism capable of moving both the print head and multiple

ultraviolet lights back and forth across the print area.

Exemplary embodiments utilizing the disclosed monomers in formulated inks can

lead to simpler printing systems. Ink cartridges and reservoirs that are compatible with such



anionically polymerized materials can be suitable delivery systems for exemplary

embodiments disclosed herein. Physical components such as tubing, connectors, pumps,

additional printer equipment and the like can be designed for compatibility with exemplary

formulated inks as disclosed herein.

Pigmented Formulations on Various Substrates

Pigmented formulations were applied with good results, i.e., full coverage, on the

following substrates: steel, oak, PPE, PC,

ADDITIONAL EXEMPLARY EMBODIMENTS

Ink Formulation Methodology:

In an alternative method for developing pigment formulations (i.e., inks), pre-

polymerized DEMM (herein "pDEMM") was ground down into fine particles and then

placed into a vessel containing dichloromethane at a composition of 10% by weight

polymerized material. The mixture was then stirred using a magnetic stir bar for

approximately 30 minutes to ensure dissolution of the material. Once the pDEMM dissolved,

powdered pigment dispersions obtained from Sun Chemical, 10% by weight, were added to

the formulation. The formulation was mixed further using a stir bar for an additional hour to

ensure dissolution of the pigment.

Observations:

Using dichloromethane ensures very favorable dissolution. The completed

formulation shows no graininess, retains color very well, and when applied to substrates,

forms a lustrous colored coating that forms very quickly. The formulation can easily be

applied to metal, wooden, plastic, and composite substrates.

Stability:

Because the formulation contains material that is already polymerized, its stability is

dependent only on the content of the solvent, which has a high rate of evaporation. As long



as the formulation is kept in an enclosed vessel when not in use, long-term stability is

attainable.

Adhesion, Scratch, and Resistance Testing:

The exemplary ink compositions cure extremely quickly, but they seem to have little

resistance to scratch and solvent tests. No primer is necessary to form the coating. It is

believed that the inclusion of formulation additives as disclosed herein (e.g., impact

modifiers, filler agents, reinforcing agents and the like) could be utilized to improved the

desired properties.

Methodology:

For the Crosshatch test, make an X mark with the ink formulation onto the desired

substrate. Let the samples fully cure for 24 hours. Score over the X mark with a razor blade.

Place a piece of scotch tape over the X mark for 1 minute, then peel of the tape quickly at an

angle as close to 180° as possible.

For the solvent test, a piece of cheesecloth is folded and wrapped around the end of a

ball peen hammer and secured with a rubber band. The clothed is saturated with acetone,

then rubbed over the inked (coated) substrate.

Observations:

The exemplary ink by itself offers little resistance to scratching or solvents. The

result of the Crosshatch adhesion test was a OA. The result of the solvent resistance test was 1

rub. Again, it is believed that improved properties could be obtained by the inclusion of

suitable formulation additives.

Coating Methodology:

In a first method, clear coating formulations were made using pDEMM ground

particles provided as 10% by weight in dichloromethane. The mixture was then stirred using

a magnetic stir bar for approximately 30 minutes to ensure dissolution of the material.



Dichloromethane ensures favorable dissolution of the pDEMM. The completed formulation

shows no graininess, and when it is applied to a substrate, a coating forms very quickly. The

formulation can easily be applied to metal, wooden, plastic, and composite substrates, as well

as on top of ink coatings. Because the formulation contains pre-polymerized material, its

stability is dependent only on the content of the solvent, which has a high rate of evaporation.

As long as the formulation is kept in an enclosed vessel when not in use, long-term stability is

attainable.

In a second method, a "Multifunctional Blend" was utilized to develop a clear

coating. Multifunctional monomers (including difunctional monomers) and polymerizable

compositions are disclosed in co-pending patent application PCT/US 12/60830 entitled

Multifunctional Monomers, Methods For Making Multifunctional Monomers, Polymerizable

Compositions And Products Formed Therefrom, incorporated herein in its entirety. In an

exemplary embodiment, the multifunctional monomer is obtained by the transesterification of

diethyl methylene malonate (DEMM) and 1,6-hexanediol (HD):

referenced herein as "Multifunctional (DEMM/HD) product".

Multifunctional (DEMM/HD) product is provided for exemplary purposes only and

not by way of limitation. It is anticipated that other multifunctional methylene monomers as

disclosed in the co-pending patent application can be utilized to form coatings and inks

according to the principles disclosed herein.

An exemplary polymerizable composition includes: approximately 85% by weight

DEMM, approximately 10% by weight Multifunctional (DEMM/HD) product, and



approximately 5% by weight other (including diethyl malonate (DEM)), referenced herein as

"Multifunctional Blend."

In this exemplary embodiment, an activator solution (1% by weight sodium benzoate

in ethanol) was cast onto a substrate using a gauge 2.5 Meyer rod. The ethanol was permitted

to flash off the surface, then using a gauge 10 Meyer rod, the Multifunctional Blend was cast

on top of the treated substrate. The coating was allowed to cure at ambient temperature.

For the Multifunctional Blend, using the initiator prior to casting significantly hastens

the cure speed of the coating. The resulting coating is clear and has a slightly glossy

appearance. The clear coating with the Multifunctional Blend can be applied to metal,

wooden, plastic, and composite substrates and may be particularly suited for use as a clear

coat on top of ink coatings. Although the example discussed is a clear coating, alternate

formulations can be made using coloring agents as disclosed herein.

