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"CATIONIC STARCH/VINYL ACETATE COATING BOARD BINDERS"

BACKGROUND OF THE INVENTION

The present invention relates generally to
board coating compositions and specifically to binders
for paperboard which comprise a cationic starch and a
vinyl acetate polymerization product. More
specifically, the invention provides binder materials
in which vinyl acetate grafted starch dispersions and
blends of cationic starch and polyvinyl acetate are
used to replace protein typically used in such
formulations.

Compositions for coating of paperboard are
well known in the art and comprise a pigment component,
a binder component and miscellaneoué components such as
lubricants, dispersants, defoamers, biocides and
preservatives. Pigments useful for board coatings are
similar to those useful for paper coating and typically
include materials such as clays, calcium carbonate,
titanium dioxide as well as colored pigments. While
binder components for paper coating compositions
generally comprise starch and/or latex, board coating
compositions typically require greater pigment binding
strength than can be provided by starch and/or latex
alone. Accordingly, board coating binder compositions
additionally comprise protein, such as soy protein or
casein, as a binder, to improve binding strength
sufficiently for the coated board to be useful in the
manufacture of boxes, cartons and other items. The
incorporation of protein into the board coating binder
compositions provides sufficient pigment binding
strength to those compositions to improve the strength
properties of the coating as measured by glueability
tests which measure the ability of one coated substrate
to adhere to another coated or uncoated substrate.
Unfortunately, protein is relatively costly and is
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difficult to handle since it requires a substantial
cooking step before it can be used in the coating.
Accordingly, there is a desire in the art to replace
protein with a less costly binder component which does
not have the protein cooking requirement.

Of interest to the present application is the
observation that cationic starch is generally
undesirable for use as a binder component in a
paperboard coating composition because of the tendency
of the cationic starch to floc clay.

Japan patents Sho 58 (1983)-185640 and Sho 59
(1984)-30827 disclose redispersible powders prepared by
adding cationic compounds including cationic starch to
nonionic or weakly ionic vinyl-type aqueous polymer
emulsions or prepared by emulsion-polymerization of
vinyl monomers including vinyl acetate in a system
where cationic group containing compounds such as
cationic starch or cationic polyvinyl alcohol are
introduced.

Japan patent Sho 55 (1980)-12867 discloses a
process of producing vinyl alcohol grafted starch
utilizing the oxidized granular, tapioca and acid
treated starches as the starting materials. Vinyl
acetate was grafted to these starch granules at 40°C
using a variety of initiators such as ceric salts,
ammonium persulfate and hydrogen peroxide. The vinyl
acetate grafted starches were saponified with sodium
hydroxide and sodium hypochlorite. The saponified
products were used in paper surface sizing
applications.

Buikema et al., U.S. Patent No. 4,146,515
discloses the use of cationic starch as a paper sizing
material.

Kronfeld, U.S. Patent No. 3,052,561 discloses
the use of cationic starch derivatives as a partial or
complete replacement for starch used in a paper coating

binder. The patent further discloses that the cationic
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starches may be used in conjunction with (or in
complete replacement of) other binders such as
synthetic resins or latices.
Powers et al., U.S. Patent No. 3,598,623
5 disclose carboxyl starch amine ethers wherein the
anionic substituent to amine-ether substituent molar
ratio is at least 1:1 and is preferably between about
1.1:1 and about 3:1. The starch amine has an average
of from about 0.75 to about 5 amine ether substituents
10 per 100 anhydro-glucose units which is a cationic
degree of substitution (D.S.) of from about 0.0075 to
about 0.05. The net negatively charged amphoteric
carboxyl starch amine ethers are disclosed to be
suitable for use as the sole binder ingredient in
15 coating color compositions or for use in combination
with one or more other binder materials such as a
starch casein, polyvinyl alcohol, or a synthetic
polymer latex including styrene-butadiene copolYmer,
ethylene-vinyl acetate copolymer, acrylate copolymer
20 and vinyl acetate polymer.
Cescato, U.S. Patents Nos. 3,654,263 and
3,706,584 disclose a cationic starch derivative with a
cationic degree of substitution of from about 0.1 to
about 0.01 which is oxidized to introduce carboxyl
25 groups in sufficient quantity that the ratio of the
percentage of the carboxyl groups by weight, dry basis,
to the degree of substitution with the cationic-type
substituent is at least 1 to 1. The oxidized cationic
starch derivatives are disclosed to be useful as
30 binders in paper coating color compositions and a
stated object of the patents is to provide properties
that approach those of casein for paper coating
applications.
Rutenberg et al., Starch Derivatives:
35 Production and Uses, pp. 355-388, disclose at page 363,
the use of cationic starch as a paper coating binder
offering increased strength due to electrochemical
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binding of clay to fiber. The publication notes that
if the amino content is too high, agglomeration or
coagulation of the clay can occur.

Mazzarella et al., TAPPI, Vol. 49, pp. 526-
532 (1966), disclose the use of cationic starches as
substitutes for casein in paper coating binder systems.
Synthetic latices including polyvinyl acetate, styrene-
butadiene and acrylic latices are suggested for use as
cobinders with the cationic starch but no suggestion is
made that a cationic starch/vinyl acetate product would
have properties suitable for use as a board coating

binder.

SUMMARY OF THE INVENTION

The present invention relates generally to
board coating compositions and specifically to binders
for board coating compositions comprising a cationic
starch and a vinyl acetate polymerization product.
More specifically, the invention provides binder
compositions in which cationic starch and a vinyl
acetate polymerization product function to replace some
or all of the protein present in such combinations. It
has been found that the combination of cationic starch
and a vinyl acetate polymerization product provides
enhanced strength and glueability properties to board
coatings and functions as a suitable replacement for
proteins such as soy protein and casein in board
coating binders. The cationic starch/vinyl acetate
product cannot only replace the protein component of a
board coating binder composition, but can additionally
replace the synthetic latex (typically styrene-
butadiene rubber) portion of the binder. The board
coatings and board coating binders of the invention can
be used for both base coating and top coating of
paperboard.

The invention provides board coating

compositions comprising pigment such as clay, titanium
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dioxide, calcium carbonate and the like, and a binder
comprising a cationic starch and a vinyl acetate
polymerization product. The binder can comprise either
blends of cationic starch and vinyl acetate
polymerization products, or preferably the reaction
product of cationic starch and vinyl acetate monomer
such as a graft copolymer of cationic starch and one or
more monomers including vinyl acetate. Where the
binder comprises a reaction product of cationic starch
and vinyl acetate monomer, it is preferably the product
of a persulfate ion initiated reaction.

A wide variety of cationic starches including
dual derivative cationic starches are suitable for use
with the invention with thinned starches, particularly
enzyme thinned starches being preferred. Preferred
dual derivative cationic starches for use with the
invention include C,-C¢ hydroxy-lower alkyl cationic
starches with hydroxyethyl cationic starch and
hydroxypropyl cationic starch being preferred. The
cationic starches used according to the invention
preferably have a cationic degree of substitution of
from about 0.01 to about 3.0 with from about 0.01 to
about 0.20 being preferred. More than one type of
cationic starch can be combined to make up the board
coating binder compositions of the invention.
Amphoteric starches having both positive and negative
charges may be used according to the invention provided
they have a net positive (cationic) charge. The weight
ratio of vinyl acetate component to the cationic starch
component of the board coating binder compositions is
preferably from about 20:100 to about 300:100 with from
about 60:100 to about 100:100 being most preferred.

