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This invention relates to a coated paper liner
facing material which Is suitable for use in con-
tact with foodstuffs for sealing paper, glass and
metal containers and which is particularly valu-
able as a component of crown caps, screw caps
and similar closures as a material for resilient
discs of cork, cardboard, etc., employed therein,
and as & facing maiterial for the inside of paper
containers. ’

Such closures have been made with a resilient
disc of cork or cardboard to permit accommoda-
tion to all irregularities of the container surface
which s to be sealed, but because of the lack of
moisture resistance of cardboard and to prevent
contamination of the foodstuff by foreign flavors
imparted by the cardboard or cork, it is ad-
vantegeous to employ a protective facing.
Varicus materials have been used heretofore as
facings, but none of those used has been satis-
factory in all respects. Some have given satis-
factory results with a limited number of food
products, thus requiring the manufacture and
segregation of different types of facings for dif-
ferent food products. For example, relatively ex-
pensive aluminum foil has been extensively used
as & facing in crown caps for beer, but since
aluminum is lacking in resistance to acids such
as those contained in citrus products, ginger ale
and the like, and to mild alkalis such as those

present in certain mineral waters, aluminum foil *

has attained only limited application as a facing
material. ' )

Tin foil has been applied as a facing for
closures, especially for the more acid and the

more alkaline beverages, but it is more expensive 3

than aluminum and like aluminum tends to con-
taminate the foodstuff with corrosion products
that adversely affect flavor and color of some
foodstuffs.

Varnished paper has been employed as a fac-
ing for closures and in many respects has superior
qualities. It is cheap compared to metal foils
and can be made at high speed with great uni-
formity on comparatively simple roller coater
and baking equipment. Varnished paper has
excellent moisture resistance and resistance to
acids and alkalis of the strengths ordinarily con-
tained in foods, and despite its tendency to im-
part oily or varnish-like flavors to delicately
flavored foods, enjoys very wide application in
the closure industry due to its relatively low price.
It has been found to be impossible to produce g
varnished paper free from this objectionable
flavor-imparting characteristic largely because
the baking temperature used to cure the varnish

10

20

c
(=)

40

50

‘

68

2

is limited by the tendency of eve. the best grades
of paper to become brittle at baking oven tem-
peratures. White sulphite papers may not be
baked above 300 degrees F. without an appreciable
loss in strength, which causes cracking or splitting
of the coated paper in the closing or crowning
operation. Even the special grades of heat re-
sistant papers such as kraft and Drab Express
stock begin to embrittle at baking temperatures
slightly in excess of 350 degrees ¥, Therefore,
even the high quality varnishes that produce al-
most flavor-free films when applied to metal sur-
faces such as steel, aluminum or tin plate and
baked at 400 degrees F., as in the manufacture
of metal containers and closures, cannot be made
free from off-flavor imparting constituents when
coating paper because of this baking temperature
limitation.

Still another type of coated paper used as a
facing for closures consists of a plasticized film
of vinyl chloride-vinyl acetate coploymer calen-
dered to a paper backing with heated rolls. While
this type of coated paper has good flavor char-
acteristics, good chemical resistance to a variety
of products and fair resistance to moisture and
carbon dioxide gas transmission, it is used to a
much lesser extent than varnished paper prima-
rily because of its greater cost. The high cost is
due in part to the relatively high cost of the vinyl
type resins and in part to the fact that the cal-
endering operation, even with the use of the finest
types of the very complicated and expensive
equipment available for this purpose, cannot pro-
duce & uniform and continuous vinyl resin film
in thicknesses below 0.002 of an inch. Further-
more, the unmeodified vinyl copolymer of, for
example, 87 percent vinyl chloride and 13 percent
vinyl acetate composition, having a fairly good
moisture resistance, cannot be heat-calendered.
The addition of a softening agent is also essential
to the satisfactory service of the vinyl! resin cal-
endered coated paper liner, since in films 0.002
of an inch thick or thicker, the non-softened
vinyl copolymer is too hard and unyielding to give
a satisfactory seal between the vinyl film and
the glass or metal sealing surface of the con-
tainer. Such softening plasticizers are commonly
added in quantities equal to 15 to 20 percent of
the resin. The use of softening plasticizers is ob-
jectionable in liners for closures for food con-
tainers because of their tendency to impart
foreign flavors to foods and because plasticizers
tend to reduce the general chemical, water and
gas resistance of the resin. Also, in times of
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national emergency, the few plasticizers that are
least objectionable may become unavailable.

