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This invention relates generally to the manufacture
of coating compositions and coated- paper, and particu-
larly to the manufacture of a mineral-coated paper which
optionally has a protein adhesive, .but without being
limited to any specific adhesive. - As one aspect of the in-
vention in making a coated paper, 2 finishing roll or drum
is used, said roll or drum being kept above normal room
temperature, to serve as a drying roll. The finishing roll
has a highly polished metal surface. In some cases,
the finishing roll is maintained at a temperature above
100° C. in an atmosphere of air which is at normal pres-
sure of about 760 mm. of mercury, so that the water
in the aqueous coating of the paper web is changed to
steam by close contact with the hot roll. In some cases,
there is a violent evolution of steam from the aqueous
coating, and such violent evolution of steam would dis-
rupt a layer of ordinary fluid aqueous mineral-coating.
According to this invention, the aqueous coating, at the
time of its contact with the hot roll, is sufficiently co-
herent so that it is not disrupted by the violent evolution
of steam. In order to provide such coherence, the initial
aqueous, mineral-coating may be of the usual low-co-
herent type, and such initial coating may be gelled to
provide the necessary coherence, prior to contacting said
coating with the finishing roll.

The term “drum-finished” or “roll-finished” paper in-
cludes cast-surfaced coated paper, but also includes
coated paper which is not cast-surfaced coated paper.
When coated paper is made by the cast-surfaced coating
method, the wet mineral coating has initial low coherence.
While the wet mineral-coating is in said initial low state
of coherence, said wet mineral-coating is applied, in the
old cast-surfaced coating method, to a hot and revolving
casting-drum, thus evaporating the water from the coat-
ing and paper web to about 5% by weight of the coated
paper, without any longitudinal or lateral slip between the
casting-drum and the coated paper web. The drying of
the coated paper web to about 5% of moisture, is evi
denced by a sudden and sharp lateral contraction of the
coated paper web relative to the drum in a direction
parallel to the axis of the dium. This sharp lateral con-
traction is often evidenced by a sharp, popping sound,
and such sharp lateral contraction is one distinguishing
characteristic of cast-coating. Also as far as I know, the
casting-drum in the cast-coating method has always been
kept at a temperature below 100° C., as at 85°-90° C,,
and there has been a long arc of contact between the
casting-drum and the coated web, so that the water vapor
was gently evolved and could escape gradually through
the paper web, without disrupting the mineral coating.
Such drying temperature below 100° C., has been another
characteristic of cast-surfaced coating.

Drum-finishing or roll-finishing is not to be confused

with a process in which a layer of wet coating is brought-

into contact with a deformable surface such as a thick
layer of deformable or flowable grease carried by a
support.

Ordinarily, a chromium finishing surface is covered by
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an extremely thin, non-liquid film of oil or grease ad-
sorbed from the atmosphere. This film may be a factor
in the easy release of the drum-finished coated paper
from the chromium surface. To be sure that the film
will not be worn away during continuous running it is
sometimes found advantageous to provide a small quan-
tity of soap or of oil in the paper-coating or to apply
a dilute soap solution to the chromium surface. The
very thin adsorbed film is very different in its action
from a thick liquid oil or grease film.

According to an aspect of the present invention, as
later explained, the original aqueous coating mixture may
be gelled by means of an aqueous solution of a gelling
agent. In such case, the paper web and its coating layer
may be acidic at the finishing roll. In such case, the paper
web shrinks laterally while the coating is in contact with
the finishing roll, so that the process is not cast-coating
and the resultant coated paper is not cast-coated or cast-
surfaced coated paper.

In another case, the paper web and its coating may be
alkaline while in contact with the finishing drum. In
such case, if there is sufficient alkalinity, the coated web
will not slip relative to the finishing roll until the coated
web is substantially dry, and the process is cast-coating.
Thus, the paper body stock may be alkaline and the acidic
gelling agent may be formic acid, which has about the
same boiling point as water. In such case, the formic
acid may be evaporated in or close to the nip, and there
may be suffifficient reserve alkalinity in the paper base -
of the coated web to result in cast-coating.

In either case, whether the process is or is not cast-
coating, I may use a finishing-roll which is kept at a
temperature above 100° C., as 120° C~150° C., which
is wholly novel. :

As later more fully disclosed, the original aqueous coat-
ing mixture, in addition to casein or other organic ad-
hesive, may include a metal compound, complex, or
chelate, which is decomposed by an acidic agent. How-
ever, in some cases, the original agqueous mineral-coating
mixture may be free from such metal complex, and may
include casein or other protein adhesive or other adhesive
which is dispersible in alkaline water. In such case, I can
use an acidic agent to regenerate the dispersed adhesive
into original water-insoluble or water-non-dispersible
state, and use a finishing-roll which is heated above 100°

. C., as 120° C. If the metal complex is omitted, the
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temperature of the finishing roll is usually lower than if
such metal complex is used.

Thus, one object of the invention is to effect evapo-
ration of water from.a wet coated web by heating said
web above 100° C., while under pressure and then re-
leasing said pressure to permit rapid vaporization of said
water. oo

Another object is to produce gelling or a substantial
increase in cohesiveness of a wet layer of aqueous min-
eral-coating composition upon a supporting paper web,
prior to completing the drying thereof, by chemical re-
action upon an organic adhesive material contained in
said coating composition. :

Another object is to produce mineral-coated paper by
clias(f)lilgc the coating at a temperature substantially above

Anocther object is to produce mineral-coated paper
with a surface which is not a mirror-image of the surface
against which it is finished.

Another object is to provide a process of producing
coated paper by bringing the wet coating on a paper web
into adherent contact with a finishing surface and there-’
after forcibly removing the coated paper from the finish-
ing surface before the coating is substantially dry.

Another object is to produce gelling of a layer of aque-
ous coating composition on a paper web to such a degree
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that the said coating will not be liquefied by subsequent
heating. Other objects of the invention are later stated
herein.

Ordinarily, when a wet web of paper is passed around
a drying cylinder or drum heated above 100° C., a layer
of steam forms between said drum and said wet web, pre-
venting absolute contact of the two. Up to the time that
substantially all the water has been evaporated from the
web, the temperature of the web itself normally never
rises materially above 100° C. Consequently, even when
a very hot drum is used, it normally takes a considerable
length of time to dry a wet web of paper.

A way has now been found to hasten the drying of
wet paper webs. The wet web is pressed by means of an
impervious backing means against a heated surface having
a temperature substantially above 100° C. e.g. 120-150°
C., the external pressure applied being greater than the
pressure of steam at the temperature of said heated sur-
face. In consequence the entire web may be heated sub-
stantially to the temperature of said heated surface.
When the heated web is thereafter exposed to reduced, e.g.
atmospheric, pressure a large portion of the water vapor-
izes practically instantaneously. If the water is a minor
component of the web, as it is in the case of coated paper,
substantially all the water may almost instantaneously
vaporize iato steam.

In the production of mineral-coated paper, an aqueous
composition containing mineral pigment, adhesive matter,
and a considerable proportion, often.over 50%, of water
is applied to the surface of a paper web or base. The
layer of coating when first applied may be quite fluid,
and in any case lacks any substantial degree of cohesive-
ness. In most cases before the coated surface can be
touched, the layer of coating must become set or firm
enough to withstand contact with other objects without
being marked or marred by such contact. Ordinarily,
setting or firming of the coating layer is accomplished by
removal of water from the coating, as by absorption
thereof into the paper base, or by evaporation into the
surrounding atmosphere or both.