For formulations utilizing the reactive (polymerizable/crosslinking) Multifunctional

Blend, methanesulfonic acid (MSA) as a stabilizer to impart longer shelf life. It is

contemplated that a variety of stabilizers could be utilized where shelf life is balanced with

reactivity.

The properties of the Multifunctional Blend clear coating were explored over an ink-

based undercoating to observe its protective effects as a clear coat.

Methodology:

Crosshatch and Solvent testing were completed in accordance with the methodology

described above.

Observations:

The clear coating without pigment had slightly better scratch resistance compared to a

similar coating prepared with pigment powders. The result of the Crosshatch adhesion test



was a 3A, which is in the middle of the adhesion scale. The result of the acetone solvent

resistance test was 1 rub.

The coating formulated with the Multifunctional Blend and overlying the ink-based

coating exhibited better properties. The result of the Crosshatch adhesion test was a 4A. The

result of the acetone solvent resistance test was 50 rubs before the ink coating below was

affected by the solvent. These results show that the inclusion of a cross-linkable monomer

positively impacts the coating performance. Exemplary embodiments include a variety of

cross-linking coating formulations can be provided using multifunctional methylene

malonate, methylene beta-ketoester and/or methylene beta-diketone monomers.

Some polymerizable compositions made in accordance with the principles herein may

be initiated more quickly than desired for some applications. For example, it may be

beneficial to slow down polymerization in order to provide higher molecular weight polymers

to modify or improve certain characteristics, such as solvent resistance. The systems

disclosed herein are widely tailorable in order to achieve the desired cure profile, chemical

and/or physical properties.

EXEMPLARY COATINGS USED WITH COUPLING AGENTS

Methodology:

An approach taken to improve the adhesion of substantially unformulated methylene

malonate coatings on different metal substrates involved the use of silane coupling agents to

modify the surface of the substrates. Two silane agents, aminosilane and Ken-React Lica 44,

a commercially available titanate coupling agent from Kenrich Petrochemicals, Inc., were

prepared in 1% by weight solutions in ethanol. These coupling agents are provided as

examples only, and not by way of limiting the invention. It is believed that alternate silane or

other coupling agents could be successfully utilized using the principles disclosed herein.



The coupling agent was drawn down on the steel sheet using a gauge 2.5 Meyer rod,

and the solvent was allowed to flash off. Then the metal sheet was placed in a 121°C oven

for 10 minutes. The steel sheet was then removed from the oven and allowed to cool back to

room temperature.

Observations of Coatings:

Two different methods were used to prepare coatings on the modified substrate. In

one method, the modified surface was coated with an initiator, cast using a gauge 2.5 Meyer

rod. Thereafter, the polymerizable composition (e.g., DEMM) was cast onto the surface

using a gauge 10 Meyer rod. Cure was observed in less than 30 seconds.

In an alternate method, no initiator was utilized. Instead, the polymerizable

composition (e.g., DEMM) was cast onto the modified substrate (silane coupling). When

casting the DEMM on top of the surface only treated with the silane coupling agent, the cure

was achieved over a period of 24 hours.

The coatings prepared using both the initiator and the silane coupling agent were

visually clearer and smoother than those formed without the use of an initiator.

A wide variety of different initiators, as disclosed herein, could be cast down onto the

silane treated surface to enhance cure time of the coating.

Adhesion, Scratch, and Resistance Testing

Methodology:

The Crosshatch and solvent resistant tests are described above. For the pencil

hardness test, a pencil is selected from a kit and inserted into a wheeled holder. The holder is

pushed across the coating. If the pencil is able to remove the coating, the test is repeated with

a softer pencil. If the pencil does not remove the coating, the next harder pencil is attempted.

The test continues until the hardest pencil that passes the test is found.

Observations:



Coatings were prepared on steel panels using various coupling agents and

polymerizable compositions. The polymerizable compositions used were DEMM,

Multifunctional Blend, Thickened DEMM (DEMM thickened with 10-12 wt Poly(methyl

methacrylate) (PMMA)), and Thickened Multifunctional Blend (Multifunctional Blend

thickened with 10-12 wt% PMMA). The Crosshatch, pencil hardness, and solvent resistance

test results can be found in Tables 4-7.



EXEMPLARY COATINGS ON ADDITIONAL SUBSTRATES

Coatings were also explored on additional substrates: plastics and tin plate. In

general, the polymerizable compositions (e.g., DEMM) applied to plastics did not require the

additional use of a primer (activator) to initiate cure. Exemplary plastics include Acrylonitrile

Butadiene Styrene (ABS), High Impact Polystyrene (HIPS), Polycarbonate (PC), Acrylic, and

Polyethylene Terephthalate Glycol (PET-G).

The surface of the plastic initiates cure of the polymerizable composition. Samples

were made using both DEMM and Thickened DEMM. Several sizes of Meyer rods were

utilized to create coatings of different thicknesses. Of the sample coatings, the gauge 14

Meyer rod formed the coatings with best visual appearance, and all samples cured within 60

minutes. Visible observations are provided below:

ABS - Polymerizable composition cures seemingly clear on black surface

HIPS - Polymerizable composition cures seemingly clear on white surface

Polycarbonate - Polymerizable composition cures white and hazy

Acrylic - Polymerizable composition cures clear, wets out well on the surface

PET-G - Polymerizable composition cures with a slightly white haze

Another substrate explored was tin plate. Generally, the coatings prepared on tin

plate required the use of a primer. The best adhesion was obtained using primers that

contained 1,1,3,3-Tetramethylguanidine. The tetramethylguanidine primer was prepared in a

solution of ethanol at a weight percent of 0.1%. The initiator was cast onto the tin using a

gauge 2.5 Meyer rod, and the solvent was then allowed to flash off of the surface. Once the

ethanol evaporated, the polymerizable composition (DEMM) was cast on top of the initiated

surface using a gauge 10 Meyer rod. The resulting coating was clear and formed in less than



10 seconds. The coating on tin yielded a Crosshatch test result of OA, a pencil hardness test

result of 6H, and a solvent resistance test result of 3 rubs.

