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compositions with waterborne coatings. The method of the present invention
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The present invention is directed to a method of preparing a wood
coating composition comprising selecting a waterborne system of a copolymer
copolymerized from at least one first copolymerizable monomer and at least one
second copolymerizable monomer containing a conjugate base of an acid, the
acid having a pKa of less than 4.

The present invention is further directed to a method of improving
the warmth of a coated wood article comprising applying over a wood substrate a
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“Waterborne system" as used herein includes a water soluble
copolymer solubilized in an aqueous solution, a water insoluble particles of a
copolymer dispersed in an aqueous medium, or a combination thereof. The
aqueous solution means water or a water miscible solvent, such as, isopropanol
and ethylene glycol monobutyl ether, dissolved in water.

"Wood grain” refers to the arrangement of wood elements on the
surface of a wood substrate, i.e., a surface pattern resulting from the growth rings
of the wood.

A waterborne system of the present invention includes a copolymer
prepared from at least one first copolymerizable monomer. These monomers
can be employed at a concentration in the range of from 50 percent to 99.9 percent
by weight, preferably in the range of from 60 percent to 99.5 percent by weight, all
weight percentages based on the total weight of the polymer solids. The first
polymerizable monomer may include one or more of the following monomers,

such as, for example, acrylic and methacrylic ester monomers including methyl
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polymer solids.

The conjugate base is a functionality selected from the group consisting
of a sulfonate, phosphate, phosphonate, sulfate functionality and a combination
thereof. : '

The conjugate base may be provided in the form of a salt of monomer
acids, such as, 2-acrylamido-2-methylpropane sulfonic acid; phosphoethyl
(meth)acrylate; phosphobuty!l (meth)acrylate; phosphopropyl (meth)acrylate;
phosphoethyl acrylate; vinyl sulphonic acid; styrene sulphonic acid; sulfoethyl
(meth)acrylate; methacryloxyisopropyl acid sulfopthalate; and hydroxy,
dihydroxy, amino or diamino alkyl or aryl sulfonic acids, such as, 1,4-butane diol
2-sulfonic acid. _

The copolymer used in this invention is a substantially thermoplastic
or substantially uncrosslinked copolymer when applied to the substrate. If
desired, premature crosslinking or gelling of the copolymer is induced by adding
to the monomer mix multi-ethylenically unsaturated monomers in the range of
0.1% to 25%, by weight based on the weight of the copolymer. Typical mult-
ethylenically unsaturated monomers include allyl methacrylate, diallyl
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an amount effective to provxde a GPC weight average molecular weight of 500 to
5,000,000. "GPC weight average molecular weight" means the weight average
molecular weight determined by gel permeation chromatography (GPC)
described on page 4, Chapter I of The Characterization of Polymers published by
Rohm and Haas Company, Philadelphia, Pennsylvania in 1976, utlhzmg
polymethyl methacrylate as the standard.

The diameter of the copolymer is controlled by the amount of
conventional surfactants added during the emulsion polymerization process.
Conventional surfactants include anionic, nonionic emulsifiers or their
combination. Typical anionic emulsifiers include alkali or ammonium alkyl
sulfates, alkyl sulfonic acids, alkyl phosphonic acids, fatty acids, and oxyethylated
alkyl phenol sulfates and phosphates. Typical nonionic emulsifiers include
alkylphenol ethoxylates, polyoxyethylenated alkyl alcohols, amine polyglycol
condensates, modified polyethoxy adducts, polyoxyethylenated mercaptans, long
chain carboxylic acid esters, modified terminated alkylaryl ether, and
alkylpolyether alcohols. Preferred particle size of the copolymer is in the range
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The copolymer of the present invention also includes two first
copolymerizable monomers that can be condensation polymerized. Such
polymers, for example, include a polyol monomer with a diisocyanate
monomer. The polyol monomers suitable for use in the present invention
include polyether diols, polyester diols, ethyleneglycol and propyleneglycol. The
diisocyanate monomers suitable for use in the present invention include
toluene diisocyanate, isophorone diisocyanate, hexamethylene diisocyanate,
bis(4-isocyanatocyclohexyl)methane, bis(4-isocyanatocyclohexyl)methane. These
examples illustrate difunctional monomers; however, trifunctional or multi-
functional analogues of these monomers may be used for introducing branching
or crosslinking in the copolymer. |
The copolymer polymerized from the polyol and diisoc;}anate
monomers preferably includes polyurethane particles dispersed in an aqueous
continuous phase (PUD). The polymer particles of polyurethane are made by the