Thus, in the production of two-side-coated paper on
the usual converting type of paper-coating machines it is
customary to float the freshly coated paper, for a consid-
erable distance, upon jets of air which are directed against
the under side of the coated web, in order to allow the
coating to become set or firm emough to permit contact
with some mechanical conveyor without being damaged
thereby. Obviously such procedure is bound to impose a
severe limitation upon the speed at which such coated
paper can be produced. ‘

When “machine-coated” paper is made and coated in a
single continuous process on a papermaking machine, the
speed must be relatively high and the coated web must
come into contact with the first of a series of drying cyl-
inders or drums within a short time after the coating is
applied to the web. Consequently, in machine-coating,
special precautions must normally be taken to ensure rapid
setting of the coating layer. Generally an absorptive
paper tase is used and it is coated with a coating composi-
tion of less than 50% water content. As a result, enough
water is quickly absorbed from the coating by the absorp-
tive paper base, so that the coated paper can in a short
time be safely brought into contact with the drying cyl-
inders. Nevertheless in order to avoid troublesome stick-
ing of the coating to the first few drving cylinders, it is
customary to keep those cyiinders at a temperature only
slightly above room temperature, so that in fact those
cylinders have little or no effect in evaporating water
from the coated paper web.

The one instance where the surface of the coating has
been not only permitted but has been required to come
into contact with a solid object, while still in a fluid or
very wet condition, has been the production of cast-sur-
faced mineral-coated paper. Tn making such ‘paper the
layer of coating upon a paper web, while siill very wet
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either from water originally contained in the coating com-
position or from aqueous liquid subsequently applied
thereto, s pressed into intimate comtact with a heated
polished finishing surface such as a chrominum-plated
casting cylinder or drum. As above noted the wet sur-
face of the coating adheres to the polished finishing sur-
face of the casting-drum and holds the web in non-slipping
coutact therewith until the coating is substantially dry,
whereupon the contractile stresses set up in the web by
drying become sufficiently great to cause the substantially
dry web to release itself from the finishing surface by a
sharp lateral contraction. All evaporation occurring
while the paper is in such contact obvicusly must take
place from the reverse side of the web and such evapora-
tion is slow because it has hitherto always been found in-
feasible to operate with a finishing surface having its tem-
perature as high as 100° C. For, it has been found that
when a layer of fluid coating composition having normal
cohesiveness is brought against a surface heated to 100°
C. or higher the resulting rapid evolution of steam con-
verts the layer of coating largely to a froth-like condi-
tion and spoils the product.

it has now been found, as one expedient, that a layer
of fluid coating on a paper web can, by suitable chemical
action, be gelled or converted to a condition of very sub-
stantial cohesiveness while still containing a good propor-
tion of water. After being gelled the layer of coating
can, while still wet, be brought into contact with solid
objects without being damaged, and it can be dried at a
higher temperature than is suitable for the non-gelled or
fluid initial coating layer. Such gelation of the wet layer
of coating is advantageous in each of the three categories
of machine-coating, conversion coating, and roll-finished
coating, which roll-finished coating, as above mentioned,
may or may not be cast-surfaced coating.

In general, it may be said that gelation of a layer of
aqueous coating composition containing an adhesive on
a paper web, may be brought about by the inclusion in the
coating composition of a complex metal compound which
is not reactive with the adhesive, and reacting said com-
plex compound in situ to produce a substance which is
capable of causing gelation of said adhesive.

After the coating layer has been gelled, even though
it still remains very wet, it can stand a considerable
amount of abuse without being damaged thereby. For
instance, it can come into contact with rolls or other
mechanical conveyors, or it can be dried against drying
surfaces having temperatures considerably higher than
can be used when the coating has not been gelled. As a
consequence the time required for drying can be mate-
rially decreased.

Whereas, as has been pointed out previously, in the
old and conventional processes of making cast-surfaced
coated papers it has been found necessary to keep the
temperature of the finishing surface below 100° C. in or-
der to avoid spoiling the coating, when a- gelled coating
is used, the wet coating can be pressed against a drum
or roll having a temperature in the range of 120-150°
C. The coated face of the wet web is pressed against
the finishing surface by a backing roll, the pressure being
higher than the steam pressure corresponding to the tem-
perature of the finishing surface. In the pressure nip,
the whole coated web may become heated to a tempera-
ture above 100° C. and approaching that of the roll or
drum. As the coated web emerges from the nip a large
portion of the water contained therein practically instan-
taneously vaporizes into steam, i.e. substantially all the
water in many cases when the water content is relatively
low. If some water is Ieft after the initial instantaneous
or explosive vaporization, it quickly evaporates at the
pigh temperatures to which it is exposed. As a result
it is found possible, when using a gelled coating as de-
scribed, to produce high-quality roll-finished coated pa-
per at the same speed on a finishing roll 30 inches in di-
ameter, as has been possible under previous conventional
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cast-coating methods, when using a finishing drum about
12 feet in diameter. Conversely by using a finishing
drum larger than 30 inches in diameter, higher produc-
tion speeds can be attained than have been feasible in
the past. Hence the invention makes possible an im-
portant reduction in the cost of producing roll-finished
coated paper having a surface gloss which is substantial-
ly equal to that of the finishing surface against which it
is dried. Such paper is substantially identical in appear-
ance to the best present-day commercial cast-surfaced
coated papers. _

It is entirely possible, by using such pre-gelled coat-
ing, to make such high-gloss paper, while gradually con-
tracting the coated paper web laterally in contact with
the finishing roll, thus eliminating the abrupt contraction
which is a distinguishing feature of cast-coating as here-
tofore practiced.

The invention also makes possible an entirely new type

of roll-finished coated paper, a product which has the
extreme levelness of surface and the superlative printing
surface characteristic of prior cast-surfaced coated pa-
pers, but whose surface is not a mirror-image of the fin-
ishing surface. The known cast-surfaced coated papers
of commerce have surfaces which are substantially mir-
ror-images of the finishing surfaces against which they
have been dried. Since, to date, the only finishing sur-
faces commercially successful for producing cast-sur-
faced coated papers have been highly polished surfaces,
especially polished chromium-plated surfaces, the com-
mercial cast-surfaced coated papers available at present
invariably have an extremely high specular or mirror-
like gloss, far higher than that which can be produced
by super-calendering, which is the commonly used proc-
ess for producing glossy coated paper other than cast-
surfaced coated paper. .

. The gloss of coated paper is commonly measured on a
standard instrument, designated as the Bausch & Lomb
glossmeter. A gloss value of 100, as measured on said
instrument, corresponds to a smooth and polished metal
mirror surface. The best cast-surfaced coated papers
presently available have gloss values approaching 100.
The range of 80 to 100 may be considered to embrace
the entire range of gloss values which may be shown by
commercial cast-surfaced coated papers now considered
satisfactory by the trade. On the other hand an 80 gloss
is hardly ever, if ever, attained by a supercalendered min-
eral-coated paper. The best of such supercalendered
glossy-coated papers commonly have gloss values be-
tween 60 and 75. The supercalendering process com-
pacts and densifies the layer of coating on a coated pa-
per. The surface produced may be an excellent printing
surface but it is somewhat inferior to the surface of high-
quality cast-surfaced coated paper in its ability to repro-
duce printed matter faithfully.