The cationic starch and vinyl acetate polymerization
product preferably comprise from about 1% to about 30%
by weight of the board coating compositions of the
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invention with from about 5% to about 20% being
particularly preferred.

As an additional aspect of the invention, it
has been discovered that dual derivative cationic
starches produced by cationic derivatization followed
by derivatization by a second derivatization or vice
versa are not only useful as board coating binders in
combination with vinyl acetate polymerization products,
but are useful alone as substitutes for protein in
board coating binders. Preferred dual derivative
cationic starches according to this aspect of the
invention are hydroxy-lower alkyl cationic starches
with lower alkyl defined as C;-C4 alkyl. Particularly
preferred for use alone as protein binder substitutes
are hydroxyethyl and hydroxypropyl cationic starches.

The board coating binder compositions of the
invention can comprise a wide variety of components in
addition to cationic starch and a vinyl acetate
polymerization product. Such components can include
synthetic polymer latices such as styrene/butadiene
latex. According to one embodiment of the invention,
cationic and anionic charged monomers may be reacted
with cationic starch and vinyl acetate monomer to
produce a reaction product. Preferred cationic charged
monomers include 4-vinyl pyridine, dimethylaminopropyl
methacrylamide, methacrylamidopropyl trimethylammonium
chloride, N,N-dimethylaminoethyl methacrylate and 2-
trimethylammonium ethylmethacrylate chloride.
Preferred anionic charged monomers include acrylic
acid, maleic anhydride, maleic acid, fumaric acid and
itaconic acid. The board coating binder compositions
of the invention can comprise protein but the presence
of protein is generally rendered unnecessary by the
cationic starch/polyvinyl acetate compositions of the

invention.
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The invention also provides methods of
coating paperboard with the board coating compositions
of the invention. Preferred coating methods include
those wherein the board coating composition is applied

5 at a level of from about 0.5 to about 10 pounds per
1000 square feet.

DESCRIPTION OF THE INVENTION
Suitable Starch Materials
Cationic starch materials useful according to

10 the present invention may be derived from practically
all starches of plant origin including starches from
dent corn, waxy corn, high amylose containing corn,
potato, wheat, rice, tapioca, sago and sorghum with
starches from corn and potato being preferred.

15 Suitable starches include starches thinned by acid
hydrolysis, oxidative hydrolysis, enzymatic or thermal
degradations as well as thin natural polysaccharide
materials such as dextrins, maltodextrins, chemically
substituted maltodextrins and enzyme thinned

20 maltodextrins. A variety of starch derivatives may
also be used including starch ethers and starch esters
with hydroxyalkyl starch ethers such as hydroxyethyl
and hydroxypropyl starch ethers being particularly
preferred.

25 Cationic starch derivatives useful with the
present invention are prepared according to methods
which are well known in the art by reacting starch,
ordinarily through an etherification or esterification
process, with a reagent containing a group containing

30 an amine or other cationic substituents. Descriptions
of such methods are provided in "Productions and Uses
of Cationic Starches" by E. F. Paschall in Starch:
Chemistry and Technology, ed. by R. L. Whistler and E.
F. Paschall, Vol. II, p. 403-422, Academic Press

35 (1967) ; "Starch Derivatives: Production and Uses" by

M.W. Rutenberg and D. Solarek in Starch: Chemistry and
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Technology, 2nd Edition, ed. by R. L. Whistler, J. N.
Bemiller and E. F. Paschall, chapter X, p. 354-361,
Academic Press (1984); and "Cationic Starches" by D.
B. Solarek in Modified Starches: Properties and Uses,
ed. by O. B. Wurzburg, Chapter 8, p. 113-129, CRC Press
(1986) .

Suitable cationic substituents include
primary, secondary, tertiary and quaternary amines;
sulfonium and phosphonium groups. Preferred
substituents are tertiary and quaternary amines such as
2-diethylaminoethyl chloride, 2-dimethylaminoethyl
chloride, 2-dimethylaminoisopropyl chloride, 2-
diallylaminoethyl chloride, 2-diisopropylaminoethyl
chloride, N-(2,3-epoxypropyl) diethylamine, N-(2,3-
epoxypropyl)dibutylamine, N-(2,3-epoxypropyl)-N-
methylaniline, N-(2,3-epoxypropyl) piperidine, 3-
chloro-2-hydroxypropyl diethylamine, (4-chlorobutene)-
2-trimethylammonium chloride, 2,3-(epoxypropyl)
trimethylammonium chloride, 2,3-(epoxypropyl)
triethylammonium chloride, 3-chloro-2-hydroxypropyl
trimethylammonium chloride, 3-chloro-2-hydroxypropyl
triethylammonium chloride.

Dual cationic starch derivatives may be
produced by cationic derivatization followed by
derivatization with a second derivative or vice versa,
and include cationic/anionic starches, anionic/cationic
starches, nonionic/cationic and cationic/nonionic
substituted starches. The methods for the preparation
of these dual starch derivatives are well known in the
art and are described in the above-identified
references. The dual starch derivatives are prepared
by reacting the starch with the substituent reagents
sequentially or simultaneously. The introduction of
the anionic charge to the starch can be done by either
treating starch with hydrolyzing and/or oxidizing
agents such as hydrochloric acid, sulfuric acid, nitric

acid, sodium hypochlorite, potassium persulfate,
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ammonium persulfate, or by reacting starch with anionic
substituent reagents containing carboxyl, sulfonate,
sulfate, phosphate, phosphonate and xanthate groups.
The preferred anionic substituent reagents are

5 chloroacetic acid, chloroacetic acid sodium salt,
maleic acid, maleic anhydride, 3-chloro-2-hydroxy-1-
propanesulfonic acid sodium salt, propane sulfone,
sulfur trioxide trimethylamine complex, sodium
monohydrogen phosphate, sodium dihydrogen phosphate and

10 diethylvinylphosphonate. The nonionic substituted
starch can be produced by reacting starch with nonionic
reagents such as ethylene oxide, propylene oxide, vinyl
acetate, ketene, alkyl halides, allyl halides, benzyl
halides, dimethyl sulfate, long chain hydrocarbon

15 anhydrides, methyl acrylate, acrylonitrile and
acrylamide.

Vinyl Acetate Polzmérization Products
Vinyl acetate polymerization products
suitable for use in combination with cationic starch
20 according to the invention include polyvinyl acetate
polymers such as are commercially available and which
can be used in blends with cationic starch. 1In
addition, vinyl acetate monomer can be polymerized in
the presence of cationic starch to form a reaction
25 product having properties suitable for use as a board
coating. Reaction products include, but are not
limited to, graft copolymers of polyvinyl acetate and
cationic starch. Blends and reaction products can
further comprise a wide variety of comonomers such as
30 N-methylol acrylamide, divinyl benzene, butyl acrylate,
acrylic acid, 4-vinyl pyridine and other monomers as
would be apparent to those of skill in the art.
Suitable initiators for such polymerization
and grafting reactions include organic and inorganic
35 peroxy compounds, azo compounds and persulfate

compounds. Hydrogen peroxide and persulfate ion free
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radical initiators are preferred with potassium
persulfate being particularly preferred.

