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57 ABSTRACT

A removable adhesive tape comprising a highly extensible
and substantially inelastic backing and a layer of pressure-
sensitive adhesive. The backing has a high tensile strength,
has a lengthwise elongation at break of at least about 150%
with less than about 50% elastic recovery after stretching.
The adhesive can be a normally tacky and pressure-sensitive
adhesive and is coated on at least one surface of the film
backing. The adhesive is preferably highly extensible, does
not separate from the backing during stretching, and has
higher cohesion than adhesion to any suitable substrate.
After being applied to a substrate, the adhesive tape of the
present invention becomes firmly bonded, but can be easily
removed without damaging the substrate by simply stretch-
ing it in a direction substantially parallel, i.e., less than about
35°, to the surface of the substrate.
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REMOVABLE ADHESIVE TAPE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to adhesive tapes,
more particularly to tapes that can be firmly adhered to a
substrate and can be removed without damaging the sub-
strate.

[0003] 2. Discussion of the Art

[0004] Adhesive tapes, such as, for example, pressure-
sensitive adhesive tapes, are usually firmly bonded to sub-
strates because subsequent separation of the tapes from the
substrates is neither intended nor desired. However, there are
adhesive tapes wherein the adhesives are specifically for-
mulated to allow clean and easy removal from substrates
after use, such as, for example, the adhesive used for
“Post-It” brand removable notes. These adhesives usually do
not exhibit a substantial level of holding power, e.g., greater
than 4 to 6 oz./in. adhesion to standard copy paper. Adhe-
sives formulated to provide a substantial level of adhesion,
e.g., greater than 30 oz./in. adhesion to paper, are generally
difficult to remove without damaging the substrate.

[0005] U.S. Pat. No. 4,024,312 discloses a film backed,
normally tacky and pressure-sensitive adhesive tape which
is highly extensible and highly elastic. The tape can be easily
removed from a surface to which it has been applied by
stretching it lengthwise in a direction substantially parallel
to the plane of the surface. The film backing is formed from
a composition comprising elastomeric and thermoplastic
A-B-A block copolymers, and possesses a lengthwise elon-
gation to break of at least about 200%, preferably at least
about 300%, and a 50% rubber modulus of not above about
2,000 1bs/sq. inch. This low rubber modulus is stated to be
an important factor in insuring easy stretchability and easy
removal of the tape at high elongations. The elasticity of the
backing is important for conformability and other purposes
and the elastic recovery from 50% stretch is preferably at
least about 75%, more preferably at least about 90%. A
preferred use for this tape is the so-called “ouchless” ban-
dage. German (OS) 3331 016 A1 discloses another adhesive
tape for removable adhesive bonds, whereby the tape exhib-
its high elasticity and low plasticity. The adhesive strength
is less than the cohesive strength, and the adhesion capabil-
ity essentially disappears as the film is being stretched. The
ratio of peel force to tear strength of the tape is about 1:2 or
greater and the adhesive bond can be released by pulling the
film in the direction of the plane of the adhesive joint. The
tape is used as a load-resistant adhesive to bond to rigid solid
substrates. A separation of the adhesively bonded materials
is possible without damage to the substrate.

[0006] Both of these tapes are highly elastic and exhibit
large recoil when the stretching force is removed, in the
same way a rubber band snaps back upon removal of the
stretching force. This recoil characteristic can be dangerous,
and increases the force required to debond these tapes at low
angles. Finally, these highly elastic tapes tend to substan-
tially recover their-original shape when the stretching force
is removed, and they are therefore not useful for indication
of tampering or for guaranteeing single uses for hygienic
purposes.
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SUMMARY OF THE INVENTION

[0007] The present invention provides an easily remov-
able, pressure-sensitive adhesive tape comprising a highly
extensible, substantially non-recoverable backing, bearing
on at least one major surface thereof a layer of pressure-
sensitive adhesive, said tape being capable of being firmly
bonded to a substrate and being further capable of being
removed therefrom after only being stretched at an angle no
greater than about 35° from the surface of the substrate.

[0008] The backing has a Young’s modulus of at least
about 2,500 psi, preferably at least about 3,000 psi, but less
than about 50,000 psi, more preferably between about 5,000
and about 30,000 psi. The backing preferably has a high
tensile strength, a lengthwise elongation at break of at least
about 150%, and low recovery, e.g., less than about 50%
elastic recovery after being stretched, preferably less than
about 30% elastic recovery.

[0009] The adhesive layer has sufficient shear strength and
adhesive holding power for the specific applications, its
adhesive holding power to any substrate preferably being
less than its cohesive strength, such that the adhesive layer
will not separate from the backing when the backing is
subjected to stretching. The adhesive layer is also preferably
highly extensible.

[0010] The tape can be firmly bonded to a substrate and
can then be removed by simply stretching the tape in a
direction up to an angle of about 35° from the surface of the
substrate, preferably up to about 30°, more preferably up to
about 10° without leaving traces of adhesive residue on the
substrate and without imparting any perceptible damage to
the surface of the substrate.

[0011] This invention further provides a double coated
tape comprising a backing bearing adhesive layers on both
major surfaces thereof. The adhesive of each layer can be of
equivalent or different chemical composition, of equivalent
or different adhesion properties, of equivalent or different
thickness, and coated or laminated in the same or different
manner.

[0012] The tapes of this invention can be used for several
purposes. The major uses of the tape of this invention are in
the broad categories of mounting and joining. Both of these
categories typically involve attachment of two coplanar
surfaces by means of the tape, the tape typically bearing
adhesive on both major surfaces thereof. Other uses of the
tape of this invention are in the categories of labeling and
masking. Both of these categories typically involve attach-
ment of the tape to a single surface, the tape typically
bearing adhesive on one major surface thereof only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1ais an enlarged side view in cross-section of
a tape of the present invention with the backing being
unstretched.