ELECTRONICS COATINGS

Coatings were prepared using exemplary polymerizable compositions (e.g., DEMM

95% purity; DEMM 99% purity) and activators selected from a proprietary glucarate (0.1

wt% in water) and 0.1% sodium benzoate in ethanol.

One substrate provided for coating was an aluminum plate, cleaned with hexane. A

coating was successfully obtained using 0.1% sodium benzoate in ethanol as a primer

(activator).

The coating sample was subjected to a pressure cooker test (120 C, 10 psi) for one

hour. Although the coating performed well, some delamination was observed. Undesired

delamination can be minimized by modifying the polymerizable composition or using a

surface coupling agent. Possible coupling agents include 3-aminopropyl triethoxysilane,

methyl trimethoxysilane, other silanes, titanates, and the like. Coupling agents can be

provided, for example, at 1 wt% in ethanol. (e.g., silane). An exemplary titanate, available

from Kenrich Petrochemical, is Ken-React® LICA® 44 (neopentyl(diallyl)oxy, tri(N-

ethylenediamino) ethyl titanate).

Other substrates tested include silicon wafers. Coatings were successfully achieved

with the Multifunctional Blend polymerizable composition.

Exemplary polymerizable compositions were also able to adhere to (i.e., coat) the

following substrates: glass, copper, silver coated copper, aluminum.

AUTOMOTIVE APPLICATIONS

Exemplary coatings, and coated substrates can be utilized in applications as diverse as

can coatings and light-weighting automotive applications. Additionally, the coatings can be

particularly adapted in the automotive industry to dramatically cut energy usage and cost of



running a paint shop. In the industry, up to 60 to 70% of the cost to provide an automobile is

related to the paint shop due to high energy usage. The ability to coat (e.g., paint) an

automobile without the need for ovens would dramatically impact the auto industry.

Additionally, materials used to construct automobiles are limited by the fact that such

materials must be able to survive the paint oven environment. Elimination of the heat

requirement opens the door for a wider range of materials, which can directly lead to improve

light-weighting. As noted above, exemplary embodiments disclosed herein may be used to

coat a variety of plastic substrates. Additionally, because the exemplary embodiments

disclosed herein are curable at ambient temperatures, the same paint formulation utilized by

OEM automakers can be made available for the aftermarket repair shops also, which is not

currently possible. Thus, exemplary embodiments disclosed herein enable automotive

manufacturing wherein at least one thermally sensitive material is incorporated prior to a

coating step because the thermally sensitive material will not be exposed to a paint oven as in

current processes.

Currently, a typical automotive coating process includes:

a) Anti-corrosion Coat

b) Primer

c) Base Coat

d) Clear Coat.

The Base Coat may include petroleum-based solvents - 40-60%; resins and binders -

30-50%; colorants - 5-10%; silicone polymers and other additives (catalysts, etc.) - 1-2%.

The Clear Coat may include petroleum-based solvents - 20-40%; resins and binders -

50-70%; UV absorbers - 1-2%; silicone polymers and other additives (catalysts, etc.) - 1-2%;

isocyanate hardener and catalyst: 0 -2%.



The current coatings may be cured in a paint oven at around 320 F (160 C).

Exemplary embodiments disclosed herein would eliminate the paint ovens, as well as the

time required to allow the solvents to flash.

FLEXIBLE THIN FILMS

Methodology:

The objective of this experiment was to create a removable, thin, clear, flexible,

polymeric film (coating). First, using a gauge 10 Meyer rod, and initiator was cast onto a

first high density polyethylene (HDPE) sheet. The exemplary initiator was 0.67% by weight

1,1,3,3-Tetramethylguanidine in ethanol. A polymerizable composition (DEMM) was cast

onto a second HDPE sheet using a gauge 14 Meyer rod. After the ethanol flashed off the first

sheet, the two sheets were sandwiched together and allowed to cure for 60 seconds. After the

cure time elapsed, the two HDPE sheets were separated, and the clear film was adhered to

one of the two HDPE sheets. The film was separated from the HDPE sheet to which it

adhered using a razor blade.

Observations of Coatings:

The film was thin, clear, and flexible, but somewhat fragile. As discussed above, the

properties of the polymer film could be tailored using a faster or slower initiator. For

example, a more dilute initiator could be utilized to slow polymerization to allow for the

polymer to gain molecular weight. The decomposition temperature of the exemplary film (by

TGA), Td5% in N2, is about 209.7 °C. The Tg of the film (by DSC) is about 30.2 °C.

TGA was performed using a TA Q50 TGA. TGA stands for thermal gravimetric

analysis. It is a very sensitive instrument that measures how weight changes as a sample is

heated. For this experiment, the sample was heated at a rate of 10 C/min to 600 °C in nitrogen

until 500 °C. At 500 °C the instrument switched over to air to help burn off more material.



The data collected was then plotted as weight percent over temperature and the temperature at

5% mass loss was recorded. This temperature is considered the decomposition temperate

(Td5%).

