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(57) Abstract: A method for simultaneously sealing and creating a thermal perforation (107) between two thermoplastic layers
(102). Drum (130) is provided and has at least one sealbar and perforation assembly (132, 134, 136, 138). Layers (102) are contacted
to the assembly and are sealed with two generally opposing parallel seals (105). Perforation (107) is simultaneously created in layers
(102) generally parallel to seals (105). Perforation (107) is located between seals (105).
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METHODS OF MAKING THERMAL SEALS AND PERFORATIONS

FIELD OF THE INVENTION

The present invention relates generally to method of sealing two or more layers
of thermoplastic film and, more specifically, to a method of making thermal seals and
perforations for thermoplastic films and bags.

BACKGROUND OF THE INVENTION

For many years, thermoplastic bags have been widely used for a number of
household and industrial purposes. Many bags have a rectangular structure comprising
two layers of a c-folded thermoplastic film heat sealed along its sides with an open top.
The c-folded thermoplastic web layers are integrally connected at the bottom. This c-
folded structure has been adapted to form a variety of sizes and configurations that
depend on the intended uses of bags. The bags are often formed from a web of film that
is separated by bag widths via perforations. In recent years, bag manufacturers have
developed new types of thermoplastic bags such as, for example, draw tape bags, handle
bags and bags with protruding top edges that are more complicated.

The processes for making many existing thermoplastic bags involve expensive
and complicated steps. These steps typically include forming the seals and later forming
the perforations. One problem that may arise in forming the thermoplastic bags is the
improper alignment of the perforations and seals. This problem is exacerbated by the
increased cycle times that are being more often used in the manufacturing of
thermoplastic bags. An extreme case is where the perforation wanders outside the two
side seals resulting in one of the two adjacent bags not having a side seal. One method
for reducing or eliminating this problem is the formation of a wider “skirt” or target area

between the seals.

This, however, is costly to the manufacturer because of the additional polymeric resin
being used in forming the “skirt” along the sides that provides no benefit to the customer.
For the foregoing reasons, there exists a need for a process that overcomes such

shortcomings discussed above.
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SUMMARY OF THE INVENTION

According to one process, two thermoplastic layers are simultaneously sealed and

a thermal perforation created between two thermoplastic layers. Two thermoplastic
layers and a drum having at least one sealbar and perforation assembly are provided.
The two thermoplastic layers are contacted to the sealbar and perforation assembly. The
thermoplastic layers are sealed with two generally opposing parallel seals, while
simultaneously creating a thermal perforation in the thermoplastic layers generally
parallel to the opposing seals. The thermal perforation are located between the two
opposing seals.

According to another process, a sealbar and perforating assembly is heated on a
drum to form opposing seals and a thermal perforation between two thermoplastic layers.
The sealbar and perforation assembly comprises a first sealing surface, a second sealing
surface and a perforation surface. At least one heat source is provided to supply heat to
the first and second sealing surfaces and a perforation surface. The material forming the
first and second sealing surfaces has a lower coefficient of thermal conductivity than the
material forming the perforation surface. The first and second sealing surfaces and the
perforation surface use the at least one heat source. Heat is removed from the first and
second sealing surfaces and the perforating surface. The first and second sealing
surfaces are at a lower temperature than the temperature of the perforation surface.

According to one embodiment, a rotary drum simultaneously seals and creates a
thermal perforation between two thermoplastic layers. The drum comprises af least one
sealbar and perforation assembly. The assembly has a body, a perforation insert and at
least one heating source. The body has a cavity therein and opposing first and second
sealing surfaces. The perforation insert is located in the cavity and has a perforating
surface. The at least one heating source is adapted to supply heat to the first and second

sealing surfaces and the perforating surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading

the following description of illustrative embodiments and upon reference to these
drawings:
FIG. 1 is a schematic view of a rotary bag machine according to one embodiment

of the present invention;



WO 02/100722 PCT/US02/16109

10

15

20

25

30

3
FIG. 2 is a top view of an interconnected web of bags with thermal seals and

perforations according to one embodiment of the present invention; _

FIG. 3 is a sectional view of a sealbar/perforation assembly of one embodiment
of the present invention;

FIG. 4a and b are end and side views of a perforation insert of the present
invention;

FIG. 5 is a side view of a drum and a drum plate according to one embodiment of
the present invention; and

FIG. 6 is a top view of the drum and drum plate of FIG. 5.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and
will herein be described in detail. It should be understood, however, that the drawings
are not intended to limit the invention to the particular forms disclosed, but on the
contrary, the invention is to cover all modifications, equivalents and alternatives that fall

within the spirit and scope of the invention

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The present invention relates to a process for simultaneously sealing two or more
layers of thermoplastic film or, alternatively, a c-folded thermoplastic web, while
creating a thermal perforation or a line of weakness that is generally parallel to the seals.
This eliminates the need to mechanically perforate the film layers or c-folded web
between the two seals in a later processing step. The two thermoplastic film layers or the
c-folded thermoplastic web are used in the formation of interconnected thermoplastic
bags. One type of bag that may be formed by the layers or the web is a trash bag.