Tt has been discovered that all of the desirable
characteristics previously described for varnished
paper can be retained and the flavor imparting
tendency overcome by applying a thin film of vinyl
chloride-vinyl acetate copolymer over a varnished
paper base, thus producing a closure facing ma-
terial superior to any heretofore known to the
industry. This desirable result is secured by vir-
tue of the fact that in thin films of the order of
one to five ten-thousandths (0.0001 to 0.0005) of
an inch thickness (2 to 10 mg. per sq. in.), the vinyl
resin has adequate inherent plasticity without
the addition of any plasticizer whatever, to give
a satisfactory seal between the vinyl film and the
sealing surface of the glass or metal container, and
in addition this very thin film of vinyl resin com-
pletely prevents the transfer to the product of
the oily, off-flavor-producing constituents of the
varnish film. A film of about 5 milligrams per
square inch of surface is presently preferred where
the coated paper is non-rigid or where sharp folds
and bends are necessary in forming the material
or epplying the seal.

1n the practice of this inventicn, bleached sul-
phite paper may be used where whiteness is es-
pecially desired, but the more highly heat-resist-
ant kraft papers.and particularly the special grade
of unsized highly calendered kraft paper made
from spruce and known as Drab Express stock is
preferred. A paper thickness of four and a half to
five thousandths (0.0045 to 0.005) of an inch is
preferred when the coated paper is intended for
use in crown and screw caps although lighter or
heavier gages may obviously be employed for par-
ticular purposes. Any sizing upon the paper
should not be swellable by water when wet food
products or the like are to be contacted, because
inferior adhesion of the varnish to the paper stock
as well as reduced resistance to moisture vepor
penetration would then result,

The chosen paper stock is varnished, for ex-
ample, by means of theusual roller coating ma-~
chine, and the varnish is cured in & festoon or &

tower-type baking oven. Several different meth- :

ods of varnishing, as described below, arg prace
ticed commercially and any of these may be em-
vloyed without departing from the principie of
this invention, as long as a water- and gas-im-~
permesble varnish flm is produceg having ade-
guate ac’d and alkali resistance to permit its use
in contact with beverages, other foods and cerfain
industrial products.

Three methods of varaishing that may be em-
nloyed are as follows:

1. 8rop Coar METEOD

One gide of the paper is roller coated with an
oleoresinous varnish having a relatively high vis-
cosity so that only enough penetration of the var-
nish into the paper fibers occurs to provide &
strong adhesive bond. The wet varnished paper
web passes into g drying oven where the high-
temperature-induced oxidation and palymeriza-
tion cause the oleoresinous varnish film to becoms
hard ang tack-iree. A second coat of varnish s
then applied to the same side of the paper and
baked in the same manner. Stop coat methods

permit use of higher resin:oil ratios than saturat- 7

ing methods, since the coating does not prodice
brittleness to the extent of such saturating coat-
ings; and the stop coating penetrates inic ite
paper base only to the extent necessary o ohtal
strong adhesion to the paper. -

£

HATTRATING BATIEOL

ey is roller conted with an
1 at 8 somewhat lower vis-
he stop coat method so thai the
paper becomes completely saturated with the var-
nish. After passing thiro %

[

1ok the heking oven, the
saturated paper is varnished g second time on the
same side of the paper, and re-baled,

10 3. SmroLTaREoYE Two Sr

In this method of varnishing, the paper is
dipped in or passed iwouzh o saturating or stop
coat type oleoresinous varnish go that hoth sides
of the paper are costed shmuitancously. After
passing through the baklng oven, the two-side
varnished paner is varnishad r. second tirme as be-
fore, and re-bsled.

