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(§7) Abstract

A cohesive product that has one or more layers of a substrate and a synthetic water—based cohesive polymer that is applied to the
substrate and defines an outer surface of the product. The synthetic water-based cohesive polymer is an inherently crystalline elastomer
whose polycrystalline structure has been disrupted such that the elastomer possesses a cohesive property.
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SYNTHETIC, WATER-BASED COHESIVE PRODUCTS

This invenuon is directed o cohestve products. and more particularly to
cohesive tapes and bandages. 1in which the cohesive material 1s a synthene

clastomer rather than natural rubber latex.

BACKGROUND OF THE INVENTION

Natural rubber latex ts widely used in the hecalthcare industry, from surgical
cloves to handages. Because ol the unique combination of strength, tlexibility. and
clasucity ol natural rubber. it 15 typically the material of choice tor a variety of
mecdical products. In partucular. all known avatlable cohesive bandages arc
composcd at lcast partly ol natural rubber latex. Natural rubber latex 1 inhcrcmlj/
cohesive, mecaning that it sucks to itsclf rather than to other matenials. The
avatlable adhesive bandages that are enurely tree ol natural rubber usc pressurc-
sensiuve adhesives and are not cohesive.

A small but significant segment of the population develops immediatc or
delayed alicrgic reacuions to natural rubber. Recently, the United States Food and
Dfug Administrauon ruled that all medical devices containing natural rubber latex
must be labecled with wamnings that the latex can cause allervic rcactions. Thas
regulation was 1ssucd amid more than 1,700 reports of severe allergic reactions to
latex in medical devices that the FDA has received over the past decade. Proteins
ol natural rubber lalex cause leE-mediated sensitization in 3% 10 18% ol health
carc workers and i up 1o S0% ol paucnts with spina bilida. Sce Gritter, M., Latex
Allerey, Lippincotts Primary Care Practice 1(2):142-151 (1997,

It 15 bchieved that plant protcins remaining in products
madc ol natural rubber latex arc potential sensitizers.  Sce Posch. A. et al.,
Characterization and denuficaton ol latex allereens by two-dimensional

clectrophoresis and protein microscquencing. J. Allerey Chin. Immunol. 99(3):385-
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disadvantace of usine natural rubber lutex mstead of svntheuc latex alternatves s
that natural rubber fatex deerades. parncularty when exposed to petroleum
derivauve products such as petrolatum. and animal fats. Svnthetie lalexes. such as
polychloroprene. exhibit an ecnhanced chemical resistance. which natural rubber
based products do not posscss.

Therc thus 1s a recal and long-standine need for a cohesive bandage or other
product that 1§ [rec of and thus avoids the allergy-causing proteins found 1n and the
petrolcum-causcd degradations ol natural rubber latex. yet still possesses  the
desirable cohesive properties of natural rubber. There is a parucular need for
such .handaves which employ a synthcuc clastomeric cohesive. that-hke natural
rubber lalex. 18 water-based and can be ci'npl()ycd using procedurcs sumitar o those
now widcly uscd in conncction with the manutfaciure of natural rubber lalex

cohesive handaves.

SUMMARY OF THE INVENTION

e S —— e se——

Applicant has found that there 1s a corrclation between the level ol
cohesion and the physical and chemical structure ol an elastomeric polymer. and
that the desired cohesive propertics tound in natural rubber arc larecly due o the
tact that natural rubber latex has a polycrystalline strucuurc.

Although maost synthetic elastomers and latexes cannot be compoundced Lo
producc the samc types ol cohesion as natural rubber, 1.¢.. compounding most
synthcuc latexes produces a pressure sensitive adhesive. apphicant has turther
discovered that simitar cohesive propertics may be obtained by compounding
synthctuic waler-bascd clastomers that have polycrystalline structures similar o

those ol natural rubber.
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Accordingly, 1t is a primary object of the present invention to produce a
cohesive tape, bandage or other product that is free from natural rubber by utilizing
the crystallization properties ol synthetic elastomers to produce synthetic water-
based cohesive polymers.

In one aspect, the invention provides a cohesive product comprising: one or
more layers of a substrate and a cohesive material in which the cohesive material is
a synthetic water-based elastomer rather than natural rubber latex. The synthetic
water-based cohesive polymer defines at least one outer surface of the product, and
1s usually applied to the substrate in such a way as 10 provide a cohesive surface
on both the opposite sides of thc product.

In onc embodiment of this aspect, this invention provides a product in
which the synthetic water-based cohesive is an inhcrently crystalline elastomer to
which at least one lackifying agent has been added in an amount effective to

disrupt the crystalline structure of the elastomer and to maintain the elastomer in a

- partial crystalline state such that the clastomer possesses a cohesive property.

In preferred embodiments of this aspect, a tape/bandage or other substrate is
coated or impregnated through the thickness of the substrate with a
dispersion/emulsion of the elastomeric matrix before the water is evaporated (c.g.,
betore drying), the cohesiveness of the synthetic elastomer is controlled by the
addition of two tackifying agents with different melting points, or molecular
weights, and the tape substrate material(s) is one or more of a woven or knitted
tabric, a warp-knitted weft-inscrtion fabric, a non-woven material, paper, and a
surtacc-treated polymeric.