According to one process, the thermoplastic film layers or the c-folded
thermoplastic web are formed on a rotary bag machine. A rotary bag machine is
desirable because of its continuous nature resulting in increased cycle rate for forming
the bags.

Referring to FIG. 1, a rotary bag process for making an interconnected web of
thermoplastic bags is shown using a bag manufacturing apparatus 100. The process of
FIG. 1 uses a c-folded thermoplastic web 102 that is feed from a roll of c-folded
thermoplastic web (not shown). Alternatively, the c-folded thermoplastic web 102 may

be feed directly into the process shown in FIG. 1 from a downstream operation. The c-
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folded thermoplastic web may be formed from a blown film process in which a

thermoplastic tube is severed and flattened. Instead of a c-folded thermoplastic web, two
thermoplastic layers may alternatively be used. The c-folded thermoplastic web 102,
however, is preferred. The thermoplastic material used in forming the c-folded
thermoplastic web may be any suitable thermoplastic material. The thermoplastic
materials may be formed by polyolefins such as polyethylenes, polypropylenes or
combinations thereof. One example is a high molecular weight, low density
polyethylene (HMW/LDPE) film. The c-folded thermoplastic web 102 comprises a first
layer 104 and a second layer 106 that are integrally folded along a bottom with an
opposing open top.

The bag manufacturing apparatus 100 of FIG. 1 comprises a flexible backup
surface or “blanket” 110, a plurality of rollers 112, 114, 116, 118, 120 and 122, a
generally cylindrical sealbar/perforation drum 130 with a plurality of sealbar/perforation
assemblies 132, 134, 136 and 138. According to one embodiment, the bag
manufacturing apparatus 100 performs simultaneous thermal sealing and thermal
perforating of the layers of the c-folded thermoplastic web via a common heat source
using two materials with different coefficients of thermal conductivity to transport heat
at different rates to the sealing and perforating surfaces.

As shown in FIG. 1, the thermoplastic web 102 is transported between the rollers
112 and 114 and contacts the blanket 110. The thermoplastic web 102 travels between
the blanket 110 and the sealbar/perforation drum 130. The thermoplastic web 102,
blanket 110 and drum 130 are maintained in relative close contact with a certain amount
of pressure resulting in the drum 130 having a similar or the same speed as the blanket
110. The thermoplastic web 102a exits between the rollers 116 and 118. The rollers
112, 114, 116, 118, 120 and 122 assist in maintaining tension to transport the
thermoplastic web 102 around the drum 130. Roller 116 may optionally provide cooling
to the thermoplastic web 102a after exiting from contact with the drum 130.

The rollers 112, 114, 116, 118, 120 and 122 are mounted on a frame (not shown).
The roller 120 may be driven by a motor 125 that consequently rotates the blanket 110.
The rotation of the blanket 110 spins the drum 130. The blanket 110 provides a flexible
surface to assist in sealing and perforating the thermoplastic web 102.

Referring still to FIG. 1, the drum 130 includes sealbar/perforation assemblies
132, 134, 136 and 138. Each of the assemblies 132, 134, 136 and 138 forms seals
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extending across the c-folded thermoplastic web 102. Each of the assemblies 132, 134,

136 and 138 also makes two seals with a perforation therebetween. One example of the
formed seals and the perforation is shown in FIG. 2. Specifically, FIG. 2 depicts a top
view of a thermoplastic web 102a with seals 105 and a perforation or line of weakness
107 therebetween formed after exiting the drum 130. The assemblies 132, 134, 136 and
138 enable four bag structures of the web 102 to be sealed during each rotation of the
drum 130. Tt is contemplated that one or more of the assemblies 132, 134, 136 and 138
may be deenergized so that less than four interconnected bag structures are formed per
drum rotation. Thus, a variety of bag lengths may be manufactured by the
deenergization of one or more assemblies. It is contemplated that the drum may have/
more or less than the sealbar/perforation assemblies shown in FIG. 1.

