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This invention relates. to-the production of coated paper
and particularly to the production of coated and supet-
calendered paper having. high gloss characteristics and
wherein. the high'gloss coating forms an. oveuoat over
a prime coat on-the paper We‘o

High gloss paper'is conventionally preduced by cast

~coating procedures; in .this .process the web with the
‘coating composition thereon is directed over a highly
-polished drying drum, and the coated, dried paper acquires
the high mirror finish of the drum. Such procedure is

relatively costly “as the speed of castinig is -quite slow.
The ‘procedure results, however, in smooth coatings hav-
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. and +10° C.
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basis) of the tripolymer combination and ay vary from
about 35-50%. Thus, the hardness producing homo-
polymer may vary.from about 50-65% by weight in the
binder of the top coating of the product. “Above about
65%. of the hardness producing homopolymer the- binder
dogs not coalesce properly in the wet coating as ‘drying
takes place. - When the hard homopolymer is less than
50% . by weight, sticking to a hot supercalender occurs.

Additionally, the soft interpolymer should have a sec-
ond order transition temperature between about —10°%.C.
This transition temperature, termed the Ty
value, is found by ploiting the modulus of rigidity against
temperature; it is defined in Patent No. 2,790,735 in con-
nection with suitable soft interpolymers and, as noted
in. that patent, a convenient method for determining
modulus of rigidity and- transition temperature is de-
scribed by I. Williamson, British Plastics 23, 87-50, 102

~(September 1950). The T; value here referred to is that
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ing a gloss in the high '80’s which-is desirable for certain

applications, particuiarly- adverusmg materlal brochures,
and the like,
The usual machine produced coated papers are super-

calendered after the coating is"dried in order to produce

a-good level priating surface but such papers commonly
lack the high gloss characieristics of cast coated papers

“even when such coatings include soft polymeuc materials
"as a binder constituent.

Ore known coating procédure involves the use in emul-
sionform of ‘a soft acrylic -polymeric: binder material
including - an acid- which- produces carboxylate -groups;

such-soft polymeric materials include the' acrylates of
“methyl; ethyl, propyl, and buiyl, while the acids may be’
» aerylic or’ methacrylic, for example.

Such acid is pres-
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determined at 300 kg./cm.2.

The. combination- of soft interpolymer and homopoly-
mer preferably exhibits a somewhat higher T; which may
be as high as 40° C.

1 have additionally found that the quality or rattle of
the paper sheet or: web. may be improved by appropriate
selection of the. prime coat which should include adhe-
sives such as starch or protein; any starch or protein in
the top coat, however, causes a decrease .in  gloss.

“The prime .coat may be applied. to'the web by any of
a-number of conventional procedures.. This prime coat
penetrates the interstices of the web to some extent, bonds .

" to ‘the fibers, and- provides ‘a level surface for .the top
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ent 10 the extent of about 4-7% by weight in the copoly-

mer and i is asserted to bond with cellulosic fibers. - These

_copolymers are more than sufficiently soft to adequatély

provide for surrounding of pigment particles of a coating
corpposrcion by the copolymer’ and; accordingly, harden-
ing monomers,. such as those of the lower alkyl méth-
acrylates, may be included in minor proportion by weight.
Stch - materials are “described, for example, in United

. States Patent 2, 790 735.

It has been found that interpolymers such as this coat-
mg fripolymer-formed of hard, soft, dnd acid monomers

is difficuli to employ wheré-it is desirable’ to achieve a.

high “gloss and ‘where the material is to pass through a
hot supercalender. Such coating, when subjected to a hot

. calendering operatxon tends to. adhere to’ the calender
and, -accordingly, it is customary to employ room’tem-
“peratures for these: calendering

‘Operations, - Even then
the  calendering » operation is.'marginal. - In such tri-
polymers the minimum film-forming temperature is usual:
ly-m naintained’ low to prov1de for ease of filmr formmcy at

Clow, temperatule ‘but- this normally tends to thermoplaotl-

cize the coating to such a: degree; that on-calendering,

I have found that, if a coating-composition. containing
the ustial ‘pigment and. other - coating. 1ngred1ents has

incorporated therein a binder which’ mcludes a soft inter--
- polymer or tnpolymer as noted above, ‘
-addition-of a-large-proportion of- a ha' dness: producing :

to gecher with, the

homopolymer, a high: gloss coating composition: operabie

adhered to a prime coat carried .on the web. ~The rela-
tionship of . the. bard -homopolymer- to- the tnpolymer by
Wweight in the’ binder is crifical’ Wlthlll limits;" the pre-