Yet another aspect of the invention provides a method of moditying the
cohesivencss ol a synthetic water-based clastomer that is inherently capable of
crystallization by :

(1) combining the synthetic water-based clastomer with at least one

tackifying agent to producc a dispersion/emulsion of the elastomer and tackifying

SUBSTITUTE SHEET (RULE 26)
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5 agent(s). the tackifying agent(s) being present in the dispersion/emulsion in an
amount cttective to disrupt the crystalline structure of the elastomer and 1o
maintain the elastomer in a partial polycrystalline state; and

(2) evaporating the water from the dispersion/emulsion (typically by heat-
treating the dispersion/emulsion) to produce a cohesive clastomeric solid. '

10 Other objects, features and advantages of this invention will be apparent to

those of ordinary skill in the art in view of the following Detailed Description,

taken together with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 1$ a cross-scctional view of a first embodiment ol the invention. in which

a multi-layered substrate has been impregnated with a synthetic cohesive. water-

based clastomer.

Figure 2 is a top view of the embodiment of Figure 1.

20
Figure 3 1s a cross-scctional view of a second embodiment comprising a knitted
substrate and a synthctic cohesive, water-based elastomer that is deposited on the

opposite sides of a single layer of knitted substrate, such as by spraying or coating.

25 . Figure 4 depicts the crystalline structure of an elastomer inherently capable of
crystallization. Long chains of the elastomer come together to develop ordered

structures in an otherwisc amorphous mass of elastomer.

Figure 5 depicts the partial crystalline structure of an elastomer to which one or
30 more tackifying agent has been added. Shorter chains of the tackiliers arc shown
interspersed with longer chains ol the elastomer, disrupting the crystalline-like
structurcs present in the elastomer by spreading the elastomeric chains farther
apart. Although not as structured as the elastomer depicted in Figurc 4, the matrix

ol elastomer and tackifier displays a level of structured, partial polycrystallinity.

SUBSTITUTE SHEET (RULE 26)
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Fireure 6 depicts an clastomer whose crystalhine structure has been completely
disrupted by the presence ot a relatvely taree amount of tackiher(s) resulting in an

unordercd. amorphous mass with pressure-sensitive properuces.

DETAILED DESCRIPTION OF THE INVENTION

Relerrning more particularly to the drawings, Fieure 11s a cross-scetional
view ol a tape/bandace. ecnerally designated 10, in which a substrate 20 has been
imprceenaled througeh the thickness of the substrate with a syntheuc, cohesive,

water-bascd clustomer 30, The substrate 20 15 ol the type sold by Andover Coated

Products Inc. ol Salisbury. Massachusctts under the trademark "POWERFLEX" and

—

described 1in copendine U.S. Patent No. 5,762,623, filed July

19, 1995, " As described in this prior

patent application, the substrate includes a plurahity ot longitudinally-cxtending
elastic threads or yarns sandwiched between a layer ol a warp-knit (wcelt-insertion)
tabric and a layer ol a non-ﬁovcn tabric. In thc present cmbodiment. the cohesive
clastomer 30 bonds the three layers together. The clastomer 30 also cxtends f{ully
throueh the thickness of the substrate. so that the top and bottom surfaces of the
overall tape-bandaee 10 are delined by the synthctic clastomer 30, Figure 218 &
top vicw ot the lapc bandagc 20 of Figurc' |, cul away so as to betier show cach ol
the three layers of the substrate 20.

Fioure 3 1s a cross-secuonal view- of a sccond tape/bandage, generally
destenated 3. 1in which a synthetic. cohesive, water-bascd clastomer 50 has been
coatcd or sprayed onto the oppostic sides ol a single layer ol a woven or knitied
substrate 60.  As with the embodiment of Freure 1.1t will be recoenized that the
top and bottom surlaces 42. 44 of the overall lape/bandage 40, arc detined by the
synthetic clastomer. Since the substrate 15 only a single tayer. however. the

clastomer 1s not required o bond a mulu-layer Structure together and nced not

extend throuch the thickness ol the substrate,



oD SO S

10

15

20

25

30

CA 02305890 2000-04-10

WO 99/22778 PCT/US98/23066

6

Because the synthetic elastomers 30, 50 of Figures | and 3, respectively, are
cohesive, 1t will be recognized that the outer surfaces of the tapes 10, 40 ol Figures
| and 3. respectively. will stick to each other, ¢.g., the top surface 12 of tape 10
will stick to bottom surtace 14 when the tape is wrapped around, for example, a
user's ankle: and the top surface 42 of tape 40 will similarly stick to bottom
surtace 44. However, because the synthetic elastomers are cohesive, rather than
pressure sensitive, the surtaces of tapes 10, 40 will not stick (at least to any
significant degree) to other surfaces or materials.

[t will be recognized that substrates 20, 6() may be made of any ol a widc
range of materials, and may havc a wide range of structures. For example, any ol
the one or more layers ol a substrate may be, lor example. a woven, knitted. warp-
Knit (welt-insertion) or non-woven fabric, or paper. It may also be a surface-treated
polymeric. such as a sheet of linear, low-density polycthylene ("LLDPE") or lincar,
low-density polypropylene ("LLDPP"), one or more surface of which has been
treated to insure adhesion to the elastomeric cohesive. Similarly, the substrate
structurc may be elasticized, either as described above with reference to Figure 1,
by knitting or weaving eclastic threads into one or more of the layers, or by knitting
or sewing elastomeric threads through a single or multi-laycr substrate.

