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This invention relates to paper coating and paper prod-
ducts, and more particularly to the coating of publication
and other printing papers.

Papers of all weights and grades are coated for one
réason or another—to give them good printing qualities
as well as brightness and opaqueness, or to change their
physical properties and/or their appearance. This inven-
tion is concerned with a novel coating composition and a
method of applying it in a manner to impart brightness
and opacity to paper, while at the same time enhancing
its printing quality. The coating composition of this in-
vention is moreover designed to be used with the high-
sneed coating equipment commonly employed for coating
publication papers. It achieves these advantages with
coating weights which are materially less than conventional
coatings now used on publication papers.

Althoungh the composition and method of this invention
for applying coatings to paper is applicable to many differ-
ent types of paper (from thin tisste papers to heavy paper-

board) it will be described herein as applied to publica- g

tion-type papers for convenience and clarity of presenta-
tion. Moreover, it is particularly well suited to publica-
tion papers inasmuch as it achieves good brightness and
opacity with light coating weights at an economic cost and
with outstanding coating application characteristics,

In a copending application, Serial No. 60,358, filed on
October 4, 1960, in the names of John J. Clancy, David
W. Lovering, and Robert C. Wells, now Patent No. 3,108,-
009, and assigned to the same assignee as this application,
there is described a novel type of coating and method of
applying it which achieves extremely high brightness and
opacity through the formation, from an emulsion coating
composition, of a porous type coating structure which is
described as a binder matrix containing uniformly distrib-
uted throughout multitudinous air-binder interfaces of a
specified size. These air-binder interfaces coniribute in-
tense brightness and opacity to the coating by virtue of
their light scatfering characteristics, and at the same time
reduce the overall weight of the coating not only through
their superior optical properties which allow a lighter coat-
ing to be used but by virtue of the fact that they substitute
air for the high demnsity pigments normally used in a paper
coating.

In this copending application, Serial No. 60,358, the
binder matrix is formed of all proteinaceous material, or
a mixture of proteinaceous material and some €lastomeric
materials. These coatings are particularly well adapted to
the coating of boxboard and other grades of paper and
board and to use with coating equipment commoniy em-
ployed in their manufacture. This composition was tai-
lored to meet boxboard requirements and is in commer-
cial use today, demonstrating technical and economical
advaniages over conventional clay binder formulations pre-
viously used.

Publication papers are customarily coated with water
slurries containing starch and clay, or casein and clay. A
typical raw coating stock has a basis weight which ranges
from 27 to 29 pounds per ream (3,300 sq. ft.) and has
applied to it about 12 pounds of dry coating (total on both
sides). Thus, the final weight of the publication paper may
range from about 39 to about 41 pounds per ream. A
publication paper which has six pounds of dry coating
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weight on each side per ream, will typically have on each

side a dry coating volume of 70 cubic inches and a dry

coating thickness of about 3.8 microns.

Publication paper finds wide use in periodicals and with
the frequent increases in bulk mailing rates, the weight
of such paper becomes of paramount importance to pub-
lishers. Xt follows therefore that if it were possible to
materially reduce the weight of coating on publicaticn
sheets, it would be possible to realize material savings in
mailing and shipping charges. However, this cannot be
done by merely reducing the weight of the coating raw
stock, by reducing the coating weight, or by reducing both,
for such weight reductions cause the paper to experience
one or more deficiencies. Reducing the basis weight of the
coating raw stock lowers the sirength of the paper and
decreases the opacity and bulk of the coated shest. More-
over, it detracts from the runnability of the paper in the
press room. Runnability in a paper is a characteristic
which permits its use in a commercial printing press in
essentially trouble-free conditions, or in a manner so that
down-time of the press is kept t0 a minimum and long
runs can be made without interruption. Since the major-
ity .of periodicals are printed by web-fed high-speed letter-
press operations, these properties cannot be sacrificed.

‘Any substantial reduction in the weight of conventional
clay-starch or clay-casein coating applied to the raw stock
will result in a loss of printability, particularly in regard to
printing smoothness and control of ink holdout, Neither
does the solution to the problem lie in the use of materials
which have higher brightness or opacity and thus require
less coating wolume and thickness. In this case it will be
found that difficulties in printing will be encountered, inas-
much as the presently used high-speed letter-press requires
a minimum coating thickness to obtain necessary coating
resiliency in order to print evenly over the surface of the
paper. Thus, a minimum thickness is required to cancel
out any unevenness of the paper itself and also to achieve
uniformity in printing smoothness and ink holdout,

Because of the special requirements of publication paper
coatings which are not common to boxboard coatings, the
novel type of coating composition and method of applying
it described in the above-identified Serial No. 60,358, while
offering high brightness and opacity, is not ideally suited
to the high-speed coating techniques required in the coat-
ing of publication paper. The manufacture of publication
paper is highly completitive and in its manufacture it is
necessary to operate at high rates of speed in order to
attain economic operation. Usually the method of coat-
ing application is different from that used in the manufac-
ture of boxboard and the rheological properties and solids
content of the coating must be adapted to be compatible
with a high-speed method of application. Publication
paper is normally coated with a trailing blade coater at
rates approaching 2,500 feet per minute. These high-speed
coating operations place severe demands on a coating, both
in application and drying.

In the application of the coating under these conditions,
extremely high shear rates are encountered and the coating
must flow instantaneously and uniformly to keep the final
paper free from streaks and “coating patterns” which ad-
versely affect printing characteristics. Any tendency for
the coating to become' dilatant, or to resist uniform flow
will show up as defects in the printed product. The attain-
ment of pattern-free coating at very high speed is achieved
through good coating viscesity control over the temper-
ature range at which the coating is accomplished and
under the conditions of high shear stresses which prevail
in the coating composition as it is handled by high-speed
coaters.

Further, it is desirable to be able to work with coating
compositions which do not contain an excessive amount of
water, that is, with coatings that have a relatively high
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solids .content; based upon the amount of coating which
is applied. For publication coating, the coating composi-
tion of U.S. Serial No. 60,358, although usable, does not
provide the optimum in high solids content from an eco-
nomic point of view. However, the use of an emulsion
. coating which contains a highly volatile organic soivent

such as kersosene as one of the liquids possesses inherent

advantages over the typical water slurry coating of clay
and casein or of clay and starch, inasmuch as the volatile
organic has alower heat of vaporization than water. "The
drying load and the rate at which drying can be accom-
plished is a direct factor in the cost of the coating oper-
cation and of -the resultant coated paper. Moreover, the
drying rate should be compatible with the coating rate so
. ﬂ.at it is not a contributing factor in reducing the sneed
of the operanon
In coating a prhcatlon paper it iS necessary. also to
‘be able to control ink holdout. This is a property which

controls the rate at which the ink is absorbed into the .

coating surface and into the paper. Ink holdout is di-
rectly related to the gloss and uniformity of the printed
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surface. Low or uneven ink heoldout will result in a dull -

or -uneven print and conversely-high ink holdout will
result in a brighter glossy print. Cn the other hand,
excessive ink holdout may promote chalking or lack of
‘adhesion between dried ink and paper coating.  Thus; it
is desirable that the ink is mot absorbed too rapidly, but
- that a portion of it remain on the surface and contribute
gloss to the print.