[0014] FIG. 1bis an enlarged side view in cross-section of
a tape of the present invention with the backing being
stretched but the adhesive still holding to the substrate.

[0015] FIG. 1cis an enlarged side view in cross-section of
a tape of the present invention with the backing being
stretched and the adhesive beginning to cease holding to the
substrate.
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[0016] FIG. 2 is an enlarged side view in cross-section of
a tape of the present invention having adhesive layers on
both major surfaces thereof and an adhesive-free tab.

[0017] FIG. 3A is a perspective view of a mounting hook
employing the tape of the present invention as a means for
adhering to a vertical surface.

[0018] FIG. 3B is a view in cross-section of the mounting
hook of FIG. 3A taken along line B-B of FIG. 3A.

[0019] FIG. 4 is a front view of an object, e.g., a painting,
calendar, etc. adhered to a vertical surface by means of the
tape of the present invention.

[0020] FIG. 5 is a perspective view of two packages
joined together by a double-sided tape of the present inven-
tion.

[0021] FIG. 6 is a perspective view of a package employ-
ing the tape of the present invention as a closure.

[0022] FIG. 7 is an enlarged side view in cross-section of
a tape of the present invention having a single layer of
adhesive and an adhesive-free tab.

[0023] FIG. 8 is a perspective view of a pad of paper
sheets bound together by the tape of the present invention.

[0024] FIG. 9 is a perspective view of a box, the flaps of
which are sealed by the tape of the present invention.

[0025] FIG. 10 is a perspective view of a container that
utilizes the tape of this invention as a label.

[0026] FIG. 11 is a perspective view of a gable-top
container-that utilizes the tape of this invention as a closure.

[0027] FIG. 12 is a schematic diagram that illustrates an
apparatus for measuring peel adhesion at various angles.

[0028] FIG. 13 is a graph showing the relationship
between debond force and peel angle of the tape of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Referring to FIG. 1a, a tape 10 of this invention
comprises a backing 12 bearing on at least one major surface
thereof a layer 14 of pressure-sensitive adhesive. As shown
in FIG. 1a, tape 10 is adhered to substrate 16. Materials
suitable for the backing of the tape of this invention include
highly extensible polymeric sheet materials having (1) a
high tensile strength; (2) a lengthwise elongation at break of
from about 50 to about 1,200%, preferably from about 150
to about 700%, more preferably from about 350 to about
700%; (3) substantial inelasticity, i.e., having less than about
50% elastic recovery after being stretched, preferably less
than about 30% elastic recovery, more preferably less than
about 20% elastic recovery; and (4) a Young’s modulus of
at least about 2,500 psi, preferably at least about 3,000 psi,
but less than about 50,000 psi, more preferably between
about 5,000 and about 30,000 psi. If the Young’s modulus is
too high, it is very difficult to stretch the tape sufficiently to
cause clean release upon stretching. If the Young’s modulus
is too low, the tape loses its plastic character and becomes
rubbery.

[0030] Representative examples of materials suitable for
the backing of the tape of this invention include polyolefins,
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such as polyethylene, including high density polyethylene,
low density polyethylene, linear low density polyethylene,
and linear ultra low density polyethylene, polypropylene,
and polybutylenes; vinyl copolymers, such as polyvinyl
chlorides, both plasticized and unplasticized, and polyvinyl
acetates; olefinic copolymers, such as ethylene/methacrylate
copolymers, ethylene/vinyl acetate copolymers, acryloni-
trile-butadiene-styrene copolymers, and ethylene/propylene
copolymers; acrylic polymers and copolymers; and combi-
nations of the foregoing. Mixtures or blends of any plastic
or plastic and elastomeric materials such as polypropylene/
polyethylene, polyurethane/polyolefin, polyurethane/poly-
carbonate, polyurethane/polyester, can also be used. Back-
ings can be in the form of single or multi-layer films,
non-woven films, porous films, foam-like films, and com-
binations of the foregoing. Backings can also be prepared
from filled materials, such as, for example, filled films, e.g.,
calcium carbonate filled polyolefins. Backings are prefer-
ably selected from polyethylene and polypropylene films,
with the most preferred materials being linear low density
and ultra low density polyethylene films.

[0031] Backings can be made by any known method of
film forming, such as, for example, extrusion, co-extrusion,
solvent casting, foaming, non-woven technology, and the
like. The backing can have any thickness so long as it
possesses sufficient integrity to be processable and handle-
able, with thicknesses preferably ranging from about 10
micrometers to 250 micrometers. Backings having thick-
nesses lower than about 10 micrometers are not preferred for
aggressive adhesives. Backings having thicknesses higher
than about 250 micrometers tend to require stretching forces
for removal that are higher than desired, thereby making
removal more difficult. In the preferred range, thinner back-
ings tend to provide easier removal than do thicker ones.

[0032] The adhesive of the adhesive layer can comprise
any pressure-sensitive adhesive, with the particular adhesion
properties being dependent on the use of the tape, with the
preferred adhesion properties generally ranging from about
13 N/dm to about 200 N/dm, preferably from about 25 N/dm
to about 100 N/dm, at a peel angle of 1800, measured
according to PSTC-1 and PSTC-3 and ASTM D 903-83 at
a peel rate of 12.7 cm/min. Adhesives having higher peel
adhesion levels usually require backings having higher
tensile strength.