A cross section of the sealbar/perforation assembly 132 is shown in FIG. 3
according to one embodiment of the present invention. The seal bar/perforation
assembly 132 that will be discussed below is applicable to the other assemblies 134, 136
and 138. The assembly 132 comprises a body 202, a perforation insert 204 and a heater
cartridge 206. The diameter of the heater cartridge 206 extends through the center of the
assembly 132. The perforation insert 204 is located in a cavity of the body 202. The
perforation insert 204 of FIG. 3 is preferably tapered slighted from the heater cartridge
206 toward the perforating surface 204a to assist in maintaining desirable contact with
the heater cartridge 206. It is contemplated that the perforation insert 204 may not be
tapered. The sealbar/perforation assembly 132 may include opposing milled half-rounds
214 to assist in bending the sealbar inward so as to hold the insert 204 against the heater
cartridge 206.

In FIG. 3, a slight air gap 212 is present between the perforating insert 204 and
the body 202 that is maintained by assistance by opposing tabs 214. The slight air gap
212 assists in preventing or inhibiting transfer of heat between the body 202 and the
perforating insert 204. It is contemplated that the air gaps may not be present and a
conductivity coating is present between the body 202 and the perforating insert 204.

This heater cartridge 206 of FIG. 3 provides heat to both the perforating surface
204a and elevated sealing surfaces 208. It is contemplated that two or more heater
cartridges or other heating devices may be used to separately provide heat to the

perforating surface 204a and the sealing surfaces 208.
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The body 202 has two elevated surfaces 208 at the top thereof that form two

generally parallel seals along the width or length of the web 102. The elevated sealing
surfaces 208 of the assembly 132 are preferably made of stainless steel. It is
contemplated that the elevated sealing surfaces 208 may be made of other materials
including steel alloys and stainless steel alloys. Such materials would preferably
withstand the temperature involved in sealing and transporting the heat to the sealing
surfaces 208. It is preferred that the elevated sealing surfaces 208 are made of a suitable
material having a lower coefficient of thermal conductivity value than the material of the
perforation surface 204a. The remainder of the body 202 is also preferably made of the
same material as the elevated surfaces 208, such as stainless steel.

The seals may be formed, for example, in the locations depicted in FIG. 2 where
the web 102 is traveling in the direction of the arrow. It is contemplated that the seals
may be made in other locations than on the sides. For example, the thermoplastic film
may have a seal and an associated perforation that correspond to a bottom of one
thermoplastic bag and a top of an adjacent thermoplastic bag.

An end and a side view of the perforation insert 204 is shown in FIGS. 4a and b.
The perforation insert 204 is slotted at regular spaced intervals 210 (see FIG. 4b) so that
the perforation insert 204 does not cut entirely through the web 102. Thus, a thermal
perforation or a line of weakness (see, e.g., the line of weakness 107 in FIG. 2) is formed
with regular spaced intervals where the web 102 is not perforated. The perforation
surface 204a may be made of aluminum, nickel, copper or combinations thereof. It is
contemplated that the perforation surface 204a may be made of other materials including
steel alloys. Such materials would preferably withstand the temperature involved in
perforating and transporting the heat to the perforating surface 204a. It is preferred that
the perforation surface 204a has a higher coefficient of thermal conductivity value than
the material of the body 202.

As the assembly 132 is heated, the two sealing surfaces 208 disposed at the
generally outer periphery of the assembly 132 heat to a sufficient temperature to melt the
thermoplastic web 102. Due to the higher coefficient of thermal conductivity of the
material of the perforation insert 204 as compared to the material of the body 202, the
surface of the perforating insert 204a heats more quickly than the sealing surfaces 208.

According to one process, the assembly 132 begins to contact the thermoplastic

web 102. At this point, heat is removed from both the sealing surfaces 208 and the
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perforating surface 204a. The perforating insert 204 is preferably designed to replenish

the lost heat more quickly than the body 202 replenishes the heat to the sealing surfaces
208. This preferably results in a generally dynamic equilibrium wherein the temperature
of the perforating surface 204a stabilizes at a significantly higher temperature than the
sealing surfaces 208. This temperature difference allows the sealing surfaces 208 to be
at an appropriate temperature for sealing, while the perforating surface 204a is at an
appropriate temperature for perforating. Further, this temperature difference is generally
enhanced because the sealing surfaces 208 have a larger surface area than the perforating
surface 204a. The perforating surface 204a creates a line of weakness in a direction
generally parallel to the direction of sealing by melting a portion of the web while
leaving a portion of the web (at the points of the intervals 210) intact.