Finally, as pointed out zbove it is necessary to reduce
the weight of the coating on the coated paper. in order
to- reduce shipping and mailing charges. - However, as
also pointed out this' is not a matter of merely Teducing

" “the coating thickness or volume since it is sfiecessary to
maintain the thickness of the coating, which in turn main-
tains- the bulk resiliency required in printing., This is a
necessary characterstic of letter-press printing and it is
Tequired to:take up the lack of uniformity in the sheet of
paper and give good printing smoothness while filling in
the unevenness of the paper sheet itself. Finally, it is
also-required that the coated paper have at least as. good

pick resistance as the coatings now used on publication'

paper.

It is therefore a primary ob]ect of this invention to pro-
vide a coating composition of the emulsion type which
exhibits applicaﬁon and drying properties required of a
coating to be used on high-speed coating apparatus.
is another object of this-invention. to provide a coating
composition of the character “described which possesses
rheological -properties insuring a stable viscosity and
temperature index under the conditions of shear which
prevail in high speed coaters. It is another object of this
invention.to provide a bright opaque coating which is
materially lighter in weight than now used, but which
at the same time retains essentially the. same bulk and
resiliency of the present coatings in.order to make.it

It

40

45

50

“readily adaptable to. presently used hlgh-speed printing -

techniques. - It is yet another object of this invention to
provide a_coating composition which has a relatively high
solids. content considered in:terms of the amount used
and in terms of the amount of liguid which must be te-
- moved.. "It is yet another object of this invention to pro-
vide such a coating composition which reduces drym0
load and rates. . Another object of this invention is to

provide a coating composition and a.resultant coated

paper which- perrmts accurate control of ink holdout.

1t is another primary object of this invention to provide
improved publication papers coated on both sides with a
“light-weight coating which permits material savings- in
the cost of mailing and shipping.. It is another object of
this invention to provide such publication papers which
exhibit controlled ink holdout and good pick resistance.
Other objects of the invention will in part be obvxous and
will in part be apparent hereinafter.

- The invention accordingly compnsﬂs the several steps

and the relation of one or more of such steps with respect
to each of the others, and the article possessing the fea-
tures, properties and the relation of elements which are-
exemplified in the following detailed disclosure, and-the
scope of the invention will be indicated by the claims. .
The coating composition of this invention attains the
objects set forth by incorporating into an emulsion-type
coating, comprising an oil-in-water emulsion, a quantity
of starch used as. a viscosity stabilizer., Many attempts
have previously been made to blend casein and starch in’
a coating composition but the experiments have failed
because it -has always been' considered that protein and .
starch adhesives were incompatible. By the addition of
an excess of alkali a more compatible mixture.could be
made, but then it was found that the casein contributed -
little or nothing to increasing the water resistance or the

“ bonding strength of the starch unless the adbesive coating

was essentially all casein. - If ‘the proportions were re--
versed and a small amount of casein was added to a starch
coating, then the bonding strength was reduced. (See for
example Casey, “Pulp and Paper,” vol. III, p. 1595
( 1061) } Moreover, it has always been difficult to main-
tain a uniform mixture of casein and starch, and if the
conditions were not rlght the two would spontaneously
preclluta;e Thus; it is totally unexpected that the com--
bination of these two materials in-an emulsion tyne coat-
ing would not only be workable, but would also be ca-
pable of imparting to the coating outstanding rheological
properties making it partlcularly suitable -in hloh-speed
coating operations. In the prior art, when casein and
starch ‘were combined it was found that the strength of<-
the mixture was not equal to the sum of the strength of
the two components, for under these conditions it was
someatimes found that the starch did not add anything to
the strengih of the casein and acted only as an-iner{ ma-
terial. ~ {See for. example Sutermelster and - Browre,
“Casein and Tts Industrial Applications,” p..294 (1939) )
However, in the coating cbmp051tion G_L thls invention

_there is attained a synergistic effect in that the starch-

contributes v1scosxty control, is completely compatible
with the casein blnndmg with it in the binder film; and
moreover does not in any way detract from the pick
strength, opagueness and brightness of the orlgmal 011-1n-
water emulsion coating.

For a fuller understanding of the nature and ob]ects
of thé invention, reference should be had to-the following
detailed d\,scnpuon taken “in conne\,’uon with the ac-
companying drawings in which:

FIG. 1 is a flow diagram showing the making of the -

coating compositions and the manner in which it is ap~

plied to a paper substrate;
FIGS. 2 through 4 illustrate in a dlaarammatic fashxon

the formation of the coating of this invention;

FIG. 5 is a plot of viscosity vs. coating temperature
for coaung composmons made with and without starch;

FIG. 6 is a plot of torque vs. shear rate for the coating
compositions of FIG. 5; and .

FIG. 7 is a plot of viscosity:vs. coating temperature

" for-another coating composition with and without starch. -
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Briefly, the coating composition-of this invention may
be characterized as an oil-in-water emulsion in which a-
water dispersion of a proteinaceous binder and 2 starch
form the continuous phasv, and a Water—lmmlsmble or-
ganic liquid having a boiling point above water is presen
as a discontinuous phase.  The globules forming: the
discontinuous phase should range in size from about_ 0.5
to 1.5 microns, and the continuous phase should contain
a finely-divided particulate material suspended - therein
and designed to impart dvsired physical characteristics to
the surface of the coating:

In forming the coating composition a water susp.,nsmn
or solution of the proteinaceous binder is made and then
a water-immiscible organic liquid added under conditions
to provide the desired emulsion. To this then is added
starch cooked in water and-the finely-divided particulate
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material. Suitable emulsifying agents may also be used
to obtain the desired physical characteristics of the emul-
sion. The coating composition, which preferably has a
solids content of at least 20%, is then applied to the
paper surface as a continuous film while retaining the
original emulsion structure.