[0033] Pressure-sensitive adhesives suitable for this
invention include tackified rubber adhesives, such as natural
rubber, olefins, silicones, polyisoprene, polybutadiene, poly-
urethanes, styrene-isoprene-styrene and styrene-butadiene-
styrene block copolymers, and other elastomers; and tacki-
fied or untackified acrylic adhesives such as copolymers of
isooctylacrylate and acrylic acid, which can be polymerized
by radiation, solution, suspension, or emulsion techniques.
Crosslinked adhesives are preferred, especially those pres-
sure-sensitive adhesives crosslinked to give high shear
strengths. The most preferred adhesives are those that are
crosslinked by radiation with or without a chemical-
crosslinking agent. Such adhesives that have high shear
strength provide low debonding force and can easily be
removed when stretched.

[0034] The thickness of the adhesive layer can range from
about 25 micrometers to about 1,000 micrometers, prefer-
ably from about 50 micrometers to about 400 micrometers.
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In this preferred range of thicknesses, the thicker layers tend
to cause the tapes to be more easily removable than do
thinner layers. This is in contrast to conventional methods of
removal, such as removal by peeling at peel angles of 90° or
higher. In general, thicker layers of adhesive tend to cause
the tapes to exhibit higher peel strength at a peel angle of
180° than do thinner layers. When the tapes of the present
invention are released by stretching at a low angle, ic.,
under 35°, the adhesive tends to be constrained by the
backing and substrate for a single-coated adhesive tape and
by the backing and two substrates for a double-coated
adhesive tape, and is forced to undergo significant elonga-
tion. Under these conditions, the adhesive layer (or each
adhesive layer) contracts, which reduces its cross-sectional
arca. Since the cross-sectional area, i.c., thickness times
width, of a thinner layer of adhesive is already less than that
of a thicker layer of adhesive, stress, i.e., force per unit area,
is greater in the thinner layer of adhesive than in the thicker
layer of adhesive. This leads, in effect, to a stiffening of the
adhesive. Because stiffer layers offer more resistance to
deformation, the force required for debonding is greater.

[0035] The tape of this invention can be produced by any
conventional method for preparing pressure-sensitive adhe-
sive tapes. For example, the adhesive can either be directly
coated onto the backing, or it can be formed as a separate
layer and then later laminated to the backing. In some cases,
in order to improve adhesion of the adhesive layer to the
backing, the backing can be pretreated prior to the coating
step or the laminating step in one or more of the following
ways: corona discharge, plasma discharge, flame treatment,
electron beam irradiation, ultraviolet radiation, acid etching,
or chemical priming. Such pretreatments can be carried out
with or without reactive chemical adhesion promoters such
as hydroxyethyl acrylate or hydroxyethyl methacrylate, or
other reactive species of low molecular weight. Corona
discharge pretreatment is generally preferred if a polymeric
film backing is used.

[0036] Removing the tape from the surface of a substrate
can be carried out by simply stretching the tape in a direction
up to an angle of about 35° from the surface. Removal at the
appropriate angle will result in leaving no appreciable
adhesive residues and in preventing the surface of the
substrate from being damaged.

[0037] A schematic illustration of debonding or removal
by stretching is shown in FIGS. 14, 1b, and 1c. FIG. 1a
shows a single-coated tape of the present invention having
a backing bearing a layer of pressure-sensitive adhesive,
which layer bonds the tape to a substrate. Force F is applied
in a direction substantially parallel to the surface of the
substrate. The initial resistance to shearing stress of this type
is high. When sufficient force is applied to overcome this
resistance, the backing begins to deform. In FIG. 1b, the
backing yields while the adhesive elongates and orients,
thereby undergoing elongational stiffening due to reduced
cross-sectional area. This stiffening effect then causes stress
to transfer to the interface, effecting debonding as shown in
FIG. 1c, with substantially no triaxial stress and no fila-
mentation in the adhesive layer.

[0038] Debonding of a highly elongated adhesive tape of
this invention at low angles is characterized by a “sharp”
type of crack propagation. Like fracture of glassy materials,
a sharp crack leads to high stress concentration at the crack
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front, where there is a low volume of adhesive material (in
which stress may be dissipated). High stress concentration at
the crack front leads to what is called brittle cleavage failure
of the adhesive. Such failure typically occurs with low force
(because of the low amount of energy dissipated in the
adhesive material) and is cleanly interfacial.

[0039] In contrast, for higher peeling angles, i.e., angles
greater than 35°, the backing does not stretch and the
adhesive is observed to undergo filamentation and to rupture
cohesively. Like fracture of glassy materials, propagation of
a “blunt” crack is preceded by crazing. In this model, the
observed filamentation of the adhesive at higher angles
serves principally as an energy dissipation mechanism,
analogous to craze fibrils found in glassy materials. The
greater the energy dissipation, the greater the resistance to
peeling and the higher the force required to peel the tape. A
larger volume of material is involved in energy dissipation,
and, as stated previously, stress is less concentrated. The
adhesive filaments rupture cohesively to leave residue of
adhesive on the surface or to cause damage to the surface.

[0040] The tape of this invention can be used in several
areas, including the following categories:

[0041] (1) mounting applications, such as wall hang-
ings, body side moldings on vehicles, carrying
handles, signing application, e.g., road signs, vehicle
markings, transportation markings, and reflective
sheetings, etc.;

[0042] (2) joining applications, such as adhering two
or more containers, e.g., boxes, for later separation,

e.g.;

[0043] (3) closure applications, such as container
closures, e.g., box closures, closures for food and
beverage containers, and the like, diaper closures,
surgical drape closures, etc.;

[0044] (4) removable labels, such as price tags or
identification labels on containers, etc.; and

[0045] (5) medical applications, such as bandages,
etc.