EXAMPLES

In the following examples, the cooked
starches were first grafted with vinyl acetate monomer
(VAc) using a potassium persulfate (KP) initiator. The
resulting dispersions were used to replace the protein
as a binder in paperboard coating compositions.
Starches used in the examples were classified into
three groups: ionic starches which exhibit either
cationic or anionic charged characters; amphoteric
starches which have both anionic and cationic charged
characters; and starches which do not have charged

characters and are known as nonionic starches.

Example 1
This example illustrates the preparation of

vinyl acetate grafted starch dispersions using ionic
starches as the starting materials, which include
Apollo® 500 (a cationic corn starch having a cationic
degree of substitution (D.S.) of 0.03, Penford Products
Co. Cedar Rapids, Iowa), Apollo® 700 (a cationic corn
starch having a cationic D.S. of 0.05, Penford Products
Co.), cationic corn starch with D.S. of 0.10 prepared
in the laboratory, Astro® X-200 (a cationic potato
starch having a cationic D.S. of 0.03, Penford Products
Co.), Astro® X-101 (a cationic potato starch having a
cationic D.S. of 0.04, Penford Products Co.), Astro®
X-50 (a cationic potato starch having a cationic D.S.
of 0.05, Penford Products Co.), and Astro® 21 (an
anionic corn starch having an anionic D.S. of 0.03,
Penford Products Co.).

A cationic corn starch with cationic D.S. of
0.1 was prepared as follows: 1Into a 5 liter plastic
beaker containing a mixture of isopropanol (1833 g) and
water (535 g), an unmodified corn starch (1296 g dry,
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at 10.6% moisture) was slowly added with stirring. The
starch slurry was mechanically stirred for 10 minutes
to insure the homogeneity, then 500 g of 10% aqueous
NaOH solution was slowly and carefully added to the
starch slurry with vigorous agitation.  After the
addition of NaOH, 185 g of 2,3-epoxypropyl
trimethylammonium chloride (Quab 151@, 72% epoxide,
from Degussa Corp., Theodore, Alabama) was slowly
added. The reaction vessel was closed and the
temperature was brought to 45°C with sufficient
agitation to prevent settling. The starch reaction was
carried out at 45°C for 24 hours. The resulting starch
suspension was cooled to room temperature and
neutralized to pH 7.0 with H,S0,/ethanol mixture
(50/100 by volume). The starch was then dewatered on a
suction filter. The starch filter cake was reslurried
in 3 liters of ethanol/water (80/20 by volume) and
filtered. This process was repeated several times
until all of the salt and unreacted monomer were
removed. The starch filter cake was crumbled and dried
at room temperature to 13% moisture content. The dried
starch crumb was ground in a Raymond mill and stored in
a plastic bag. The solids of the cationic starch were
87.0% as determined with a Mettler Infrared drying
unit; model LP16-M. Nitrogen content from cationic
substituent was analyzed using Kjeldahl nitrogen
analysis procedure described in the Standard Analytical
Methods of the Member Companies of Corn Refiners
Association, Inc., Third Edition, Number B-48. The
nitrogen content of 0.78% was obtained. That was
calculated into a degree of substitution (D.S.) of 0.10
using a following formula:

(162) ($nitrogen)

b.s.= (100) (14) - (A) (%nitrogen)
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where A is molecular weight of the nitrogen containing
radical (in this case A = 117). A reaction efficiency
of 88.2% was also obtained.

The ionic starch used in the vinyl acetate
grafting was first enzyme thinned and cooked to a
solids of 30%. The cooked starch paste was then
grafted with vinyl acetate at the monomer/starch ratios
of 60/100, 80/100 and 100/100 (parts/parts) using
potassium persulfate initiator at a level of 2% based
on monomer. Grafting reaction was carried out in the
presence of sodium bicarbonate buffer (used at 1% of
monomer weight) for nine hours at a maximum temperature
of 80°C. A final dispersion solids was targeted at 40%
solids. A detailed description of the enzyme thinning
and grafting procedures is demonstrated as follows in
which Apollo® 700 is taken as an example.
(1) Enzyme Thinning of Starch

A starch slurry at 40% solids containing 1000
g dry of Apollo® 700 starch and 140 microliters of
alpha-amylase (Taka Therm L-170® from Solvay Co.) was
slowly added for 20 minutes to a bench starch cooker
which contains 833 ml of water at 95°C with vigorous
agitation. The starch was further thinned for 10
minutes, and the temperature was dropped down to 90°C,
then 5 ml of sodium hypochlorite solution (K.A. Steel
Chemicals Inc.) was added to stop the enzymatic
reaction. The starch was further cooked at 90°C for 15
more minutes. The enzyme thinned and cooked starch
paste was cooled to 25°C (Brookfield viscosity of
thinned and cooked starch is 6450 cps using spindle No.
4, at 20 rpm) and transferred to a reaction vessel
(Parr Instrument) for grafting.
(2) Grafting Reaction

To a 2 liter Parr reactor which contained
450 g dry basis of enzyme thinned, cooked Apollo® 700
starch paste; 270 g of vinyl acetate (used at
monomer /starch ratio of 60/100), 5.4 g of potassium
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persulfate powder and 2.7 g of sodium bicarbonate
powder were added. An additional amount of water
(42.15 g) was then added to makeup a total solids of
40%. The reaction vessel was closed and stirred at 600
rpm at room temperature for 15 minutes. The agitation
was then reduced to 500 rpm and the reactor contents
were heated up to 80°C for one hour and maintained at
that temperature for seven hours. The reaction mixture
was cooled to 30°C for one hour. The final vinyl
acetate grafted starch dispersion was screened through
a 100 mesh sieve and stored in a plastic container at
room temperature.

The grafted starch dispersion had a solids of
38.4%, was off-white and very smooth, and no coagulum
remained on the sieve. The Brookfield viscosity at
25°C with spindle No. 1 at 10 rpm was 700 cps, and a
particle size of 288 nanometers was measured with a BI-
90 Particle Sizer (Brookhaven Instruments Corp.).
Table 1 shows the physical properties of the ionic
starches grafted with vinyl acetate at various levels
of monomer/starch ratios: 60/100, 80/100 and 100/100.
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Example 2
This example describes a procedure for

determining the grafting efficiency of the vinyl
acetate grafted starch dispersions and also the ratio
of extractable monomer(s) and polymer(s) to
unextractable solids comprising grafted starch.
According to the procedure, 10 g dry weight
of the grafted product dispersion were diluted to 20%
solids with water. The diluted dispersion was then
freeze dried in a Lyph-Lock® freeze dry system
(Labconco Corp.). The dried product was then extracted
with benzene in a Soxhlet extractor to remove the
monomer (s) and ungrafted polymer(s). The extraction
was extended until the weight of extracted product
remained unchanged (normally it took two to three days
to complete the extraction). The extracted product was
air dried and then oven dried at 115°C for one day, and
its weight was obtained. The dry weight of the product
after extraction was used in the calculation of
grafting efficiency and the ratio of extractable
monomer (s) and polymer(s) thereof/unextractable solids
including the grafted starch, which are defined as

follows:
T = dry weight of the grafted product before
extraction
GS = dry weight of the unextractable solids
0S = dry weight of the starch before grafting

M = weight of monomer(s) used

Ad = dry weight of the additives used in the
grafting reaction, i.e., initiator, buffer and
surfactant, etc.