Drying of the film to remove the liquids is carried out
in such a manner that a portion of the water is first re-
moved. from the continuous phase thereby setting up a
gelled matrix in which the droplets of the discontinuous
phase are refained in essentially their original size and
spatial distribution which they occupied in the emulsion
coating. Finally, the remaining portion of the water and
the organic liquid are removed through heating so that
the final coating may be described as one consisting of a
binder matrix containing the starch and finely-divided
particulate matter and having uniformly distributed
throughout muititudinous air-binder interfaces which are
essentially equivalent in size to the liquid droplets form-
ing the discontinuous phase of the emulsion coating.
This means that substantially all of the air-binder matrix
interfaces which impart brightness and opacity to the
coatings are, in their maximum dimension, from about
0.5 to 1.5 microns in size, with no appreciable number
exceeding 5 microns.

The addition of substantial quantities of starch to the
coating composition achieves viscosity stability at tem-
peratures ranging from 90° to 120° F. and permits the
coating composition to be applied to paper at very high
speeds. Moreover, the physical characteristics of this im-
proved coating composition are such that once it is de-
posited on the paper it is smooth and free of any unde-
sirable patterns related to coating techniques. Thus, the
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coating composition and the resuiting coated paper con-

tain a combination of casein and starch, heretofore be-
lieved to be uadesirable in conventional coatings.

FIG. 1 illustrates diagrammatically the process of form-
ing the coating composition and-its application to a sub-
strate such as publication paper.  With reference to-this
flow diagram, it will be helpful to discuss the general
formulation of the coating, the components and their
weight ratios, and finally the actual formation of the coat-
ing in the desired configuration on the substrate.

The liquid- coating composition comprises an oil-in-
water emulsion. The continuous phase is an aqueocus dis-
persion of a mixture of a binder-matrix material and of
starch (serving as a viscosity conirol agent) and contain-
ing finely-divided particulate material suspended therein.
The discontinuous phase is a water-immiscible organic
liquid present in globules within a specific size range.

The binder-matrix material is a film forming material
capable of setting up first in a gel-like matrix with the
removal of a portion of the water in which it is dispersed
and then in an essentially continucus film having air-binder
interfaces formed through its volume. Suitable binder-
matrix materials are selected from the group consisting of
casein, alpha protein, water-dispersible elastomers (nat-
ural and synthetic rubbers) and mixtures thereof. In
the case of elastomeric materials it is desirable to use
an appreciable percentage by weight of casein or alpha
protein in the binder.

Inasmuch as casein is the preferred binder-matrix ma-
terial, the following description will be given using casein
as the binder. However, it is not meant to limit the
binder material to casein.

In formulating the liquid coating composition it is first
necessary to form the proteinacecus material such as
casein or alpha protein, which forms the binder, inio a
suitable water dispersion or sclution. This can be done
moest conveniently with the aid of a solubilizing agent
which is alkalire in nature. Such solubilizing agents in-
clude, but are not limited to, ammonium hydroxide, so-

~dium hydroxide, sodium tetraborate, sodium carbonate,
and trisodium phosphate. Any of the known solubilizing
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agents for casein can be used in the process of formulat-
ing the coating of this invention. )

Inasmuch as casein or other protein-containing com-
ponents in an unmodified state are known tc be scime-
what sensitive to water or to moderate pressure and since
this is undesirable in a publication coating paver, it is
necessary to add to the coating composition a modifying
agent which will convert the casein portion to am essen-
tially water-insoluble condition in the final coating. This
may be conveniently done by adding to the binder solu-
tion an inorganic metal salt which is appreciably soluble
in the binder solvent and which forms an insoluble deriva-
tive with the binder. Thus, in the case of casein it has
been found satisfactory to add zinc sulfate. The resuit-
ing coating then apparently comprises a substantially
water-insoluble zinc salt of casein making the.final coat-
ing also containing the starch less sensitive to water than
an unmodified casein-starch mixture. Other metallic ions
such as copper, aluminum and chromium may also be
used to convert these binders to an essentially insoluble
form. The manner in which a material such as zinc
sulfate is added to form the zinc caseinate is well known
in the art and need not be described further. Typical
formulations using zinc sulfate in this role will be iltus-
trated in the examples given below.

The liguid forming the discontinuous phase of the emul-
sion must be a water-immiscible organic liquid having a
boiling point above that of water at the drying temperature
required, but for practical considerations in its removal
during drying, this boiling point should not exceed about
560° F. Moreover, at the initial drying temperature, the
discontinuous phase liquid must hdVve a vapor pressure
below that of water in order to permit the first portion
of the water to be removed to set up the matrix in a gel
form wthout any substantial removal of the organic
liquid. Suitable water-immiscible organic liquids include,
but are not limited to, xylene, kerosens, mineral spirits,
high flash naphthas, ketones such as butyl methyl ketone
and amyl ethyl ketone, parafiin hydrocarbons such as oc-
tane, and. the higher-boiling acetates such as butyl acetate
or amyl acetate. ’

The final choice of the liquid forming the discontinuous
phase may also require the consideration of such factors

as that which will give the brightest coating for-a given

weight per udit area of surface for a specific film form-
ing material; that which will prove to be the most com-
patible with other components such as a binder, the dis-

persing agent and any particulate additive, dye or dyes

added; and that which will meet certain other require-
ments such as toxicity, inflammability, adaptability to pro-
duction procedures, cost and the like.

Inasmuch as the mixing of the coating composition of
this-invention requires a thorough dispersing of one liguid
in another, each of which is immiscible in the other, it is
desirable to add a dispersing agent such as those com-
monly used to prepare emulsions. Such a dispersing agent
may be one of the appropriate soaps such as ammonium,
sedium or potassium oleate or stearate or other suitable
emulsifying agents. The dispersing agent may be formed
in situ by a reaction between a weak organic acid and an
alkaili metal ion furnished, for example, from an excess
of solubilizing agent. Thus, if stearic acid is added to a
coating mixture containing an excess of ammonium ions,
ammonivm stearate is formed and serves as a dispersing
agent.

Generally, the weight ratio of binder-matrix material
plus the starch to the liguid of the discontintous phase
will range from about 1:1 to about 1:10. The actual
ratio will depend upon the characteristic of the final coat-
ing desired. As a rule, the smaller amount of matrix
material, the higher the brightness of the final coating,
and a preferred ratio is about 1:5. N

In preparing the binder solution, or dispersion, it has
been found desirable to formulate solutions having from
about 5% to about 40% solids content by weight while
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about 2 to about 5 parts by weight to 190 parts by weight -

-of the lignid of the discontimuous phase.. The higher
solids content solutions are to be preferred since: they- de-
* crease-the ultimate drying load and rate.