[0046] The particular construction of the tape, e.g., the
type of backing, the type of adhesive compositions, and
relative position of backing and adhesive layers, are often
required to be different for each category of use. Tape
constructions include single-coated tapes and double-coated
tapes. A single-coated tape is one that has a layer of adhesive
on one major surface of the backing. The tape in FIG. 1a is
a single-coated tape, as is the tape in FIG. 7. Tape 20 in FIG.
7 comprises a backing 22 bearing on one major surface
thereof a layer of adhesive 24. Layer of adhesive 24 is
adhered to a removable release liner 26. An adhesive-free
tab 28 covers a portion of adhesive layer 24 to provide for
grasping tape 20 for easy removal from substrates to which
it will be subsequently adhered. A double-coated tape is one
that has a layer of adhesive on both major surfaces of the
backing. The tape in FIG. 2 is a double-coated tape. Tape 30
in FIG. 2 comprises a backing 32 bearing on both major
surfaces thereof layers of adhesive 34, 36. Layer of adhesive
34 is adhered to a first removable release liner 38, and layer
of adhesive 36 is adhered to a second removable release liner
40. An adhesive-free tab 42 covers a portion of adhesive
layers 34 and 36 to provide for grasping tape 30 for easy
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removal from substrates to which it will be subsequently
adhered. The materials for the backings and for the adhesive
layers of tapes 20 and 30 can be the same as those previously
described for tape 10. The adhesive-free tabs can be made
from polymeric materials or paper materials, preferably
from the same materials as are useful for preparing the
backings. They may also be constructed by leaving one end
of the tape 25 uncoated with adhesive.

[0047] 1t is preferred that the backing be corona treated
prior to application of adhesive when the backing is a
polymeric film. Multiple backing constructions can also be
used. For example, the tape of this invention may comprise
several distinct layers, and may be made with non-woven
webs, foamed polymers, or stacked or alternating layers of
elastic and plastic materials, so long as the total construction
exhibits good elongation, e.g., greater than 100%, and low
elastic recovery, €.g., less than 50%. Multiple backing tapes
of this invention can comprise two or more backings, which
backings can be bonded one to another by adhesives, e.g.,
pressure-sensitive adhesives, or by laminating.

[0048] As indicated previously, because of the substan-
tially plastic nature of the backings, the tapes of the present
invention do not return to their original shape or size after
being stretched, and, consequently, can also be employed as
tamper-indicating tapes.

[0049] FIG. 3A and FIG. 3B show an embodiment of a
tape of the present invention in a mounting application.
Hooks are commonly used in most households to hang
pictures, towels, garments, kitchenware, tools, plants, and
other articles. Conventional hooks often require forming
holes in cabinets, ceilings, walls, or woodwork when nails,
screws, pins, tacks, or other mechanical devices ate used for
adhering the hooks to these substrates. Holes are not a
problem when they are hidden by a picture, but the holes
must be filled upon removal of the picture. Picture hooks
bonded by means of conventional adhesive tapes are diffi-
cult, if not impossible, to remove without scraping or
otherwise damaging the surface of the wall. Removable
picture hooks employing tapes of the present invention can
be used to mount hooks that securely hold pictures, wall
hangings, and other decorations. By using tapes of the
present invention for mounting, such hooks can be held
securely in place during use and can be removed when
desired without damaging the surface of the substrate. As
shown in FIG. 3A and FIG. 3B, mounting assembly 50
comprises a hook portion 52 and a support 54 therefor,
which support is adhered to a double-coated tape 56 by
means of one of the layers 58, 60 of pressure-sensitive
adhesive that are borne by backing 62. If desired, a tab 64
can also be provided to allow grasping of tape 56, in order
to facilitate removal of tape 56 from wall 66. Tab 64 can be
formed by any known method of producing a non-adhesive
grasping area, such as by applying a non-adhesive material
onto the adhesive to render it non-tacky. Tab 64 can be left
exposed or the hook design can be such that tab 64 is
concealed by support 54. Adhesive layer 60 is capable of
firmly bonding to wood, metal, glass, and ceramic surfaces.
In order to use mounting assembly 50, a protective liner (not
shown) is peeled to expose layer 60 of adhesive, and
mounting assembly 50 is then pressed on wall 66 in the
desired location. In order to remove mounting assembly 50,
tab 64 at the top of mounting assembly 50 can be pulled in
a direction parallel to wall 66. As tape 56 stretches, it slowly
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releases mounting assembly 50 from the wall. Each hook
can be designed to hold loads, even in excess of 15 pounds
per lineal inch, yet can be removed without leaving any
residue on the surface of the wall.

[0050] Other mounting applications for the tape of this
invention involve the use of the tape by itself without a
hook-bearing mounting assembly, as shown in FIG. 4. The
tape of this invention provides the holding power of cur-
rently available adhesive-backed permanent mounting tapes
and die cut squares along with the feature of clean remov-
ability. The tape, by itself, can be used for mounting of
objects, e.g., body side moldings and shelves. The tape can
also be used to mount objects of lower weight, ¢.g., calen-
dars, posters, and signs. In FIG. 4, a tape 70 of this invention
is shown to be adhering a picture frame 72 to a wall 74.

[0051] Another mounting application for tapes of this
invention involves removable graphics. Graphic films,
including reflective films, currently in use employ aggres-
sive pressure-sensitive adhesives that give long adhesion
durability; however, they are difficult to remove from the
surface of a substrate. Methods for film removal currently in
use employ heat (from a heat gun, heat lamp, or hot water)
or organic solvents or both. Removal by heat may still leave
deposits of adhesive on the substrate which must be
removed with organic solvents. Solvents and peeling action
may damage the surface by removing paint or other finishes.
Solvents require precautions for proper ventilation, fire
prevention, storage, and disposal. Some of these methods
require temperatures above a minimum temperature or with
a specified temperature range. The tape of this invention
allows the use of aggressive adhesives, but provides a much
simpler and easier means of removal. The graphic film can
be removed from a substrate by stretching the extensible
layer substantially in the plane of the substrate. This manner
of removal is clean and dry, thereby avoiding environmental,
health, storage, and disposal problems associated with
organic solvents. In addition, the tapes tend to leave no
adhesive residue on the substrate or damage the substrate,
e.g., remove paint. These characteristics provide savings of
both cost and time to the user.