- ferred ‘bmder contains about 40% by weight {dry weight
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*the material becomes tacky. . The coating is then spoded )
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*on, the -supercalender -at normal- supercalendering tem-
. ~peratures is ‘attained. . Such-coating, of-itself; ‘has rela-
-tively” poor bondmg properties. to'paper. ‘but is readily
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coat. The level surface of the.prime coat provides for
adequate flow of the top coat as the top coat is applied;
additionally; the. prime coat strengthens the web, tends
to hold ‘the - subsequently. applied top coat on the web
surface, provides - for excellent. pick resistance ‘of the
coating from the web, and is itself preferably .so formu-
lated as to bond well to a pigment-containing top coat.
The absence of -adhesives sich as starch or. protein in

. ‘the top coat further leads‘to the attainment of high gloss

on the supercalénder; and:the leveling and holdout action
of the prime coat on' the top ceat provide for ease of
finishing of the top coat at normal supercalender tempera-
tures: and . pressures.

The top coat. itself is. apphed to the prime coated web
by conventional coating processes.’ - Preferably, a reverse

roll coater; an air knife, or the: like is employed. -~ Reverse -~

roli coating in which a rotating roll or rod removes from
the prime coated web an: excess. of top coat composition
previously applied by an applicator is effective io provide
an’exceptionally fine coating lay with the top coat: mate-
rials now described.: :

As already noted, the fop coat mcludes polymer omder
materials ‘having widely. differing characteristics... Most
sultably, the*polymer  binder ‘materials are combined’ in-
emulsion form to produce the compos1te binder which is
then formulated “with the. 1emammg constituénts of -the:
top coat... The polymer materials ‘in, mixture form-are
compatible” and display- specific adhésioni to. prime coats
employlng pigments: such-as clay,  titanium dioxide, cal-
cium ‘carbonate; hydrated alumina,  and the like,

The soft monomer of the interpolymer is preferably an
alkyl acrylate in which' the alkyl group has from 1 to 4
carbon atoms; copolymerized with such a monomer may.
bea polymenzable unsaturated ‘carboxylic. acid’and ‘in
which' the tunsaturation .is -a double bond, -or éthylenic

-linkager and.a Hhardening monotiier of an alkyl methacryl-
“ate in which' the" alkyl group may have from 1to 4 car=

bon atoms:
Examples ‘of “the. soft monorners are alkyl acrylates
such as the esters of pmmary alcohols mcludmg methyl :
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ethyl, propyl and butyl acrylates; and esters of secondary
atkanols such as isopropyl acrylate and isobutyl acrylate.
Examples of mono-unsaturated ethylenic carboxylic
acids are: acrylic acid, methacrylic acid, itaconic acid,
aconitic acid, maleic acid, fumaric acid, and the like.

3,182,042

Examples of hardening monomers for use in the tri-

polymer are: the alkyl methacrylates such as the methyl,
ethyl, and propyl.

Typical interpolymer or copolymer systems of the first
emulsion include:
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Percent
Ethyl acrylate..._— i e 77
Methyl methacrylate ... e 18
Methacrylic acid—- e 5
T,=+6°C.
Ethyl acrylate___ e —————— 92
Methyl methacrylate. e 4
Methacrylic: acido o 4
Ti=—8° C. :
Ethy! acrylate__.___.___ - - 87
Methyl methacrylate_— .o 8
Methacrylic acid. . - i 5
T1=—3° C. .
Butyl acrylate_ o 75
AcryIonitrile e e oo 22
Ttaconic acid-__- —_——— - .3
Ty=—10° C.

Techniques for polymerizing the foregoing monomers
into the copolymer are further illustrated in Patents Nos.
2,795,564; 2,760,886; 2,790,736; and 2,790,735. 'The co-
polymer dispersions which may contain 30-50% resin
solids may be made by any of the known emulsion co-
polymerization procedures, preferably by mixing the sev-
eral monomers in the desired proportions into an aqueous
solution of an anionic or a nonionic dispersing or emul-
sxfymg agent. Specific examples of suitable anionic and
nonionic emulsifying or dispersing agents and catalysts
are set forth hereinafter and are designated in the patents
mentioned above.

A second emulsion includes the polymerized harden-
ing monomer.
acrylate. . The solids content of such dispersion also is
suitably in the range of 30-50% resin solids.