Because of its lower gloss value, the appearance of
supercalendered coated paper is less striking than that
of current cast-surfaced coated papers. But its lower
gloss actually makes it more suitable for typed maiter
and detailed printed matter which must be studied care-
fully, because the lower gloss is less tiring to the ob-
Server’s eyes.

The present invention makes possible, for the first time,
the production of a drum-finished coated paper whose
surface is not a mirror-image of the finishing surface, but
which is comparable in appearance to the best grades of
commercial supercalendered glossy coated paper. The
product, however, unlike supercalendered paper, has an
undensified  coating and it possesses superior printing
qualities characteristic of known cast-surfaced coated pa-
pers which do possess mirror-like surfaces.

According to one feature of the present -invention,
there is applied to the surface of a moving web of paper
a layer of aqueous coating composition containing an ad-
hesive substance capable of being gelled or insolubilized
by a metal ion, and also containing a compound of a
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metal which has said metal jon in an inhibited phase in
which said metal ion is not reactive with said adhesive
but said metal compound is capable of being converted
in situ to a form in which its metal ion is released to re-
act with and gel said ‘adhesive. Thereafter, the layer of
coating, while still wet, is {reated to cause release of met-.
al ion which thereupon reacts with the adhesive and
causes gelation of the layer of coating. Thereafter the
gelled coating layer, though still wet, can be handled
without being marred or disfigured by contact with solid
objects.

As above noted, the invention here described makes
possible the production of roll-finished coated paper at
running speeds several hundred percent higher than have
previously been possible in making cast-surfaced coated
papers. ' : .

The invention makes possible almost instantaneous dry-
ing of a coated paper, to produce a finished coated paper
comparable in appearance to a high quality. cast-surfaced
coated paper, but which need not be a cast-surfaced coat-
ed paper. In experiments in which paper having a gelled
wet. layer of coating thereon was slowly dried against a
polished chrome-plated roll it was observed that it was
possible for the wet coated web to shrink laterally ‘and
gradually from the time it was applied to the roll to
the time it was completely dried. That is, in some cases
the coated surface did not remain in non-slipping ad-
hesive contact with the drum as required by the usual
definition of cast-surfaced coated paper, but slipped con-
tinuously on the drum surface during the ‘drying process.
Yet the finished coated paper product was indistinguish-
able from usual cast-surfaced coated paper by casual ex-
amination. Careful examination showed that the prod-
uct was free from the minute release pattern flaws which
are sometimes visible in cast-surfaced coated papers.

Moreover it has been found that the coated paper can
be pulled away from the surface of the roll while the
gelled coating is ‘still wet, due to the high cohesion of
the gelled coating and due to the reduced inherent adhe-
sion of the gelled coating to the finishing roll.

A new non-mirror-image coated paper is' made by
bringing the coated surface of a wet coated web having
a wet coating layer thereon into contact with a finishing
surface, and thereafter, before the coating has become
substantially dry, forcibly removing the coating layer
of the coated web from said finishing surface. Previ-
ously, in making cast-surfaced coated paper, and as
ahove noted, it has been impossible to remove the coated
paper from adhesive contact with the finishing surface
before the paper and coating had become substantially
dry, because only when substantially dry did the coating
layer become sufficiently cohesive so that it could be
pulled away from its contact with the finishing surface
without being split or damaged in the process.  In one .
aspect, the present invention depends upon chemically
reacting certain constituents of the coating layer while
the layer is still wet, whereby the cohesiveness of the wet
layer is very markedly increased without removal of
water. At the same time the chemically reacted coat-
ing layer appears to have its adhesiveness to the finish-
ing surface somewhat decreased. Thus the coated paper
can be pulled away from a moderately heated finishing
surface while still wet within a period of from consid-
erably less than 1 second to somewhat less than 4 sec-
onds after it has made contact with the finishing sur-
face, to yield a product, which has a coating with a
non-mirror-like surface. Even in the case where a very
hot casting-drum is used it is still possible to pull the

- web away therefrom before the coating has become sub-

70
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stantially dry, so that the resulting surface of the coat-
ing after subsequent drying will not be a mirror-image
of the finishing-roll surface. This is true, especially, if
little or no external pressure is used to force the wet
coating of the wet web against the finishing surface. Or
the coated paper can be dried at high temperature as
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previously described and can be substantially completely
dried in a period of equal length, ie. less than 1 to
somewhat less than 4 seconds to yield a product having
a surface which has a mirror-like gloss substantially as
high as that of the finishing surface. In conventional
processes now in commercial use for making cast-sur-
faced coated papers, the time of contact with the heated
finishing surface uvsually lies in the range of 10 to 30
seconds.

Agqueous coating composmons containing adhesive sub-
stances such as certain proteins or other organic adhe-
sives which are coagulated by ions of metals having a
valence greater than one, may include among their con-
stituents ‘a complex compound of such a metal which
compound does not ionize to yield an appreciable quan-
tity of simple ions of the metal and, after the composi-
tion has been applied to the paper, the said complex
compound may be decomposed to set free said metal ions,
which then react with said adhesive substance to coagu-
late the same, and so cause a substantial increase in
cohesiveness. of the coating composition. . My copending
application Ser. No. 466,942, now U.S. Patent No.
2,849,334, discloses inclusion in aqueous. compositions
containing protein such as casein and soy -protein, of
a soluble chelate of a multivalent metal, such as a com-
plex made by mixing alum and tartaric acid in an am-
moniacal aqueous medium. The chelate compound does
not affect the protein, but when the chelate compound
is broken down by a decrease in the pH value of the aque-
ous composition, caused by removal of ammonia from
the ‘system, the aluminum ion thus released reacts with
and coagulates the protein. Under the conditions dis-
closed in said copending application, the coagulation and
drying of the coating occur substantially simultaneously,
with production of a water-insoluble coating layer, but
normally without development of any substantial degree
of cohesiveness in the coating layer while still substan-
tially wet. By taking the same wet coating layer and
removing ammonia therefrom while still keeping the coat-
ing wet, however, a very cohesive, gelled, wet coating
layer results, which can be quickly dried at high tem-
perature as previously described fo yield a mirror-like
surface; or which can, if desired, be applied to a roll
‘or drum which is at a lower temperature, say about 80°
‘C. and forcibly removed therefrom before becoming sub-
stantially dry, -the ‘drying being completed elsewhere, to
produce a coated paper not having'a mirror-like surface.

The desired removal of ammonia may be accomplished
by “neutralization, as by passing the surface of the wet
‘coating layer through’a bath of acidified water, as a 1%
solution of acid for example. Alternatively, the am-
‘monia may be driven off while still keeping the coating
wet, by heating the coated web below the boiling point
of water, while the surface is exposed to an atmosphere
‘saturated with water vapor. When an acid bath is used
to ‘neutralize the alkalinity of the coating or to depress
the pH thereof to decompose the chelate compound, fixed
‘alkali, such "as caustic soda or caustic potash, can be
used in place of ammonia. Such fixed alkali, of course,
cannot” be removed by volatilization.

