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" The present invention relates generally to improved
gasket compositions in the form of permanent rubbery
gels of the type normally referred to as “plastisols,” the
improved compositions being adapted for use with rotat-
able caps to provide the same with controlled opening
torques following application to glass containers in sealed
relation therewith. More specifically, the invention is
directed to the provision of a viscous coating on the
sealing surface of the “flowed-in” plastisol gasket mate-
rial carried by the cap, which coating is capable of internal
shear upon the application of a cap-removing torque of
predetermined magnitude to prevent seizure between the
plastisol gasket material and the glass finish of the jar
following application of the cap to the jar in accordance
-with known automatic capping procedures.

The rotatable closure cap with which the improved
plastisol gasket material of the present invention is par-
ticularly adapted for use is of the. type disclosed in a
copending application, Serial No. 520,881, filed July 8,
‘1955, now Patent- No. 2,841,304; granted July 1, 1958.
This tye of cap is formed from a metal shell having a
top panel portion and a 'depending skirt portion, the outer
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margin of the inner surface of the top panel portion being -

provided with a “flowed-in” plastisol gasket material into
which is pressed the top rim or edge of a glass container
when the cap is forced down into sealed relation there-
with. The depending skirt portion of the cap is provided
with inwardly directed lugs which are slidingly moved
-along glass threads or lugs formed in the outer surface
of the container inwardly of the top edge thereof. The
cap is rotatably advanced onto a container in a known
manner and the advancing of the top panel of the cap
-toward the top edge of the container brings the gasket
in to intimate sealing relation with the top edge of the
container to seal the same. In sealing glass containers
the contents placed in the containers are frequently at
elevated temperatures and the cap including its plastisol

.gasket is- also frequently heated when applied to the

container.
The lastisol gasket material in use at the present time
-is' made from a paste-forming resin-plasticizer mixture
. which may contain a filler.. The mixture, upon fluxing at
“elevated temperatures after being applied to the inner
surface of the top panel of the cap, forms a permanent
. gel which becomes elastic and rubbery upon subsequent
cooling. Upon the reheating of the plastisol gasket ma-
-terial, during sealing operation requiring heat, when the
cap carrying the same is brought into contact with a filled
heated jar, the plastisol loses its elasticity until subsequent-
ly cooled at which time the original elasticity is quickly re-
.gained. Still further, a-plastisol of this type is known to
relax under pressure during cooling. These two inherent

- physical phenomena of plastisol gasket material combine

to make it commercially difficult if not impractical to ap-
ply caps to jars without either applying the caps too loose-
ly so that they become “leakers” or too tightly so that they

- “freeze” on and require. excessive opening torque to
Temove.
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" plastisol. gasket material. -
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In order to maintain the seal, hermetic or otherwise,
there must be sufficient friction to prevent a rotatable
cap from backing off. Since there is very little friction
between the metal lugs or threads and the glass Iugs or
threads, the ability of a cap to stay on is due primarily
to. the friction between the gasket compound and the
glass. Therefore, while ‘there must be sufficient initial
friction to prevent a cap from backing off, the friction
must not increase with time by seizing so that the cap
is difficult to remove. »

It was found that the friction caused by seizing de-
veloped between known plastisol gasket material and the
glass finish increases substantially upon standing. Con-
sequently, the torque necessary to initially break the seal
between the cap and the container may increase several
times. . Opening torques ranging from 3 to 28 inch-
pounds have been measured within 5 to 10 seconds foliow-
ing the capping operation with certain caps. After as
little time as 1 hour, the opening torques were some-
times as high as 80 inch-pounds. Longer times have
been known to require as high as 100 inch-pounds. As
such tests revealed, the values of the opening torque
subsequent to the capping operation were found to be
extremely variable and difficult, if not impossible, to
control. Ideal opening torque for rotatable caps is
generally considered to be within a range from about 20
to 35 inch-pounds regardless of the time elapsed follow-
ing the capping operation. Using the principle of this
invention a formulation, given later, has been made and
lined into large caps (77 mm. dia.) which were sealed
onto jars. Maximum opening torque requirements were
35 inch-pounds. This approaches the ideal range even
though a large size cap was used. This range of opening
torque is such that there is sufficient adhesion to prevent

_the cap from backing off out of sealing engagement with

the container and from becoming accidentally displaced
in handling, and yet it may be readily overcome with-
out difficulty upon intended removal of the cap from the

- container.