The two emulsions are mixed together to form the
binder and then combined with other constituents of the
top coating composition as described hereinafter.

In addition to hardness, the composite binder must
impart other desirable characteristics to the coating such
as a suitable minimum film-forming temperature, coales-
cence and drying at conventional temperatures utilized in

30
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Such monomer preferably is methyl meth-~ -
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papermaking and coating operations, a capacity for appli-

cation at high speeds common to a papermaking machine,
suitable viscosity at relatively high solids, and maximum

bonding to the prime coated web; and it must itself bond .

well to the pigment particles of the top coating.

T have found that, if at least 50% by weight of the
solids content of the binder mixture is produced from
polymerized hardening monomer introduced by the second
emulsion, the results desired may be achieved—that is,
a paper gloss of at least 87 and a coating which may be
easily supercalendered at normal temperatures and pres-
sures. ‘The polymérized hardening monomer may form

65% by weight of the binder; above about this limit dif-’

ficulty is encountered with forming a coating composition
film having continuity. Below about 50% there is a-tend-
ency of the coating to adhere to the supercalender. This
results in an inferior coated surface. -Along with this
adhering, picking may occur on the supercalender. Opti-
mum conditions for the high gloss supercalender coating
are a combination of 60% of the polymerized hardened
monomer and 40% by weight of the tripolymer.

It appears that combmatlon in the emulsion form per—
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mits the use of the relatively large quantity of the polym-
erized hardening monomer in the coating composition.
This factor, and the effect of the underlying prime coat,
provides for the achievement of the desired coating, com-
parable to a cast coated sheet.

The top coating composition, it has been found, is
sensitive to the introduction, as already noted, of adhe-
sive materials. . In some instances, as in reverse roll
coating operations, it is desirable to employ a coating of
relatively high solids; & suspending or thickening agent
is then employed-——such should, however, be present only
in trace quantity~—0.1 to 0.3% on the weight of the pig-
ment to avoid loss of gloss. Agents such as the water-
sensitive gums including the gel forming synthetic hydro-
philic colloids, typical of which is carboxypolymethylene,
a vinyl polymer with active carboxyl groups and a com-
mercial form of which is Carbopol 934, a synthetic poly-
carboxylic acid and a product of B. F. Goodrich Chemical
Company; Acrysol thickeners such as an aqueous solution
of sodium polyacrylate serve the purpose when intro-
duced in about the same small proportion. The thickener
must be such that it will maintain the ingredients of the
coating composition suspended in stable condition under
the action of high shearing stresses exerted by coating
equipment during the formation of the coating and in its
application to the prime coated web.

The invention will be more fully understood by refer-
ence to the following detailed description, examples, and
accompanying drawings wherein:

FIG. 1 is a flow diagram illustrating the steps of pro-
ducing coated paper in accordance with this invention;
and

FIG. 2 is a diagrammatic and greatly enlarged Tepre-
sentation of a section of coated paper of the present in-
vention illustrating a web coated on one side.

The product is produced on a papermaking machine in
accordance with a preferred embodiment of the inven-
tion as illustrated in-the flow diagram, FIG. 1. While
coating on one side only of the web is illustrated, it will
be understood that it is conventional to apply coating to
both sides of the paper. The web 1¢ (FIG. 2) is formed
in conventional manner (step 1) and dried (step 2), and
a prime coat 12 is applied (step 3) thereto. This prime
coat penetrates the web interstices, and the adhesive of
the prime coat bonds the particles of pigment to each
other as well as to the cellulosic paper fibers. The prime
coated web is then dried (step 4) in the continuous oper-
ation of the papermaking machine. Such operation is
conventional. The formation of the web and drying of
the web (steps 1 and 2) are optional in the process of
the invention as they may take place independently of
the coating steps. '

It is also conventional to double coat webs on each
side. -The dried prime coated web in this instance has a
second coat 14 applied thereto as illustrated by step 5.
Such second coat might, of course, be applied on an off-
the-machine coater after the prime coat has been dried,
the web rolled up, and cooled.

As indicated in the drawing, the coating composition .

of step 5 includes an admixture of the soft interpolymer

_(tripolymer, for example) and the hardening homopoly-
- mer with other coating composition constituents.

The
top coat is dried on the prime coated web (step 6) and
then is supercalendered (step 7). Such supercalendering
is necessary to raise the gloss to desired levels.