Although apparently any multivalent metal may be used
to ‘insolubilize a' protein such as casein, for obvious rea-
sons the preferred metals are those of which the salts are
‘colorless  or practlcally colorless. Such metals include
‘aluminum, tin, and zirconium, Aluminum salts are the
cheapest of ‘these and are usually sansfactorlly effective.
If ¢coloris not - ob;ecuonable ferric salts are both cheap
‘and’ eﬁecuve
i There are, of course, a great number of known che-
latmg ‘agents. These may be iypified by the hydroxy-
carboxyhc acrds, such as tartaric acid and citric acid and
their salts. Of these, tartaric acid' and its salts appear
to be as satisfactory as-any of the readily available che-
lating -agents.

10

15

20

30

40

45

50

55

60

85

75

8

‘While multivalent metal jons are preferred because of
their quicker imsolubilizing action on proteins as well
as their pronounced effect in decreasing the adhesion
of the protein to the casting or finishing surface, never-
theless such reactive divalent metals may be used as can
be formed into non-reactive chelate compounds or into
complex amines with ammonia. Such divalent metals
are usually satisfactorily effective if they are released
from their non-reactive complexes in the coating, by
treatment of the coated sheet with acid as previously
mentioned. Cadmium, cobalt, copper, nickel, and zinc
are examples of such usable divalent metals. Of these
zinc is preferred because it is colorless, -although it is
usually considered that zinc is not-quite -as effective as
the multivalent metal, aluminum.

The invention will be further described with reference
to the accompanying drawings which diagrammatically
illustrate apparatus for carrying out three different em-
bodiments.

Referrmg to the drawings:

Fig. 1'is a dlagrammatlc illustration of apparatus- sult-
able for carrying out the process of Examples 1, 2, 3, 7,
9, 10 and 11;

Fig. 2 is a diagrammatic -illustration of ‘apparatus suit-
able for carrying out the process -of Examples 4 and 5;

Fig. 3 is a diagrammatic illustration of apparatus:suit-
able for carrying out the process of Example 6;-and

Fig. 4 is a diagrammatic illustration of apparatus which
is suvitable for carrying out the process of Example 8.

The apparatus jllustrated in Figs. 1 to 4 will be de-
scribed in detail in the following specific examples.

In the following illustrative specific examples, the units
are by weight.

Example No. 1

Step 1.~—Fifteen units of casein were wetted with a so-
Iution of 3 units of dicyandiamide (also called cyano-
guanidine) in 50 units of water. The dicyandiamide was
used to reduce the viscosity of the final coating composi-
tion. The wetted casein was mixed with 1.8 units' of
28% ammonia water at 50° C. until the casein was col-
loidally dispersed.

Step 2.—Thirty units of fine-particle calcium carbonate
and 70 units of fine-particle coating clay were mixed. in
a heavy-duty mixer with the dispersion of Step 1, and
also with 40 units of water, to provide a-thick mixture

‘Or mass.

Step 3.—1.4 units of crystalline aluminum sulfate
(A12(804)3 18H,0) and ‘1.0 unit of tartaric acid were
dissolved in 30 units of water. To this were added 4
units of 28% ammonia water. The resultant solution of
the metal complex or chelate was alkaline to litmus and
had a strong odor of ammonia.

Step 4.—The solution of ‘step 3 with mixed with the

‘mixture of step 2, and 0.5 unit of -a silicone anti-foam

agent (Dow’s “Anti-Foam A”) was added thereto.

Step 5.—12.5 units of a commercial aqueous synthetic
latex containing 6 units of styrene-butadiene copolymer
were added to the mixture of step 4, as additional, non-
protein adhesive.

Step 6—One unit of melted dimer of hexadecylketene,
0.5 unit of sodium stearate, 0.2 unit of gum-ghatti, and
6 units of water at 95° C. were homogenized by passage
through a homogenizer to produce a stable aqueous dis-
persion. This mixture was added to the product of ‘step
5 to complete the aqueous coating composition, in order
to impart -some water-repellent. quality to the finished
dried coatmg as well as to assist clean -parting between
the casting drum and the coated surface when the latter
is pulled away from- said - drum.

Step 7.~The coating-composition - of - step: 6- was. ap-
plied by means of an air-knife coating machine-2 (Fig. 1)
which has an air-knife K to one side C of -a well-formed
paper web 1 of the type  commonly-used. as-base-stock
for the production of high quality coated paper. - The air-
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dry weight of the paper base stock was about 210 grams
per square meter. Sufficient wet coating composition was
applied on face C to form a wet coating layer whose
weight was about 26 grams, dry weight, per square meter.
The freshly coated web with its coated face C of wet coat-
ing outward was run under a roll 3 dipping into a bath 4
of 1% aqueous formic acid to set the coating by making
it more cohesive. The wet coating was then run into
contact with the surface of a polished chromium-plated
cylinder 5 heated to 130° C. against which it was firmly
pressed in nip N by a soft rubber roll 6 at a pressure of
about 400 pounds per linear inch of the width of the web.
As the web emerged from the pressure nip a cloud of
steam burst from it. The linear speed of web 1 in Fig. 1

was about 200 feet per minute. The period between the’

coating step and the application of the acid was about 3
seconds, and the period between the acid bath and the nip
N was about 3 seconds. The height of nip N was about
1.5 inches or about 3.8 centimeters. The web was re-
moved from the polished finishing surface of roll 5§ at
the take-off roll 7 in less than one-half second after its
first contact therewith. The coated surface was then sub-
stantially dry; it was very resistant to wet-rubbing; and
it had a surface gloss which was substantially equal to the
gloss of the surface of cylinder 5. The web was then
reeled up without further treatment.

It is noted that the acid bath used was dilute formic
acid. Dilute mineral acid is also effective, but when such
mineral acid is used the web must be further treated to
remove therefrom the excess acid picked up by the web.
With organic acids such as formic or acetic acids the
excess acid is sufficiently wolatile at the drying tempera-
ture so that the excess is evaporated from the web during
the drying process. Formic acid also has the further ad-
vantage of causing insolubilization of protein by an ac-
tion similar to that of formaldehyde.

Example No. 2

Step 1.—Twenty units of casein were wetted with a so-
lution of 4 units of dicyandiamide in 65 units of water.
The wetted casein was mixed with 2 units of 28% am-
monia water at 50° C. until the casein was colloidally
dispersed.
Step 2~~One hundred units of fine-particle coating
clay were mixed in a heavy-duty mixer with the disper-
sion of step 1, and also with 40 units of water, fo provide
a thick mixture or mass. :
Step 3.—Two units of crystalline aluminum sulfate
and 2.9 units of Rochelle salt (sodium potassium tartrate,
crystalline) were dissolved in 10 umits of water. To this
were added 6 units of 28% ammonia water.
Step 4.—The solution of step 3 was mixed with the
mixture of step 2.
Step 5—0.5 unit of a silicone anti-foam agent and 0.5
unit of sodium stearate were dispersed in 6 units of water
and added to the mixture of step 4.
Step 6.—16.7 units of aqueous synthetic latex (Dow’s
512R) containing 8 units of styrene-butadiene copolymer
were added to the mixture of Step 5 to complete the
agueous coating composition.
Step 7.—The coating composition of Step 6 was ap-
plied by means of an air-knife coater 2 (Fig. 1) to one
- side C of a well formed paper web 1 weighing 120 grams
_per square meter in quantity of wet coating layer equiva-

lent to 24 grams, dry weight, per square meter. The

fresh coating layer was then wetted with 29% aqueous

formic acid solution in the bath 4 and then firmly roll-
- pressed into contact with the polished chromium plated
finishing surface of the roll 5 at a temperature of 140°
C. The web was removed from said finishing surface at
the take-off roll 7, in less than a half-second. The coat-
ing was substantially dry and its surface was resistant to
wet-rubbing and had a mirror-like gloss substantially equal
to the gloss of the chromium plated finishing surface.
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Example No. 3