DSC was performed using a TA Q2000 DSC with a RCS 90 cooling system. DSC

stands for differential scanning calorimetry and it measures the amount of heat it takes to

raise the temperature of a reference and a sample at the same rate. Then comparing the

sample and reference heat flows, the sample's phase changes by the energy released or

required are observed. For this experiment, the sample was heated at 10 °C /min to just below

its decomposition temperature (as determined by TGA), then cooled at 20 °C /min to -60 °C,

and then heated again to just below the decomposition temperature. The first heat is required

to erase the material's thermal history and the second heat is the one used to determine

thermal properties such as glass transition temperature (Tg), crystallization temperature (Tc),

and melting point (Tm).

PRINTING METHODS AND DEVICES

Use of the ink and coating compositions disclosed herein opens up new avenues in the

printing industry. The reactive ink compositions and activation mechanisms disclosed herein

can be utilized to provide non-heat methods of printing and substantially 100% solids, non-

solvent systems. As such, systems disclosed herein are particularly suited to replace UV-

curable printing systems.

UV-curing technologies have been utilized in ink jet print heads and printing

mechanisms to address a number of industrial printing needs such as marking the sheathing

of wire and fiber optic cable, automotive hoses and packaging. The UV-cure technology can

also be used to build layers of photopolymers for rapid prototyping. However, these systems,

although advancing the general technology in the printing arts rely on expensive, complicated

specialized equipment to achieve the desired results. Simplified printing mechanisms offered



by the exemplary embodiments disclosed herein also greatly reduce maintenance time and

capital investment.

For example, it is desired in the art to provide rapid processing, abrasion and chemical

resistance, printing on irregular surfaces, in substantially 100% solvent-free (including water)

systems. The exemplary embodiments disclosed herein are able to provide the desired results

without the use of photo-curable materials or energy input. Thus, substrates that are not

currently amenable to a UV printing process due to thermal sensitivity can be utilized with

exemplary embodiments disclosed herein. For example, thermoplastic films can be printed,

for example, with decorative designs, and used for can coatings and the like. Substrates such

as architectural insulating sheets could be readily printed/decorated. Exemplary

embodiments disclosed herein could be designed to print chemical indicators on substrates

that can provide visual information about exposure to heat, light, chemicals, and the like.

Further, exemplary embodiments disclosed herein can be utilized in the consumer

market as a replacement for emulsion-based ink systems that may not provide desired water

or chemical resistance. Current print heads and other devices may be utilized with the

exemplary ink compositions disclosed herein.

Exemplary inks as disclosed herein may be utilized with analog printing methods,

including flexography, gravure, offset and screen processes. Inks provided herein offer little

to no VOC solvents, nearly instantaneous cure, permit high production throughput rates, a

variety of finishes dependent on the formulation additives utilized in the composition, durable

abrasion and chemical resistant prints, elimination of UV equipment and thermal dryers.

Additionally, the compositions disclosed herein can act as adhesives or clear coatings if

desired.

Printing systems, including the reactive ink compositions, an activation mechanism,

and the physical printer hardware are encompassed in this disclosure. For example, a printing



system may include a cartridge of the polymerizable composition that can cure on contact

with a substrate (e.g., paper) that inherently activates, or is modified to activate, the ink. In

other exemplary embodiments, the printing system may include a multiple-part delivery

system, disguised as a one-part system, where, for example, a first chamber holds the reactive

polymerizable composition, and a second chamber holds an activator. During the printing

process, the ink can contact the activator in flight or upon contact with the substrate to

provide instantaneous, energy-free curing.

In other exemplary embodiments, the printing system may include an encapsulated

activator carried in a polymerizable composition. The activator is thus provided in a non-

engaged or inert manner. The printer may be designed to act on the encapsulated activator in

some manner to make it available to the polymerizable composition to effect cure. For

example, the activator may be incorporated in a wax and is released upon slight heating. In

other embodiments, the encapsulated activator may be released through physical means.

Thus, the polymerization activator may be present in the same ink chamber as the

polymerizable composition, but prevented through physical or chemical means from

initiating polymerization until predetermined activating conditions are met such as melting

the encapsulating agent, breaking microspheres, changing pH to chemically activate the

material, etc.

The principles disclosed herein can be utilized in three-dimensional (3d) printing

operations and rapid prototyping as the printing system can be designed to provide nearly

instantaneous cure of the composition to allow for facile layering and build up. On the macro

level, exemplary embodiments disclosed herein can be formulated as a low melting polymer

system using resins, resin blends, reactive compositions and the like. For example, low

melting material can be extruded and deposited as desired and cured.



Another method of 3d printing would utilize a powder composite/resin material, that

would print like ink jet, using liquid binder in specific locations. The activator would be

made available as desired to activate polymerization. It is envisioned that a high molecular

weight resin or resin blend incorporating the principles herein could be utilized, with

reinforcing material to print objects via 3d methods.

ADDITIONAL EMBODIMENTS

Because the exemplary embodiments disclosed herein relate to a new platform of

polymerizable composition that can be tailored to exhibit desired properties, the uses for such

compositions is far-reaching.

Exemplary embodiments disclosed herein can be designed to provide printed

substrates including inks that are chemically and thermally resistant.

Exemplary embodiments disclosed herein can provide lower viscosity than acrylic

counterparts. Alternately, the viscosity can be tailored to the desired application.

Compositions from 3 centipoise (cps) to 5000 cps or more, including gels, are possible.

Additionally, the exemplary monomer systems disclosed herein can act like solvents, i.e.,

carriers, to carry desired fillers, pigments, and other formulation additives, however, the

system is substantially 100% solids, i.e., the material cures without substantial release of

solvents.