The final step 8 of printing the supercalendered paper
is optional as indicated -in the drawing; printing paper,

- however, is the desired ob]ectwe of the process of inven-
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tion.

In the followmg examples which are illustrative of the
present invention, - the parts are by dry weight unless
otherwase noted.

Example 1

In a preferred spemﬁc embodiment the invention is
practiced by {reating a relatively heavy basis weight paper




8,132,042

5

with a first coat, followed by the high gloss coating. The

coating -applications may be by on-or-off the ‘machine -

coating equipment;

Thus, a web formed of 25%. sulfite short fiber pulp,
35%. short fiber kraff, and 40% of long fiber kraft pulp
by weight may bé formed on the conventional Fourdrinier
“wire, dried, and smoothed to form a 50-pound uncoated

“sheet or Web ~Speed-of formatlon is about 1000 feet per 7

minute.
This' web is then coated on-its opposed sides with a

coating-composition compounded by conventional meth- -

ods and of ‘a formulation such as:

Clay (premium predispersed kaolin)-.__.._._.._ .. 100
Starch ' {white dextrin) ~Z - -1l . 22
Sodium - hexametaphosphateé_ - 01
Sodium - hydroxide. R LI Y 0.1

Water to give solids' of 55%.

. 'The viscosity of such coating is about 40 poises at 50°
C. This coating composition is applied to the web by a

roll coating procedure to provide 67 pounds coating on
“each’side.
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Other adhesives ‘including protein may be substltuted :

for the starch; such adhesive should demonstrate & spe-
cific ‘adherence. to cellulose.
This -prime "coat:weight may be as low as’ 3.5 0r 4

pounds’per side in some apphcatlons but then the binder -

(starch)-content of the coating is preferably increased to
about 35% based on the weight of the clay. "The impor-
tant: function of this' base or prime coat is to penectrate
the web.and to provide a kind of tie ply to the paper web
-+ for the top coat as well as'to impart strength to the sheét.
- The'base. coated web is -dried to a water content of 5%
or less before application of the. top :coat. - The follow-

ing formulation may be employed for the top coat, the :

quantities being 'on a dry welght basis:

Clay (premium pred1spersed xaolm)__________; 160
Titanium dioxidesceo Lo fo oo li s 20
Acrylic homopolymer (polymexhyl methacrylate)_ 11 2
Acryhc interpolymerZ. i el 7.5
- (Bthyl acrylate—=83) -
(Methyl methacrylate—13)
. (Methacrylic acid—d4) (Ty= 41}
Thickemng .agent . Chigh mol wet. polyacxyhc
caeid) e e L Ll 148
Sodlum hexametaphosphate_______,__> _________ ~0.16
Sodium “hydroxide .. _Cliolliil ol ll. 0.11
Water sufficient to make solids.of 64.9%. .
o) & N e U A S DR VN 7.5
V1sco51ty, 1.8 p01s'=s at 50° C at 100 rp m. w1th

#6"spindle (1180 centipoises).
Coat welght 13.pounds per side:

“: The prime coated wéb to which ths top coat is apphed
has a basis weight of about 64 pounds (25"7.% 38" x-500
sheets).

:-To prepare the top coat formul;atmn the thickener is
dissolved in water io provide a tlear solution; this. solu-
tion-is added to a kneader, and the dispersant, sodium
hexametaphosphate, mtroduced “The' pigment is' then
added-to- the solution to. form -a’slurry- while stirfing at
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:room’ temperature; the slurry is opaque and creamy and. -

preferably -as much as possible of thé pigment (clay and
‘titanium’ dioxide) is added at this time—usually enough
- to make the solids content” of the sluiry about 75%: by
Wexght Sodium hydroxide in & solution form (1-5%)
© is-thest added fo neutralize the mentionéd thickener--this
“alkali addition helps to thicken-the slurry and aids-in dry-
ing:of inlk subsequently applied to -the finished paper.
The . remammg water and pigment are’ then-added. and
“mixing’ continues-for 20 to 30 minutes. - The binder is
- then added; the ‘binder is” added in mlxed form,- that is,
the" binder is formulated by simply mixing physically to-
gether emulsions: containing the relatively soft tripolymer
«and the polymerlzed hardenmg monomer, then the binder
admlxture is added.to the mam batoh