A coating composition prepared according to the first
six steps of Example 2 was applied by means of an air-
knife coater 2 (Fig. 1) to one side C of a sheet of paper-
board 1 weighing about 380 grams per square meter,
said coating composition left on said web being equiva-
lent to about 30 grams, dry weight, per square meter.
The freshly coated web with its coated face or coating
layer outward was run under a roll 3 dipping into a bath
4 of 2% aqueous formic acid solution and then toll-
pressed by the roll 6 into contact with a polished chromi-
um plated finishing surface of the roll 5 at a tempera-
ture of 115° C. After 34 second contact of the coating
C with roll 5 beyond nip N, the web was forcibly pulled
away from said finishing surface at the take-off roll 7.
The coating was still wet when it left the finishing surface
and the web was passed through a hot air drying oven
(not. shown) before it was reeled up. The undensified
dry coating and paper had a very flat and level surface
which had a gloss of about 72 as measured on a Bausch
and Lomb glossmeter.

It will be understood that the take-off roll 7 may be
positioned as desired around the circumference of the roll
5 in order to determine the time of contact of the web
with the roll 5, beyond the nip N.

Example No. 4

Step 1.—Fifteen units of casein were wetted with a
solution of 3 units of dicyandiamide in 50 units of water.
The wetted casein was mixed with 1.8 units of 28%
ammonia water at 50° ‘C. until the casein was colloidally
dispersed.

Step 2.—Eighty units of fine-particle calcium carbonate
and 20 units of fine-particle coating clay were mixed in
a heavy-duty mixer with the dispersion of Step 1, and
also with 40 units of water to provide a thick mass.

Step 3.—1.4 units of crystalline aluminum sulfate and
1.0 unit of tartaric acid were dissolved in 8 units of
water. To this were added 4 units of 28% ammonia wa-
ter.

Step 4—The solution of Step 3 was mixed with the
mixture of Step 2.

Step 5—0.5 unit of a silicone anti-foam agent and
0.5 unit of sodium stearate in 6 units of water were added
to the mixture of Step 4. )

Step 6.—12.5 units of aqueous latex containing 6 units
of styrene-butadiene copolymer were added to the mix-
ture of Step 5 to complete the aqueous coating composi-
tion.

Step 7—The aqueous coating composition of Step 6
was applied by means of a roll coater 8 (Fig. 2) to one
side C of a paper body-stock 1 weighing about 95 grams
per square meter, in amount of wet coating equivalent to
26 grams (dry weight) per square meter.. The reverse
side of the web was then passed into contact with a
cylinder 9 heated to 85° C. while the top or freshly
coated side of the web was exposed to air saturated with
moisture provided by the steam pipe 1¢ and hood 11
to avoid excessive loss of moisture from the coating while
expelling ammonia therefrom to set the coating by making
it more cohesive. The coated surface C was then pressed
by the roll 12 at the nip N into contact with a chromium
plated drum 13 heated at 75° C., while a trickle of water
was continuously fed from the pipe 14 into the entering
nip between the coated web and the drum according to
the process described in U.S. Patent No. 2,678,890,
After about 3 seconds in contact with the finishing sur-
face of drum 13 the coated paper was forcibly pulled
away from said finishing surface at the take off roll 15
while the coating was still wet, and the paper was further
dried by hot air and then wound up. The dried coated
paper had a surface which was not a mirror-image of
the finishing surface. %wt instead looked like fine super-
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calendered glossy coated paper. It had a B. & L. gloss
of 70. Tt was not densified like supercalendered paper.
It had superlative properties for both letterpress and offset
printing processes, and it was wet-rub resistant. The pres-
sure used at the nip on Fig. 2 was the same as in Fig. 1
and the height of nip N in Fig. 2 was the same as in
Fig. 1.
Example No. 5

The procedure described in the foregeing Example 4
was repeated excepting only that the coated web was held
in contact with the finishing surface until it was subsian-
tially dry. This procedure yields a surface on the coat-
ing which has a gloss substantially equal to the gloss of
the finishing surface.

It may be pointed out that in the case of Example 4
it is not absolutely necessary to supply moisture to the
atmosphere while preheating the coated web, because
by careful attention during the preheating period the coat-
ing can be set without excessive loss of moisture there-
‘from even in a dry atmosphere. If too much moisture
is lost during the setting period the coating cannot be
satisfactorily molded against the finishing drum. If the
loss of moisture is only slightly too great introduction
of ammonia into the water used in the nip at the drum
will usually yield satisfactory casting results.

The degree of drying of the coating depends upon
the temperature of the finishing drum, the time of con-
tact therewith, the weight of coating applied, and the par-
ticular body stock used. If the drying goes to substantial
completion on the drum, as in Example 5, the finished
‘product has a surface which has a gloss substantially
‘equal to the gloss of the drum’s surface. But since the
coating composition used can be gelled and so develop
high cohesiveness while it is still wet, the coating can be
pulled away from the drum surface before it becomes
substantially dry, as in Example 4. Subsequent drying
by other means yields a flat and level surface but one
which is not mirror-like. If the coating is very wet
when it is pulled away from the finishing drum it will
have practically no gloss after it has become dry, When
the coating is less wet when it is pulled away from the
finishing surface the gloss of the final dry product in-
creases ‘with the degree of ‘dryness at the time of removal
from the finishing surface.

Example No. 6

Step I.—Sixteen units of casein were wetted with a
solution of 3 units of dicyandiamide in 50 units of water
and then mixed with 2 units of 28% ammonia water
at 50° C. until the casein was colloidally dispersed.

Step 2—One hundred units of fine-particle coating clay
were mixed in a heavy-duty mixer with the dispersion of
Step 1 and also with 40 units of water.

Step 3.—1.6 units of crystalline aluminum sulfate and
2.3 units of Rochelle salt were dissolved in 10 units of
water and to this were added 5 units of 28% ammonia
water,

Step 4—The solution of Step 3 was mixed with the
mixture of Step 2.

Step 5.—0.5 unit of tributyl phosphate (foam dis-
persant) and 0.5 unit of scdium stearate in 6 units of
water were added to the mixture of Step 4 to complete
the aqueous coating composition,

Step 6.—The coating composition of Step 5 was ap-
plied by means of a transfer-roll coating machine 16
(Fig. 3) to both sides of a paper web 1 weighing about
80 grams per square meter, in quantity equivalent to 18
“grams, dry weight, per square meter on each side of the

web. The coated web was then run through-a bath 17-

of 1% aqueous formic acid to set the coating by making
it-more cohesive and the wet sheet was then run between
-a. pair of press rolls 18 of non-deflecting type having
- polished chromium plated surfaces. The coating having

been made cohesive. by passing through the acid bath:-75
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pulled away cleanly from the press rolls and the web was
thereafter dried, either by hot air in the tunnel 19 or
opticnally by conventiopal paper-machine drying cylin-
ders (not shown). The dried web had a very flat and
level surface without appreciable gloss. It was an ex-
cellent printing surface, however. The web was there-
after passed through a conventional supercalender to de-
velop a high gloss while retaining most of its excellent
printing properties. The time interval between bath
17 and the nip N between rolls 18—18 is at least one
second.
Example No. 7

This example illustrates the use of a zinc-ammonia
complex. Thus, in place of the solution of Step 3
of Example No. 2, I can substitute a solution of 1.5
units of zinc sulfate (ZnS0,.7H,0) dissolved in 6 units
of water with 3 units of 28% ammonia water. This
produces a zinc-ammonia complex which is soluble in
the ammonia water, and said zinc-ammonia complex is
non-reactive with casein. With this change, Example
No. 2 can be followed, However, it is highly preferable
to use a complex of a metal which is ordinarily at least
trivalent.