In embodiments in which the cohesive product of the present invention is a
tape or bandage, the substrate typically will comprise a woven, knitted, or warp-
knit (weft insertion) fabric, or a non-woven fabric such as a non-woven scrim, of
either natural or synthetic fiber. In onc embodiment in this aspect, thc substrate
compriSes a single layer of a non-woven fabric wherein threads are knitted through
the fabric and a synthetic cohesive, water-based elastomer is deposited on opposite
sides ol the fabric by, for instance, spraying or coating. In a preferred
lape/bandage, the substrates 20, 60 comprise nylon or polyesiter.

[n anothcr embodiment of this aspect, the substrate of the tape/bandage
comprises a tirst and a second layer of non-woven fabric and a third layer which ts
clastic in a direction extending longitudinally of the tape/bandage, said third layer

being in between the first and second layers of non-woven fabric.

SUBSTITUTE SHEET (RULE 26)
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[n a turther embodiment, the substrate of the tape/bandage comprises: a first
layer of warp-knitted (weft insertion) fabric oriented with the knit yarns cxtending
longitudinally of the tape/bandage: a second layer of a non-woven fabric: and a
third layer which is elastic in a direction extending longitudinally of the
tape/bandage, the third layer being between said first and second layers.

- As discussed above, it is well known to make tapes/bandages similar to
those shown in Figures 1 and 3 in which the cohesive material is natural rubber
latex. In general, such tapes/bandages are made from a water-based cmulsion of a
natural rubber latex 10 which a tackifier has been added. The resulting '
latex/tackitier structure is applied to the substrate (typically by saturating the
substrate with the emulsion or coating the ecmulsion onto the opposite sides ol the
substrate), and the structure is then dried to produce the desired end product.

The tapes/bandages and other products of the present invention are
preferably made using the same gcnefal manufacturing techniques, cxcept that, as
discussed below in more detail, the elastomer is a synthetic water-based elastomer
rather than natural rubber latex, and different tackifiers and/or tackifier quantities
are employed to enhance the cohesive property of the elastomer by disruption of
the crystalline structure and to maintain the cohesive material in the desired partial
polycrystalline state. More specilically, in the practice of the presem invention, the
synthetic cohesive end product is typically made by:

(1) combining a synthetic, inherently crystalline elastomer with at least one
tackifying agent to produce a dispersion/emulsion of the elastomer and tackifying
agent(s);

(2) providing a substrate of a desired structure:

. (3) treating the substratc with the dispersion/emulsion such that the
dispersionfemulsion defines at least one outer surface of the product: and

(4) evaporating water from the dispersion/emulsion so that the
dispersion/emulsion to produce a cohesive elastomeric solid.

As previously mentioned, it is well known that natural rubber latex can be

cohesive. It has also been recognized that polyisoprene (natural rubber) is

SUBSTITUTE SHEET (RULE 26)
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inherently capable ol crvstallizanon. Sce Cheremisinoll. Nicholas P.oed.

Handbook ol Polymer Science and Technoloey 2:61-98 (1989) -

The crystalline structure of certain polymeric clastomers 1S not 2 structure as
oreanized as a single crystal of, for Cxumpic. sodium chlonde. but rather 1s a
plurality ol ordered struclures tn a mass of amorphous polymer.  As applicd o
polymers. the terms crystalline, microcrystalline. and polycrystalline reter 10
ordercd structures which develop within a mass ol otherwise amorphous polymeric
maiertal. Certain polymers such as sotacuc polypropyiene develop a highly
oreanized microcrystalline structure duc to the inherent structure ol the
polypropylene. The lerm microcryvstalline. as used herein, refers o ordered
structurcs that can be obscrved under magnihication ol thin 1’ilms'ol‘ polymer. The
lerm polycrystaltine. as used hercin. means that many microcrystallites arc present
in a mass of polymer. As uscd herein, "inherently crystalline”™ or “inherently
capable ol crystallizaton™ means that a material exhibity a microcrystalline,
polycrystalline. or crystalhine-like structure in a stable. natural [orm.

In the case ot clastomers such as natural rubber latex. poly-cis 1. 4, 2-
methyl butadicne (poly cis- 1. 4 1soprence). crystalline structures develop in the
otherwisc amorphous mass ol natural rubber. Thcsc structurcs can he envisioned o
develop where molccules in the mass ahign themselves tn a definite order as shown
in Figure 4. Regions ol order 5 among chains ol clastomer 6 arc held together by
sccondary valence lorces producing a strengthening of the overall structure.

It has been known that these structures can be disrupted 1o a grealer or
icsser exient by use ol heat. or a combinauon of heat and the addition ol lower -
molccular weight and/or Jower melung point materials. often relerred (o as
“tackihiers™ or "tackitying agents.” These include Tor example. csters ol abietic acid
(rosin csters), certain low-molecular weight hyvdrocarbon resing usually referred o
as Ci-C, polymers. polymers with low glass transition icmperatures such as some
acrylic polvmers and some butadiene-styvrene copolymers. and certaim monomeric

plasticizers. The structure ol the natwural rubber may be disrupted by blending one
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or more ot the lower molecular weight and/or lower melting point materials listed
above with the rubber polymer, and then drying at room temperature or common
drying temperature, i.c. at or above the boiling point ol the water carrier. This
disruption of the polycrystalline structures is illustrated by Figure 5. wherein the
polymeric elastomer (natural rubber) chains | are represented by long lines and the
tackifying resins 2 are represented by short lines.