Exemplary embodiments provide polymerizable systems including the polymerizable

composition and an activation or initiation mechanism. For example, the polymerizable

composition may be anionically initiated by a basic agent. Polymerization of other

exemplary embodiments may be initiated through free-radical mechanisms. In other

embodiments, the activating agent may be inherent in or added to the substrate. Since the

polymerizable compositions may be activated by basic substances, certain exemplary

embodiments include stabilizer packages to impart mildly acidic conditions. Of course, as



those with skill in the art will appreciate, there is a need to balance stability with reactivity.

Certain formulation additives may acidic or basic, thus the pH of the composition needs to be

considered.

Exemplary embodiments disclosed herein may be utilized as solvent-free stains to

impregnate wood. Further, the polymerizable composition used as a stain can be designed to

be compostable. Thus, such systems provide advantages for recycling or other environmental

concerns.

Exemplary embodiments disclosed herein can be designed to be printable on food, as

a label and/or decorative design.

Exemplary embodiments can be used to coat or print on fabric, e.g., woven material,

fibers, non-woven, and the like.

Exemplary embodiments can be utilized to coat optical fibers. In fact, the exemplary

materials can function as an optical adhesive as well as a coating.

Various activation methods may be used, including an already basic surface on the

substrate to be coated (or inked). Other activation methods include the release of catalytic

amounts of encapsulated bases, base precursors or base creators via energy exposure to

facilitate polymerization. Other contemplated activation methods include the application of a

base, base precursor, or base creator through a physical dispensation method (e.g., through a

syringe, spray mechanism, and the like). Various activating methods applicable to ink and

coating compositions disclosed herein are discussed in greater detail in a co-pending PCT

International patent application, Serial No. PCT US13/34636, filed March 28, 2013, entitled

"Methods for Activating Polymerizable Compositions, Polymerizable Systems, and Products

Formed Thereby" and claiming priority to US Provisional Application 61/618,147, filed

March 30, 2012 which is hereby incorporated by reference in its entirety.



Certain of the polymerizable compositions disclosed herein polymerize anionically

and thus are not significantly impacted by the presence of air or atmospheric moisture.

Instead, they may cure quickly upon contact with bases. The bases may be initially provided

as base precursors or base creators and converted in some manner to an active base form. In

exemplary embodiments, only catalytic amounts are required and the materials can be native,

pre-applied, or applied as required. Thus an ink or coating system may include a

polymerizable composition that is applied to a substrate able to initiate cure, either as an

inherent property, or as modified to activate or initiate polymerization. Exemplary

embodiments disclosed herein require less than about 2% by weight catalyst, or more

preferably, less than about 1% by weight catalyst, to dramatically reduce leaching of non-

bound chemical elements.

Exemplary embodiments disclosed herein provide means for the commercial

reduction to practice of a low or zero energy input, very fast polymerizing addition polymer

platform. Additionally, exemplary embodiments disclosed herein can be applied as a 100%

solids reactive composition able to cure, if desired, nearly instantaneously, on contact after

wetting the substrate.

Embodiments disclosed herein may eliminate the need for two part polymerization

systems where complex, precise mixing and metering systems are required. Further, such ink

or coating systems eliminate the need for sophisticated ovens to supply the heat necessary for

full cure of prior systems. Still further, such systems eliminate the need to control

volatilization of solvents. Exemplary embodiments disclosed herein provide low temperature

curing allowing for the use of materials that would otherwise not survive a typical cure

process in prior known systems. Exemplary embodiments disclosed herein provide ink and

coating formulations that are able to replace ultraviolet light and electron beam cure systems.



Exemplary embodiments disclosed herein provide a stable pigment dispersion in a

monomeric system that provide fast curing inks.

Certain exemplary embodiments disclosed herein provide crosslinkable systems.

Exemplary embodiments disclosed herein are directed to systems that offer high thermal

resistance without the need for elevated curing. Exemplary embodiments disclosed herein

provide inked samples that possess excellent scratch and chemical resistance. Exemplary

embodiments disclosed herein provide inks with high color retention. Exemplary

embodiments disclosed herein include environmentally resistant coatings and inks, including

water resistance.

Exemplary embodiments disclosed herein provide inks and coatings that are curable

on a variety of substrates including paper, wood, metal, fibers, plastics, silicon, Acrylonitrile

butadiene styrene (ABS), polycarbonate (PC), acrylics, glycol-modified polyethylene

terephthalate (PETG), High Impact Polystyrene (HIPS), glass, polyimide film (e.g.,

Kapton®). Certain substrates are able to inherently initiate cure. Other substrates may be

modified (e.g., sized or primed) to enable polymerization of the polymerizable composition.

Exemplary embodiments disclosed herein provide ink formulations suitable for use in

flexographic, lithographic and offset printing. Exemplary embodiments include optional

coloring agents. However, clear, i.e., colorless, inks may be formulated using the exemplary

monomers, oligomers, and/or polymers disclosed herein.

Exemplary embodiments disclosed herein provide coatings for a variety of substrates.

Exemplary embodiments disclosed herein provide coated substrates, wherein the

substrate is a heat sensitive material (e.g., thermoplastic).

Exemplary embodiments disclosed herein provide substrates having activating

surfaces for receiving polymerizable coating compositions thereon.



Exemplary embodiments disclosed herein may be used as ambient cure digital inks.

Exemplary embodiments disclosed herein provide low viscosity and rapid cure inks for

digital inkjet applications for improved durability.