From these values, one can calculate:

~ Amount of extractable monomer(s) and
polymer(s) thereof, UP: UP = T-GS

- Amount of unextractable solids including
grafted starch, GP: GP = GS - (0S + Ad)
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- Grafting efficiency, GE in percent:
GE = (GP/M) x 100

- The ratio of extractable monomer(s) and
polymer (s) thereof/unextractable solids, RA:

5 RA = UP/GS

The results of grafting vinyl acetate to
lightly enzyme thinned ionic starches at various level
of monomer/starch ratio are shown in Table 2.
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Example 3
This example illustrates the use of vinyl

acetate grafted starch dispersions and of enzyme
thinned cationic starch alone in replacing protein as a
binder in paperboard coating. The cationic starch was
a cationic corn starch (Apollo® 700) which was enzyme
thinned and cooked at 30% solids according to the
procedure of Example 1. The enzyme thinned cationic
starch was not blended to or grafted with vinyl acetate
but was used as a control to replace protein as a
binder in a board coating composition.

The paperboard coating compositions (coating
colors) which contain either a protein, vinyl acetate
grafted starches or cationic starch were applied onto
commercially available precoated (or base coated)
paperboards. The resulting properties attributable to
each coating composition were determined. A typical
top coating formula used with the vinyl acetate grafted
starches and the polyvinyl acetate-starch blends of the
invention included:
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Composition Dry Parts
Conventional Clay (Astra-Cote 90) 50.2
Calcined Clay (Alphatex) 7.1
TiO, (DuPont RPD) 42.7

Protein,
vinyl acetate grafted starch,
polyvinyl acetate starch blend, or

starch alone 7.2
Carboxylated SBR latex (Dow 6669 NA) 11.4
Tetrasodium pyrophosphate 0.14
Dispersant (Colloids 211) 0.27
Biocide (Metasol D3T) 0.02
Defoamer (Pluronic L-62) 0.36
Final coating solids 48%
PH of coating color (with NH,OH) 9-9.4

Ammonium zirconium carbonate
(Bacote 20) 3.32 (as is)

Preparation of Clay Slip

Into a plastic container, 811 g of water,
2.1 g dry of tetrasodium pyrophosphate (100% solids),
4.05 g dry of dispersant (43% solids) and 0.3 g dry of
biocide (100% solids) were added. The mixture was
thoroughly mixed for five minutes at 450 rpm with a
Cowles blade mixer. While it was still in the mixer,
753 g dry of conventional clay (98.5% solids), 106.5 g
dry of calcined clay (98.5% solids) and 640.5 g dry of
TiO, (98.5% solids) were orderly added. The whole
mixture (clay slip) was then mixed at 1400 RPM for
further 30 minutes. The final solids of the resulting
clay slip was 64.2%.
Protein Cooking

An amount of 168 g of water was preheated to
145-150°F in a steam cooker, then 30 g dry of soy
protein (Pro-Cote 400® at 93.7% solids, from Protein
Technologies International) was slowly added under good
agitation, followed by 7.05 g of concentrated ammonium
hydroxide. The addition of protein and ammonium
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hydroxide lowered the temperature to about 135°F. The
temperature was held at 135-140°F for an additional 30
minutes to complete the cook. The cooked protein was
cooled down to about 85-90°F and sufficient additional
water was added to makeup a final solids of 15%.
Preparation of Coating Composition (Coating Color)

The control coating color which contains
protein was prepared by mixing 24.1 g of water, 7.2 g
dry of protein (at 15% solids), 0.36 g dry of defoamer
(100% solids), 11.4 g dry of carboxylated SBR latex
(48.5% solids) and 3.32 g of ammonium zirconium
carbonate used as received. After the binder
composition was thoroughly mixed, 100.43 g dry of clay
slip (at 64.2% solids) was slowly added with good
agitation. The final pH of the coating color was
adjusted to 9.0-9.4 with ammonium hydroxide, if
required, and a final solids of 48% was obtained.

In the preparation of coating compositions
comprising vinyl acetate grafted starch dispersions,
polyvinyl acetate-starch blends or cationic starch
alone, the above preparation procedure was followed in
which the protein was replaced with the vinyl acetate
grafted starch dispersions, or polyvinyl acetate-starch
blends, or cationic starch alone in equal dry weight.
The final pH of 9.0 to 9.4 and solids of 48%, were
obtained. The coating composition comprising cationic
starch alone as a protein replacement flocced the
clays.

Paperboard Coating

The finished coating colors were applied to
commercially available precoated (base coated)
paperboards at room temperature at about 0.9 to 6
lbs/1000 ft2 per side usiné Meyer wirewound rods. All
coated paperboards were immediately dried in an

infrared dryer (CCR Enterprises) at a gauge temperature
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of 170°F for one minute and then conditioned at 50%
relative humidity and 75°F for overnight. The coated
paperboards were then tested for gloss and glueability
without calendering. The coating composition
comprising cationic starch alone as a protein
replacement was unable to be coated because of
flocculation of the clays.

Determination of the Gloss of Coated Paperboards

Gloss of the uncalendered coated paperboards
was determined using a gloss meter (Glossgard® II, from
Pacific Scientific Instrument). Five gloss readings
were made on a coated board and three boards were used
for each sample.

Glueability Test

The coated paperboard after conditioning was
cut into sheets 6" by 12" long in the machine
direction. Two specimens are used for each test.

Onto a coated side of one board specimen, a
PVAc glue (Reynolds 186 Glue from Reynolds Company) was
drawn down with a Meyer rod No. 30; then another coated
paperboard specimen was immediately put on the top of
the glued one with the coated sides facing each other
(coated side glued to coated side). A 10 pound
weighted plate 6" x 12" in size was laid on the top of
the board specimens. A timer was started and the test
was run at 30 second intervals. At the end of the test
time (which also called glue time), the weight was
removed, the top specimen was pulled away with a 45°
angle from the bottom specimen. The percent of fiber
tear was recorded. A good result shows a higher
percent of fiber tear for a shorter glue time.

The results of gloss and glueability tests of
the coated paperboards containing coating compositions
comprising protein or cationic starch alone as controls
and the vinyl acetate grafted ionic starches are shown
in Table 3.
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Example 4
In this example, nonionic starches including

lightly thinned, 1lightly oxidized hydroxyethylated corn
starch (Pencote®, Penford Products Co., Cedar Rapids,
IA), underivatized corn starch (Thin Boil XR, Penford
Products Co.), underivatized potato starch (Danish
Potato, KMC brand, Kartoffelmelcentralen, Denmark) and
underivatized waxy starch (Amioca, American Maize-
Products Co.) were grafted with vinyl acetate following
the procedure described in Example 1. The Pencote® and
Thin Boil XR starches were used as received without
enzyme thinning, while the potato and waxy starches
were enzyme thinned according to Example 1 before being
subjected to the grafting.