o
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dryer.
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The. tripolymer ‘aquéous  dispersion is obtained by the
emulsion polymerization of a mixture of 83 parts by
weight of ethyl acrylate, 13 parts by weight of methyl
methacrylate, and 4 parts of methacrylic acid in about
100 parts: of water in the presence of ‘about 6 parts’ of
a t-octylphenoxypolyethoxy ethanol contaihing about 30
oxyethylene units and small amounts of ammonium per-
sulfdte and sodium hydrosulfite as catalyst. -~ After polym-
erization, the pH is adjusted to about 6.5. The Tj of.
such interpolymer is about 1° C.. A similar commercial
emulsion suitable for the purpose.is provided as Rhoplex
B-15.by Rohm & Haas Company, Washington Square,
Philadelphia “5; Pennsylvania.  Also, with the same top -
coat formulation given above except for an acrylic inter-
ploymer of 85 parts of ethyl acrylate, 10 parts of methyl
methacrylate and 5 parts of acrylic acid having a T, of
about —35° C., similar’ results are-obtained.

The dispersion of:the hardening monomer is formed
by the ' emulsion polymerization of about 55 parts by
weight.of ' methyl methacrylate in about. 100 parts of water
in the presence of :about 5 parts of sodium lauryl sulfate
and -small amounts of potassium persulfate and sodium
meta-bisulfite -as catalyst.  After polymerization, alkali,
such as sodium hydroxtde, is added to adjust the pH to_
about-8.5.

These two emulsions are mlxed at room temperature
and combined. in ‘the coating compos1t10n as descrlbed
above,

The weight of top coating-applied. to each side may-be
about 13 pounds per side for the 50-pound uncoated sheet.
The top coating is applied .in excess to the web and sub-
jected to. the.action -of a rod rotating reversely to web
movement to remove the excess while the web. is sup-
ported on'a backmg roll.

. Wetting: of the prime coat by the aqueous top coat
composition causes the two coatmgs to become intimately
united.

The web with the prime and top coats thereon is dried
at about 350° F. air temperature in.a high velocity air
Such dryingis an imporiant step to . achieve ad-
equate bonding of the top coating. The drying tempéra-
ture may sulfably be as low as 300° F. but should not
exceed 450° F. air temperature. "~ Too low & temperature
of drying as well as too high a rate of drying at a high
temperatur\, tends. to result in poor bonding of pigment
in the top coating a“1d of poor top coat bonding’to' the
prime coat,

Drying -may be carrled out on’a-heated drum dryer
In such instance. the temperature of the drum is-suitably
lower than that' for. the high velocity air dryer.: ‘Drum
temperatures in-the range of 250° F. to about 325° F.
have been the most satlsfactory

This dried coated -web- is then supercalendered The
supercalender itself was” conventional ‘and” comprised’ of
alternate steel‘and papet filled rolls, 8 in- number." Super-
calendering ‘temperature was aboiit 140° F.; this super-
calendering "operation has a.normal range of 140-160°"
F. . Supercalendering pressure was also normal; the pres-
sure range was about’ 1000 pounds per ‘lineal inch. and
may range from as low as 350 pounds to 2000. pounds
per lineal inch depending on calender roll ‘diameter.- With
the: coated web sheet moisture. is not “critical for .super-
calendering. "~ A’ gloss of 87.or above can be obtained
with less than 1% moisture in the sheet but soime ‘mois-
ture -will -increase gloss by a point ot two. " ~The sheet,
however, s calendered without: -external m01sture ap-
plication:

... The total:basis wexght of this sheet was about 90 pounds
per ream (25" x 38" x 500 sheets). :

Paper - gloss - after supercalendering: 'was 892 on ‘the
wire and 89.9 on the felt side—using'a. 75° instrument.
Such gloss meter is 4 conventional dev1c'= commonly em-
ployed in .gloss measurements. :

Tests on the ‘paper made as descnbed gave optlmum
half-tone and Ietter press ‘pick ‘values.
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Example 11

The procedure of Example I is followed, substituting
for the quantity of tripolymer 6.55 parts by weight and
for the homopolymer 12.15 parts by weight on the dry
weight basis. :Thus the ratio’is about-35 of the soft inter-
polymer to 65 of the homopolymer. The coated paper
is essentially the same in quality as produced by Ex-
ample I :

. Example 111

The procedure of Example 1 is followed, substituting
for the quantity of interpolymer 8.42 parts by weight
and for the homopolymer 10.28 paris by weight. This is
about a 45 to 55 ratio.  The quality of the coated paper
is similar to that attained in accordance with Example 1.