The preferred thickness of ihe double coating of
oleoresinous varnish, upon tire paper, is from 20
to 40 milligrams pay sguare i

Satisfactory varnishes io
sired water, water vapor 25 impermeable
varaished paper may be produced from various
drying oils in combination separately with vari-
oug types of compatiblz resins, end having vori-
ous proportions of 1 to drying oil. The drying
oils preferred dap of thelr sultabllity are
tung oil, deh astor oil and alkali-isomer-
ized linseed speble of increasing the
hardness, wemical resistance of those
oils includs nited to, phenolic (whe-
nol-aldehyde) dified phenolic resins,
fossil gums paride glveerol osters
of rosin,

Bxamirlen o)
these methods of o
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40 Regmale Mo, I
Pounds
Phenotic regin (Bakelite BR~254) o 100
Tung oil 400
Meanganese reginate 4
45 Rylol ——— 1175
Ezamuple No, 2
Pounds
#edified phenolie rain (AE~85) v nne 160
50 Tiehydrated castor ol 400
Wangoness 12510880 e 4
Hwlol 1175

Brample Ho, &

ifodified malele resin (Auabaroel 8068) o
merized linssed ol (Fellinol) v vaaan
Fanganege resingets

ylel

Sxop Coar TAmTISHEs

Ezample No, &

80

“henolic resin (Folelite BE
fung oil
1ganese
101

resinete

P——— J

Example No. 5

Pounds
-0 Wodifleg phanoiic vesin (BL-85) v 105
"7 Dehydrated castor oll . 100
Menganese resinate 1
Zylol 200

The manganese resiuate is a drier, and may be
omitted or replaced by another drier, depending
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u”»c illustration of Jh1s type of modifice-

Pounds
Vinyl chloride-acetate polymer resin-... 18,8
Maleic anhydride glycerol rosin esters.... 1.7
Methyl ethyl ketone 37.35
Methyl isobutyl ketone 8.3
Toluel —-__ - T 35
10&09

in the event that extremely high holding
power against carbon dioxide gas pressure is ve-
quired, as when carbonated-type beverages &arg
to be sealed, up to 10 percent of the weight of
the vinyl resin may be replaced with & cold-
patible, non-toxic, flavor-iree high-boiling and
non-water-reactive modifying agent such as di-
butyl Cellosolve phihalate, methyl phthalyl, ethyl
glycollate, or diamyl phthalate. Two examples
of this type of formulation are:

Ezample No, 8

_ Pounds
Vinyl chloride-acetate polymer resin —_.. 1635
Methyl phihelyl ethyl glycollate ________ A8
Methyl ischutyl ketone ... e cnep e - 83
TTOII0L e e e e e e e e e e e o 57.38
Meathyl ethyl ketone ——— —— 31,38

100,60

Bzample Nop, 9
} Pounds
Vinyl chlorids-acetate polymer resin ... 18.25
Dibusyl Cellosolve prthalate woeeeocnane 8,75
Methyl ethyl Xetong oo 37.38

Methy? iscbutyl ketone .- 8.3
TolUD] oo e 31.88
10008

Wor certain applicetions where the typleal yel-
low-broewn varnish color is undesirable, the ap-
pearance of the coated paper may be enhanced
by the addition of suitable pigments, White and
aluminum pigments are particularly advanie-
seous. 'Typical examples of these are:

Example No. 10

Pounds
Titanium dioxide pigment o 7.14
Vinyl chloride-acetate polymer resin —--- 1500
Diamyl phthalate oo 1.86

Methyi isobutyl ketone .- ; 7.82
Methyl ethyl Letone o ettt e e 2439
Toluol oeen P e e e e e e s e 34.28
. : 160.08,

Bxomple No, 11
Pounds
F ATUmINUMN POWARY we e e L i1
Vinyl chioride-scetate polymer resin ..—.- 1581
#lethyl isobutyl ketone - e oo 8.30
Methyl ethyl kKetone — e ool omc o 37.35
TOIIOl e e 37.38
166.00

The ketones and toluol in the exemples provide
sn organic solvent for the vinyl resin, and for
the modifying egent where employed; and meay
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be replaced by another organic solvent which is

volatile below the baking temperature for the
vinyl resin film, i. e., about 300 degree” P, The
proportions may be varied in accordance with the
selected method of application, the stated pro-
portions being desirable for compositions which
may be stored before use.