Plastisol gasket material formed from resins such as
polyvinyl chloride exhibit good initial elasticity when
cold but quickly lose this elasticity under constant de-
formation while sharply losing the same when heated to
around 190° F. Elasticity is sharply regained upon cool-
ing and the original properties reassert themselves. While
the compressive force exerted against the gasket material
will cause the same to relax upon cooling, the degree of
relaxation is not sufficient to counterbalance the.adhesive-
ness caused by the elasticity being quickly regained. Con-
sequently, the compressive force developed by the regain-
ing of elasticity greatly exceeds the reduction in- compres-
sive force caused by relaxation during the cooling of the

With increased compressive force between the: plasti-
sol gasket and the glass finish, seizure or friction in-
creases correspondingly.  Thus, upon standing, . the
torque necessary to rotatably remove the cap from- the
container increases proportionately with increased seiz-
ure or adhesiveness. This is true also when the cap
is not heated, but the opening torques do not reach
quite as high a value, and it takes more time for the
highest value to be obtained. During the capping opera-
tion the plastisol, being in a heated condition, exhibits
its minimum adhesiveness. Consequently, it is neces-
sary to rely at this phase of the operation on the friction
developed by the torque applied in rotationg the cap on
the container. This torque must be adequate in magni-

" tude to establish sufficient friction between the cap and

container to prevent backing off of the cap following

. the capping operation until sufficient adhesiveness is es-

tablished between the plastisol and the container by the
regaining of elasticity upon cooling. This is not a
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problém in cold sealing, but controlling the- tightening
‘torque is very important.: As previously described,
heretofore it has been found impractical, if not impos-
sible, to control the friction developed between the
gasket and the container due to the sharp regaining of
elasticity of the plastisol upon cooling. Consequently,
there is no known procedure which may be followed to
produce capped containers, the caps of which may be
removed from the containers by the application of open-
ing torques falling within a specified, relatively limited
range.

It is during the first minute or so following the heated
capping operation that adhesion is begun. The surface
of gasket material contacting the glass finish is some-
what wet due to the plasticizer migrating when the plas-
tisol is heated. During the first minute of cooling the
plasticizer is re-absorbed by the plastisol while the
latter is returning to its completely solid state. The
fast regaining of elasticity during this time materially
increases the pressure being applied by the plastisol
against the container. This adhesive force continues to
build up even though there is a continual drop in force
due to relaxation, the latter drop being incapable of
balancing the former increase.

The seizing is considered to be due to the turning of
the slightly liquid phase caused by the migrated plas-
ticizer into a solid phase at a time when compressive
force is increasing rapidly as. a result of sudden re-
gaining of elasticity. These conditions are ideal to pro-
mote gluing as it has been found that wax blooming to
the surface and solidifying during the cooling of a sealed
package results in intimate filling of the voids between
- the surfaces under seal. This solid interface must be

broken by the use of physical force to open the package
and the requisite force is substantial due to the neces-
sity of breaking a solid. The same problem is believed
to exist where' the liquid phase returns to a solid phase
on the surface of the gasket during cooling of the same.
Thus, the simultaneous solidifying and regaining of elas-
ticity, the latter resulting in an increase in compressive
force; promotes seizing which may be of a magnitude
requiring the application of a substantial opening torque
to overcome.

It is an object of the present invention to provide
improved plastisol gasket compositions which, when
applied to a cap in accordance with known practices and
the cap applied to a container by widely used forms of

- automatic capping apparatus, provide a controlled fric-
tional seal between the gasket material and the container
which may. be overcome by the use of a torque falling
within a predetermined limited range at any time fol-
lowing the capping operation regardless of .the compres-
sive forces developed by the gasket composition as a
résult of the regaining of elasticity wpon standing.