" . The starch which is added as a viscosity controlling

- agent o the binder-matrix inaterial may be any type of

starch which is normally used in paper coatings. Thaus,
* it may be oxidized starch, enzyme-converted starch; the
so-called aldehyde starches, or a starch which has been
hydrolyzed-to a lower molecular weight. Many treat-
ments. are available to convert starch-to the necessary
molecular weight and properties suitable for use in paper
_eoating compositions, The various starches suitable fer
use in our coating composition are described in- detail
.'in TAPPI Monograph Series—No. 17, “Starch and Starch
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Products in Paper Coating” (1957). . The starch which is .

introduced is prepared by cooking first in water for about

10-15 minutes at about 190° F. and is added as a rela-
tively thin water dispersion containing from 20% to 35%
by weight.of starch. The starch is preferably added to
the emulsion at a temperature of about 160° to 170° F.
The ratio’ of binder-matrix material such as casein to
starch may vary over a range from about 1:1 to 1:5 . In
~ general, if less starch is used, some difficulty in viscosity
control at high temperatures will be encountered; while
if an excessive amount of starch is used, some difficulty
in forming the desired film structure is experienced.

" Finally, there s added to the coating cormposition a
* finely-divided particulate .matter designed to contribute
“to the surface of the coating film additional desired physi-
" cal properties, particularly good printing quality and high
pick resistance. - : ‘ :

The pariicalate additives suitable for incorporation in .-

the coating of this invention may be defined as finely-

.. divided particulate matter generally of inorganic origin
.~ which are inert to the binder material, to the starch, and

“'to. the discontinuous phase liquid under the. condition
which the film coating is applied to the substrate... The
particulate - matter is preferably sized finer than 12 -mi-
crons; however, particle sizes up to those which can be
substantially permanently -bonded -by ;the film forming
binder-matrix material may be used.. The final surface
characteristics of the modified film coating will control
the size of the particulate matter; thus, if a coarse sur-
face is undesirable, then -the particulate matter will be
sized within the finer size range. : o
. Tt is important to note that the particulate additive used
in the coating of this invention is not present in the rcle
of a pigment insofar as the term pigment is used generally
to denote a material which contributes opacity to a system.
On. the ' contrafy, it can be shown that although many
of the particulate additives can in some coatings and sizes
be considered pigments, they contribute no brightness or
opactities to the coating of ‘this-invention; rather they
contribute desirable properties to the surface of the coat-

_The amount of particulate additive which may be added
fmay be as high as about three to four times the weight -
of the binder-matrix material, €.g.; casein, plus the starch
present.- Generally, for  making film - coating “suitable
for priiting, it will be preferable to the use weight ratios
of binder-matrix material plus starch to particulate addi- -
tive of from .about 1:0.5 to 1:4. ;

In mixing the coating composition of this invention, it 5
is desirable to make up the binder solution: (containing -
the ‘insolubilizing agent) separately, and then while -stir--
ring very rapidly add the discontinuous phase liquid- con- .
taining the dispersing agent. . If the dispersing agent is’
to be formed in situ the acid reactant is added to the
liquid used to form the discontinuous phase, and. the.
basic reactant to the binder solution. = Subsequent to the
formation of the emulsion, it may be necessary to further
process the emulsion to adjust-the size range of the dis- -
continuous- phase globule, that is, of the globules of the

" ‘water-immiscible organic liquid- making up this discon-
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tinuous phase.” This may be done by any known tech-
nique such as passing the emulsion through a.homog-
enizer. Inasmuch as the-size range of the globules mak-
ing up the discontinitous phase of the emulsion is later
to determine the size range of the interfaces in the
finished dry coating, it is mecessary to make this adjust-
ment so that the discontintous phase globules rangein
size from about 0.5 to 1.5 microns with no appreciable
number exceeding 5 microns. )

While the emulsion is maintained at a temperature of
about 120-130° F., the hot water solution of the starch is
added with further stirring to completely incorpordte the
starch into the continuous phase of the emulsion, that is,
into- the casein or other proteinaceous: binder material
solution. Afier the incorporation of the starch the par-
ficulate material is added to complete the formulation
of the coating composition. It is only necessary to in-
sure that these particles are uniformly -dispersed in the
continuous phase of . the emulsion :coating. Although ™~
the patticulate additive-can be put into the discontinuous -
phase, ‘it is preferable:to introduce it into the continuous

~ phase. This preference is based on the fact that the con-
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ing. -In some instances, the particulate matter actually -

- somewhat reduces opacity and brightness for a given
coating weight. The particulate additive may be fur-
ther characterized as a material which is. substantially
wetted by either the water Solution of the matrix material

or by the discontinuous phase liquid and which can be .

permanently bonded within the final matrix film. * The
particulate additive may also possess other more specific
characteristics such as being highly absorbent to the liquid
medium of the ink used in printing, or the capability of
imparting modification in the ‘appearance of the surface
such as a metallic appearance which would be created by
the use of finely-divided aluminum powder or-flakes as
a particulate additive. e -
_ Typical particulate additives include, but are not limited
-7 1o, chalk, clay, titania, hydrated calcium silicate, metallic
* powder such as aluminum and.bronze, carbon black and
" “colored pigments such as an ultramarine blue and the
like. S
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‘tinvous phase liquid is generally more- viscous thdn the

discontinuous phase liquid and thus is- more suitable to
effectively suspend the particulate additive, Moreover,
better binding -of the particulate additive is achieved by
adding it to the continuous:phase.- '

Once the coating has been thoroughly mixed it is ap- =~

plied to-the substrate. by any well known coating tech-
nigue, ‘and in the case of publication paper by high-speed
coating apparatus, €.g., a trailing blade coater. . It is not
necessary to completely. dry the substrate, ie., the publi-
cation paper prior to the application of the coating.: “Thus, -
the coating may be an on-machine operation during the
actual manufacturing of the paper. Generally, the emul-
sion coating is applied at a temperature of between about
90° and 100° F. in keeping with high-speed coating tech-
niques. - However, it may be applied over a wide tem-
perature range .(e.g., 75° to 150° F.) so long as the tem-
perature is maintained relatively constant. -

Tt is to be noted that the emulsion is applied as a con--
tinuous film with the emulsion structure being retained -
as it existed in the original-emulsion coating. = This may
be clearly seen with reference to FIGS. 2 and 4 wherein
the: actual formation of the coating from the emulsion is

illustrated in a much enlarged, diagrammatic fashion.