It has been found that a desirable improvement
in adhesion to the varnish of the vinyl resin film,
‘with exhibition of good chemical and physical
properties even when all the solvent has not been
eliminated, can be secured by the addition of &
t{ripolymer resin containing maleic anhydride,
vinyl chloride and vinyl acetate, such as that
which is commercially available under the desig-
nation Vinylite VMCH, which contains approxi-
mately 2 parts of maleic component copolymer-
ized with about 87 parts of vinyl chloride and 13
parts of vinyl acetate. Tests have shown that &
replacement of 20 percent of the vinyl chloride-
vinyl acetate resin by such a tripolymer, as exem-
plified by the following formula, Is to be pre-
ferred although considerable deviations from this
basic formula can be made.

Example No. 12

Pounds
Vinyl chloride-acetate polymer resin .. 13.6
Tripolymer resin from maleic anhydride,
vinyl chloride and vinyl acetate (Vi-
nylite VMCH) e 34
Methy! isobutyl ketone ——— oo 8.3
Methyl ethyl ketone —occeomemeoeeee 317.35
TOIOl o e 37.35
100.00

In baking the vinyl resin top coat a minimum
temperature of 285 degrees F. is required to re-
lease the solvents and to develop satisfactory ad-
hesion of the top coat to the underlying oleores-
inous varnish. A maximum baking temperature
limitation is set by the tendency of vinyl resins
to decompose at higher temperatures; however, it
has been determined that the practical maximum
is fixed by the tendency of the preferred paper
base to become embrittled at temperatures ex-
ceeding 350 degrees F. Within the range of 300
to 350 degrees F., elimination of solvent from the
vinyl resin and the development of adequate ad-
hesion to the varnish are accomplished.

As a specific example of the practice of this
invention, a Drab Express paper was stop-coat-
varnished with a dehydrated castor oil varnish
(Example No. 2 above) and baked at 350 degrees
P, {or 40 minutes. The resulting paper had a
very high moisture-vapor permeability and there-
fore was unsuited for use as a cap liner, A sec-
ond coat of varnish was applied and baked at
350 degrees F. for 40 minutes, The double-coated
paper then had a sufficiently low moisture vapor
transmission value as shown in Table I below but,
when tested in a crown cap in contact with beer
for ten days, transmitted to the beverage an ob-
jectionable oily flavor. Two portions of the same
lot of double varnished paper were re-lacquered
with a vinyl resin lacquer (Example No. 6 above)
in thicknesses of deposit which produced, after
baking at 300 degrees F. for 3 minutes, dry film
weights of vinyl resin of two and of five milli-
grams per square inch of surface, respectively,
These triple coated papers, as indicated in Table
I, had even lower moisture vapor transmission
values and when flavor-tested with beer, were
found to impart no foreign flavors whatever to
the beverage.
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Table I

Molsture vapor transmission?

gms./100 sq. inches/24 hours

Drab Express paper with stop coat and top
coat of dehydrated castor oll varnish_.__
Drab Express paper with stop coat and top
coat of dehydrated castor oil varnish, plus

a 2 mg./sq. in. coat of vinyl resin. .~
Drab Express paper with stop coat and top
coat of dehydrated castor oil varnish, plus

a8 5 mg./sq. In. coat of vinyl resin_._____

Calendered Vinylite coated paper—— -
1At 08 deixl']ees F. with anhydrous calcium chloride on
one side of filn, 95 percent humidity on other,

As another specific example, a Drab Express
paper was coated with a stop coat and a top coat
of & tung oil varnish (Example No. 1 above) and
baked for 40 minutes at 350 degrees F. following
each application. As shown in Table II below,
the double varnished paper had a lower moisture-
vapor transmission value than the above calen-
dered Vinylite coated paper and hence in this
respect, at least, was superlor to the latter. How-
ever, when crown caps having g 0.85 inch diam-
eter circular spot facing of this varnished paper
adhered to the cork were tested in contact with
beer, a faint but unmistakable oily flavor was dis-
cerned in the beverage by expert taste testers.
This off-flavor #as less objectionable than in the
case of the dehydrated castor oil varnished paper
heretofore described, but was sufficlently notice-
able to prevent the utilization of the tung oil
varnished paper for this purpose.