As the result of extensive cxperimentation, applicant found that
cohesiveness and crystallinity are related, i.c., that the cohesive property of natural
rubber latex (and also of other inherently crystalline synthetic polymers as
discusscd below) depends on the natural rubber latex being in a stable crystalline-
like state. Although the exact reason for this relationship between crystallinity and
cohesiveness has not previously been determined, it appears that the interaction of
tackitiers and plasticizers with the natural rubber latex (and, as discussed below,
also with inherently crystalline, synthetic elastomers such as polychloroprene)
partially disrupts the polycrystalline-like structures, making them first cohesive and
with increasing amount of tackitiers, pressure-sensitive. This disruption of the
crystalline structure of the natural rubber latex by the tackifying agents causes the
aligned structures to spread out, maintaining the latex in a partiallypolycrystallinc
state but without destroying the aligned structures entirely. If the amount of
tackilier added to the rubber is such that the crystalline structures in the natural
rubber are completely disrupted, the mass becomes amorphous and pressure
sensitive, as shown in Figure 6. Long chains of the elastomer 1 and relatively
shorter chains ol tackifiers 2 arc shown to exist as an amorphous mass lacking an
ordered structurc. II, on the other hand, there is a high level of ordercd crystalline
structuring in thc natural rubber. the rubber becomes non-cohesive. These (wo
cxtremes define a "window," within which the rubber has cohesive properties.

Applicant cvaluated many synthetic polymeric materials which are not
tnherently crystalline, such as noncrystallizing polyurethanes, polyacrylates,
butadiene styrene, acrylonitrile copolymer. carboxylated butadiene styrene, vinyl

acetatc acrylate copolymer, styrene acrylic copolymers, and acrylic polyurethanes,

SUBSTITUTE SHEET (RULE 26)
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and tound thalt none resulted 1in @ cohesive waler-based product.  Apphicant then
locused on finding polvmers which possess crystathine properues similar 1o natural
rubber. This led to the identification ol two classes of crystathizane polvmers.
namely walcr-basced polychloroprene emulsions such as poly-2-chloro. 1-4
butadicne and certain waier based polyvurethanes. that are inhcrently capable ol
1 () crystallization. 1.c.. polyester polvurcthane and polycaprolactone polyurethane.
Applying the knowledee gained 1n producing cohesive clastomeric materials {rom
natural rubber. apphcant dctermined that one could indeed disrupt the crystallinity
ol these inherently crystalline clastomenc polymers and thus bring them (o, and
arrest them in. a structure that had a desired level of parual polyerystallinity (c.o..
13 through the use of tackitying resins): and that. ke natural rubber latex. these
synthcuic inhcrently crystalline matenals exhibit a cohesive property when the
degree of parual polycrystallinity 18 maintained i a range (typically determined
empirically) between a completely amorphous stale and a highly crystalline state.
. The tackitiers used 1o produce cohesive forms ol these synthetic elastomenc
20) matcrials arc of the same type used in connection with natural rubber, although the
amount(s) ol any particular tackitier(s) used to torm a stable cohesive will vary
within empirically defined hmits. Applicant Tound that the window ol cohesiveness
lor polychloroprene 1§ narrower than that ol natral rubber latex. As the cxamples
discussed below demonstratc, cxceeding the hmits produces cither @ non-cohesive
25 - or an amorphous pressure-senstitve adhesive, ncither ol which 15 usetul lor the
present invention. Apphicant also determined that parually crystalline
polychloroprene was more stable in a cohesive state than were inherently
crystalline polvurcthancs.
[n preferred practices ol the invention. the mherendy crystalline. waler-

30 based. synthetic elastomer is preferably polvchloroprence. such as DuPont

. S L . o .
NEOPRENE'LTX-654, and the tackilvine resins used to arrest it in the desired
polycrystalline suate arc one or more ol a rosin cster derivative. a petrolcum
derivanrve. a hydrocarbon resin. an acryhc polymer. a butadicne-based polvmer or a

combination of onc or more types such as rosin ester/hvdrocarbon resin.

*Trade-mark
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As used in the present invention. the terms "tackifier" and "tackitying
agent" herein refer to a class of thermoplastic polymers used to affect the
Characteristics of a finished polymeric product and includes the tackifying resins
listed above. naturally occurring rosins, rosin esters. and plasticizers. As used in
the present invention, the tcrm "rosin” as used herein refers to a naturally occurring
matenal cxtracted from stumps of pine trees whose principal component is abietic
acid. The term "rosin ester" as used herein, refers to the carboxyl group of abietic
acid which has been esterified with aromatic and aliphatic alcohols. The term
"hydrocarbon resins” as used herein refers (o lower-molccular-weight thermoplastic
polymers derived from cracked petroleum distillates. lcrpene tractions, coal tar, and
a varicty of purc monomers. Although a single tackifying resin can be used,
blends ot two or more with different melting points (and molecular weights) have
been found to produce cohesive products with better final properties. In some
circumstances, plasticizers may be used in lieu of one or more tackifier resins.
Synthetic elastomers such as NEOPRENE LTX-654 and tackifying agents are
commercially available in dispersion and emulsion forms.