- Example IV

The procedure of Example T is followed except that
equal parts by weight of the interpolymer and homo-
polymer are employed, 9.35 by weight of each on a dry
basis. ) :

Example V

The procedure of Example I is followed except that
the top coating composition is:

Clay (premium predispersed. kaolin) . oo wo.._ 100

Acrylic homopolymer (methyl methacrylate)..... 10.8

Acrylic interpolymer (Example I)ccmaeeo o 7.2

Thickening ‘agent (carboxypolymethylene).._.__ 0.148

Sodium hexametaphosphate P 0.16

Sodium hydroxide. ... 0.11

Water to make solids of 60.9%. =

Viscosity 2450 centipoises at 50° C.

PH 6.9
The top coat weight per side is 13.3 pounds. The

basis weight of such finished coated sheet is about 90
pounds. .
Such sheet, when supercalendered at normal tempera-

tures and pressures, had a paper gloss on. each side of
87.4.

It will be noted that the effect of eliminating the titanium
dioxide is to slightly reduce the gloss.

" Example VI

The procedure of Exémple 1 is followed except that the
top coating composition is:

Clay (premium -predispersed kaolin)

___________ 920
Titanium dioxide - ____ 10
Rhoplex B-15—a 46% solids aqueous emulsion, a
commercial product of Rohm & Haas—solids__.. 7.5
Rhoplex B-85—a 38% solids, a commercial prod-
uct.of Rohm & Haas—solids .. __._________ 7.5
Thickening agent (Carbopol 934) a synthetic poly-
carboxylic acid, a product of B. F. Goodrich
Chemical Co-oo_ oo m——— e 0.156
Sodium hexametaphosphate _ .. ___._. 0.1
Sodium hydroxide ..l __.____ 0.062
Water to make solids of 65%.
Viscosity, 1110 centiposises at 50° C.
PH PO S AU ST . 6.7

The results of such top coat application are similar to
those of Example I; on supercalendering gloss levels oF
89-91 were obtained. Half-tone values and print values
were optimum, , :

However, it is to be noted that less-alkali was included
and “the composition was slightly acid——this leads to
slower speed of ink drying.. However, the commercial
binder products’ work as well on the alkaline side when
employed in the composition as indicated in the follow-
ing example.
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Example VII

The procedure "of Example I is followed except that
the top coating composition contains:

Clay (premium predispersed kaolin) . ___.__ 100

Rhoplex B-15—a 46% solids aqueous emulsion, a
commercial product of Rohm & Haas Com-
Pany—SoldS . e 10

Rhoplex B-85—a 38% solids aqueous emulsion—a
commercial product of Rohm & Haas Com-
pany—solids e 15

Thickening agent (Carbopol 934) eoooocmceeeo 0.148

Sodium hexametaphosphate . _____.__ 0.10

Sodivini hydroxide ~_._.._ O 0.11

Water to make solids of 65%. ‘

Viscosity, 1200 centipoises at 50° C.

pH i iLi IR 7.5

Upon supercalendering a web with the above noted
top coating at a top coating weight of about 10 pounds per
side, a paper gloss of 89-90 is achieved.

In the finished coating the soft copolymer or inter-
polymer tends to surround the pigment particles and to
retain them positioned with a degree of plasticity to give
a smooth surface on supercalendaring. The admixed
hard polymer particles dispersed throughout the coating

~are of lesser effect in aiding the retention of the pigment
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particles, and the hard polymer would itself be quite
ineffective as the sole binder material. However, when
well dispersed in the coating, the hard particles, when
present as described, achieve a high gloss and the overall
sheet gloss is uniform and high, in excess of 87 as already
noted. " The flow of the softer, more thermoplastic ma-
terial under supercalendering pressures and temperatures
aids the attainment of this high uniform gloss; in the ap-
propriate proportion the thermoplastic softer material is
not adversely affected by the calender temperature and
pressure, and picking at the calender is avoided.
Similarly, the picking factor is excellent when the paper
is subjected to tacky letterpress or offset inks. The smooth
gloss surface exhibits high ink holdout characteristic of
coatings. formulated with all soft copolymer or inter-

“polymer as binder.

Print test results on the high gloss paper produced in
accordance with the invention are comparable to results
achieved with a high quality cast:coated paper. Four-
color reproductions, monotone half-tones and gloss in-
sirument measuréments made. on commercially produced
prints indicated-that the paper quality is comparable for
the cast coated and machine produced paper of this in-
vention. Tnk drying and coating pick even using inks
which were quite tacky were entirely satisfactory. Reg-
istry in the printing operation was also good.