Although in preceding Examples 1 to 7 casein has been
used as the gelable adhesive, it shouid be understood
that the casein may be replaced in whole or in part by
other organic adhesives which are gelable by the par-
ticnlar metal ‘ion released in the coating layer. For in-
stance, an equal weight of soy protein can be substituted
for the casein in any of Examples 1 to 7.

Example No. 8

This example illustrates the use of the apparatus of
Fig. 4, which is superior to and can replace the apparatus
of Fig. 1. ’

The apparatus of Fig. 4 can be used either in cast
coating or in non-cast coating, to make any of the previ-
ously described types of paper; by suitably selecting the
factors.

As in the other examples an invariable procedure can-
not be stated because the factors may vary, such as the
thickness and porosity of the paper stock, the percentage
of solids and water in the initial coating composition,
speed of the web, temperature of the driers, and the
number of driers.

Hence, only typical working examples are given,

The uncoated paper web 1 is withdrawn from reel 21,
or from any source and is fed at 200 feet per minute.
This paper web or body stock weighs about. 21.2 grams
per square meter, air dry, with about 5% of water by
weight. This web 1 is led around rolls 22, 23, 24, 25 and
26. In this example, the roll 25 transfers coating com-
position equivalent to about 14.2 grams per square

‘meter, dry weight, from the coating pan 20 to the coated

face C.
In this example, the coating machine is of the air-
knife type, which has an air knife 27. In using the air-

-knife coating machine, the coating composition may con-

tain 44% of solids and 56% of water by weight, By
using a different type of coating machine, such as the
transfer-roll coater, the coating composition may have
as much as 70% of solids and 30% of water by weight,
with much greater viscosity than the coating composition
which is applied by the air-knife machine illustrated in
Fig. 4.

In Fig. 4, as only one example and without limitation
thereto, the linear speed of the web through the machine
may be 200. feet per minute. In this specific example,
with a coating composition identical o that of Example
2 except that it has 44% of solids and 56% of water,
the coated web has 22% by weight of water, immedi-
ately after passing beyond the. air-knife 27.

The coated paper passes over roll 29 and then under
and.around.the roll 38, which dips into- an acid. solution
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in a pan 31. In this example, the acid solution is a one
percent agueous solution of formic acid, at room tem-
perature of 20° C.—30° C. The invention is not limited
to this temperature, or to the other specific illustrative
details mentioned thereon.

In this example, the time between the coating sta-

tion and the application of the acid at roll 30, is about
three seconds. During this short period of three seconds,
the coating composition which has 56% of water does not
substantially penetrate the paper body stock 1, if such
body stock is properly selected to have suitable low
absorption. )
* If the coating composition has a relatively low per-
centage of solids such as 44% of solids, such composi-
tion is of a gelable type. This gelable type may be ac-
cording to the previous examples, but is not limited
thereto. The gelling of the low-solids coating composi-
tion at gelling station 36—31, increases the viscosity of
the original low-solids coating composition, so that the
gelled layer of coating composition has low penetration
into sujtably selected body stock 1. In this example, agid
is used at the gelling station 30—31, but the invention
applies to the use of any gelling action or gelling agent,
depending on the composition of the original coating mix-
ture, which is of the mineral-coating type.

If the original coating composition has high viscosity,
due to a large percentage of solids, said coating composi-
tion need not be gelled.

In this specific example, in which a low-solids, gelable
coating composition is applied by the air-knife coating
machine, the coated web 1, immediately after leaving the
acid bath 31, has 52% by weight of water, calculated
on the weight of the paper stock and gelled coating.

The coated web is passed between squeeze rolls 33 and
32, which reduce the percentage of water to 25%. The
roll 33 has a chromium face, and roll 32 is made of soft
rubber. The squeeze rolls 33 and 32 help to maintain
proper tension on the web.

The coated web is then passed around rolls 34, 35, 36,
and through heating zones H and HH, where radiant
heat is used to reduce the percentage of water to 15%
by weight ‘at Toll 36. - Heat is not necessarily applied
anterior the dryer H, and all operations anterior to

“dryer H may optionally be at room temperature of 20°
C=30°C.

The coated web is then passed through nip N between
the resilient, rubber-covered roll 37, and finishing roll 38,
which has a highly polished metal surface of chromium
or other metal. _

Roll 38 is kept at 120° C—150° C., so that the water
in web 1 is heated above 100° C. in nip N, and the
resultant steam is quickly released beyond nip N. The
height of nip N is about 1.5 inches. The web is re-
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moved from roll 38 at roll 39, after contacting with roll .

" 38 through any selected arc.
removed from roll 38, it may be air dry, with 5% of
water by weight.

This method will not result in a high gloss surface,
because the percentage of water in the coating C has been
reduced to 15% by weight, prior to contact with roll
38, in order to provide a coating of low plasticity, which
will not conform wholly to the mirror surface of roll 38.

Due to the relatively low pressure used in the nip N
in Fig. 4, the resultant sheet is not transparentized or
crushed or weakened. The increase in flatness of the
coating results in better printing. . .

The plasticity of the coating layer as it enters the nip
of Fig. 4, will depend, to some extent, upon the com-
position of the original coating mixture, in addition to
the percentage of water. The specific figure of 13% by
weight of water, relates to the use of the gelable com-
positions of Examples 1-6, and in conjunction with the
subsequent use of a gelling agent.

If it is desired to use the embodiment illustrated by
Fig. 4 to make a high-gloss paper, the removal of mois-

When the coated web is’

55

60

70

75

14
ture is regulated so that the web and coating have a
sufficiently large percentage of water anterior the nip N
of_Fig. 4,

Example No. 9

Step 1.—TFifteen units of a styrene-maleic anhydride
adduct (Scriptite 50 made by Monsanto Chemical Com-
pany) were dissolved in 60 units of an aqueous sclution
containing 2.1 units of dissolved ammonia. i

Step. 2.~One hundred units of fine-particle coating
clay were mixed with 54 units of water and the solution
of Step 1. '

Step 3.—1.5 units of hydrated aluminum sulfate, 0.75
unit of tartaric acid, 9 units of water, and 2.5 units of
28% ammonia water were mixed together and added to
the composition of Step 2.

Step 4—The composition of Step 3 was applied by
means of an air-knife coater 2 (Fig. 1) to one side of a
paper body-stock 1 weighing about 67 grams per square
meter in amount equivalent to 18 grams, dry weight, per
square meter. The freshly coated surface was then wet
with 1% aqueous formic acid solution in the bath 4 and
then was firmly roll-pressed into contact with the polished
chromium plated finishing surface of the roll 5 at a
temperature of 140° C. The web was removed from
said finishing surface at the take off roll 7 in less than a
half-second. The coating was substantially dry and its
surface was resistant to wet-rubbing and had a gloss com-
parable to that of the polished chromium plated finishing
surface.