In FIG. 2, the coating 11a, which is the emulsion coating,

/is applied to a suitable substrate 16 such as publication

paper. ~The coating will be seen to be made up of the
continuous phase 12 containing the casein and the starch..
The starch is not identifiable but is an essential part of
the continucus phase and is -therefore not present as a
particulate material. - Dispersed - within the continucus
phase is the finely-divided particulate material - 14.
Globules 13 of the water-immiscible organic liguid form-

- ing-the discontinuous phase are also dispersed in the con-
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tinuous phase 12. After ihe coating has been -applied
to the substrate, heat is applied to first remove a portion
-of the water from the continuous phase causing the
binder-matrix material containing the starch to set up in
the form of a continuous gel-like film 15 illustrated in
FIG. 3 which shows the intermediate coating stage as
gel-like coating 11b. Subsequently additional heat is
applied to remove the remaining water and discontinuous
phase liquid to give the coating i1c of FIG. 4. In the
‘beginning of the drying, it is necessary that there exist
a differential in the rates at which ithe water and the dis-
continuous phase liquid are removed to form the very
small air-binder interfaces which distinguish the coating
of the invention. As will be seen in FIG. 3, during the
initial phase of the drying step required to create the
gel matrix 15 and refain the emulsion structure, the con-
tinuous phase material probably shrinks to some extent;
but the globules 13 of the water-immiscible organic liguid
making up the discodtinuous phase remain in essentially
the same position and retain the same size as they did in
the original emulsion structure of the coating before it
was applied. Finally, in FIG. 4 with the removal of the
remaining portion of the water and of the discontinuous
phase liquid, some of the globules rupture and there are
-defined ‘within the coating 3¢ the air-binder matrix inter-
faces 17, in the binder matrix/starch film 1§, which con-
tribute the opacity to the coating. Again as in the case
of FIG. 3, these binder interfaces retain essentially the
same location, size and -structure as the discontinuous
phase globules had in the emulsion and range in size from
about 0.5 to 1.5 microns, giving rise to air-matrix inter-
faces in the-coating-of FIG. 4 in the same size range.

It will also be seen from these figures that the coating
in FIG. 4 represented by 11c is'an essentially continuous
film coating -containing these air-binder interfaces uni-
formly-distributed throughout.

The following examples which are means to be ilus-
trative, and not limiting, are given to further describe the
formulation of coating compositions, their application fo-a
typical substrate and their rheological properties as con-
trasted to a coating which does not contain starch.

‘EXAMPLE 1

A control ceating.composition withont starch was made

as folows. 200 pounds of casein ‘was stirred into 800
pounds of water and the mixture was heated to 150° F.
At this temperature 35 pounds of aminonium hydroxide
(28% concentration) was added and the casein disper-
sion maintained at 150° F. for about 10 minutes uatil a
casein solution had been formed. In a separate vessel
17.5 pounds of zinc sulfate heptahydrate was dissolved in
150 pounds of water. This zinc sulfate solution was then
added to the casein solution at 150° F. While the mixture
of casein and zinc sulfate was maintained at this elevated
temperature, 35 pounds of addifional ammoniom hydrox-
ide and 22.5 pounds of oleic acid -were added. Finally,
348 pounds of a kerosene cut which was No. 9 refined oil
(boiling range of 335° ¥.) was added to-the hot casein
‘solution with sufficient agitation to control kerosene parti-
cle size between 0.5 and 1.5 microns. After the emulsion
had been formed a slurry made up of 525 pounds of
No. 1 coating-grade clay in 375 pounds of water and 1.5
pounds of sodium hexametaphosphate (a clay dispersant)
was stirred into the emulsion and uniformly distributed
throughout the casein solution forming the continuous
phase. This coating composition had a solids content of
30%.

FXAMPLE 2

For comparison, a 30% solids content coating was pre-
pared in accordance with this invention. Tt was made by
mixing 100 pounds of casein in 450 pounds of water and
adding to this mixture 17.5 pounds of ammonium hydrox-
ide (28% concentration) when the casein water mixture
had been brought to 150°F. The mixture was maintained
at this temperature for ten minutes; and then to it was
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added a solution containing 10 pounds of zinc sulfate
heptahydrate in 100 pounds of water. To the zinc sulfate
containing casein solution was then added 35 pounds-of
additional .ammonium hydroxide, 22.5 pounds of -oleic
acid and 348 pounds of the kerosene. The ammonia and”
oleic acid were -added ‘first and then the kerosene added
with agitation sufficient to emulsify the liquid mixture
and to form kerosene particles as discontinuous phase
globules, ranging in .size from 0.5 to 1.5 microns. In a
separate container, 100 pounds .of an oxidized starch was
heated in 400 pounds of water to between 190° and 195°
F. for 15-minutes. This thin starch-water mixture was then
added to the emulsion. Finally, 525 -pounds of No. 1
coating-grade clay mixed in water-to form a slurry con-
taining 375 pounds of water and ‘1.5 pounds -of sodium
hexametaphosphate was added to the emulsion. The final
coating composition was mixed thoroughly at slow speed
to blend in the clay.

The binder matrix material in this coating was a mix-
ture of casein and starch in a 1:1 ratio. The starch was
found to be present in a continuous film with the casein
and was not identifiable as particulate matter as were, of
course, the clay particles. :

The fact that the starch serves as a viscosity stabilizer
in high-speed coating may be shown by a comparison of
the rheological properties of the coating compositions of
Examples 1 and 2.

The Brookfield viscosities were obtained at four tem-
peratures, using two different r.p.m.’s for the two composi-
tions with the following results, the data in Tables 1 and
2 corresponding to the compositions of Examples 1 and 2,
respectively.,

Table 1
COATING WITHOUT STARCH
Viscosity, Centipoises .
Temp., ° F. - Viscosity
Index?
10r.pm. | 100r.p.m.
70_ 54,800 30,800 1.78
87_ 17,200 11,600 ‘1.48
105 _- 9, 600 6, 200 1.55
116_____ 8,000 5,250 1.52
! Ratio of viscosity at'10 r.p.m. to viscosity at 100 r.p.m.
Table 2
COATING WITH STARCH
Viscosity, Centipoises
Temp., ° F. Viscosity
Index !
10r.p.m. | 100 r.p.m.
70. 44, 000 15,200 2.91
90__ 26, 400 10,100 2.62
104__ 19, 200 7,400 2. 60
110__ 18,400 7,200 2.54

The data for the viscosities at 100 r.p.m. -are plotted in
FIG. 5. These data and the plot of FIG. 5 clearly illus-
trate the stabilizing effect which starch has over the tem-
perature range considered. The coating composition of
Example 1 without starch exhibited a drop from 30,800
to 5,250 centipoises for an increase in temperature of 40°
F. (70° to 110°) amounting to-a factor of near 6; while
the starch containing coating showed a drop from 15,200
to 7,200 centipoises over the same temperature range, or
a factor of a little more than 2. Thus, these data show
that variations in coating temperature will have little in-
fiuence upon the coating composition of this invention but
marked influence on a comparable coating without starch.
This in turn has important ramifications in high-speed
coating where viscosity stability over a temperature range
is necessary.
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Of equal importance is the effect upon viscosity at any
“one temperature with increase in shear.- This effect is
illustrated by the viscosity index glven in Tables 1 and 2.
‘By increasing the Totaticnal speed of -the blade of the
Brookfield viscosimeter from 10.to 100 the shear forces

acting upon- the liquid coating -compositions -were in-" .