The specific embodiments described have all included
a thickener in the top coating in what is substantially trace
amounts. The thickener is employed for the purpose of
achieving optimum rheological properties in the coating
for blade, rod, and reverse roll coating applications. It
may be eliminated when the coating is applied by other
methods such as dipping or air knife. - .

- The clay and other pigments may be any conventional
material which is well dispersed in the composition to
provide for adequate coating application, drying and super-
calendering. . .

The web itself suitably has a basis weight (25" x 38"
X 500 sheets) of at least 40 pounds uncoated and about 70
pounds coated; usually the upper limit of the coated sheet

“is a basis weight of about 120 pounds. Conventionally,

the type of printing paper under consideration is coated
on both sides and has a basis weight of 80 to about 100
pounds:- :

- While the prime coat need not contain pigment, it is

* highly desirable that a considerable quantity of clay be

7%

present to aid in the attainment of a smooth prime coated
surface. .Clay in the top coating is essential. It is desir-
able that in each ‘coating‘ the clay form the dominant por-
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tion by weight on a dry basis. ‘Clay in the prime coat not
only provides for increased adherence of the top coating,
but the clay i$ receptive to the action of polar groups in
the. top coating to further improve adhesion.

It will be understood that-this invention is susceptible
to modification in order to adapt to different usages and
conditions and, accordingly, it is desired to comprehend
such modifications within the invention as may fall within
the scope: of the appended ‘claims. ‘

‘What is. claimed is:

1. /A coated and supercalendered prmtmg paper having
a paper gloss in ‘excess of |87 and comprising a web of
cellulosic fibers, a top coating on said web having the
noted - gloss :characteristic, said top . coating ‘including a
soft -acrylic interpolymer having a specific adherence to
polar groups and having a Ty value of between about

=10° C. and +-10° C., a pigment, and methyl meth-
“acrylate physically .admixed with the interpolymer and

pigment and present in'the top coating to at least the same

~extent by weight as the interpolymer, and a prime. coat
containing 4 major, ‘proportion by -weight -of a pigment

and’ an-adhesive ‘which has a ‘specific adherence to said
web and to said top coat, said prime coat penetrating,
coating and ‘bonding the fibers of the web and providing
a_ smooth surface to which the top. coat is bonded; the
top.coat being thereby bonded to the web, said top coat

~being ‘present on said web.in a greater proportlon by
~weight than said prime coat.

2."A coated and supercalendered paper product baving

“"a'paper gloss in excess of 87 comprising a web of cellu-

losic. fibers, a prime coat containing an adhesive having
a specific adherence to said fibérs, said prime coat pene-
trating and coating said web and bonding- fibers: of the
web together, and a‘:top coatmg on said prime coated
web, said top coating comprising:

(a). a finely divided pigment having ‘a predormnant :

portion’ of ‘clay;-and
(b) a binder comprising for each 100- parts of clay
between about 12 and 25 parts by weight of an ad-

mixture -‘of

(1) an mterpolymer havmfr a Ty value -of between
about” —10° 'C:. and +4-10° C. and which in-
cludes a water-insoluble copolymer of at least
~‘one lower -alkyl: acrylate in which. the -alkyl
-~ group ‘has"from 1 to" 4 carbon atoms with an
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acid or amide to:the’ extent of between about -

“0.5%- to about 7.0% by weight and selected
- fretn the group consisting of methacrylic acid;
acrylic' acid, itaconic acid, maleic acid, fumaric
acid; or ‘amides of these acids and with a small
“proportion of an ‘alkyl methacrylate; and

(2) a homopolymer which includes methyl meth--

acrylate hardening monomer, said-methyl meth-

“acrylate being present to the extent of between

. about 50 to 65% by weight of the:admixture.
3."A method of producing a supercalendered’coated
paper-having a paper gloss.in excess of 87, the said method

: comprlsmg theé “steps. of: -

(a). coating- a relatively heavy basis weight' web of
o+ cellulosic fibers ~with a prime coating ccmposition
containing an ‘adhesive ‘having: a specific adherence
. to-polar. groups to impregnate and bind the fibers
- together and to. prov1de a smooth coated surface on
- said . web; ‘ .
b)Y drying the coated web;
~(c) applying a top coating to said prime coatmg whlch
gt compatlble with and ‘bonds' to the adheswe -CORn-
"taining prime coating; i
{(d)-applying said top coating in the’ form of an aqueous
dxspermon containing a pigiment and a binder to the
extent of about 12 10.25% by weight 'of ‘the pig-
‘ment, said binder containing a physu:al admixture of
(1) an’ interpolymer. which - bas' adherence . to

50

60

.65

(2) a methyl methacrylate homopolymer present
to at least the same extent by weight as the
interpolymer and which homopolymer normally
has little adherence to cellulose;

(e) drying the web. with the top coating thereon at a
temperature in the range of about 225-450°-F.; and

(f) supercalendering the web under elevated tempera-
‘ture to-a paper gloss of at least 87.