Anothet object 3§ to provide an improved gealing
gasket composition of the plastisol type which exhibits

*-controled seiziite upon vse in a known manner in ‘sealing
a capped container, the frictional forces developed be-
tween the cap and the containe being capable of pre-
determination to allow the cap to be removed at any

* time Subsequent to the capping operation upon the ap-
plication of an opening torque which falls within a rela-
tively limited range, the controlled opening torque re-
sulting from the presence of 4 viscous liquid interface

" between the gasket composition and the container, which

- interface is ‘capable of ‘internal shear upon application of
the opening torque of specified magnitude.

A further object is to provide improved plastisol gasket
compositions ‘of the type formed from a paste-forming
resin-plasticizer mixture containing discrete particles of

" plasticity-imparting filler material, the mixture being
improved by the inclusion of liqnid ‘polybutene, the re-
sulting mixture being transformed into a rubbery gel
_upon cooling following fluxing of the same, the poly-

“butene migrating to the surface of ‘the gél during fluxing
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and subsequent reheating of the same to provide a vis-
cous liquid coating capable of internal shear at a pre-
determined torque following the application of a cap
carrying the gasket composition in sealed relation with
a glass container.

Other objects not specifically set forth will become
apparent from the following detailed description of the
present invention. ,

A plastisol of the type discussed above is in the form
of a congealed paste-forming resin-plasticizer mixture
containing in uniform distribution, finely divided dis-
crete particles of a plasticity-imparting filler material and
finely divided discrete particles of a paste-forming syn-
thetic resin suspended in a non-volatile plasticizer for
the resin, the resin being paste-forming with the plasti-
cizer at a temperature below the fluxing temperature of
the resin-plasticizer component and soluble in the plas-
ticizer upon heating to the fluxing temperature. This
type of plastisol forms at the resinplasticizer fluxing
temperature a permanent gel which becomes elastic and
rubbery upon subsequent cooling,

To the original mixture of ingredients forming the
plastisol, a quantity of viscous liquid polybutene is added
which, upon the formation of the gel following fluxing
of the mixture, being incompatible with the plastisol,
provides an outer coating of viscous liquid which is capable

of intefnal shear and, due to its viscosity, its further.

capable of supplying the necessary tack or adhesiveness
to resist backing off of the cap following the capping
operation. The heating of the mixture including the
polybutene to fluxing temperature causes the polybutene
to migrate to the surface of the plastisol and remain
thereon to provide the same with a viscous liquid coat-
ing. Upon application of the cap to the container during
the capping operation the polybutene coating provides a
permanent interface between the plastisol gasket-material
and the glass finish and exhibits sufficient adhesiveness
to prevent the cap from backing off while the plastisol is
regaining its elasticity during cooling. Even subsequent to
thefull recovery of the elasticity and accompanying com-
pressive force of the plastisol, the polybutene interface re-
mains between the plastisol and container and upon remov-
ing the cap from the container it is necessary to merely
apply a torque adequate to promote internal shearing in the
polybutene interface and overcome the friction existing
between the lugs of the cap and the threads of the con-
tainer. Thus, while the friction existing between the lugs
of the cap and the threads of the container is controlled
to a predetermined extent by the capping operation, the
frictional forces existing between the plastisol gasket mate-
rial and the glass finish is controlled to a predetermined
extent by the viscosity of the polybutene interface and
the opening torque is the sum of these predetermined
forces and consequently may be predicted and controlled
to fall within an ideal opening-torque application range.

Polybutene not only exhibits the desirable property of
controlling friction but still furthér meets many other re-
quirements of a matetial used on food containers. Poly-
butene is non-thermosetting, non-toxic, permanently fluid,
non-drying, has high electrical resistivity and is imperme-
able to gases. The polybutene is incompatible with the
ingredients of the plastisol and migrates, bleeds or blooms
outwardly of the same upon heating to cover the surface
of the gasketing material. The coating formed by the
polybutene prevents undue seizure due to its ability to
internally shear when subjected to an opening torque.
Migration to the surface is promoted during the fluxing
of the plastisol composition to form the same ‘into a
permanent rubbery gel following the application of the
mixture, using the “flowed-in” method, on the inner suf-
face of the top panel of the cap. Subsequent reheating
of the plastisol will cause additional polybutene migration
to the surface. Due to continued tendency of migration
of the polybutene, the cap may be stored indefinitely and
still retain an adequate interface,
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.. In forming the plastisol; a polyvinyl chloride resin is
preferably used; ‘however, this resin might be modified
with a material such as polyvinylidene chloride or poly-
vinylacetate. The resin forms a paste with the plasticizer
and is added thereto in the form of finely divided discrete
particles and uniformly distributed in suspension in the
plasticizer. Any suitable plasticizer may be utilized as
long as it is non-volatile and a plasticizer such as Paraplex
G-62 (a polyester epoxide made by Rohm and Haas,
Philadelphia, Pennsylvania) has been found preferable.
A filler material may be added in the form of finely
divided discrete particles and is uniformly distributed
throughout the mixture. A filler material such as barytes
has been found to impart desirable flow properties to the
mixture; The resin used should be substantially insoluble
in the particular plasticizer at atmospheric temperatures
while being completely soluble in the plasticizer at cle-
vated fluxing temperatures.