Exemplary embodiments disclosed herein provide coating systems applicable in a

variety of coating applications, including automotive topcoats, decorative coatings, and

stains.

Exemplary embodiments disclosed herein can be sourced either in whole or part from

a broad sustainable resource base, including sugars, atmospheric gases, waste gases and

synthesis gas.

Exemplary embodiments disclosed herein provide a new class of polymerizable ink

and coating systems that can be pigmented without affecting shelf life and stability or the

ability to cure easily.

Exemplary ink and coating compositions can be designed to be compostable and/or

digestible. Thus, biodegradable substrates, e.g., wood, can be printed or coated with

biodegradable materials.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by this invention.



WHAT IS CLAIMED IS:

1. An ink composition comprising a polymerizable composition comprising one or more

di-activated vinyl compounds, with the proviso that said a di-activated vinyl compound is not

a cyanoacrylate; and optionally, a coloring agent.

2. The ink composition according to Claim 1, wherein the di-activated vinyl compound

is at least one member of the group consisting of methylene malonate, methylene β-ketoester,

methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted vinyl.

3. The ink composition according to Claim 1, wherein the di-activated vinyl compound

is a multifunctional di-activated vinyl compound.

4. The ink composition according to Claim 1, comprising the coloring agent, wherein the

coloring agent is at least one member of the group consisting of: organic pigment, organo-

metallic pigment, mineral-based pigment, carbon pigments, titanium pigment, azo compound,

quinacridone compound, phthalocyanine compound, cadmium pigment, chromium pigment,

cobalt pigment, copper pigment, iron pigment, clay earth pigment, lead pigment, mercury,

titanium pigment, aluminum pigment, manganese pigment, ultramarine pigment, zinc

pigment, arsenic pigment, tin pigment, iron oxide pigment, antimony pigment, barium

pigment, a biological pigment, dye, photochromic, conductive and liquid crystal polymer

pigment piezochromic pigment, goniochromatic pigment, silver pigment, diketopyrrolo-

pyrrole, benzimidazolone, isoindoline, isoindolinone, radio-opacifier.



5. The ink composition according to Claim 1, wherein the polymerizable composition is

substantially 100% solids.

6. The ink composition according to Claim 1, having a shelf-life of at least 6 months at

ambient temperature.

7. The ink composition according to Claim 1, wherein the polymerizable composition is

able to polymerize through an anionic cure mechanism.

8. The ink composition according to Claim 1, wherein the polymerizable composition is

cross-linked during polymerization.

9. The ink composition according to Claim 1, wherein the polymerizable composition is

curable at ambient temperature.

10. The ink composition according to Claim 1, including a activating agent in the form of

a base, a base precursor, a base , or base enhancer.

11. The ink composition according to Claim 1, further comprising a formulation additive.

12. The ink composition according to Claim 11, wherein the formulation additive is at

least one member selected from: plasticizers, thixotropic agents, adhesion promoters,



antioxidants, light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity

modifiers, extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-

sagging agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar

additives, anti-scratch additives, inert resins.

13. A coating composition comprising a polymerizable composition comprising one or

more di-activated vinyl compounds, with the proviso that said a di-activated vinyl compound

is not a cyanoacrylate.

14. The coating composition according to Claim 13, wherein the di-activated vinyl

compound is at least one member of the group consisting of methylene malonate, methylene

β-ketoester, methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted

vinyl.

15. The coating composition according to Claim 13, wherein the di-activated vinyl

compound is a multifunctional di-activated vinyl compound.

16. The coating composition according to Claim 13, wherein the polymerizable

composition is substantially 100% solids.

17. The coating composition according to Claim 13, having a shelf-life of at least 6

months at ambient temperature.



18. The coating composition according to Claim 13, wherein the polymerizable

composition is able to polymerize through an anionic cure mechanism.

19. The coating composition according to Claim 13, wherein the polymerizable

composition is cross-linked during polymerization.

20. The coating composition according to Claim 13, further including a coloring agent,

wherein the coloring agent is at least one member of the group consisting of: organic

pigment, organo-metallic pigment, mineral-based pigment, carbon pigments, titanium

pigment, azo compound, quinacridone compound, phthalocyanine compound, cadmium

pigment, chromium pigment, cobalt pigment, copper pigment, iron pigment, clay earth

pigment, lead pigment, mercury pigment, titanium pigment, aluminum pigment, manganese

pigment, ultramarine pigment, zinc pigment, arsenic pigment, tin pigment, iron oxide

pigment, antimony pigment, barium pigment, a biological pigment, dye, photochromic,

conductive and liquid crystal polymer pigment piezochromic pigment, goniochromatic

pigment, silver pigment, diketopyrrolo-pyrrole, benzimidazolone, isoindoline, isoindolinone

and radio-opacifier.

21. The coating composition according to claim 13, including a activating agent in the

form of a base, a base precursor, a base converter, or base enhancer.

22. The coating composition according to claim 21, wherein the polymerization activator

is selected from an organic material, an inorganic material or an organo-metallic material, or

a combination thereof.



23. The coating composition according to claim 22, wherein the polymerization activator

is at least one member selected from: sodium acetate; potassium acetate; acid salts of

sodium, potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and

hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,

decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

24. The coating composition according to Claim 13, further comprising a formulation

additive.

25. The coating composition according to Claim 24, wherein the formulation additive is

at least one member selected from: plasticizers, thixotropic agents, adhesion promoters,

antioxidants, light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity

modifiers, extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-

sagging agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar

additives, anti-scratch additives, inert resins.