creased.. The average viscosity index for the all-casein
composmon was 1.56 while for the casein-starch composi-
tion it was 2.67. This means that high shear forces de-
. crease the viscosity of the coating composition to a much
greater degree than in the case of the all-casein coating.
In- high-speed coating this shear thinning is required to
give the hqmd coating desired flow properties to achieve
rapid covering with no coating patterns. With the release
of the shear forces in the coating: operation the viscosity

" .casein solution containing the zinc sulfate.
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should again increase to cause the coating to set up -

rapidly in the smooth pattern-free deposition it attained
while under shear forces. Thus, the greater differential in
viscosity uander different shear conditions shown by the
coating of Example 2 coupled with: the higher viscosities

at coating temperatures (90° F. to 120° F:) impart to’

20

the coating of this invention the theological properties re- .

quired in high-speed coating and not possessed by the box-
board type coating de31gned for low coating rates and.air-
knife application. -
In order to Jllustrate the difference in rheologmal prop-
~erties between the coating compositions of Examples 1 and
2 a rheogram was made and it is reproduced in FIG. 6.
This is a plot of torque versus. shear rate as determined
on a Hercules high-gear viscosimeter. The purpose of the
~ rheogram is to determine the:effect on the torque contrib-
-uted by an increase in shear. It is obvious that the

30

greater this effect is, the greater the resistance to flow

will be which is exhibited by the composition. With in-
creased resistance to flow comes difficulties in obtaining
a smooth, level, pattern-free coating. An-examination
of FIG. 6 shows that there is very little increase in torque
-~ (or flow resistance) with increasing shear on the coating
composition of Example 2.

In contrast, the coating without starch (Exzample 1)
shows a marked increase in flow resistance and a definite

indication of “chattering” at -high shears, the latter being -
" - .conditions of shear were obtained as for the-coating com-

a sign-of instability in the system. . :

The coating compositions of -Examples 1-and 2 were
applied by means of an RDS laboratory coating rod to
“sheets of a publication coating raw stock, 27 pounds per
ream (3,300 square feet basis). A standard clay-starch
coating was likewise used to coat sheets of the same stock
to achieve essentially the same characteristics. - The coat-
- ing weights, volumes and thicknesses are summanzed in
Table 3.

- Table 3
L Dry Coating | Dry Coating | Dry Coating
Coating ‘Weight, 1bs./ Volume, Thickness,
ream/side | Cubic inches Inierons
Clay-stargh_.____._____.____ 5.0 59.0 3.2
Example 2. _______..... e 2.0 61.2 3.3

A comparison of the Example 2 coating composition
with the clay-starch coating shows that the former results
in a dry coating having a volume and thickness equal to
the clay-starch coating but a weight which is less than
one-half of this standard coating, thus the coating of this
invention represents an- imporiant reduction in weight
without sacrificing any volume required for bulk 1esxl-

_iency in printing.

EXAMPLE 3

A second coﬁtrol coating was made up containing 23%
solids by dispersing 100 pounds of casein in 450 pounds
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“tributed - throughout the - continuous. phase.

i‘?

'of water and heatmg it to 150° F., at which pomt 17

pounds -of ammonium hydroxide (28% concentration)
was added. After this mixture had been maintained for
about 10 minutes at 150° F. a solution of 10 pounds of
zine sulfate heptahydrate in~50 pounds of water was

“added and then 9 -pounds -of additional ammonium hy- .-

droxide and -6 pounds -of oleic acid’ added to the hot
.Finally, 133
‘pounds of minéral spirits’ (boiling range of 340° ‘to
405° F.) was stirred in with sufficient mixing ‘to" obtain
an ‘emulsion in which the particle ‘size of the casein
ranged from 0.5 to 1.5 .microns.
then added-a clay'slurry made up of 100 pounds of No. 1
coating clay in 50 pounds;of water containing 0.5 pound
of sodinm hexametaphosphate. The clay was: blended
into the emulsion with sufficient stirring to achieve uni-
form-dist 11butlen of the particilate matter in the con-
tinuous phase of the emulsion.

EXAMPLE 4

A coating comparable to that.of Example 3 containing
23% solids was made up to include starch in the ratio of
2 parts of starch to 1 part of casein.” This was done by
mixing 440 pounds of ‘casein in 2,017 pounds of water
and 88 pounds .of -ammonium hydroxide (28% concen-
tratlon) and then 'adding 27.5 pounds of zinc. stlfate
heptahydrate dissolved in 267 pounds of water. Flnally,
to this was added 39.6 pounds of ammonium hydroxide in
26.4 pounds of oleic acid. The oil-in-water emulsion
was formed by adding 1,760 pounds of the mineral spirits
of Example 3 with sufficient stirring to give an emulsion
having particle sizes ranging from 0.5 to 1.5 microns. To
the continuous phase of the emulsion was then added 839
pounds of enzyme-converted starch dissolved and heated
for 15 minutes between 190° and 195° F. in 3,520 pounds . -
of water. Finally, a clay slarry containing 70% -solids
and 1,890 pounds of clay ‘with a clay. dispersant, was
added to the emulsion and blended to be uniformly dis-
Tempera- -
tures used throughout- this formulation. were essentla].ly
the same as those used in Example 2,”

Viscosities at different temperatures and under different

positions of Examples: 1" and 2. The data tabulated in
Tables 4 and 5 correspond to Examples 3. and 4, respec-
tively.” The viscosities at 100-r.p.m. are plotted in E_IG 7.

Table 4
C-bATING WITHOUT STARCH
- Viscosity, Centipoises
Terperature, ° F. - Viscosity
Index
- 10 r.p.m. [ 100r.p.m.
0. 71,200 | 40,000 |
83.__. 21, 200 14, 600 1.45
110..__ 12, 000 6, 400 1.88
123____ 6, 000 3,000 2.00
Table 5
COATING WITH STARCH
7_ Viscosity, Centipoises
Temperature, ° F. Viseosity <
. Index
10 r.p.m. | 100r.p.m.
79 " 98,000 5,200 5.4
G4 _ 27,200 4, 520 6.0
102_.__ 21,200 - 4,000 5.2
117 .. 20,000 3,480 5.7
The stability of the Example 4 composition containing

two parts of starch to one part of casein is even more

Into this emulsion was =
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marked than that of Exampie 2 where equal amounts of
stach and casein were used. Moreover, the viscosity in-
dex (average of 5.57) is greater showing a greater tend-
ency for the Example 4 composition to flow freely under
‘high shedr siresses, thus making it particularly well suited
to high-speed coating application.