[0052] FIG. 5 illustrates a joining application, such as
holding two or more containers 80 and 82, e.g., boxes,
securely together for later separation. Double-coated pres-
sure-sensitive adhesive tape 84 having a tab 86 for grasping
is preferred for this application. When separation is desired,
tab 86 is simply pulled to stretch tape 84. This system is
superior to conventional joining systems where a double-
coated tape, an adhesive layer, or glue is used and where
separation of layers joined by an aggressive adhesive gen-
erally defaces the package.

[0053] FIG. 6 shows an easily openable container 90
utilizing the tape 92 of this invention. Containers utilizing
conventional closures, e.g., heat seals, adhesives, and per-
forated cardstock or chipboard, can be difficult to open,
particularly in the absence of a cutting tool. The act of
opening often damages the container, which in many cases
is often intended to be used as a dispenser. The tape of this
invention can provide sufficient strength for closure and can
also provide means for indication of tampering.

[0054] Paper clips and staples are commonly used as
fastening devices for paper, film, and the like. Paper clips
hold flat objects, e.g., sheets of paper, together at the edge
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and are limited to holding a few sheets. Paper clips may
damage paper sheets by both “embossing” the sheets and
bending the surface of the sheets where the clips are
attached. When staples are used to fasten paper sheets
together, they form small holes in the sheets. Moreover,
individual sheets can be severely damaged by being torn
from the group of fastened sheets. Staples are also difficult
to remove, they are sharp, and consequently injurious, and
they result in litter, especially in the vicinity of copying
machines. The adhesive tapes of this invention can be used
as substitutes for paper clips and staples. These tapes can be
attached firmly to paper sheets, yet can be removed easily
and cleanly when the tapes are stretched. Single and double-
coated tapes can be used for this application.

[0055] The tape of this invention can be used as a fasten-
ing device for two or more articles, such as sheets, ¢.g.,
paper, film. Two sheets can be fastened together with a tape
of the type shown in FIG. 2 of this invention, i.e., a tape
having a backing that is coated on both major surfaces with
an aggressive pressure-sensitive adhesive. Upon removal of
the tape, the damage to the sheets will be minimal, and little
residual adhesive will remain thereon. More than two sheets
can be fastened together, as shown in FIG. 8, by a tape 100
of this invention. Tape 100 can be adhered to the back 102,
sides 104, and front 106 of a pad 108 of sheets in a
length-wise manner to form a removable edge binding.
When tape 100 is pulled in the direction of the arrow, it can
be cleanly removed from the surfaces to which it had been
adhered.

[0056] Boxes are commonly used for storage and trans-
portation of a variety of items. Such boxes are usually sealed
tightly to keep out foreign objects and to minimize impact
forces during transportation. At the same time, access to the
boxes must be relatively easy at the time one desires to
remove some or all of the contents. Easily openable box
seals, as shown in FIG. 9, can be made from adhesive tapes
of the present invention. These seals can be used to securely
seal a box, yet can easily be removed in order to open the
box by firmly pulling on a tab. When the tab is pulled, the
adhesive is removed from the surface of the box, and the box
can be opened without the surface thereof being damaged.
When resealing is desired, the flaps can be refolded and
bonded by another tape seal. In FIG. 9, a double-coated tape
110 having a tab 112 for grasping is used to join two flaps
114, 116 of a box 118 to close same. A tape for box sealing
can bear a layer of adhesive on only one surface of the
backing and be applied to the outside of the box to-close
same.

[0057] Adhesive-coated labels have been widely used for
labeling articles for identification, pricing, and the like. For
labeling household items such as food storage containers
and recording tapes for identification, the labels should bond
well to the surface of a substrate so that the article can be
identified, and should be easily removable at a later time
when re-labeling is desired. Many household labels that
provide adequate adhesion are not easily removable and
leave behind adhesive residue on the surfaces to which they
are bonded. Labels that are easily removable often do not
provide adequate adhesion, detach during use, and render
the article unidentifiable. A single-coated tape can be used to
form a label or a mask. The tape can be removed by pulling
it at an angle of less than 35° from the surface of the
substrate to which it is adhered. Labels made from tapes of
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the present invention have high adhesion and can be held
firmly in place during use, yet they can be easily removed
without leaving adhesive residue or damaging the surfaces
to which they are bonded, as shown in FIG. 10. The label
120 can be removed from container 122 by pulling it in a
direction substantially tangential to the surface to which it is
bonded. Label 120 preferably has a tab 124 by means of
which the tape may be easily grasped for removal. Coupons,
price tags, advertisements, and the like can also be made
from tapes of the present invention.

[0058] Tapes of the present invention are especially suited
for tamper-indicating applications because, upon stretching,
they do not recover their original shapes. Tamper-indicating
tapes of this invention can be used in closures for over-the-
counter medication, closures for containers for foods and
beverages, e.g., pull tabs for juice cans, easy-to-open secu-
rity envelopes, price tags, or UPC code labels.

[0059] FIG. 11 shows how a tape 130 of this invention can
be used to seal a container 132 having a gabled-top.