The styrene-maleic anhydride adducts are fully de-
scribed in a textbook entitled “Styrene, Its Polymers, Co-
polymers and Derivatives,” by Bounder and Boyer, pub-
lished in 1952 by Reinhold Publishing Corporation. The
maleic anhydride may be replaced by the anhydrides of
other unsaturated, dicarboxylic acids.

It is noted that when an original ungelled coating com-
position is gelled, such gelling results in a reaction be-

.tween an adhesive in the original coating composition

and an ion of a gelling agent, thus resulting in a new
compound or in a new complex.

For some purposes, the coating: composition can in-
clude water-soluble polyvinyl alcohol, which is reactive
with an alkaline gelling agent, such as ammonium borate.
Such water-soluble polyvinyl alcohol is exemplified by
“Elvanol,” which is a satisfactory binder in mineral-coat-
ing compositions. This “Elvanol” and its use in coating
mixtures are described in “Vinyl Products Bulletin,
V6-555 published by E. 1. du Pont de Nemours & Com-
pany, Inc. Hence the invention includes the use of alka-
line and acid gelling agents and also includes the use
of protein and non-protein adhesives.

Another system includes the use of polyvinyl methyl
ether-maleic anhydride adduct in the original coating
composition, and releasing aluminum ions from an aque-
ous solution of an aluminum chelate as the gelling agent.

Another system includes the use of vinyl acetate co-
polymer, soluble in aqueous alkaline solution, known as
“Elvadex” Vinyl Polymer, in the original coating com-
position, and releasing heavy metal ions as the gelling
agent. This “Elvadex™ Vinyl Polymer and its use in
paper coating are described in “Vinyl Products Bulletin
V16-654” published by E. I. du Pont de Nemours & Com-
pany. v :

Another system includes the use of water-dispersible
terpolymers of styrene-butadiene-acrylonitrile, such, for
example, as the one manufactured and sold by the United
States Rubber Company as “Nitrex 2625.” These are
combined with a metal chelate, such as the combination
described abové of an aluminum salt and tartaric acid
in the presence of ammonia. This combination adhesive
is gelled with an aqueous solution of formic acid.

These systems use water-soluble adhesives which have
vinyl groups. ’
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Example No. 10

Step 1.—Fifteen units of casein were wetted with a
solution of 3 units of dicyandiamide in 50 units of water.
The dicyandiamide was used to reduce the viscosity of
the final coating composition. The wetted casein was
mixed with 1.8 units of 28% ammonia water at 50° C.
until the casein was colloidally dispersed.

Step 2.—One hundred umnits of fine-particle coating
clay were mixed in a heavy-duty mixer with the disper-
sion of Step 1, and also with 40 units of water, to provide
a thick mixture or mass. : ’

Step 3.—0.5 unit of a silicone anti-foam agent and
0.5 unit of sodium stearate were dispersed in 6 -units of
water and added to the mixture of Step 2.

Step 4—12.5 units of a commercial aqueous synthetic
latex containing 6 units of styrene-butadieme copolymer
were added to the mixture of Step 3, as additional, non-
protein adhesive.

Step 5.—The composition of Step 4 was diluted by
addition of 54 units of water. It was then applied by
means of an air-knife coating machine 2 (Fig. 1) to one
side of a well-formed paper web 1 having a weight of
about 67 grams per square meter in quantity equivalent
to 20 grams, dry weight, per square meter. The freshly
coated web with ifs coated face outward was run about
a roll 3 dipping intc a bath 4 of 2% aqueous solution
of ammonium bisulfate (NHHSO,) to gel the coating.
It was then run into contact with the surface of a polished
chromium-plated cylinder or drum 5 heated to 120° C.
against which it was firmly pressed by a soft rubber roll
6 at a pressure of about 380 pounds per linear inch of the
width of the web. The web was removed from the fin-
ishing surface at take-off roll 7 in less than one second
after its first contact therewith. The coated surface was
then substantially dry and had a gloss substantially equal
to that of the finishing surface.

The foregoing Example 10 illustrates a method in
which the original aquecus mineral coating mixture does
not contain a metal chelate or complex. The ammonium
bisulfate solution is acidic and regenerates the casein,
in water-insoluble and viscous gel state, from the original
alkaline mineral coating composition. As above noted,
in this case, the finishing roll is used at a lower tempera-
ture than when a chelate complex is used.

In the foregoing examples, if the acid gelling agent ™

is used, and the paper web and its coating are kept acid
in the nip, the coated paper will gradually contract while
in contact with the polished metal drum 5 or 13 or.38, up
to the respective stripping roll, thus evidencing that the

process is not cast-coating and that the resultant product-

is not cast-surfaced coated paper.

Example No. 11

Step 1.—17.5 units of casein were wetted with a solu-

tion of 3.5 units of dicyandiamide in 70 units of water.

The wetted casein was mixed with 2 units of 28% am-
monia water at 50° C. until the casein was colloidally
dispersed.

Step 2.—~—One hundred units of fine-particle coating
clay were mixed with the dispersion of Step 1, and also
with 60 units of water to form a smooth slurry.

Step 3.—One unit of sodium aluminate (NaAlQ,) was
dissolved in 9 units of water and added to the composi-
tion of Step 2.

Step 4—0.5 unit of a silicone anti-foam agent and
0.5 unit of sodium stearate were dispersed in 6 units
of water and added to the mixture .of Step 3.

Step 5.—14.5 units of aqueous synthetic latex contain-
.ing 7 units of styrene-butadiene copolymer were added
to_the mixture of Step 4 to complete the aqueous coat-
ing composition.

Step 6.—The coating composition of Step 5 was ap-
plied by means of an air-knife coater 2 (Fig. 1) to ons
side C of a well formed paper web 1 weighing about
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65 grams per square meter in quantity of wet coating
layer equivalent to 21 grams, dry weight, per square
meter. The fresh coating layer was then wetted with
3% aqueous formic acid solution in bath 4, and then was
firmly roll-pressed into contact with a polished chrome-
plated finishing surface of the roll 5 at a temperature of
120° C., against which it was dried to substantial dry-
ness. The coating was resistant to wet-rubbing and had
a mirror-like gloss substantially equal to the gloss of the
chrome-plated finishing surface. o h

While preferred embodiments of this invention have
been disclosed, numerous changes, omissions, additions
and substitutions .can be made without departing from
its scope. The invention is further disclosed in the ap-
pended claims. ) ' )

This application is a continuation-in-part of application
Ser. No. 559,366, filed January 16, 1956, now abandoned
(which in turn was a continuation-in-part of application
Ser. No. 466,942, filed November 4, 1954, now U.S.
Patent No. 2,849,334).

I claim:

1. A method of treating a web of paper which has a
gelled but still plastic mireral coating layer thereon with
water at the surface thereof and in a sufficiently plastic
state to yield in forming relation to a forming surface,

_which process includes leading said web through a .nip

between a pair of turning rolls, the roll which abuts the
wet coating layer having a forming surface and being
maintained at a temperature of over 100° C. thereby
heating the water at said coating surface in said nip to
at least 100° C. while substantially preventing the va-

“porization of water at said coating surface by confining

the web in said nip under pressuré in excess of the vapor
pressure of water at the temperature of said forming sur-
face, and moving said web beyond said nip to produce a
fiash vaporization of said water, and rendering said wet
coating layer sufficiently gelled and cohesive at the time
of said flash vaporization to remain smooth and uniform
beyond said nip during the flash drying thereof.