When compounding the elastomer and tackifiers, there exists for cach
elastomer a “window” of compounding in which the structure of the
polychloroprene or other elastomer is crystalline, and within which the degree ot
crystallinity can bc modified so that the material has cohesive properties. The
extent of the “window” varies depending on the particular elastomer, and is
determincd empirically. At one extreme of the “window.” the elastomer becomes
hon-cohesive, and at the other cxtreme, it becomes pressure-sensitive. The state of
the matcrial within its "window" depends on the extent to which the polycrystalline
structure of the polychloroprene or other elastomer is disrupted. and can be varied
using ditterent amounts and types of tackifying agents. For any particularly water-
based inherently crystalline, synthetic elastomer. the amount and type ot tackilier

required to arrest the elastomer in a partially crystalline, cohesive state is

SUBSTITUTE SHEET (RULE 26)
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cmpincally determined. using tackitiers and prowocols simiar to those long
cmployed 1n the production of cohestve natural rubber latex materials and known
1o one ol skill in the art.

When apphicd to a substrate so that 1t dehines the outer surtaces ol a
productl. a walcr-bascd. syntheuc mherently crystalline clastomer to which an
eltective amount of tackilicr has been added produces a cohesive product which
will adherc o 1sclf. but not (at lecast to any significant degrce) to other substrates.

The tollowing Examples will turther illustrate the invenuon. The Examples
arc not mtended. and should not be interpreted. 1o himit the scope of the mvention

which 18 more {ully delined in the claims which follow.

Exampte |

Preparation of Svnthcue Water-Based Elastomeric Products

Elastomers. specitically polychloroprene clastomers produced by DuPonl

under the names NEOPRENE LTX-654 and NEOPRENE'LTX-400 sold in
dispersion or cmulsion form. were diluted with waler (o obtain approximalely 50%
total sohds per hlquid werght clastomer mixture. At least one tackifving agent or
aecents were added o each clastomer mixture and the mixture was sufliciently
agtated at room temperature tor approximatcly 15 minutes o produce a
homogeneous cmulsion ol clastomer, walcer. and tackifying agent(s). The
lackilying agent(s) used were rosin ¢ster resins or a combination of rosin ester and
hydrocarbon resin. sold in dispersion or emulsion form as the following: Hercules
TACOLYN%I(U() (a rosin ester resin), Hercules TACOLYN’5001 (a rosin cster
rcsin). Eka Nobcl'SNOTAK*MOG (& rosin ester resin). Eka Nobel 342-B (4 rosm
ester resin). and Neville Alliance PERMATAK H712 (4 combination ol rostn csier
resin and hydrocarbon resin).  The TACOLYN”%()(H and SNOTAK*M()G [esins
have higher molecular weights and melting pomnts (.e.. melting point not less than
about 80"C) than the 342-B and PERMATAK*HNE resing (.. melung pomnt ho
more than apout 70°C). A thickening agent. ¢.g. ammonium polvacrvlate solution

or sodium polvacrylate solution. was added to the homogencous emulsion and

*Trade-mark
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agitated to producc an clastomeric material that has a viscosity ol approximately
1000-1500 centipoisc (cps).

It was found that thc cohesive properties of polychloroprene were improved
when two tackifying resins with melting points higher and lower relative to one
another were added to the polycthroprene. The best results using polychloroprene
DuPont NEOPRENE LTX-654 were obtained with a higher melting point resin
(approximately 85°C), Eka Nobel SNOTAK 780 (rosin ester resin), in an amount
between 8 and 25% total liquid weight, preferably 18.6%, and a lower melting
point resin (approximately 70°C), Neville Alliance PERMATAK H712 (a
combination rosin ester resin‘hydrocarbon resin derivative), in an amount between
4 and 10% total liquid weight, preferably 7.9%.

The cohesive properties of the polychloroprencs were tested on a labric.
preterably a cotton cloth sheet laid on a tlat surface, on which a bead of
elastomeric material prepared as above was placed. A blade applicator, c.g.
UNIVERSAL blade applicator was calibrated to approximately 8-12 mm. The
blade of the blade applicator was drawn across the surface of the fabric. smoothing
and spreading the elastomeric material uniformly across the surface of the fabric at
a thickness of approximatcly 8-12 mm. The fabric containing the elastomeric
material was then dried at 117°C for approximatély 2-5 minutes to produce the

tinished clastomeric product.

Determining Cohesive Bond Strength

The cohesive bond strength of a finished elastomeric product was
determincd by two methods: T-Peel test and shear hond test.
1) T-Peel Test:

T'wo strips of the finished elastomeric product measuring 1 inch in width -
and ol equal length, were placed face to face and a cylindrical weight was rolled
across the surtace of the superimposed strips. The two non-superimposed ends
were clamped in the jaws of a tensile testing apparatus and pulled linearly in
opposite directions pulling the two strips apart. The resistance of the superimposed

strips to the movement of the clamps was measured in ounces/inch of width.
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5 2) Shear Bond Test:

Two strips ol the finished elastomeric product mcaSuring I inch in width
and ol equal length, were placed linearly so the end of one strip overlapped the end
of another strip by | inch Icngthwise. A cylindrical weight was rolled across the
surtace of the superimposed cnd of the two strips. The non-supennmposed end of