The grafted starch dispersions were analyzed
for grafting efficiency according to the procedure of
Example 2 with the results shown Table 4-A. Basecoated
paperboards were also coated with these dispersions
according to the coating procedure of Example 3, in
which protein was replaced with these vinyl acetate
grafted nonionic starch dispersions. Table 4-B shows
the properties of the coated boards.
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Example 5
According to this example, vinyl acetate was

grafted to dual cationic starch derivatives including
starches containing both anionic and cationic charged
substituents (amphoteric starches). The amphoteric
starches with different anionic/cationic (A/C) molar
ratios were produced from corn starch as well as from
potato starch. Specifically, these amphoteric starches
were prepared by introducing the anionic charged
substituent to the commercially available cationic
starches such as Apollo® 500 (with cationic DS = 0.03);
and Apollo® 700 (with cationic DS = 0.05) and Astro® X-
200 (with cationic DS = 0.03).

Amphoteric starches used in this example were
produced in an alcohol/water medium. Although some
starches with a lower degree of substitution could be
prepared in an aqueous medium to be consistent, all
amphoteric starches were prepared in the alcohol/water
mixture. Table 5-A shows the chemical compositions
used in the reactions of an anionic reagent (3-chloro-
2-hydroxy-1-propane sulfonic acid sodium salt) with
commercially available cationic starches.

A typical procedure to make an amphoteric
starch from cationic starch, i.e., Apollo® 500 is
described as follows: 1In a reaction vessel, 1296 g dry
of Apollo® 500 starch (8 moles) was slurried in a
mixture of 605 g of isopropanol and 1947 g of water
with mechanical stirring. An amount of 264 g of 5%
aqueous NaOH solution (0.33 mole) was slowly added to
the starch slurry at room temperature with vigorous
agitation, then 100 g of 30% aqueous solution of 3-
chloro-2-hydroxy-l-propane sulfonic acid sodium salt
(0.15 mole) (Aldrich Chemical Co., Milwaukee, WI) was
slowly added. The reaction vessel was closed and the
temperature was raised to 50°C which was maintained
with constant stirring for 24 hours. The reactor

contents were then cooled to room temperature and
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neutralized to pH=7.0 with an H,S0,/ethanol mixture
(50/100 by volume). The amphoteric starch product was
dewatered on a suction filter. The starch filter cake
was then reslurried in 3 liters of a 20/80 by volume
ethanol/water mixture and filtered (when higher
substituted starches were synthesized, they were
reslurried in an ethanol/water mixture with a higher
amount of alcohol to prevent the gelation which could
stop the filtration). This process was repeated until
all of the unreacted monomer and salt byproducts were
removed. The starch filter cake was crumbled and dried
at room temperature to a moisture of 9 to 12%. The
dried amphoteric starch was then ground in Raymond mill
and stored in a plastic bag.

The amphoteric starches were first enzyme
thinned and then grafted with vinyl acetate at a
monomer /starch ratio of 60/100 according to the
grafting procedure in Example 1 using 2% potassium
persulfate initiator and 1% buffer based on monomer
weight. Table 5-B shows the properties of the vinyl
acetate grafted amphoteric starch dispersions. Coating
compositions were then prepared and applied to base
coated paperboards according to the procedures of
Example 3. The gloss and stability results of the
coated boards are shown in Table 5-C.
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Example 6
This example illustrates the effect of

surfactants used in the vinyl acetate grafting reaction
on the coating properties of coated paperboards.

Different types of surfactants were employed
which included nonionic surfactant (Triton® X-100 from
Rohm and Haas Co.), anionic surfactant
(Dodecylbenzenesulfonic acid, sodium salt (DBSA), from
Aldrich Chemical Co.), cationic surfactant
(Cetyltrimethylammonium chloride (CTAC), from Aldrich
Chemical Co.) and a combination of both mentioned
anionic and cationic surfactants at 50/50 by weight.
The amount of surfactant used varied from 1 to 5% based
on the monomer weight. The enzyme thinned cationic
starch (E.T. Apollo® 700) was used in the grafting with
vinyl acetate at a monomer/starch ratio of 60/100
following the procedure in Example 1, with 2% potassium
persulfate initiator and 1% buffer based on monomer
weight being used. The properties of the grafted
starch dispersions are shown in Table 6-A.

Coating compositions comprising these
dispersions were also prepared and coated on the
paperboards according to the methods of Example 3. The
properties of the coated paperboards such as
glueability and gloss were evaluated and compared to
the coating containing protein as the control. Table
6-B shows the effect of surfactants on the glueability
and gloss of paperboards coated with vinyl acetate
grafted Apollo® 700 starches. All of surfactants used
significantly improved the glueability as well as the
gloss of the coated boards with some of the products

outperforming the protein control.
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Example 7
This example shows the effect of varying

monomer/starch ratios on the coating properties of
paperboards coated with coating colors comprising vinyl
5 acetate cationic starch grafts as binders.

According to this example, the grafting of
vinyl acetate to enzyme thinned Apollo® 700 described
in Example 1 was reproduced at various monomer/starch
(M/S) ratios ranging from 20/100 to 200/100. The

10 grafting reaction was carried out utilizing 2% by
weight potassium persulfate initiator and 1% by weight
sodium bicarbonate buffer based on monomer. The
results of grafting and the properties of the
dispersions are shown in Table 7-A. The grafted

15 dispersions were used to produce paperboard coatings
according to the methods of Example 3. The gloss and
glueability properties of the coated boards are
illustrated in Table 7-B.
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Example 8
In this example, the effect of the degree of

enzyme thinning of the starch on the grafting as well
as on the properties of the coated paperboards was
examined.

A cationic corn starch with a degree of
substitution of 0.05 (Apollo® 700) was used in this
example. The starch was first enzyme thinned with 25,
75, 175 and 250 microliters of alpha-amylase per
500 grams of dry starch by following the enzyme
thinning procedure in Example 1. After enzyme
thinning, the starch was subjected to grafting with
vinyl acetate at a monomer/starch ratio of 60/100
according to the grafting procedure described in
Example 1 with the results shown in Table 8-A below.
The grafted dispersions were used to top coat
paperboard according to the methods of Example 3 with
the gloss and glueability properties of the coated
boards shown in Table 8-B below.
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Example 9
According to this example, various comonomers

were used in the process of grafting vinyl acetate onto
starch. The effect of the comonomers on grafting and
on the properties of coated paperboards was then
examined. The comonomers used in the present invention
were classified into four groups including
crosslinkers, nonionic monomers, anionic charged
monomers and cationic charged monomers as described
below. Suitable crosslinkers include all those capable
of reacting with vinyl acetate with N-methylol
acrylamide and divinyl benzene being particularly
preferred. A wide variety of nonionic monomers can be
used as comonomers with vinyl acetate. Suitable
nonionic monomers include those which are known as
plasticizers for polyvinyl acetate with butyl acrylate
being particularly preferred. Anionic charged monomers
may also be used according to the present invention and
can be reacted with the vinyl acetate and/or the starch
in the graftings with preferred anionic monomers
including acrylic acid and maleic anhydride. cCationic
charged monomers including those containing a nitrogen
atom which are capable of reaction either with the
vinyl acetate and/or starch also can be used in the
graftings of the invention with 4-vinyl pyridine being
particularly preferred.