The perforating surface 204a and sealing surfaces 208 may include optional
coatings. For example, a coating may be placed on the perforating surface 204a to
provide high release characteristics and achieve high thermal conductivity (relative to the
optional coating on surfaces 208). The higher thermal conductivity coating has a
thickness generally from about 0.001 to about 0.002 inches (1 to 2 mils). The high
release characteristics and high thermal conductivity are achieved by material properties
and thickness of the coating. An example of a higher thermal conductivity coating is a
multiple layered coating including (a) a binder or primer, (b) a Teflon layer and (c) one
or more layers of perflouroalkoxy.

The sealing surfaces 208 may be coated with a lower thermal conductivity
coating that assists in reducing heat transfer from the assembly 132. The lower thermal
conductivity coating preferably provides good release characteristics. The lower thermal
conductivity coating is generally from about 0.005 to about 0.010 inches and, more
specifically, from about 0.005 to about 0.008 inches. An example of a coating to be used
on surface 204a is a polytetraflouroethylene coating.

Referring back to FIG. 3, a lower thermal conductivity coating 220 has been
added to sealing surfaces 208 and a higher thermal conductivity coating 222 has been
added to the perforating surface 204a. It is also contemplated that a lower thermal
conductivity coating may be added between the body 202 and the perforating insert 204.

The drum of the present invention may be designed to vary in diameter so as to
allow for the making of different sized interconnected bag structures. According to one

embodiment depicted in FIGS. 5 and 6, the drum 130 is shown including a plurality of
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sealbar/perforation assemblies 232, 234, 236 and 238 and a plurality of elongated slats

240. The plurality of elongated slats 240 are located between the assemblies 232, 234,
236 and 238 as shown in FIG. 5. For clarity, the plurality of elongated slats 240 is not
shown in FIG. 6. The drum 130 includes drum plates 242 located on opposing sides
thereof. The drum 130 also includes a drum adjust motor 244.

Each of the plurality of elongated slats 240 has a slightly curved exterior surface.
The plurality of elongated slats 240 assists in supporting the thermoplastic web 102
between the assemblies 132, 134, 136 and 138. Additionally, the plurality of elongated
slats 240 assist in trapping a portion of the thermoplastic web 102 such that there is a
little slack therein while sealing and creating the perforations. The plurality of elongated
slats 240 may be made from steel and may include a rubber padding surface.

To adjust the diameter of the drum 130, the drum 130 includes a plurality of
radially extending lead screws 246 that are adjustable via a main gear 248. As shown in
FIG. 5, all of the assemblies 232, 234, 236 and 238 and elongated slats 240 ride on one
of the plurality of radially extending lead screws 246. The sealbar/perforation
assemblies 232, 234, 236 and 238 (as well as the elongated slats 240) are held in place by
respective holders 232a, 234a, 236a and 238a that also assist in moving the assemblies
when the diameter is desired to be adjusted.

In conjunction with the drum 130, the rollers 112 and 114 may be mounted on a
swinging arm (not shown) that allows the blanket 110 to wrap more of the drum 130.
Depending on the drum diameter, the rollers 112 and 114 may automatically eliminate
slack by wrapping more or less of the drum 130.

After the web of interconnected bags has been heat sealed, perforated, and
cooled, they are typically separated, folded individually and packaged. Alternatively, the
web of interconnected bags may be wound into rolls for packaging.

The simultaneous sealing/perforating steps of the present invention simplify the
manufacturing and production process, and increase production efficiency. These
processes also reduce downtime needed for maintenance and change-out of worn parts in
the steps. Furthermore, the costs of maintaining a high quality manufacturing process
are reduced as the number of product defects with an improperly located perforation are
reduced. Furthermore, the skirt size may be reduced since the target area is not
necessary to maintain registration of the perforation and seal. The reduction of the skirt

area reduces the polymeric material used in forming a bag.
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While the invention has been described with respect to a number of limited

embodiments, variations and modifications exist. Those skilled in the art will recognize
that many changes may be made thereto without departing from the spirit and scope of
the present invention. The appended claims intend to cover all such variations and

5 modifications as falling in within the scope of the invention, which is set forth in the

following claims:
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WHAT IS CLAIMED IS:

1. A method for simultaneously sealing and creating a thermal perforation between
two thermoplastic layers, the method comprising:

providing two thermoplastic layers;

providing a drum having at least one sealbar and perforation assembly;

contacting the two thermoplastic layers to the sealbar and perforation assembly;

and

sealing the thermoplastic layers with two generally opposing parallel seals and
simultaneously creating a thermal perforation in the thermoplastic layers generally
parallel to the opposing seals, the thermal perforation being located between the two

opposing seals.