The application properties of the above coatings were
evaluated on a pilot Massey coater. The Massey coater
is a print rol} coater which transfers a thin film of coating
from one roll to ancther and finally prints the coating
from a rubber-covered roller onto the paper. The coating
in this type of application must spread uniformly over
the rolls without “long necking out in the nips” and
forming a pattern on the rolls. The all-casein -coating
of Examples 1 and 3 had very poor transfer properties
and formed a heavy ridge and “crow’s-feet” patterns
on the rolls which resulted in theven coverage of the base
paper. The starch-casein coatings of Exemples 2 and 4,
however, spread uniformly on the transfer roils and the
coated paper was essentially free from -coating -pattern,
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cing ‘covered uniformly. Print tests on the two coatings -

confirmed these observations. The starch-casein coatings
had acceptable printing smoothness and - umiform ink
holdout while the casein coatings without starch had poor
printing smoothness and a mottled appearance due to un-
even ink holdout. No difference in pick strength was
noted bétween the two coatmgs

EXAMPLE 5

A coating composition was prepared in accerdance
with this invention in which the ratio of casein to starch
was 1:4, One hundred pounds of a 12% casein disper-
sion in water was mixed with 160 pounds of water, 2
pounds of aminonium hydroxide (28% ) and 4 pounds of
oleic acid. This was heated to 120° F.and 120 pounds
‘of xylene was added with stirring to form an emulsion.
Forty-eight pounds of an -oxidized starch was heated in
144 pounds of water at 195° F. for 15 minutes. After
cooling the starch solution to 150° F. it was added to the
120° F. emulsion and then 260 pounds of a 70% clay
water slurry was blended in until smooth. The starch-
casein coating at 31% total solids had a high shear torque,
4 dynes/cm.?, considerably below that of a comparable
casein coating, 12 dymes/cm.2 at 30% total solids, thus
indicating. that even higher solids could be achieved.
Both coadtings ‘applied to one side of a publication coating
raw stock increased its brightness by 2-3%, and the
opacity by 4-5% at a coating weight of 2-3 ;pounds per
side. The pick resistance of both coatings was sufficient
to give no coating pick on the IGT Print Testing ap-
paratits using a #3 Tack Rated Ink at speeds up to 250
ft./min. Proofpress prints cf the two coatings indicated
no essential ‘difference in printing smoothuess. Other
proofpress prints, however, showed that the starch-casein
coatings had ink holdout coniparable to conventional pub-
Yication paper ccatings and less ink holdout than the
casein-based coatings.

As in other paper coating processes, the coated paper
may be calendered as a final step in the process of this
invention. Calendering tends to impart additional smooth-
ness and uniformity to the coated surface and in some
cases it contributes additional gloss. -Calendering may
also partially collapse some of the coating structure
and detract from the optical properties, but this is not
marked unless calendering pressures are too. severe.

The data presented “illustrate the marked changes in
rheological properties contributed by the addition of
starch to a proteinaceous porous film coating and the im-
portance of these changes to the achievement of a coat-
ing composition suitable-for high-speed application. Thus
there is provided a coating suitable for publication papers
which are ‘customarily coated and dried at very high
speeds. This coating, moreover, represents a material
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decrease in coatmt, weight which is directly translatable
into cost savings in shipping and mailing. Commercial
tiials have demonstrated the feasibility of reducing. the
basis weight of publication paper from 40 ‘pounds to 31
or 32 pounds per ream-—a reduction of approximately
20%. Since the final dry coating ‘does not represent any.
decrease in volume, it is amenable to letter-press printing
‘which relies on the bulk and resiliency of a coating for
overall uniformity of printing. Moreover, since 5o re-
duction has been made in the raw coating stock runa-
bility characteristics of the final coated paper will not be
impaired.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding descrip-
tion, are efficiently aftained and, since certain changes
may be made in carrying out the above method and in
the composition set forth without departing from the
scope of the invention, it is intended that all matter con-
tained in the above description as shown in -the ‘accom-
panying drawings shall be interpreted as iliustrative and
not in a limiting sense.

We claim:

1. A coating composition suitable for high-speed appli-
cation to a substrate to form on said substrate a bright,
opaque film exhibiting good printing characteristics and
controlled ink holdout, comprising an oil-in-water -emul-
sion having

(e¢) a continuous phase comprising

(1) an aqueous dispersion of a film-forming bind-
er-matrix material selected from the group con-
sisting ‘of casein, alpha protein, water-dispersible
elastomers and mixtures thereof,

(2) starch, and

 (3) aparticulate additive; and
(b) a discontinuous phase comprising globules of'a-vola-
tile water-immiscible organic liquid having -a boiling
point above water and presznt in-a globule size range
between about 0.5 and about 1.5 -microns with no
appreciable number exceeding 5 microns; said starch
being present in a quantity sufficient to significantly
reduce the viscosity of said coating composition under
-high shear and to stabilize the viscosity of said coat-
ing composmon over a femnerature range from 70°
F.t0 120° F

2. Coating composition in accordance with claim 1
wherein said binder-matrix material is -casein and the
weight ratio of said casein to said starch ranges between
1:1 and 1:5.

3. Coating composition in accordance with claim 1
wherein said parficulate additive is clay, and the weight
ratio of binder-matrix material plus starch fo clay ranges
between 1:0.5 and 1:4. _

4. Coating composition in accordance with claim 1
wherein said water-immiscible organic liquid is mineral
spirits.

5. Coating composition in accordance with claim 1
wherein the solids content of said composition is at least
20%.

6. Coating -composition -in .accordance with claim 1
wherein ‘the weight ratio of binder-maitrix material plus
starch to water-immiscible organic liguid ranges between
1:1 and 1:10.

7. Method of coating a substrate with a bright, opaque,
substantially continuous film suitable for receiving print-
ing under conditicns of controlled ink holdout, compnsmg
the steps of

(a) forming -an oil-in-water emulsion, said emulsion

consisting essentially of-a-continuous phase character-
ized as an aqueous dispersion of a film-forming
binder matrix material selected from the group con-
sisting of casein, alpha protein, water-dispersible
elastomers and mixtures thereof, starch and particu-
late material, and a discontinuous phase of a. vola-
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tile water-immiscible organic liquid having a boiling :

point sbove water and present ‘as globules in 2 size
‘range between 0.5 and- 1.5 microns with no appreci-
able number exceeding 5 microns; said starch being
present-in-a-quantity sufficient to significantly reduce

“ the viscosity of said coating composition under high

-~ -shear and to stabilize the' viscosity of said coating

composition over a temperature range from 70 F..

“to 120%F; .