4." A method of producing a supercalendered coated
paper having a paper gloss \in- excess. of -87, the - said
method comprising: the steps of:’

(a) coating a relatively heavy basis weight web' of
cellulosic' fibers with a prime- coating -composition
containing- an ‘adhesive having a specific adherence
to - polar groups to impregnate and bind the fibers
together and to provide a smooth coated surface on
said web; .

(b) . drying the coated web;

(c) applying 4 top coating to said prime- coatmg which
is compat1b1e with and bonds to the adhesxve -con-

.. taining prime coating;

(d) applying said top coating in the form of an aqueous
dispersion containing a pigment and a binder to the
extent of about 12.to 25% by weight of the pigment,
said-binder containing a- physical admixture of

(1) an interpolymer which has adherence to cel-
lulose and has a' Ty value of between about i
—10°C. and +10° C.; and

(2) a methyl methacrylate homopolymer present
to- at least the same extent. by weight as the
interpolymer and which homopolymer normally
has little adherence to cellulose; ‘

(e)-drying the ‘web with high velocity heated air at a
temperature of between about 300-450° F.; and

(f) supercalendering the web under elevated tempera—
ture to a paper gloss of at:least 87.

5. A method of producing a supercalendered . coated
paper having a paper gloss in excess’ of 87, the said
method comprising the steps of:

(a) coating a relatively heavy basis  weight web of

cellulosic ‘fibers with a prime coating composition
*containing an adhesive having a specific adherence to
polar groups to impregnate and bind the fibers to-
gether ‘and to provide a smooth coated surface on
said -web;

(b): drying the coated web;

(c¢) applying a top coating to said prime coating which
is compatible- with and bonds to the adhesive-con-
taining prime coating;

(d) applying said top coating in the form of an aqueous
dispersion containing -4 pigment and a binder to the:
extent of about 12 to 25% by weight. of the pigment,
said binder coniaining a physical admixture 'of - .

(1) an’interpolymer:which has adherence to cel-
lulose -and has a Ty value of between about'
-=10° C. and --10° C.; and

(2) -a methyl methacrylate homopolymer present
to at least.the same extent by weight as the
interpolymeér and which - homopolymer normally.-
has little adherence to cellulose;

‘(e) drum drying the web with the top coating thereon
at.a temperature i the range of about 250-325° F.;
and :

(f) supercalendering the web under elevated tempera-
ture to-a:paper gloss of at least 87.

.6. ‘A method. of producmg a supercalendered: coated

: papur havmg a paper gloss inn excess.of 87, the said method

70

cellulose-and has-a ‘T; value of between about"?u

—10" C..and +10° C and

75

comprising -the steps ‘of:

(a) coating  a-relatively heavy basis Welght web " of
cellulosicfibers 'with. a prime. coating composition

> containing an adhesive having a specific adherence

. to polar groups to impregnate and bind the fibers
together and to provxde a smooth coated surface on
said web; -

(b) drymg the coated web
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(c¢) applying a top coating to said prime coating which
is compatible with and bonds to the adhesive-contain-
. ing prime coating;
(d) applying said-top coating in the form of an aqueous
dispersion containing a pigment and a binder to the

extent of about 12 to 25% by weight of the pig-

“ment, said binder containing a physical admixture of
(1) an interpolymer comprising about 83% by
weight -of ethyl acrylate, 13% by weight of

methyl methacrylate, and about 4% of meth- 19

acrylic acid, said interpolymer having a T
value of about +1°C,; and

(2) a methyl methacrylate- homopolymer present
to at Jeast the same extent by weight as the

12
(e)- drying the web with the top coating thereon at
a temperature.in the range of about 225-450° F.;
~ and | ) . :
(f) supercalendering the web under elevated tempera-
ture to a paper gloss of at least 87.
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