[0060] Other uses for the tapes of this invention include
abrasive, anti-slip, and controlled release delivery. In an
abrasive application, a coated abrasive disc can be applied to
a rotary sanding device by means of the tape of this
invention. This disc would be held firmly yet would be easily
removable. The tape can also be used for adhering a remov-
able, non-slip article, e.g., appliques or strips, on stairs,
docks, boat decks, and bath tubs. Again, the tape provides
excellent holding power and easy removal. Ease of removal
allows cleaning and repainting. Controlled release delivery
applications include anti-fouling films, “no-pest” strips, and
transdermal drug delivery. For delivery of controlled release
materials, the tape allows fastening of the delivering sub-
strate with strong holding power, yet also allows easy
removal for replacement when the delivery is complete for
that dose or when the available active ingredient is
exhausted. An anti-fouling film, which releases a dose of
cuprous sulfide, can be removed in much the same way as
graphic films would be removed.

[0061] The following non-limiting examples will further
illustrate the tape of the present invention and several
applications therefor.

Test Methods

[0062] 1. 90° Peel Adhesion

[0063] A 25 mm by 152 mm strip of a sample of the tape
is applied, adhesive side down, to a stainless steel test panel
(AISI 302 or AISI 304). The sample of tape is rolled twice
with a 4.5 kg roller to firmly bond it to the test panel. A free
end of the tape sample is then separated by hand for a
distance of about 25 mm and clamped in a tensile testing
machine in the crosshead (i.e., upper) jaws thereof. The test
panel is held fixed to a sliding trolley to keep the peel angle
constant at 90° throughout the course of the test. The tape of
the sample is peeled at a rate of 305 mm/min, the first 25 mm
of peel data being discarded. The average peel force mea-
sured over the remaining peel length is recorded.

[0064] 2. 180° Peel Adhesion

[0065] The sample to be tested consists of a backing
laminated to or coated with a pressure-sensitive adhesive. A
stainless steel test panel (AISI 302 or AISI 304) at least 50
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mm by 150 mm is used as the substrate from which the
sample is peeled. The last 25 mm of the length of the panel
is covered with masking tape. Strips of tape samples 25 mm
by 150 mm are adhered by way of the pressure-sensitive
adhesive to one major surface of the stainless steel test panel
such that the end of the sample overlies the masking tape.
The sample of tape is rolled twice with a 4.5 kg roller to
firmly bond it to the test panel. The major surface of the test
panel not bearing the tape sample is adhered to the surface
of an Instrumentors Inc. Model 3M90 Slip/Peel tester by
means of a double-coated tape. One end of the test sample
is separated from the masking tape by hand and peeled at a
rate of 305 mm/min through a distance of 127 mm at a peel
angle of 180°. The initial 25 mm of peel data is discarded.
The average peel force measured over the remaining peel
length is recorded.

[0066] 3. Peel Adhesion at Other Angles

[0067] A schematic diagram of an apparatus 140 for
testing peel adhesion is shown in FIG. 12. Two stainless
steel test panels 142, 144 (AISI 302 or AISI 304) are placed
end to end a distance of 50 mm apart. A single strip of tape
146 of the sample having dimensions 25 mm by 254 mm is
adhered to test panels 142 and 144, bridging the 50 mm gap
between them. Tape 146 is rolled twice with a 4.5 kg roller
to firmly bond it to test panels 142 and 144. Test panels 142
and 144 are mounted in a tensile tester by means of swivel
grips 148 and 150 so that their surfaces form symmetrically
inclined planes at the peel angle desired for the test. In this
manner a continuous range of peel angles from 0° to 180°
can be evaluated. The sample of tape 146 is mounted so that
the peeling action occurs mainly within the center line of
apparatus 140. Tape 146 is peeled simultaneously from both
steel test panels 142 and 144 by moving the crosshead (not
shown) at a rate of 305 mm/min. The average peel force
measured over the course of peeling is recorded.

[0068] 4. Stretch Force; Release Force

[0069] A double-coated tape sample is placed between two
strips of anodized aluminum (25 mm by 50 mm by 0.125
mm), leaving an adhesive-free 25 mm tab protruding from
one end of the assembly. The assembly is rolled twice with
a 4.5 kg roller to firmly bond the sample to the aluminum
strips. The assembly is mounted in a tensile testing machine
so that the aluminum strips on either side of the sample is
gripped in the lower (fixed) jaws, and the adhesive-free tab
is clamped in the upper (crosshead) jaws. The jaws are
separated at a rate of 305 mm/min, the average force
required to effect debonding by stretching is recorded.

[0070] 5. Shear Holding Power

[0071] A double-coated tape sample having the dimen-
sions 25 mm by 25 mm is placed between two strips of
anodized aluminum (25 mm by 50 mm) so that a 25 mm
length of aluminum of one strip extends beyond one end of
the tape sample and a 25 mm length of aluminum of the
other strip extends beyond the other end of the tape sample.
The 25 mm extensions of the aluminum strips are used as
tabs for gripping by the jaws of a tensile testing machine.
The aluminum strip/tape sample/aluminum strip assembly is
rolled twice with a 4.5 kg roller to firmly bond the sample
to the aluminum strips. The tabs of the aluminum strips are
clamped in the upper and lower jaws of a tensile testing
machine, and the jaws separated at a rate of 25 mm/min. The
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average force required to effect separation of the aluminum
strips from the tape sample is recorded.