well known reaction between polyols and polyisocyanates to give isocyanate
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pl asti ci z&¥¥eMeoal escents and freeze/thaw protectors. The |evel of

coal escent used Depending on the intended use of the compaosition, additional
components may be added to the composition described earlier. These additional
components include but are not limited to, dyes, pigments, sanding aids,
defoamers, waxes, silicone-based slip additives, wetting agents, preservatives,
plasticizers, coalescents and freeze/thaw protectors. The level of coalescent used
should be as low as required for adequate film formation. The coating
composition, as applied to a wood substrate, contains from 2 weight percent to 50
weight percent, preferably from 5 weight percent to 40 weight percent of the
copolymer, all weight percentages based on the total weight of the composition.
[t is preferred that the waterborne coating composition be substantially non-
pigmented such that the coating is transparent.

The wood coating composition of the present invention may be further
blended with other polymers. For example, the copolymer may be blended with
a polyurethane, a polyester, an acrylic copolymer, a styrene/acrylic copolymer, or
other polymers.

The wood coating composition of the present invention may further,
contain a crosslinking agent, such as, a polyaziridine, polyisocyante,



shoul d be as low as required for adequate film formation. The coating
conposition, as applied to a wood substrate, contains from 2 wei ght percent
to 50 weight percent, -preferably from5 wei ght percent to 40 wei ght percent
of the copolyner, all weight percentages based on the total weight of the
conposition. It is preferred that thelageef-borne coating conposition be
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saturatiom ot GK&NCt $5eP W Biue of 13 SRECEBmmat viatipn pestamstedelatisteer s t o
i nt ensi t ypurisy,i erythesamguny of hehile dighe mixeadhatthng hue. High-saturation colors
contain little or no white light. Hue and saturation, taken together, are called
chromaticity. Brightness refers to intensity distinguished by the degree of
shading.

Accordingly, a color may be characterized by its chromaticity and
brightness. The most widely used system of specifying and classifying color was
adopted in 1931 by the-Commission Internationale de I'Eclairage (CIE),
commonly called the International Commission on Illumination. The CIE
system revised in 1976, employs a three dimensional "L", "a" and "b" chart in
which "a" and "b" are planar chromaticity coordinates at right angles to one
another and "L" is a brightness coordinate at right angle to the plane containing
the chromaticity coordinates. In this chart "+ a” value corresponds to red hue, "-
a" value at a diametrically opposite end corresponds to green hue, "+ b" value
corresponds to yellow hue and "- b" value at a diametrically opposite end
corresponds to blue hue. The brightness of color is measured along the "L" axis
whereby a higher "L" value corresponds to light of increased intensity and a
lower “L" valtle corresponds to light of decreased intensity. A low or negative
“L" corresponds with a grayer, including black, color, while a high or positive "L"
corresponds o a brighter, including white, color. Thus, by using this chart any
color can be three dimensionally characterized by its chromaticity and brightness.



Accor di ngl’y, a color may be characterized by its chromaticity.and
brightness. The npst widely used system of specifying and classifying col or .
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standard white and black color tiles. The "L* and "b” values were measured 50
times and averaged. :

EXAMPLES
_ Example 1
A 4-liter, 4-neck round-bottom reaction kettle containing an initial
kettle charge of 953.8 grams (g) of deionized (DI) water and 72.0 g 28%
ammonium lauryl sulfate (ALS) was heated to 83°C under a nitrogen sweep. At
83°C, a 48.4 g aliquot of a monomer emulsion (ME) comprising of 286 g DI of
water, 9.6 g of 28% ALS, 309.0 g of 2-ethythexyl acrylate (EHA), 544.0 g of methyl
methacrylate (MMA), 9.0 g of acrylic acid (AA), 67.5 g of 50% 2-acrylamido-2-
methylpropane sulfonate (AMPS) and 4.48 g of n-dodecyl mercaptan (nDDM)
rinsed with 8.9 g of DI water, was added to the kettle followed by the addition of
2.2 g of ammonium persulfate (APS) dissolved in 8.9 g of DI water. A DI water.
rinse of 20.2 g was included in ME. After an 8-10 minute hold, ME at the rate of
63.7 g / 10 minutes and an initiator solution of 0.45 g of APS dissolved in 71.4 g of
DI water were gradually added to the kettle in 3 hours. The temperature of the
batch in the kettle was maintained at 83 + 2°C during the addition.
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1is 1.9. - Exanpl e 2