According to this example, Apollo® 700 starch
with a cationic degree of substitution of 0.05 was
enzyme thinned and then grafted with a mixture of vinyl
acetate and comonomer, at a total monomers/starch ratio
of 60/100, according to the procedure of Example 1. In
the monomer portion, an amount of 1, 3 and 5% of vinyl
acetate was replaced with the comonomer. The resulting
dispersions were then coated onto base coated
paperboards according to the procedure of Example 3.
The results of the graftings and paperboard coatings
are shown in Tables 9-A and 9-B, respectively.
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Example 10
In this example, a comparison of glueability

and gloss properties of base coated paperboards top
coated with protein as a control, with those of a
preferred vinyl acetate containing product of the
invention, was conducted at higher coat weights. The
vinyl acetate product is an enzyme thinned (E.T.)
Apollo® 700 starch grafted with vinyl acetate at
monomer /starch ratio of 60/100 in the presence of 3%
DBSA surfactant.

Coating colors were prepared and paperboard
coated according to the method of Example 3. Coating
compositions comprising protein as the control and the
vinyl acetate cationic starch product were applied onto
paperboards which had been precoated with 2.7 1lbs/1000
£t2. Top coat weights of 2, 3 and 5 lbs/1000 ft? were
targeted. Table 10 shows a comparison of the
glueability and uncalendered gloss properties of board
coated using a protein binder and with the vinyl
acetate/cationic starch product. The results indicate
that the vinyl acetate product provides glueability
equal to or slightly better of the protein containing
control. The product also provides a gloss superior to
that of the protein control.
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Example 11
According to this example, blends of the

cationic starch (Apollo® 700) with polyvinyl acetate
latices at polyvinyl acetate/starch ratio of 60/100
parts were prepared. The coating compositions
containing these blends were coated onto paperboards
and the coating properties were compared with the
cationic starch (Apollo® 700) grafted with vinyl
acetate at the same monomer/starch ratio. The blends
were prepared as below. _

Apollo® 700 starch was first enzyme thinned
according to the method of Example 1 before using in
the blend with polyvinyl acetate latices. Two
polyvinyl acetate latices were used, the first latex
was a homopolymer of vinyl acetate (Vinac 881, Air
Products and Chemicals, Inc., Allentown, PA). The
second polyvinyl acetate latex was prepared in the
laboratory using a similar grafting procedure in
Example 1 with the exception that polyvinyl alcohol
(Airvol 523 from Air Products) was used as a protective
colloid at 5% based on the monomer weight in replacing
the starch.

The two latices were blended with the enzyme
thinned Apollo® 700 starch paste at the same
PVAc/starch ratio of 60/100 dry parts. The viscosities
of these two blends are compared with the E.T. Apollo®
700 starch graft at the same monomer/starch ratio, and
are shown in Table 11-A. The results indicate that the
viscosities of the blends are extremely high, in fact,
higher than the grafted starch. The blends also gelled
up upon storage, while the grafted starch remained
fluid. Due to the extremely high viscosity of the
blends, these specific blend products would not be
preferred for use in commercial applications.

Coating compositions comprising the blends
and the starch graft were prepared and coated onto the
precoated paperboards according to the coating
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procedure of Example 3. Table 11-B exhibits the
viscosity, glueability and gloss of the coating
compositions. Again, the results show that the
viscosities of the coating compositions containing the
polyvinyl acetate-starch blends were extremely high
(almost flocking the clay) compared to the starch
graft. The results also indicate that the glueability
of the starch graft product is much better than that of
the blends, and that the gloss is higher than that of
the laboratory PVAc-Apollo® 700 starch blend, but lower
than that of the Vinac-Apollo® 700 starch blend. The
high viscosity of the blends renders them nonpreferred
for use in commercial coating applications.
Nevertheless, the coatings are illustrative of the
types of cationic starch/vinyl acetate binders provided
by the invention and suggest the utility of lower
viscosity blends.
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Example 12
This example illustrates a comparison of the

coating properties of a cationic starch graft with
nonionic and anionic starch grafts at a high coat
weight. According to this example, the protein
component of a board coating binder composition was
replaced with various vinyl acetate grafted starch
products which were derived from different starches
including cationic corn starch (Apollo® 700); lightly
thinned, lightly oxidized hydroxyethyl corn starch
(Pencote®); lightly thinned, underivatized corn starch
(Thin Boil XR); enzyme thinned, underivatized potato
starch (Danish Potato Starch); enzyme thinned,
underivatized waxy corn starch (Amioca); and enzyme
thinned, anionic corn starch (Astro® 21).

The starches were grafted with vinyl acetate
at a monomer/starch ratio of 60/100 according to the
procedure of Example 1. The grafted starches were used
to replace the protein in a board coating composition,
and applied to base coated boards at a higher coat
weight of 5 1bs/1000 ft?2 according to the procedure of
Example 3. Table 12 shows the coating results of the
grafted starch products. At a higher coat weight,
cationic starch shows the best coating results for both
glueability and gloss.
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Example 13
This example demonstrates compatibility and

the use of vinyl acetate grafted cationic starch as a
cobinder with other synthetic cobinder latices in the
board coating compositions.

The coating compositions were prepared
according to Example 3, in which the protein component
of the binder was completely replaced with a vinyl
acetate grafted cationic starch with a monomer/starch
ratio of 60/100 and 3% DBSA according to Example 10.
The synthetic cobinder portion of the binder in the
formula of Example 3 (a carboxylated styrene/butadiene
latex, Dow 6669, Dow Chemical Company) was completely
replaced with the following latices. Vinac 881 (a
vinyl acetate polymer latex from Air Products Company) ;
Airflex 100HS (an ethylene/vinyl acetate copolymer
latex from Air Products Company); Rhoplex P-554 (an
acrylic polymer latex from Rohm and Haas Company); and
Rhoplex P-310 (a vinyl acetate/acrylic copolymer latex
from Rohm and Haas Company). The viscosities of the
resulting coating compositions indicate that the vinyl
acetate grafted starch is compatible with a variety of
cobinders. The coating compositions were applied onto
precoated paperboards at a coat weight of 3.5 1lbs/1000
ft2 according to the method of Example 3. The gloss
and glueability of the resulting boards are shown in
Table 13 below.
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Example 14
According to this example, acid thinned

cationic starch was compared with enzyme thinned
cationic starch in preparing the board coating binders
of the invention. Specifically, a cationic corn starch
(Apollo® 700) was first acid thinned to an alkaline
fluidity of about 35 ml for 18 g dry starch in 52 g
water. The acid thinned starch was then cooked at 30%
solids and grafted with vinyl acetate at a

monomer /starch ratio of 60/100 according to the
procedure in Example 1. The grafted product was coated
at a coat weight of 3.5 1lbs/1000 ft? onto precoated
paperboards according to the method of Example 3. The
gloss and glueability of the coated boards were
determined and are compared with those from a
corresponding enzyme thinned cationic starch.