EXAMPLE 1

[0072] An adhesive was made by partially polymerizing
100 g of a blend containing 90% by weight isooctylacrylate
monomer and 10% by weight acrylic acid monomer and
0.04 part per hundred 2,2-dimethoxy-2-phenyl acetophe-
none (“Irgacure 6517) to yield a coatable syrup having a
viscosity of about 5,000 cps. To this syrup was then added
an additional 0.25 g of a blend containing 90% by weight
isooctylacrylate monomer and 10% by weight acrylic acid
monomer and 0.04 part per hundred 2,2-dimethoxy-2-phe-
nyl acetophenone (“Irgacure 6517), plus 0.125 g of 1,6-
hexanediol diacrylate crosslinking agent. The composition
was thoroughly mixed and coated onto a silicone-coated
polyester film by means of a knife coater adjusted to produce
an adhesive thickness of about 125 mm. After the coated
syrup was purged thoroughly with nitrogen gas, it was
covered with a second silicone-coated polyester film and
polymerized by means of ultraviolet radiation using a total
energy of 450 mJ/cm?. The polyester liners were removed,
and one of the exposed surfaces of the adhesive was then
laminated to a 0.05 mm corona treated linear low density
polyethylene film (available from Consolidated Thermo-
plastics Co.) having properties as shown in Table 1, while
the other was laminated to a stainless steel panel and tested
for peel at various angles. The results are shown in Table 2.
Double-coated tapes for some tests were made simply by
laminating a second adhesive layer to the other side of a 0.05
mm corona treated linear low density polyethylene film.

COMPARATIVE EXAMPLES A AND B

[0073] The tapes of these examples were made in the same
manner as were the tapes of Example 1, except that in one
sample, Comparative Example A, the exposed adhesive
layer was laminated to a 0.05 mm polyurethane film, in
another sample, Comparative Example B, the exposed adhe-
sive layer was laminated to a 0.025 mm polyester film, and
in still another sample, Comparative Example C, the
exposed adhesive layer was laminated to a 0.05 mm ultralow
density polyethylene film. The films in Comparative
Examples A and B had properties as shown in Table 1. These
were also tested for peel at various angles and the results are
shown in Table 2.

[0074] AS can be seen from FIG. 13, the plastic tape with
linear low density polyethylene film backing (points indi-
cated by O) clearly showed a minimum debonding force at
0° while the elastic tape with polyurethane backing (points
indicated by A) showed maximum debonding force at 0°.
Thus, stretchable plastic tapes provide a low debonding
force from the surface of a substrate at low angles by simply
stretching the tape. Polyester is not appreciably stretchable.

TABLE 1
Comparative ~ Comparative Comparative
Example 1 Example A Example B Example C
(LLDPE)*  (Polyurethane) (Polyester)  (ULDPE)*
Elastic 28,896.0 4,619.0 445,515.0  11,773.0
Modulus
(psi)
50% Modul- 4,000.0 1860.0 35,600.0 2,352.0
us (psi)
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TABLE 1-continued

Comparative ~ Comparative Comparative
Example 1 Example A Example B Example C
(LLDPE)*  (Polyurethane)  (Polyester)  (ULDPE)?
Yield stress 1,743.0 — 16,273.0 897.0
(psi)
Yield strain 17.3 — 6.5 13.0
(%)
Tensile 7,931.0 6,157.0 28,054.0 6,484.0
strength (psi)
Elongation 748.0 434.0 132.0 545.0
(%)
Recovery 5.4 94.0 — 21.3
(%)
"Linear low density polyethylene
“Ultralow density polyethylene
[0075]
TABLE 2
Peel force (Ib/in
Peel angle Linear low density
(Degrees) polyethylene Polyurethane Polyester
0 2.38 5.40 —
5 3.82 5.06 16.05
10 — — 16.92
15 4.07 4.69 16.93
25 413 4.89 15.86
30 — 4.55 —
35 4.29 — 11.53
45 4.10 4.47 7.16
50 — 4.77 —
60 3.46 — 4.24
75 3.26 3.30 2.95
90 2.83 2.96 2.15
110 2.26 — 2.70
130 1.99 — 2.22
150 2.07 2.14 2.28
180 2.78 2.23 2.55

EXAMPLES 2-6

[0076] The tapes of these examples were made in the same
manner as were the tapes of Example 1, except the level
of:crosslinking agent was varied, as shown in Table 3.
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while increasing holding power (dynamic shear). Surpris-
ingly, the level of low angle debonding increases as level of
crosslinking agent increases.

EXAMPLE 7

[0078] The tape of this example was made in the same
manner as was the tape of Example 1 except that 10 parts of
tackifier (a rosin ester, “Foral 857, available from Hercules,
Inc.) was also added. The adhesion forces were measured
and are set forth in Table 3. The data show that the addition
of tackifier clearly increased the debonding force at a peel
angle of 0°.

EXAMPLE 8

[0079] The tape of this example was made in the same
manner as was the tape of Example 1, except that the tape
was coated with a removable, repositionable adhesive on
one surface of the corona treated linear low density poly-
ethylene film to produce a tape with differential adhesion.
This tape is especially useful for mounting and display of
light weight objects such as photographs, signs, cards,
calendars, etc., where repeated mounting is desirable.

EXAMPLE 9

[0080] The tape of this example was made by coating a
linear low density polyethylene film (0.1 mm thick) with 8.4
grains of a block copolymer (“Kraton 11077, available from
Shell Corporation), tackified with a resin tackifier (“WING-
TACK PLUS?, available from Goodyear Chemicals). A strip
of this tape (0.127 cm wide by 50 cm long) was wrapped
around three 5 cm by 9 cm by 15 cm decorated boxes of a
snack food product. After being aged for 48 hours at room
temperature, the tape was removed at a peel angle of 90° and
the surface of the package was completely damaged, spoil-
ing the graphics. When the tape was removed by stretching
it at an angle of 0°, the tape was removed cleanly, leaving no
residual adhesive and without damaging the package or
spoiling the graphics.