‘. (k). ‘applying a film of saidemulsion to the surface of .

said: substrate;

R () stabilizing the structure -of the ap;ﬁlied emulsion .

film ‘by .evaporating first a portion of-the water of
said emulsion and forming thereby a matrix of said
said film-forming matrix binder material and starch
having uniformly distributed throughout said particu-
late material and said globules of said water-immis-
cible organic liquid, the dimensions of said globules
remaining substantially equivalent to those of the said
discontinuous phase in said applied emuision film;
and ) . !
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(d) then evaporating any remaining water from said -
mairix and evaporating said water-immiscible or- -

ganic lignid from said-globules to provide multitudi-

nous air-binder interfaces, the sizes of which corre-

spond substantially to the size of said globules and

range in dimension from about 0.5 to 1.5 microns
© with ho appreciable number exceeding 5 microns.

8. Method in accordance with claim 7 wherein said sub-
strate is publication coating raw stock and said coating is
accomplished on both sides of said stock.

9. ‘Method ‘in accordance with claim 7 wherein' said
continuous phase of said emulsion comprises an agueous
solution of casein and starch having clay uniformly: dis-
tributed throughout, the weight ratio of casein to. starch
ranging between 1:1 and 1:5 and of ‘casein plus starch
‘o clay ranging between 1:0.5 and: 1:4. :

10. Method in accordance with: claim 7 wherein said -

discontinuous phase is mineral ‘spirits  present in-a weight
ratio of binder matrix material plus starch to said mineral
spirits of between 1:1'and 1:19. A

11. Method in accordance with claim 7 further char-
sacterized by the ‘step of calendering the resulting coated
substrate.’ . :

12. Method of coating a substrate with a bright, opaque
subtantially continuous film exhibiting good printing char-
acteristics and controlled ink holdout, comprising the
steps of - S ) -

(a) making an emulsion coating by the following steps

(1) forming a water sclution of casein, )

(2) adding to the casein solution an insolubilizing

~“agent for said casein to form a continuous phase
liquid, : }

(3) dispersing in said continuous phase liquid a
volatile water-immiscible organic liquid -thereby
to form an oil-in-water emulsion in which said
organic liquid is present. as the - discontinuous

phase in globules ranging between 0.5 and 1.5
microns in size with no appreciable number ex-
ceeding 5 microns, )

(4) adding to said emulsion a cooked starch-water
mixture the quantity of starch contained therein
being’ sufficient to- significantly reduce the vis-
cosity of said coating composition under high
_shear and to stabilize the viscosity of said coat-
.ing composition over a temperature range from
70° F. 10 120° F.,and ,

~(5). incorporating into said emulsion a particulate
i additive;
.. (b) applying a film of said emulsion thus formed to
) the ‘surface of said substrate;
(c) stabilizing  the structure of the applied emulsion
film by evaporating first a portion of the water of
said emulsion and forming thereby a matrix of said
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film-forming matrix-binder material and starch hav-

ing uniformly distributed throughout said particulate
‘material and said globules:of said water-immiscible
-organic liquid, the dimensions of said globules re-
maining substantially equivalent to those of the said
discontinuous: phase in said- applied emulsion film;
and ' : :

(d) then evaporating any:remaining water from said

matrix and evaporating said water-immiscible organic
Hquid from said globuleés to-provide multitiudinous
air-binder interfaces; the sizes. of which: correspond
~ substantially to the size of said globules and range
in dimension from about.0;5 to 1.5 microns with no

. appreciable number exceeding 5 microns.
“13. Method in accordance with claim 12 wherein said
casein solution has a solids content of from 5% to 40%,
said starch-water -mixture has a ‘solids content of from

20% to 35% and said emulsion coating at the time it
is applied to said substrate- has a solids content of at-

least 20%. L R
14. Method in accordance with claim 12 wherein said

emulsion is formed and applied at an elevated tempera- -

ture.

'15. Method in accordance with claim 12 wheréin said -

substrate is publication coating raw stock and said coating
is accomplished on both sides of said stock.
16.- Method in accordance with-claim 12 further char-
acterized by the step of calendering the coated substrate.
17. A’ coated product comprising a flexible' substrate
carrying permanently adhered thereto an.opaque, substan-
tially continuous film exhibiting good printing character-
istics and controlled ink holdout, said film being char-
acterized as-a dried, essentially unccllapsed residue.of
an emulsion wherein -the continuous:phase’ of said emul-
sion becomes said film which consists essentially of a blend
of film-forming binder material ‘and starch in which the
quantity of said starch is at least 50% by weight .of said

A',blend, said. film having a particulate material -embedded
therein and having distributed throughout its entire. vol-
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‘ume multitudinous air-binder interfaces; the sizes of which.

are substantially. equivalent to the globules making up

the discontinuous phase of the original emulsion and vary’

in maximum dimension from about 0.5 to 1.5 microns

with no appreciable number exceeding 5 microns, thereby

providing a uniformly. cavernulous substantially-continu-

ous structure capable of scattering light to impart opaque-. -
ness to said film, said film-forming binder material being -

selected from the group consisting of casein, alpha pro-
tein, water-dispersible” elastomers, and -mixtures-thereof.

18..A coated product in accordance with claim 17

wherein said substrate is publication coating Taw stock

coated on both sides arnd said coated product is publica-
- tion paper. . o

19. A coated product in accordance with claim: 17
wherein said binder material is casein and said particulate
material is clay.- ; :

20. A coated product in accordance with claim 19
wherein the weight ratio of casein to starch ranges be-
tween 1:1 and 1:5, and of casein plus starch to clay
between 1:0.5 and 1:4. -

21, A coated product comprising a flexible substrate
carrying permanenily adhered thereto an'opaque, substan-
tially continuous film exhibiting good printing character-
istics and . controlled ink holdout, said film consisting
essentially of a blend of film-forming binder material and
starch in which the quantity of said starch is at least
50% by weight of said blend, said film having a partici-
late material embedded therein and. having distributed
throughout its entire volume multitudinous air-binder in-
terfaces, the sizes of which vary in maximum dimensicn

from about 0.5 to 1.5 microns with no appreciable num-

ber exceeding 5 microns; thereby providing a uniformly
cavernulous substantially continuous structure capable of
scattering light to impart opagqueness fo said film, said

s
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film-forming binder material being selected from the group
consisting of casein, alpha protein, water-dispersible elas-
tomers, and mixtures thereof.

22. A coated product in accordance with claim 21
wherein said substrate is publication coating raw stock
coated on both sides and said coated product is publica-
tion paper.

23. A coated product in accordance with claim 21
wherein said binder material is casein and said particu-
late material is clay.

24. A coated product in accordance with claim 23
wherein the weight ratio of casein to starch ranges be-
tween 1:1 and 1:5, and of casein plus starch to clay
between 1:0.5 and 1:4.
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