SUBSTITUTE SHEET



PCT/US93/05865

WO 94/00514

72

L°8T

S8

yoaels pauutyl pPIOY

Z2°12

0L

0
09 S°*
0
0s S

yoaels pauutyl swAzulg

: A&v mmOHU _wﬂ.,ﬂ
paxapuateaun.

(3) =21 ZeqTd | (TUTH) SWTL oNID | soupae3s oTUOTIED PeAFedD

o A3TTIqRANTD.

sayoaels OTUOT3e) pajzjelasd
pauuUTyl PTOV pue awdzuj Jo sjTusay burjeod

¥1 s1dqelL

SUBSTITUTE SHEET



WO 94/00514 PCT/US93/05865

10

15

20

25

30

35

73

The following examples illustrate aﬁJ;spect
of the invention wherein blends of cationic starch
derivatives and vinyl acetate emulsion polymers are
substituted for protein in board coating compositions.
Specifically, starch derivatives were used with either
poly(vinyl acetate) or poly(vinyl acetate-ethylene)
copolymer emulsions. In one example, a dual derivative
hydroxypropyl starch gave surprisingly good results
when used alone as a binder substitute for protein.

Example 15

This example uses a cationic dual derivative
starch substituted with ethylene oxide and a quaternary
ammonium compound. The starches used in this example
include Apollo® 6200 starch with a nitrogen
substitution of 0.29-0.35% and an ethylene oxide
substitution of 0.9-1.2% by weight on dry starch; and
Apollo® 4280 starch with a nitrogen substitution of
0.16-0.20% and ethylene oxide substitution of 0.9-1.2%
by weight on dry starch (both from Penford Products
Co.). Before the Apollo® 6200 starch could be utilized
in coating compositions, it was necessary to reduce its
intrinsic viscosity. The procedure for this was as
follows. The granular Apollo® 6200 was slurried in
water at 38% solids and placed in a 35°C water bath.

To this, 540 g of 26% NaCl solution was added as a
swelling inhibitor. Then 70 g of concentrated
hydrochloric acid was dripped into the slurry under
agitation. The starch was thinned to a 20 g alkali
fluidity measurement of 40-50 ml. The slurry was then
neutralized with sodium carbonate, filtered and washed
to remove the salts. The Apollo® 4280 starch was not
subjected to any acid modification.

The starches were cooked at 25% solids and
blended with vinyl acetate-ethylene copolymer latex
(Airflex 199, Air Products) at varying polymer/starch
ratios. The blends were then used to completely
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replace the protein in the coating composition and
coated onto the precoated paperboards at a coat weight
of 3.3 1lbs/1000 ftz, following the procedure of Example
3. Coating results can be found in Table 15. These
indicate that the glueability and gloss provided by the
blends are comparable to the results obtained using the
protein control (Example 10). It is noted also that
the Apollo® 4280 starch, which has lower nitrogen
substitution than the Apollo® 6200 starch, has inferior
glueability.
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Example 16
For this example, starch was derivatized with

propylene oxide (Aldrich Chemical) and a quaternary
ammonium compound (Quab 151, DeGussa). This dual
cationic starch was used as a substitute for protein in
paperboard coating compositions. A detailed procedure
for the derivatization and acid modification is as
follows. A salt/caustic solution was prepared by
mixing 10.94 parts by volume of 0.26% NaCl solution
with 1 part 50% NaOH. This mixture was then dripped
into 14.3 kg of a 40.9% starch slurry. The amount of
addition calculated to give 2.22% NaOH on starch. The
slurry was stirred in a 38°C water bath. The propylene
oxide was added and allowed to react in a closed system
for 18 hours. The quaternary ammonium compound was
then added and allowed to react for 24 hours. After
this period, the reaction was terminated by
neutralization with 300 g of concentrated hydrochloric
acid. Enough additional acid (310 g) was added so that
10 ml of slurry filtrate would be brought to a
phenolphthalein endpoint by 30 ml of 0.1 N NaOH. The
slurry was thinned by the acid in a 100°F water bath
until a 20 g alkali fluidity of 40-50 ml was reached.
It was then neutralized and the salts removed by
filtration and washing. Kjeldahl analysis found 0.23-
0.37% nitrogen. Propylene oxide substitution was
determined to be 1.09-2.02% by Zeisel titration.

The starch was cooked at 25% solids and
coated or blended with vinyl acetate-ethylene polymeric
emulsions (Airflex 199 or Airflex 100, Air Products
Co.) to get a 25-35% solids products. These products
were used to replace protein in paperboard coatings and
coated at 3.3 1lbs/1000 £t2 according to the procedure
of Example 3. The results are given in Table 16. The
addition of the anionic surfactant dodecylbenzene

sulfonic acid (DBSA) to the blend at a 3% level gave a

SUBSTITUTE SHEET



WO 94/00514 PCT/US93/05865

77

coating superior in glueability to the protein control
(Example 10).
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Example 17
The blends in this example were used to

replace both the protein and latex portions of the
binder in paperboard coating compositions. The

5 cationic dual derivative starch prepared in Example 16
was used in this example in conjunction with one or
more latices. These include vinyl acetate-ethylene
latices (Airflex 199 and Airflex 100 from Air Products
Co.), a lightly thinned, lightly oxidized hydroxyethyl

10 starch styrene-butadiene graft. (Pengloss® 150 from
Penford Products Co.), and a laboratory prepared
enzyme-thinned cationic starch grafted with styrene-
butadiene copolymer. Boards were coated at 3.3
1bs/1000 ft? following the procedure in Example 3.

i5 Coating results are reported in Table 17. The blend
using the cationic starch styrene-butadiene graft
flocced the pigment and could not be coated.
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Example 18
The starch used in this example to replace

protein in paperboard coating compositions is the same
cationic dual derivative starch as in Example 15
(Apollo® 6200, Penford Products). The starch was
thinned by enzymatic hydrolysis according to a method
similar to that in Example 1 but using a lower
temperature and shorter time. Specifically, 21
microliters of alpha-amylase were added to a 30% solids
slurry containing 150 g dry starch. The slurry was
added to a cooker containing enough water to get a 20%
solids paste. The cooker was maintained at 88°C and
the time of starch addition was 4 minutes. The starch
was thinned 21 minutes longer. The cooked starch was
blended with vinyl acetate homopolymer (Vinac 881, Air
Products) or vinyl acetate-ethylene copolymer (Airflex
100, Air Products) to make a 25% solids mixture. The
blends were adjusted to a pH of 5-5.5. Boards were
coated at 3.3 1bs/1000 ft2 according to the procedure
in Example 3. Coating results can be found in Table
18. This data shows boards coated with vinyl acetate
homopolymer and vinyl acetate-ethylene copolymer
perform well.
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Example 19
Starch/latex blends used in this example as a