26. A process for printing onto a substrate comprising:

providing an ink composition comprising a polymerizable composition comprising

one or more di-activated vinyl compounds with the proviso that said a di-activated vinyl

compound is not a cyanoacrylate, and, optionally, a coloring agent, to an ink delivery

mechanism; and

delivering the ink composition from the ink delivery mechanism to a substrate.

27. The process according to Claim 26, wherein the di-activated vinyl compound is at

least one member of the group consisting of methylene malonate, methylene β-ketoester,

methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted vinyl.

28. The process according to Claim 26, comprising the coloring agent, wherein the

coloring agent is at least one member of the group consisting of: organic pigment, organo-

metallic pigment, mineral-based pigment, carbon pigments, titanium pigment, azo compound,

quinacridone compound, phthalocyanine compound, cadmium pigment, chromium pigment,

cobalt pigment, copper pigment, iron pigment, clay earth pigment, lead pigment, mercury

pigment, titanium pigment, aluminum pigment, manganese pigment, ultramarine pigment,

zinc pigment, arsenic pigment, tin pigment, iron oxide pigment, antimony pigment, barium

pigment, a biological pigment, dye, photochromic, conductive and liquid crystal polymer

pigment.

29. The process according to Claim 26 further comprising the step of providing an

polymerization activator in the form of a base, a base precursor, a base converter, or base

enhancer.



30. The process according to Claim 26, further comprising the step of polymerizing the

polymerizable composition to form an inked image on the substrate.

31. The process according to Claim 26, wherein the polymerization of the polymerizable

composition occurs upon delivery to the substrate.

32. The process according to Claim 26, further comprising a step of providing a

polymerization activator to the substrate, wherein the polymerization activator includes a

base, a base precursor, a base converter, or base enhancer.

33. The process according to Claim 26, wherein the polymerization of the polymerizable

composition occurs upon contact with the polymerization activator.

34. The process according to Claim 29, wherein the polymerization activator is selected

from an organic material, an inorganic material or an organo-metallic material, or a

combination thereof.

35. The process according to Claim 34, wherein the polymerization activator is at least

one member selected from: sodium acetate; potassium acetate; acid salts of sodium,

potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and

hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,



decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

36. The process according to Claim 26, wherein the ink delivery mechanism is adapted to

deliver a polymerization activator through a separate pathway from a pathway for delivering

the polymerizable composition.

37. The process according to Claim 26 further comprising a step of adding at least one

formulation additive.

38. The process according to Claim 37 wherein the formulation additive is at least one

member selected from: plasticizers, thixotropic agents, adhesion promoters, antioxidants,

light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity modifiers,

extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-sagging

agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar additives, anti-

scratch additives, inert resins.

39. A printing system comprising:

a first container comprising a polymerizable composition comprising one or more di-

activated vinyl compounds with the proviso that said a di-activated vinyl compound is not a

cyanoacrylate; and

a second container, separate from the first container, comprising a polymerization

activator.



40. The printing system according to Claim 39, wherein the polymerization activator

includes a base, a base precursor, a base converter, or base enhancer.

41. The printing system according to claim 39, wherein the polymerization activator

comprises a basic material selected from an organic material, an inorganic material or an

organo-metallic material, or a combination thereof.

42. The printing system according to claim 41, wherein the polymerization activator is at

least one member selected from: sodium acetate; potassium acetate; acid salts of sodium,

potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and

hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,

decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

43. The printing system according to Claim 39, further comprising at least one

formulation additive.



44. The printing system according to Claim 43, wherein the formulation additive is at

least one member selected from: plasticizers, thixotropic agents, adhesion promoters,

antioxidants, light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity

modifiers, extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-

sagging agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar

additives, anti-scratch additives, inert resins.

45. The printing system according to Claim 39, wherein the first and second containers

are carried in an ink cartridge.

46. A printing system comprising:

a printer cartridge including a chamber;

a polymerizable composition within the chamber comprising one or more di-activated

vinyl compounds, with the proviso that said a di-activated vinyl compound is not a

cyanoacrylate;

a polymerization activator within the chamber, wherein the polymerization activator

is prevented through physical or chemical means from initiating polymerization until

predetermined activating conditions are met.

47. The printing system according to Claim 46, wherein the polymerization activator

includes a base, a base precursor, a base converter, or base enhancer.

48. The printing system according to Claim 46, wherein the polymerization activator

comprises a basic material selected from an organic material, an inorganic material or an

organo-metallic material, or a combination thereof.



49. The printing system according to Claim 48, wherein the polymerization activator is at

least one member selected from: sodium acetate; potassium acetate; acid salts of sodium,

potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and

hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,

decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

50. The printing system according to Claim 46, further comprising a formulation additive.

51. The printing system according to Claim 50, wherein the formulation additive is at

least one member selected from: plasticizers, thixotropic agents, adhesion promoters,

antioxidants, light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity

modifiers, extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-

sagging agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar

additives, anti-scratch additives, inert resins.

52. A process for coating a substrate comprising:



providing a coating composition a polymerizable composition comprising one or

more di-activated vinyl compounds, with the proviso that said a di-activated vinyl compound

is not a cyanoacrylate, and, optionally, a coloring agent; to an coating delivery mechanism;

and

coating a substrate with the coating composition from the coating delivery

mechanism.