2. A method of treating a wet paper web which has
a layer of wet, gelled but still plastic mineral coating
thereon, the surface of which is sufficiently plastic to
vield in forming relation to a forming surface, said
method consisting in passing said layer in tight contact
with the highly polished surface of a revolving. hot roli,
while moving said web in the direction of its length and
in the direction of rotation of said roll, keeping the tem-
perature of said surface above 100° C. to heat said wet
paper web and its wet coating above 100° C. while said
coating is in contact with said hot roll, the wet mineral
coating which is thus applied being sufficiently gelled and
coherent to prevent disruption thereof by the steam which
is evolved by the heating of the water in said wet coating
to above 100° C. -

3. A method which consists in contacting a wet and
gelled but still plastic mineral coating on a paper web
with a hot revolving, finishing roll, said paper web being
moved longitudinally in substantial unison with the cir-
cumferential movement of said roll, pressing said coating
against said finishing roll in 2 nip at a pressure sufficient
to shape said plastic mineral coating, heating the coated
paper web in said nip to above 100° C., said pressure
being sufficient substantially to prevent -the escape of

.steam from said wet and plastic coating in said nip,

passing said web beyond said nip and permitting steam
to escape freely from the heated web beyond said nip, the

-wet and plastic coating issuing from said nip being suffi-

ciently gelled and coherent to prevent its disruption under
pressure of the steam generated in s2id nip; and drying
said coating at least partially by maintaining-the contact
between said coating and said roll beyond said nip.

4. A method according to claim 3, in which the coated
paper is forcibly removed from the finishing roll while
it is still wet and is thereafter allowed to shrink during
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subsequent drying so that the dried surface does not
possess a mirror image of the finishing roll.

5. A method according t¢: claim 3, in which the pres-
sure imposed upon said coated web in said nip is a maxi-
mum of 600 pounds per inch of the width of said web.

6. A method according to claim 3, in which the pres-
sure imposed upon said coated web in said nip is insuffi-
cient appreciably to densify the body stock of the paper
web.

7. Method of making roll-finished coated paper which
includes applying to a paper web a layer of aqueous
mineral-coating composition containing pigment and an
organic binder capable of being gelled, causing gelation
of said binder in said layer of aqueous coating without
rendering said coating non-plastic, and thereafter while
said coating surface is still wet roll-pressing the coated
face of the web under positive pressure against a mov-
ing polished solid finishing surface having a temperature
above 100° C., and releasing said pressure, thereby caus-
ing flash evaporation of water from said coating at the
point where said pressure is released, and thereafter
quickly removing said coated web from said finishing
surface, and controlling said gelation to render said coat-
ing sufficiently cohesive at the point of said flash evap-
" orization to prevent internal disruption.

8. A method of making coated paper which consists in
coating a paper web with a layer of an aqueous, gelable
mineral coating composition, gelling said coating with-
out rendering the same non-plastic by contacting it with
an aqueous solution of a gelling agent, thus increasing
the percentage of water in the coated web; removing
water from said coating to regulate the plasticity of the
gelled coating to a selected value, thereafter shaping and
drying said gelled coating under pressure in contact with
a hot finishing roll, the temperature of which is main-
tained above 100° C., and maintaining said pressure at a
value in excess of the vapor pressure of water at the
temperature of said hot finishing roll until water in said
coating migrates sufficiently from said surface to prevent
disruption of said coating when said pressure is released.

9. A method comprising coating a paper web with a
gelable mineral coating substance which is relatively soft
and moldable when the surface of said coating is wet;
gelling at least the surface portion of said coating with-
out rendering it completely non-plastic; thereafter press-
ing said coated paper against a finishing surface under
conditions of moisture, heat and pressure in which said
coating surface conforms to said finishing surface; driving
moisture from said coating surface into the body of said
web without disrupting the smoothness of said coating
by simultaneously maintaining the temperature of said
finishing surface substantially in excess of 100° C., and
pressing said coated paper against said finishing surface
in a nip of substantial height at a pressure substantially
in excess of the vapor pressure of water at the tempera-
ture of said finishing surface; and maintaining said coat-
ing in contact with said finishing surface under said pres-
sure until the surface of said coating is substantially dry
and sufficiently cohesive to resist disruption from flash
evaporization.

10. A method comprising coating a paper web with a
gelable water plasticized coating, passing said coated
paper with its coated surface in a wet and plastic state
through a nip formed between a finishing roll having a
polished surface and a pressure roll having a soft but
smooth- and impervious surface extending in contact a
substantial distance around the said finishing roll; driving
water from the surface of said coating into said web to
dry and harden said coating without disrupting the sur-
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face thereof by maintaining the temperature of said pol-
ished surface at a value substantially in excess of 100° C.
and the pressure in said nip at about 300 lbs. per linear
inch, and so holding said coating against said polished
surface until the surface of said coating is dry whereby
steam does not erupt between said coating surface and
said polished surface after release of said pressure, and
until said coating is sufficiently set to resist disruption
from flash evaporization after said pressure is released.

11. A method comprising coating a paper web with
a gelable coating containing a substantial portion of a
volatile liquid, said coating also containing a substantial
portion of an adhesive which is sufficiently plastic to
conform to a finishing surface only so long as said volatile
liquid is present in the surface of said coating in said sub-
stantial proportion, pressing said coated paper with said
liquid so present at the surface of said coating against a
finishing surface the temperature of which is substantially
higher than the boiling point of said volatile liquid and
under a pressure substantially greater than the vapor
pressure of said liquid at said temperature of said finish-
ing surface, and maintaining said pressure on said web
untii a substantial portion of said wvolatile liquid is
evaporated from and driven from said surface into said
coating and web whereby said coating is rendered suf-
ficiently non-plastic to resist disruption once said pres-
sure is released.

12. A method comprising coating a paper web with
a gelable liquid plasticized coating, driving a liquid
which plasticizes said coating into said web from the
surface of said coating while said coating is in forming
contact with a forming surface by maintaining said sur-
face at a temperature substantially in excess of the nor-
mal boiling point of said liquid while pressing said web
between said forming surface and a second surface under
a pressure in excess of the vapor pressure of said liquid
at the temperature of said forming surface, maintaining
said pressure until said liquid is no longer at the surface
of said coating, releasing said pressure thereafter, and
controlling the cohesiveness of said coating to resist dis-
ruption from flash evaporization at the moment when
said pressure is released.

13. A method comprising coating a paper web with
a liquid plasticized gelable coating, gelling said coating,
driving a liquid which plasticizes said coating into said
web from the surface of said coating while said coating
is in forming contact with a forming surface by main-
taining said surface at a temperature substantially in
excess of the normal boiling point of said liquid while
pressing said web between said forming surface and an
impervious surface under a pressure in excess of the
vapor pressure of said liquid at the temperature of said
forming surface, maintaining said pressure until said
liguid is no longer at the surface of said coating, there-
after gradually releasing said pressure as by issuing said
paper from a nip between a hard roll and a soft roll
pressed against said hard roll over a substantial area,
and controlling the cohesiveness of said coating to resist
disruption from flash evaporization at the moment when
said pressure is released.
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