On the basis of 100 parts by weight of resin, the plasti-
cizer used will preferably fall within the range of 50 to
250 parts by weight. The filler material is preferably
added in quantities within the range of 0 to 250 parts by
weight, To the resin plasticizer mixture, which is formu-
lated in any known manner, is added a quantity of liquid
polybutene which will preferably fall within the range of
5 to 40 parts by weight. The molecular weight of a liquid
polybutene is generally within the range of from about
400 to 1,500. The range of molecular weight preferred
is from about 700 to 1,200. The particular molecular
weight of polybutene utilized may vary considerably while
attaining the desired results and with higher molecular
weights the polybutene will exhibit greater resistance to
internal shear to an extent that an opening torque of
slightly greater magnitude is necessary to rotatably re-
move the cap from the jar.

Upon complete mixing of the resin-plasticizer mixture
including the polybutene, the paste-like composition
formed is readily adapted for application to the inner sur-
face of the top panel of the cap to form an annular
gasket of the type disclosed in the copending application
identified above. The particular manner in which this
paste-like mixture is applied to the cap is well known and
is generally discussed in the copending application, The
mixture exhibits adequate tackiness to adhere to the
enameled surface of the cap and be retained thereby in
its operative position during subsequent fluxing procedures
at which time the mixture is transformed into 2 permanent
rubbery gel.. The fluxing of the resin-plasticizer mixture
is completed when the plastisol reaches a temperature of
approximately 350° F. The polybutene is not affected by
the heat but, due to its incompatibility with the compo-
nents of the resin-plasticizer mixture, will tend to migrate
or bleed to the surface of the gasket ring carried by the
cap and remain thereon even following subsequent cooling
of the finished gasket and cap. The surface coating of
polybutene being viscous and tacky cannot be easily re-
moved from the surface of the gasket material and sube-
quent storage over protracted periods of time will not re-
sult in a reduced efficiency of the cap when the same is
ultimately used in sealing a container.

While the above description deals with the use of liquid
polybutene, it is believed obvious that any viscous liquid
polymer may be used which is capable of internal shear
and is incompatible with a plastisol composition of the
type described so as to migrate to the surface of a plastisol
composition during the fluxing thereof or during subse-
quent reheating. Still further, the polymer to be suit-
able for use in the manner described must be non-thermo-
setting, non-toxic, permanently fluid, non-drying, and
highly impermeable to gases.

The following examples illustrate typical plastisol
compositions to which various polymers of polybutene
have been added and further illustrate the use of the
modified plastisol compositions in forming gasket ma-
terial applied to the inner surface of a cap for use in
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.accordance with- the principles of .the. present invention.
The particular ingredients and amounts used as well as
the conditions and procedures described below are mere-
ly illustrative and are not intended to limit the scope
of the present invention. R

Parts by | Parts by
weight weight
Polyvinyl chioride .'..-...-._:.__‘ ................. 100 100
Plasticizer (Paraplex G-62)... 50 80
Stabilizer. P N PSR
Polybutene. . . - - 20 .35
Paraffin wax- . [ S TS
Filler (barytes). y - 200
' 174.4 415

In the above formulations the stabilizer used is Ferro
707-X, a stabilizer soap made by Ferro Chemical Com-
pany.. While this particular stabilizer is preferred, cal-
cium ricinoleate may be used. While the use of Paraplex
G-62 is preferred, Citroflex A4, which is an acetyltri-
butyl citrate, is an example-of another plasticizer suitable
for use in plastisol formulations of the present invention.