EXAMPLE 10

[0081] The liner was removed from an adhesive coated
vinyl film (3650 “Scotchcal” film, available from Minnesota
Mining and Manufacturing Company, St. Paul, Minn.), and

TABLE 3
Amount of Stretch
crosslinking 1807 adhesion to  180° adhesion to Dynamic shear release adhesion
agent (%) steel (N/dm) paper (N/dm)  holding power (N/dm) (N/dm)
0.01 54 41.6 183 40.8
0.025 55 42.2 192 42.8
0.05 58 41.8 201 43.8
0.10 49 37.6 202 44.7
0.18 39 34.4 207 46.3
Tackified 35 42.2 180 49.1
IQA/AA*

*Tackified IQA/AA contained 90 parts isocctyl acrylate, 10 parts acrylic acid, and 10 parts tacki-

fier (“Foral-857), available from Hercules, Inc.).

[0077] The data clearly show that increasing the concen-
tration of crosslinking agent decreases 180° peel adhesion

then the film was laminated to the following extensible
polymeric sheets: polyether-polyurethane (1 mil), polyester-
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polyurethane (3 mil), unoriented linear low density polyeth-
ylene (2 mil), unoriented polypropylene (1 mil, corona side
up), and unoriented polypropylene (1 mil, corona side
down). The same pressure-sensitive adhesive used with
3650 “Scotchcal” film was then coated on the back side of
each extensible polymeric sheet, except for the polypropy-
lene sheets, where adhesive for transfer tape was used. The
tensile strength and average elongation to break were mea-
sured for these assemblies. One inch wide samples of these
assemblies were laminated to steel panels and aged four
days at 66° C. Peel forces were then measured for these
assemblies at peel angles of 180° and 7°. The mode of failure
was then noted. Ply failure refers to failure between the
adhesive and extensible polymeric sheet. Film break failure
refers to breaking of the adhesive-coated vinyl film.

[0082] The results at 7° peel angle show that nearly 100%
of the film was removed from the polyurethane and linear
low density polyethylene extensible polymeric sheets. In
addition, these films did not break during removal, while the
3650 “Scotchcal” film broke easily. Therefore it appears that
the extensible polymeric film provided another unexpected
advantage, namely reinforcing the “Scotchcal” vinyl film.
This property can be used to provide enhanced durability
during the lifetime of the “Scotchcal” film.

[0083] The linear low density polyethylene extensible
polymeric film was the most desirable from the standpoint of
conformability to topography due to the plastic nature of the
film, i.e., it will readily stretch to conform to rivets, corru-
gation, etc. The polyurethane films on the other hand are
elastic and would not conform upon stretching and release.

[0084] Various modifications and alterations of this inven-
tion will become apparent to those skilled in the art without
departing from the scope and spirit of this invention, and it
should be understood that this invention is not to be unduly
limited to the illustrative embodiments set forth herein.

What is claimed is:

1. A tape comprising a highly extensible, substantially
non-recoverable backing bearing on at least one major
surface thereof a layer of pressure-sensitive adhesive, said
tape being capable of being firmly bonded to a substrate and
further being capable of being removed therefrom after only
being stretched at an angle no greater than about 35° from
the surface of the substrate.

2. The tape of claim 1, wherein said backing has a
Young’s modulus of at least about 2,500 psi and less than
about 50,000 psi.

3. The tape of claim 1, wherein said backing has an elastic
recovery of less than about 50% after being stretched.

4. The tape of claim 1, wherein said backing has a
lengthwise elongation at break of at least about 150%.
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5. The tape of claim 1, wherein said pressure-sensitive
adhesive having an adhesion value of from about 3 N/dm to
about 200 N/dm at a peel angle of 180° at a peel rate of 12.7
cm/min.

6. The tape of claim 1, wherein said backing is made from
a material selected from the group consisting of polyolefins,
vinyl copolymers, olefinic copolymers, acrylic polymers and
copolymers, and combinations of the foregoing.

7. An article suitable for adhering to a surface comprising
a substrate bearing on one major surface thereof a tape
according to claim 1, wherein said tape can be removed from
the surface to which said article is adhered by causing said
backing to elongate at least about 150% of its initial length.

8. The article of claim 7, wherein said substrate bears on
one major surface thereof a means for hanging articles.

9. A closure assembly for a container comprising a tape
according to claim 1, wherein said tape can be removed from
two surfaces by causing said backing to elongate to at least
about 150% of its initial length.

10. The closure assembly of claim 9, wherein said con-
tainer is a box comprising a bottom panel, at least one side
panel projecting upwardly from said bottom panel, at least
two top panels projecting from said at least one side panel
and joining to close said container.

11. The closure assembly of claim 9, wherein said con-
tainer has a gabled-top.

12. Assembly comprising two coplanar surfaces, and a
tape according to claim 1, wherein said coplanar surfaces are
joined by means of said tape, wherein said tape can be
removed from said coplanar surfaces by causing said back-
ing to elongate at least about 150% of its initial length.

13. A label comprising the tape of claim 1.

14. The tape of claim 1, wherein both major surfaces of
said backing bear a layer of pressure-sensitive adhesive.

15. A closure assembly for a container comprising a tape
according to claim 14, wherein said tape can be removed
from two surfaces by causing said backing to elongate to at
least about 150% of its initial length.

16. The closure assembly of claim 15, wherein said
container is a box comprising a bottom panel, at least one
side panel projecting upwardly from said bottom panel, at
least two top panels projecting from said at least one side
panel and joining to close said container.

17. The closure assembly of claim 16, wherein said
container has a gabled-top.

18. Assembly comprising two coplanar surfaces, and a
tape according to claim 14, wherein said coplanar surfaces
are joined by means of said tape, wherein said tape can be
removed from said coplanar surfaces by causing said back-
ing to elongate at least about 150% of its initial length.
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