substitute for protein in paperboard coating
compositions were prepared from a cationic starch, or a
combination of a cationic starch and a nonionic or
anionic starch. The cationic starch (Apollo® 700,
Penford Products Co.), has a nitrogen substitution of
0.38-0.42% by weight on dry substance starch. The
starch was acid modified as in Example 15 to 20 g
alkali fluidity of 30-70 ml. It was then blended with
polyvinyl acetate emulsions to make 25-30% solids
products. The PVAc emulsions were either prepared in
the laboratory or obtained commercially (Vinac 881, Air
Products). The cooked starch paste was also blended in
a 1:1 ratio with each of the following cooked starches:
an acid-thinned, lightly oxidized, hydroxethyl starch
(Pencote®, Penford Products Co.), an oxidized starch
(Clearsol® 10, Penford Products Co.), and an acid-
thinned, lightly oxidized, carboxymethylated starch
(Astrogum® 3020, Penford Products Co.). These starch
paste blends were then further blended with a vinyl
acetate-ethylene emulsion polymer (Airflex 199, Air
Products). Boards were coated at 3.3 1lbs/1000 £t2
according to the procedure in Example 3 with coating
results shown in Table 19.
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Example 20
The starch used in this example to replace

protein in paperboard coating compositions is the same
cationic starch used in Example 19 (Apollo® 700,
Penford Products Co.). It was enzyme-thinned in the
same manner as in Example 18. The enzyme-thinned
starch paste was blended with a vinyl acetate-ethylene
copolymer emulsion (Airflex 199, Air Products) at
different starch/polymer ratios, and coated on
precoated boards at 3.3 lbs/1000 ft2 following the
procedure in Example 3. Results in Table 20 show
little difference in properties when the

starch/emulsion polymer ratio is altered.
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Example 21
In this example, the cationic dual derivative

starch of Example 16 was blended with a synthetic latex
and used as a total replacement for the protein binder
in paperboard coating compositions for both the base
coat and the top coat. The starch was cooked at 20%
solids and blended with a vinyl acetate-ethylene
copolymer emulsion (Airflex 199, Air Products Co.).

The blend was applied to uncoated natural kraft
paperboard in two coatings. The base coating color had
the following composition:

Material Dry Parts
Conventional Clay (Astracote 90) 100
SBR Latex (Dow 620) 18.29
Protein or Substitute 3.66
Tetrasodiumpyrophosphate 0.12
Dispersant (Colloids 211) 0.11
Biocide (Metasol D3T) 0.02
Final coating solids 58%
pH of coating color (with NH,OH) 9.0-9.4
Ammonium zirconium carbonate

(Bacote 20) 3.46 (as is)

The top coating color was described in Example 3. The
paperboard was first coated with a base coating
composition at a level of 2.7 pounds/1000 ft2. It was
dried for one minute in an infrared drying oven. The
top coating composition was then applied at 3.3
1bs/1000 ft2 according to the procedure in Example 3.
Coating results are shown in Table 21.
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Numerous modifications and variations of the
above-described invention are expected to occur to
those of skill in the art. Accordingly, only such
limitations as appear in the appended claims should be

5 appended thereon.
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WHAT IS CLAIMED IS:

1. A board coating composition comprising:
(a) pigment; and
(b) a binder comprising a cationic starch

and a vinyl acetate polymerization product.

2. The board coating composition of claim 1
wherein said cationic starch is a thinned cationic

starch._

3. The board coating composition of claim 1
wherein said cationic starch is an enzyme thinned

cationic starch.

4. The board coating composition of claim 1
wherein said binder comprises the reaction product of

cationic starch and vinyl acetate monomer.

5. The board coating composition of claim 4
wherein said binder comprises the product of a
persulfate ion initiated reaction.

6. The board coating composition of claim 1
wherein said binder comprises a blend of cationic

starch and a vinyl acetate polymerization product. '

7. The board coating composition of claim 6
wherein said vinyl acetate polymerization product is a
vinyl acetate-ethylene copolymer.

8. The board coating composition of claim 1
wherein the cationic starch has a cationic degree of

substitution of between about 0.01 and about 0.20.

9. The board coating composition of claim 1
wherein the weight ratio of the vinyl acetate component
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to the cationic starch component is from about 20:100
to about 300:100.

10. The board coating composition of claim 1
wherein the cationic starch and vinyl acetate
polymerization product comprise from about 5% to about
20% by weight of the board coating composition.

11. The board coating composition of claim 1
wherein said binder further comprises styrene/butadiene
latex.

12. The board coating composition of claim 1

wherein said binder is essentially free of protein.

13. The board coating composition of claim 1
wherein the binder comprises the reaction product of
cationic starch, vinyl acetate monomer and one or more
cationic charged monomers.

14. A board coating binder composition
comprising a cationic starch and a vinyl acetate
polymerization product.

15. The board coating binder composition of
claim 14 wherein said cationic starch is a thinned

cationic starch.

16. The board coating binder composition of
claim 14 wherein said cationic starch is an enzyme
thinned cationic starch.

17. The board coating binder composition of

claim 14 wherein said binder comprises the reaction

product of cationic starch and vinyl acetate monomer.
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18. The board coating binder composition of
claim 14 wherein said binder comprises a blend of
cationic starch and a vinyl acetate polymerization
product.

19. The board coating binder composition of
claim 14 which is essentially free of protein.

20. The board coating binder composition of
claim 14 which further comprises styrene/butadiene
latex.

21. A method of coating paperboard
comprising the step of applying to said paperboard a
board coating composition comprising:

(a) pigment; and

(b) a binder comprising a cationic starch

and a vinyl acetate polymerization product.

22. The method of claim 21 wherein said

cationic starch is a thinned cationic starch.

23. The method of claim 21 wherein said

cationic starch is an enzyme thinned cationic starch.

24. The method of claim 21 wherein said
binder comprises the reaction product of cationic
starch and vinyl acetate monomer.

25. The method of claim 24 wherein said
binder comprises the product of a persulfate ion

initiated reaction.
26. The method of claim 21 wherein said

binder comprises a blend of cationic starch and a vinyl

acetate polymerization product.
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27. The method of claim 21 wherein the
cationic starch has a cationic degree of substitution
of between about 0.01 and about 0.20.

28. The method of claim 21 wherein the
weight ratio of the vinyl acetate component to the
cationic starch component is from about 20:100 to about
300:100.

29. The method of claim 21 wherein the
cationic starch and the vinyl acetate polymerization
product ¢omprise from about 5% to about 20% by weight
of the board coating composition.

30. The method of claim 21 wherein the board
coating composition is applied to said paperboafd at a
level of from about 0.5 to about 10 pounds per 1000
square feet per side.

31. Paperboard coated with the board coating
composition of claim 1.

32. A board coating composition comprising:
(a) pigment; and
(b) a binder comprising a hydroxy-lower

alkyl cationic starch.

33. The board coating composition of claim
32 wherein said starch is hydroxypropyl cationic
starch.

34. A method of coating paperboard
comprising the step of applying to said paperboard a
board coating composition comprising:

(a) pigment; and

(b) a binder comprising a hydroxy-lower
alkyl cationic starch.
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35. The method of claim 34 wherein said

starch is hydroxypropyl cationic starch.
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