53. The process according to Claim 52, wherein the di-activated vinyl compound is at

least one member of the group consisting of methylene malonate, methylene β-ketoester,

methylene β-diketone, dialkyl disubstitued vinyl, and dihaloalkyl disubstituted vinyl.

54. The process according to Claim 52, further comprising the step of polymerizing the

polymerizable composition to form the coating.

55. The process according to Claim 54, wherein the polymerization of the polymerizable

composition occurs upon delivery to the substrate.

56. The process according to Claim 52, further comprising a step of providing a

polymerization activator to the substrate.

57. The process according to Claim 56, wherein the polymerization activator includes a

base, a base precursor, a base converter, or base enhancer.

58. The process according to Claim 56, wherein the polymerization of the polymerizable

composition occurs upon contact with the polymerization activator.



59. The process according to Claim 56, wherein the polymerization activator

comprises a basic material selected from an organic material, an inorganic material or an

organo-metallic material, or a combination thereof.

60. The process according to claim 59, wherein the polymerization activator is at least

one member selected from: sodium acetate; potassium acetate; acid salts of sodium,

potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride, and

hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,

decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

61. The process according to any one of Claims 52-60, wherein the substrate is a plant-

based material, plastic, carbon-based material, metal, or a glass-based material.

62. The process according to any one of Claims 52-60, wherein the substrate is paper,

oak, Douglass fir, balsa, polyphenylene ether (PPE) plastic, polycarbonate (PC), silicon,

glass, fiberglass, silver coated copper, copper, steel, or aluminum.



63. The process according to claim 52, further comprising the step of adding a

formulation additive.

64. The process according to claim 63, wherein the formulation additive is at least one

member selected from: plasticizers, thixotropic agents, adhesion promoters, antioxidants,

light stabilizers, UV stabilizers, fillers, surfactants, wetting agents, viscosity modifiers,

extenders, dispersants, anti-blocking agents, defoamers, air release agents, anti-sagging

agents, anti-setting agents, matting agents, flattening agents, waxes, anti-mar additives, anti-

scratch additives, inert resins.

65. A coated article comprising:

a substrate;

a coating on at least a portion of said substrate, wherein the coating includes a coating

produced by polymerizing a polymerizable composition comprising one or more di-activated

vinyl compounds, with the proviso that said a di-activated vinyl compound is not a

cyanoacrylate.

66. The coated article according to Claim 65, wherein one or more di-activated vinyl

compounds is at least one of a methylene malonate, methylene β-ketoester , methylene β-

diketone , dialkyl disubstitued vinyl, dihaloalkyl disubstituted vinyl.

67. The coated article according to Claim 65, wherein the substrate is a plant-based

material, plastic, carbon-based material, metal, or a glass-based material.



68. The coated article according to Claim 65, wherein the substrate is paper, oak,

Douglass fir, balsa, polyphenylene ether (PPE) plastic, polycarbonate (PC), silicon, glass,

fiberglass, silver coated copper, copper, steel, or aluminum.

69. The coated article according to Claim 65, wherein the coated article is an automobile

component, a metal can, a plastic container, a construction material.

70. The coated article according to Claim 69, wherein the coated article includes at least

one thermally sensitive material.

71. The coated article according to Claim 67, wherein the coated article includes at least

one thermally sensitive material.

72. A system for coating an article, comprising:

a) a coating composition comprising a polymerizable composition comprising

one or more di-activated vinyl compounds, with the proviso that said a di-activated vinyl

compound is not a cyanoacrylate; and

b) means for applying the coating composition to the article.

73. The system for coating an article according to Claim 72, further comprising:

cl) a polymerization activator; or

c2) a surface coupling agent; or

c3) both an activating agent and a surface coupling agent;

each of which are capable of being applied by means for applying b).



74. The system for coating an article according to Claim 72, wherein the polymerization

activator is at least one member selected from: sodium acetate; potassium acetate; acid salts

of sodium, potassium, lithium, copper, and cobalt; tetrabutyl ammonium fluoride, chloride,

and hydroxide; an amine whether primary, secondary or tertiary; an amide; salts of polymer

bound acids; benzoate salts; 2,4-pentanedionate salts; sorbate salts; propionate salts;

secondary aliphatic amines; piperidene, piperazine, N-methylpiperazine, dibutylamine,

morpholine, diethylamine, pyridine, triethylamine, tripropylamine, triethylenediamine, N,N-

dimethylpiperazine, butylamine, pentylamine, hexylamine, heptylamine, nonylamine,

decylamine; salts of amines with organic monocarboxylic acids; piperidine acetate; metal salt

of a lower monocarboxylic acid; copper(II) acetate, cupric acetate monohydrate, potassium

acetate, zinc acetate, zinc chloracetate, magnesium chloracetate, magnesium acetate; salts of

acid containing polymers; salts of polyacrylic acid co-polymers.

75. The system for coating an article according to Claim 73, wherein the coupling agent is

at least one member of the group consisting of a silane, tetramethylguanidine, titanate, and a

salt of an acid-containing polymer, and salt of polyacrylic acid co-polymer.

76. The system for coating an article according to Claim 72, further comprising a

formulation additive.

77. The system for coating an article according to Claim 76, wherein the formulation

additive is at least one member selected from: plasticizers, thixotropic agents, adhesion

promoters, antioxidants, light stabilizers, UV stabilizers, fillers, surfactants, wetting

agents, viscosity modifiers, extenders, dispersants, anti-blocking agents, defoamers, air



release agents, anti-sagging agents, anti-setting agents, matting agents, flattening

agents, waxes, anti-mar additives, anti-scratch additives, inert resins.
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