10 the two strips were clamped in the jaws of a iensile testing apparatus and pu.lled
hinearly in opposite directions. The strength of the shear bond of the superimposed
ends was measured in 1bs/sq. in. '

The results of the T-Peel and the shear bond tests for DuPont NEOPRENE
LTX-654 with Eka Nobcl SNOTAK 780G as the higher melting point tackifying

15 resin and Neville Alliance PERMATAK H712 as the lower melling point resin, are

given in Table 1 as follows:

Table 1
—_—
20 T-Peel: >25 ounces/linear inch of finished elastomeric material

Shear bond: >25 pounds/square inch of finished clastomeric material

———_-'——"_-_——_——-_——._—_______——___—

Table 2 shows the cohesive property of finished synthctic elastomenc
25 materials using DuPont NEOPRENE LTX-654, for three different formulation
ratios of Eka Nobel SNOTAK 780G, a rosin ester tackifying resin, as the higher
melting point tackifying resin, and Neville Alliance PERMATAK H712, a
combination rosin ester/hydrocarbon resin derivative, as the lower melting point
tackitying resin. The amount of elastomer and tackifier is measured as a

30) pcrcentage ol total liquid weight of the clastomer and tackifiers combined.

Table 2

Non- Lightly | Very Cohesive. Edge of
Cohesive | Cohesive {Cohesive |Pressure Sensitivity

SUBSTITUTE SHEET (RULE 26)
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5 — (Liquid Weight Parts per Hundred)

Polychloroprene Latex:
DuPont NEOPRENE

10

Lower melting point '
tackificr: PERMATAK
H712

15 As summarized by Table 2, polychloroprene latex itsclf, i.c.. without any tackilier
or plasticizer, is non-cohcsive: a cohesive material can be produced by adding onc
or more tackiticrs, and the cohesive properties depend on the amount and type of
tackifier used. To produce a cohesive elastomer using DuPont NEOPRENE LTX-
654, the amount of the higher melting point tackifier, Eka Nobel SNOTAK 780G.

20 1$ preferably between 8 and 25 pércenl of total liquid weight and thc amount of the

lower melting point tackifier, Neville Alliance PERMATAK H712. is preterably

between 4 and 10 percent of total liquid weight.

Example 11
25 The cohesiveness of synthetic elastomers was modified by the addition of
one or more tackitiers. The stable form of the elastomer is less crystalline than it
would be without the addition of tackifiers. The addition of the tackificrs arrests
the elastomer in a partial crystalline state that is less crystalline than its most
tavored crystallinc form by virtue of the tackifiers spreading the crystallites present
30 in the elastomeric matrix farther apart.
Two examples of polychloroprenc were chosen for study. These were
NEOPRENE LTX-400 and NEOPRENE LTX-654 {rom DuPont-Dow Elastomers.
LTX-400 is a fast crystallizing polymer and LTX-654 is a medium crystallizing
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polymer. The higher total solids contained in LTX-654 and the ease of tackifying
it to achieve cohesive properties made LTX-654 the material of choice.

Various tormulations of tackifiers and tackificr blends were analyzed with
DuPont NEOPRENE LTX-654 and DuPont NEOPRENE LTX-400 as the synthetic
elastomer. The results of the serics of experiments utilizing difterent kinds of
tackitying resins with NEOPRENE LTX-654 and NEOPRENE LTX-400 and the
cohesive property associated with each formulation is given below in Tables 3 and
4 for LTX-654 and LTX-400, respectively. Applicant determined that the window
of cohesive propertics available with the polychloroprene is narrower than with
natural rubber latex. As shown in Tables 3 and 4, below, when properly
compounded, the polychloroprenc latexes LTX-654 and LTX-400 can be shown (o
exhibit onc of the tollowing cohesive qualities. depending on the amount of
tackifier used:

(1) Non-cohesive, that is, it does not stick to itself:

(2) Lightly cohesive, wherein it barely sticks to itself:

(3) Very cohesive, where it has aggressive self-adhesion without

adhering to other substrates; and

(4) Cohesive but bordering on the edge of pressure-sensitivity, wherein
the material has aggressive sclf-adhesion and also adheres slightly to other '
substrates.

(5) Pressure-sensitive, wherein the material aggressively adheres to other
substrates.

Good cohesion was achicved for formulations comprising LTX-654 and the
lackitying resins, Eka Nobel SNOTAK 780G and Neville Alliance PERMATAK
H712, as measured by touch-testing. T-Peel and shcar bond test results are also

given where availablc.

Table 3:
—_— e

Trial |1:
NEOPRENE LTX-654: 92.6%
Tackifiecr SNOTAK 780G: 7.4
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Cohesiveness:

Trial 2:
NEOPRENE LTX-654:
Higher m.p. tackificr SNOTAK 780G:

17

Lower m.p. tackitier PERMATAK H712:

Cohesiveness:

Trnal 3:
NEOPRENE LTX-654: .
Higher m.p. tackificr SNOTAK 780G:

Lower m.p. tackilier PERMATAK H712:

- Cohesivencss:

Trial 4:
NEOPRENE LTX-654:
Higher m.p. tackifier TACOLYN 1070:

Lower m.p. tackifier PERMATAK H712:

Cohesiveness:

Trial S:
NEOPRENE LTX-654:
Higher m.p. tackificr TACOLYN 1070:

Lower m.p. tackitficr PERMATAK H712:

T-Peel:
Shear Bond:
Cohesiveness:

Trial 6:

NEOPRENE LTX-654:
Tackifier TACOLYN 5001:
T-Peel:

Shear Bond:

Cohesiveness:

Trial 7:

NEOPRENE LTX-654:
Tackifier Eka Nobel 342-B:

Cohesiveness:

%

PCT/US98/23066

Non-cohesive

74.0%
17.0%
9.0%
Cohesive. on the edge of
pressurc-sensitivity |

73.5%

18.6%

71.9%

Very cohesive

16.0%

16.0%

8.0%

Cohesive, on the edge of
pressure-sensitivity

79.4%

13.7%

6.9%

18 oz/linear inch
40 1bs/sq. inch
Very cohesive

74.0%

26.0%

56 oz/linear inch
61 1bs/sq. inch
Very cohestve

74.0%
26.0%

Pressure-Sensitive
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IL 1s well-known that tackifying agents increasc the level of adhesive
strength of a polymer, or "tack,” hence the name. and that increasing the amount of
tackitying agent generally increases the adhesiveness. It is not well-known,
however, how combinations of more than one tackilying agent may affect the
overall property of a particular polymer or clastomer. Extensive research by
applicant with natural rubber latex and polychloroprene has shown that good
cohesion occurs when the tackifying agent(s) comprisc roughly 20-30% total liquid
weight. Using this range estimate of tackifying agent as a guide. applicant has
identified the borderline between cohesion and pressure- sensitivity tor various
tormulations of LTX-654 and LTX-400) and tackifying resins. Applicant was also
able 1o determine that the cross-over from cohesion (0 pressure-senstivily occurs
rapidly, and that stable, cohesive properties were maintained successiully when
lackitying resins comprised about 20-25% ol total liquid weight.

As shown by Trials 4 and 5, adding 13.7% total liquid weight of Hercules
TACOLYN 1070 and 6.9% total liquid weight of Neville Alliance PERMATAK
H712 (totalling 20.6% per total liquid weighl of tackiftiers) to LTX-654 resulted in
an elastomeric product having good cohesion, whereas a formulation using 24%
total tackitier resins resulted in a cohesive product bordering on the edge of
pressure-sensitivity. Similarly, as shown by Trials 6 and 7, adding 26.0% per total
liquid weight of the resins Hercules TACOLYN 5001 and Eka Nobel 342-B to
LTX-654 produced cohesive and pressure-sensitive elastomers. respectively.
Applicant was able to detcrmine from these trials that the cross-over point between
cohesiveness and pressure- sensitivity was in this weight range.

Applicant also determined, however. that simply increasing the total amount
of tackitier does not necessarily result in an increase in cohesive strength. As
shown by Trial 2 of Tablc 3, adding 18.6% of Eka Nobel SNOTAK 780G and
1.9% Neville Alliance PERMATAK H712 (total amount of tackifying resins
comprnising 26.5% total liquid WCight) resulted 1n a product exhibiting good. stable
cohesion. As shown by Trial 3 of Table 3. when the amount of the higher melting

point tackifying resin was reduced 10 16% and the amount of lower melting point
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tackitier resin increased to 8.0% (total amount of tackifying resins comprising
24.0%), however, the resulting product was cohesive but at the edge of pressure-
sensitivity. Thus, although a smaller amount of total tackifying resins was uscd, an
increase in adhesive strength was observed.

This result can be explained by the fact that tackifying agents with lower
melung points ("lower m.p.") generally have a lower average molecular weight
than tackifying agents with higher melting points ("higher m.p."). Thus, although
the total amount of tackifying resins used in Trial 2 of Table 3 was greater than
that used in Trial 3 of Table 3. there was also a lesser amount ol lower mclting
point resin in Trial 2 for increasing the overall cohesive strength. On a molar
basis, lower molecular weight resins are typically more clfective in incrcasing the
adhesive strength of a polymer than higher molecular weight ones.

Applicant's finding of the cross-over threshold between cohesiveness and
pressure-sensitivity allowed applicant to produce for the first time, a synthetic
water-based clastomeric cohesive. Applicant also determined that a formulation
with substantially less than 20% total liquid weight of tackitying resins will
produce a non-cohesive product. As shown in Trial 1 of Table 3, a formulation
compnising only LTX-654 or LTX-400, or less than roughly 20% total liquid

weilght ot tackifying resin resulted in a non-cohesive product.

Table 4:

NEOPRENE LTX-400: 80.0%

Tackificr TACOLYN 5001: 20.0%

Cohestveness: Non-cohesive
NEOPRENE LTX-400: 77.3%

Tackifier TACOLYN 5001: 22.7%

Cohesiveness: _ Cohesive; became lightly

cohesive after 24 hours
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5 NEOPRENE LTX-400: 72.5%
Higher m.p. tackificr TACOLYN 5001: 23.5%
Lower m.p. tackitfier PERMATAK H712: 4.0%
Cohesiveness: Cohesive: became lightly

cohesive atter 24 hours

10 -_—

Experiments with LTX-400, a high chlorine content polychloroprene that
readily and rapidly crystallizes in its stable form, demonstrated that cohesion is
readily obtainable but that sustained cohesion is more difficult to achieve. This is