2. The method of claim 1 further including providing a flexible backup surface and
transporting the two thermoplastic layers between the drum and the flexible backup

surface.

3. The method of claim 1, wherein the two thermoplastic layers are integrally

connected so as to form a c-folded thermoplastic web.

4. The method of claim 3, wherein the c-folded thermoplastic web is a web of

interconnected bags.

5. The method of claim 4, wherein the web of interconnected bags forms trash bags.

6. The method of claim 1, wherein the two thermoplastic layers are comprised of

independently selected polyolefins.

7. The method of claim 1, wherein the sealbar and perforation assembly includes a

first sealing surface, a second sealing surface and a perforating surface.

8. The method of claim 7, wherein the sealbar and perforation assembly further
includes at least one heating source adapted to supply heat to the first sealing surface, the

second sealing surface and the perforating surface.
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9. The method of claim 8, wherein the material of the perforating surface has a
coefficient of thermal conductivity that is greater than a coefficient of thermal
conductivity of the materials forming the first sealing surface and the second sealing

surface.

10.  The method of claim 7, wherein the perforating surface comprises aluminum,

nickel, copper or combinations thereof.

11. The method of claim 7, wherein the first and second sealing surfaces comprise

stainless steel or stainless steel alloys.

12.  The method of claim 7, wherein the perforating surface has a coating thereon.

13.  The method of claim 12, wherein each of the opposing sealing surfaces has a

coating thereon.

14. The method of claim 1, wherein the drum has at least four sealbar and perforation

assemblies.

15. A method of heating a sealbar and perforating assembly on a drum to form
opposing seals and a thermal perforation between two thermoplastic layers, the method
comprising:

providing the sealbar and perforation assembly, the assembly comprising a first
sealing surface, a second sealing surface and a perforation surface;

providing at least one heat source to supply heat to the first and second sealing
surfaces and a perforation surface, the material forming the first and second sealing
surfaces having a lower coefficient of thermal conductivity than the material forming the
perforation surface;

heating the first and second sealing surfaces and the perforation surface using the

at least one heat source; and
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removing heat from the first and second sealing surfaces and the perforating

surface, the first and second sealing surfaces are at a lower temperature than the

temperature of the perforation surface.

16.  The method of claim 15, wherein at least two heat sources are provided, the first
heat source supplies heat to the first and second sealing surfaces and the second heat

source supplies heat to the perforating surface.

17.  The method of claim 15, wherein exactly one heat source is provided, the first
heat source supplies heat to the first and second sealing surfaces and the perforation

surface.

18.  The method of claim 15, wherein the provided sealbar and perforation assembly
is adapted to form two opposing parallel seals and simultaneous create a thermal
perforation in the two thermoplastic layers generally parallel to the opposing seals, the

thermal perforation is located between the two opposing seals.

19. A rotary drum for simultaneously sealing and creating a thermal perforation
between two thermoplastic layers, the drum comprising at least one sealbar and
perforation assembly, the assembly having a body, a perforation insert and at least one
heating source, the body having a cavity therein and opposing first and second sealing
surfaces, the perforation insert being located in the cavity and having a perforating
surface, the at least one heating source adapted to supply heat to the first and second

sealing surfaces and the perforating surface.

20.  The drum of claim 19, wherein the material of the perforating surface has a
coefficient of thermal conductivity that is greater than a coefficient of thermal
conductivity of the materials forming the first sealing surface and the second sealing

surface.

21.  The drum of claim 19, wherein the perforating surface comprises aluminum,

nickel, copper or combinations thereof.
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22.  The drum of claim 19, wherein the first and second sealing surfaces comprise

stainless steel or stainless steel alloys.

23.  The drum of claim 19, wherein the perforating surface has a coating thereon.

24.  The drum of claim 23, wherein each of the opposing sealing surfaces has a

coating thereon.

25.  The drum of claim 19, wherein the drum is adapted to seal and create a thermal
perforation in a c-folded thermoplastic web formed by thermoplastic layers so as to form

an interconnected web of bags
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