Example 3
The copolymer of Example 3 had a composition of 34.5 EHA/57.5
MMA/8 MAA all by weight percent based on the total weight of the polymer
solids. The waterborne system of Example 3 had 36.9 percent by weight of the
copolymer based on the total weight of the composition. Example 3 was adjusted
to a pH of 6.6. The pKa of methacrylic acid of Example 3 is 4.7.
Example 4
Example 4 was prepared by blending 150 grams of the dispersion of
Example 1, 1.6 grams of aqueous NH4OH (7%), 4.4 grams of diethylene glycol
monobutyl ether, and 12.3 grams of ethylene glycol monobuty! ether.
Example 5
Example 5 was prepared by blending 150 grams of the dispersion of
Example 2, 0.8 grams of aqueous NH4OH (7%), 4.4 grams of diethylene glycol
monobutyl ether, and 12.3 grams of ethylene glycol monobutyl ether.



“The copol ymer of Exanple 2 had a composition of 34.5 EHA/ 62.3 MV 2 AA/-1. 2
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Example 6 (comparanvei 53.0 285 Fail
Example 7 (contrast) 58.8 31.0 Pass

Thus, it is seen from Table 1 that examples 4 and 5 which utilize the
second copolymerizable monomers containing conjugate bases of sulfonate (pKa
of 1.9), and phosphate (pKa of 2.2) respectively, have improved warmth relative
to the methacrylic acid-based comparative Example 6, having a pKa of 4.7.
Furthermore, Examples 4 and 5 compare favorably against the solvent-based
contrast Example 7.
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phosphop ClghP
st yr ene s(bﬂe‘tnruce me ohndsu |4-batanedidlnpshlfonicacite; and
4- butanedi o - u{.ﬁeo Pr'\e(ihg |°c} claim 1 wherein said copolymer is copolymerized
from 0.1 to 50 percent by weight of the dispersion solids of said second
copolymerizable monomer.

5. A method of improving the warmth of a coated wood article
comprising applying over a wood substrate a waterborne system of a copolymer
copolymerized from at least one first copolymerizable monomer and at least one
second copolymerizable monomer containing a conjugate base of an acid, said
acid having a pKa of less than 4.

6. The method of claim 5 wherein said acid is selected from the group
consisting of 2-acrylamido-2-methylpropane sulfonic acid, phosphoethyl
(meth)acrylate, phosphoebutyl (meth)acrylate, phosphopropyl (meth)acrylate,
phosphoethyl! acrylate, vinyl sulphbnic acid, styrene sulphonic acid, sulfoethy!
(meth)acrylate; and 1,4-butanediol-2-sulfonic acid.

7. The method of claim 5 wherein said copolymer is copolymerized
from 0.1 to 50 percent by weight of dispersion solids of said other polymerizable
monomer containing the conjugate base of said acid. ' )

8. A coated wood article prepared in accordance with the method of
claim 5.

9. A coated wood article having improved warmth comprising:

a wood substrate; and a coating applied over surface of said wood
substrate, said coating comprising a dried waterborne system of a copolymer
copolymerized from at least one first copolymerizable monomer and at least one

second copolymerizable monomer containing a conjugate base of an acid, said
acid having a pKa of less than 4.

e
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3. The nethod of claim1 wherein said copolyner irs copotynerized from
0.1 to 50 percent by weight of dispersion solids of said at |east one
second pol yneri zabl e nononer. A coat ed wood article prepared in
accordance with the nethod of cl al m 1. : A coated wood article having
enhanced natural colour and grain strmgeum. conprising: a wood substrate;
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phosphoet hyl (neth)acryl ate, phosphobutyl (neth)acryl ace, phosphopropyl
(nmeth)acryl ate, phosphoethyl acrylate, vinyl sul phonic acid, styrene

sul phoni ¢ acid, sulfoethyl (meth)acrylate; and 1, 4-butanediol-2-sulfonic
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