Obviously many modifications and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof, and there-
fore only such limitations should be imposed as are indi-
cated in the appended claims.

We claim:

1. A gasket composition adapted for use with a rotat-
able cap to provide the same with a controlled opening
torque, said composition including a plastisol mixture
having as its principal ingredients a finely divided poly-
vinyl chioride base resin and a resin plasticizer, to which
mixture is added a liquid polybutene which is incom-
patible with the plastisol.

2. A gasket composition adapted for use with a rotat-
able cap to provide the same with a controlled opening
torque, said composition including a plastisol mixture
having as its principal ingredients a finely divided poly-
vinyl chloride base resin and a resin plasticizer, to which
mixture is added a liquid polybutene which is incom-
patible with the plastisol during fluxing of the mixture
to form a permanent rubbery gel and which upon cooling
has a surface rich in polybutene.

3. A gasket composition adapted for use with a rotat-
able cap to provide the same with a controlled opening
torque, said composition including a plastisol mixture
having as its principal ingredients a finely divided poly-
vinyl chloride base resin and a resin plasticizer, to which
mixture is added a liquid polybutene which is incom-
patible with: the plastisol upon heating, the resin being
paste-forming with the plasticizer at a temperature below
the fluxing temperature of the resin-plasticizer compo-
nent and soluble in the plasticizer upon heating, the
molecular weight of the polybutene being within the
range of from about 400 to 1,500.

4, A gasket composition adapted for use with a rotat-
able cap to provide the same with a controlled opening
torque, said composition including a plastisol mixture
having as its principal ingredients a finely divided poly-
vinyl chloride base resin and a resin plasticizer, to which
mixture is added a liquid polybutene which is incom- .
patible with the plastisol upon heating, the resin being
substantially insoluble in the plasticizer at atmospheric
temperatures but being completely soluble in the plas-
ticizer at an elevated fluxing temperature at which tem-
perature the plastisol is formed into a permanent gel
which becomes elastic and rubbery upon subsequent cool-
ing, the polybutene bleeding from the mixture during
the fluxing thereof to permanently provide the composi-
tion with a surface coating of viscous liquid capable of
internal shear.

5. Gasket material adapted for use with a rotatable
cap to provide the same with a controlled opening torque
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‘when applied to a glass finish, said haterial being basically
a- fhixed plastisol in the form of a rubbery gel having
as-its principal ‘ingredient a polyvinylchloride basé resin-
plasticizer mixture, the surface of said material adapted
for sealing application to a glass finish being provided
with a viscous liquid coating of polybutene capable of
internal shear upon the application of a torque of pre-
determined magnitude. _

6. Gasket material adapted for use with a rotatable
-¢ap to provide the same with a controlled opening torque
when applied to a glass finish, said material being basically
a fluxed plastisol in the form of a rubbery ~gél having
‘as its principal ingredient a polyvinylchloride base resin-
.plasticizer mixture, the surface of said material adapted
for sealing application to a glass finish being provided
with a viscous liquid coating of polybutene capable of
internal shear upon the application of & torque of pre-
determined magnitude, the polybutene being compounded
in the resin-plasticizer mixture prior to the fluxing of
the same into a permanent rubbery gel and being in-
compatible with. the mixture and gel after the heating
thereof.
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7. A rotatable cap adapted for application t6 a con-
tainer in sealing relation therewith, said cap cartying a
plastisol sealing gasket having as its principal ingredients
a polyvinyl chloride base resin and resin plasticizer with
the outer surface of said pasket being adapted for fric-
tional sealing engagement with a surface of said con-
tainer, said outer surface being provided with a coating
of viscous liquid polybutene. .

‘References Cited in the file of this patent
UNITED STATES PATENTS

2,489,407 Foye e .. Nov. 29, 1949
2,610,939 Fisher et al. oo ___ Sept. 16, 1952
- 2,684,774 Aichele oo __._ July 27, 1954
2,752,059 Schneider oo oo . June 26, 1956

OTHER REFERENCES
“Rubber-Age,” pp. 545-548, July 1954.

R