A quantity of the same double-varnished paper
was re-lacquered with g vinyl resin lacquer (Ex-
ample No. 6 above) producing after a three
minute bake at 300 degrees ¥, & dry vinyl lacquer
film weight of 5 mg./sq. in. The completed paper
showed only a very slightly greater resistance to
moisture-vapor transmission, but expert flavor
testers pronounced the triple coated paper per-
fectly free from foreign flavor imparting char-
acteristics after a prolonged storage period in
contact with beer, thus proving that the thin
coat of vinyl resin acts as an impermeable mem-
brane to the off-Aavor imparting components of
the varnish film.

5.00

3.11

Table II

Moisture water transmission 2

gms./100 sq. inches/24 hours

Drab Express paper with a stop coat and a
top coat of tung oil varnish___________
Drab Express paper with a stop coat and a
top coat of tung oil varnish, plus a 5

mg./sq. in. coat of vinyl resin . ___ 2.88
2 At 98 degrees F. with anhydrous calclum chloride on
one side of film, 95 percent humidity on other.

3.00

The completed vinyl resin coated varnished
paper produced according to this invention may
be fabricated in the usual ways, without any
special requirements or limitations. For exam-
ple, it may be laminated to cardboard or other
backing material, punched into discs and inserted
in caps on a single machine such as is used in the
industry, or the discs cut with a simple die may
be inserted by hand or by any other convenient
means. -

For use with cork in crown caps, it is perfectly
feasible to apply a thermoplastic cement to the
reverse side of the paper and to cut discs of the
desired diameter, which may be somewhat less
than the diameter of the cork liner, and to insert
and adhere the coated paper spot to the cork on
one of the special machines employed for this
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purpose. Sultable adhesives are gutta percha
and alkyd resin base thermoplastic adhesives.
It is obvious that the invention may be em-
ployed i many ways within the scope of the
appended claims.
Iclaim:

1. A paper liner facing material comprising a

paper base and a coating thereon comprising a
paper-adherent layer of oleoresinous varnish
sealing the paper base and providing a continu-
oits outward surfaee, and a continuous top coat-
ing film having an unplasticized resinous base

consisting for 80 to 100 percent by dry weight of

vinyl polymer resin selected from the group con-

sisting of polymerized vinyl and vinylidene hal-’

ides and vinyl resins containing 40 to 95 percent
by weight of vinyl and vinylidene halides as

mixed and interpolymers with vinyl esters, acrylic

<t

10

acid, esters of acrylic acid, and alkyl-substituted "

acrylic acids and their esters; the remainder of
the dry weight of the resin base of said vop coat-

ing film being a resin selected from the group.

consisting of malelc anhydride glycerol esters of
_rosin and the tripolymer resin made from malele
” anhydride, vinyl halide and vinyl acetate; said
top coating film being adherent to said oleo-
resinous layer and having a thickness of substan-
tially one to five ten-thousandths of an inch with
a dry film weight of substantially 2 to 10 milli-
grams per square inch, said material being char-

acterized by being flexible, having a tough and.

impermeable exposed surface and having its sev-
eral components inseparably bound together.

2, A paper Hner facing material comprising a
paper base and a coating thereon comprising a
paper-adherent layer of oleoresinous varnish
sealing the paper base and providing a continu-

20
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ible, having a tough and impermeable exposed
surface and having its several components in-
separably bound together.

4, A paper liner facing material comprising a
paper base and a coating thereon comprising a
paper-adherent layer of oleoresinous varnish
sealing the paper base and providing a continu-
ous outward surface, and a continuous top coat-
ing film having a resin base consisting essentially

‘of a mixture containing 85 to 95 parts by dry

weight of copolymer of vinyl chloride and vinyl
acetate with the ratio of the vinyl chloride com-
ponent to the vinyl acetate component being
from 60:40 to 95:5; the remainder of the said
top coating film mixture being 5 to 15 parts of
maleic anhydride-glycerol ester of rosin, being
compatible with the said copolymer vinyl resin
and free from off-flavor when baked therewith

‘at a temperature between 285 and 350 degrees

F.; sald top coating film being adherent to said
oleoresinous layer and having & thickness of
substantially- one to five ten-thousandths of an
inch with a dry film weight of substantially 2
to 10 milligrams per square inch; said material *
being characterized by being fiéxible, having a

- tough and impermeable exposed surface and:.

30
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ous outward surfsce, and a continuous top coat-

ing film having an unplasticized resinous base of
which for 80 to 100 percent by dry weight con-

40

+ sists of vinyl resin which is a copolymer of ap- -

proximately 87 percemt vinyl chloride and 13
_percent vinyl acetate, said top coating film be-

ing adherent to said oleoresinous layer and hav: :

ing a thickness of subsiantially one to five
ten-thousandths of an inch with a dry film
welght of substantially 2 to 10 milligrams per
square inch, said material being characterized by
being flexible, having a tough and jmpermeable
exposed surface and having its several compo-
nents inseparably bound together, -

3. A paper liner facing material comprising a
paper base and a coating thereon comprising &

paper-adherent layer of oleoresinous varnish.

sealing the paper base and providing a continu-
ous outward surface, and a continuous top coat-
ing film having a plasticized resin base consist-

having its several components insepa.rably bound
together. '

5. A paper liner facing material comprising_a'
paper base and a coating thereon comprising a
vaper-adherent layer of oleoresinous varnish
sealing the paper base and providing a continu-
ous outward surface, and a continuous top coat-
ing film having & thickness of substantially one
to five ten-thousandths of an inch with a dry
film weight of substantially 2 to 10. milligrams
per square inch; said top coating film having an
unplasticized resin base adherent to said oleo-
resinous layer, with said resin-base consisting of
at least 80 percent dry weight of a vinyl polymer -
resin selected from the group consisting of poly-
merized vinyl and vinylidene halides and vinyl
resing containing 40 to 85 percent by weight of
vinyl and vinylidene halides as mixed and inter-

~polymers with vinyl esters, acrylic acid, esters

of acrylic acid, and alkyl-substituted acrylic

. aecids and their esters; the remainder of the dry
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ing essentlally of a mixture contalning 80 per- .

cent by dry welght of copolymer of vinyl chlo-

ride and vinyl acetate with the ratio of the vinyl

ec

chioride component to the vinyl acetate com- -

ponent being from 60:40 to 95:5; the tihe re-
mainder of said top coating flm mixture being
& tripolymer formed from substantially 2 parts
by welght of maleic anhydride, substantially 87
parts of vinyl chloride and 13 parts of vinyl
acetate, being compatible with the said copoly-
"mer vinyl resin and free from off-flavor when
haked therewith at s temperature between 283
and 350 degrees F'.; said top coating film being
adherent to said oleoresinous layer and having a
thickness of substantially one to five ten-thou-
sandths of an inch with a dry film weight of
substantislly 2 to 10 milligrams per square inch;
sald material being characterized by being flex-

welght of the resin base of said top coating film

-being a resin selected from the group consist-

ing of maleic anhydride glycerol .¢sters of rosin .
and the tripclymer resin made from maleic an-
hydride, vinyl halide and vinyl acetate; said ma-
terial being characterized by being flexible,
having a tough and impermeable exposed surface
and having its several components inseparably
bound together.

6. A paper liner facing material comprising &
paper base and a coating thereon comprising a
paper-adherent layer of oleoresinous varnish
sealing the paper base and providing a continu-
ous outward surface, and a continuous top coat-

~ ing film having a thickness of substantially one

65
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to five ten-thousandths of an inch with a dry

‘Ailm weight of substantially 2 to 10 milligrams

per square inch; said top coating film having an
unplasticized resin base adherent to said- oleo~
resinous layer, with said resin base consisting
of unplasticized vinyl polymer resin which is a
copolymer of approximsately 87 percent of vinyl
chloride and 13 percent of vinyl ‘acetate; said
material being characterized by being flexible,

- having a tough and impermeable exposed surface
- and having its several components inseparably

(£

bound together.
N CURTIS E. MAIER.