15 due to the strong tendency of LTX-400, by virtue of its many chlorinc bonds, (o
revert to a highly crystalline state. It is believed that a stable. cohesive product
may readily be obtained by increasing the amount of total tackitying resins uscd.
Experiments directed to such are currently underway. ‘

The various technical and scicntific terms used herein have meanings that

20 are commonly understood by one of ordinary skill in the art to which the present
invention pertains. As is apparent from the foregoing, a wide range of suitable
materials and/or methods known to those of skill in the art can be utilized in
carrying out the present invention: however, preferred materials and/or methods
have been described. Materials, substrates, and the like to which reference is made

25 in the foregoing description and examples are obtainable from commercial sources.
unless otherwise noted. Further, although the foregoing invention has been
described in detail by way of illustration and example for purposes of clarity and
understanding, these illustrations arc merely illustrative and not limiting of the
scope ol the invention. Other embodiments, changes and modifications, including

30 those obvious to persons skilled in the art, will be within the scope of the

tollowing claims.
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CLAIMS:
1. A cohesive product comprising a substrate and a

synthetic water-based cohesive defining at least one outer
surface of the product, wherein the synthetic water-based
cohesive comprises an inherently crystalline elastomer and
at least one tackifying agent 1n an amount effective to
disrupt the crystalline structure of the elastomer and
maintain the elastomer in a partial polycrystalline state

such that the elastomer possesses a cohesive property.

2. The product of claim 1, wherein the product

comprises a tape/bandage.

3. The product of claim 2, wherein said elastomer

defines top and bottom surfaces of said tape/bandage.

4 . The product of claim 2, wherein said elastomer

impregnates through the thickness of said substrate.

5. The product of claim 2, wherein the substrate
comprises one or more layers each of which is a woven or

knitted fabric, a warp-knitted (weft-insertion) fabric, a

non-woven material, paper, or a polymeric sheet.

6. The product of claim 5, wherein the non-woven
material 1s selected from the group consisting of nylon and

polyester.

7. The product of claim 5, wherein the woven or
knitted fabric comprises an elasticized fabric wherein

elastic threads are woven or knitted into the fabric.

8. The product of claim 5, wherein the polymeric

sheet is surface-treated.

9. The product of claim 5, wherein the polymeric
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sheet comprises polypropylene.

10. The product of claim 2, wherein the substrate
comprises a single layer of an elasticized fabric wherein

elastic threads are woven or knitted into the fabric.

11. The product of claim 1, wherein said elastomer

defines top and bottom surfaces of said substrate.

12. The product of claim 1, wherein said elastomer

impregnates through the thickness of said substrate.

13. The product of claim 1, wherein the substrate
comprises one or more layers each of which is a woven or
knitted fabric, a warp-knitted (weft-insertion) fabric, a

non-woven material, paper, or a polymeric sheet.

14 . The product of claim 13, wherein the non-woven
fabric is selected from the group consisting of nylon and

polyester.

15. The product of claim 13, wherein the woven or
knitted fabric comprises an elasticized fabric wherein

elastic threads are woven or knitted into the fabric.

16. The product of claim 13, wherein the polymeric

sheet 1s surface-treated.

17. The product of claim 13, wherein the polymeric

sheet comprises polypropylene.

18. The product of claim 1, wherein the substrate

comprises a first and a second layer of non-woven material

and a third layer which 1s elastic in a direction extending

longitudinally of the product, the third layer being in

between the first and second layers of non-woven material.
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19. The product of claim 1, wherein the substrate
comprises:

1) a first layer of warp-knitted (weft-insertion)
fabric oriented with knitted threads or yarns extending

longitudinally of the product;
2) a second layer of a non-woven material; and

3) a third layer which is elastic in a direction
extending longitudinally of the product, the third layer

being between the first and second layers.

20. The product of claim 1, wherein threads or yarns
are knitted through the substrate to form a knitted
substrate, and the synthetic cohesive water-based elastomer

is deposited on opposite sides of the knitted substrate.

21. The product of claim 1, wherein the synthetic
water-based cohesive comprises an inherently crystalline

elastomer to which two tackifying resins with melting points

higher and lower relative to one another have been added 1in
an amount effective to disrupt the crystalline structure of
the elastomer, maintaining the elastomer in a partial
polycrystalline state such that the elastomer possesses a

cohesive property.

22 . The product of claim 1, wherein two tackifying
agents with average molecular weights higher and lower
relative to one another are present 1in an amount effective

to disrupt the crystalline structure of the elastomer and to

maintain the elastomer in a partial polycrystalline state

such that the elastomer possesses a cohesive property.

23. A synthetic water-based cohesive composition
comprising an inherently crystalline elastomer to which at

least one tackifying agent has been added i1n an amount
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effective to disrupt the polycrystalline structure of the

elastomer and to enhance the cohesive property of the

elastomer.

24 . The composition of claim 23, wherein the

inherently crystalline elastomer comprises polychloroprene.

25. The composition of claim 23, wherein the
tackifying resins comprise one or more of a rosin ester
derivative, petroleum derivative, hydrocarbon derivative,
rosin ester/hydrocarbon derivative, a coal tar derivative,

an acrylic polymer, or a butadiene-based polymer.

26 . A method of modifying cohesiveness of a synthetic

water-based inherently crystalline elastomer by:

(1) combining the synthetic water-based elastomer
with at least one tackifying agent to produce a
dispersion/emulsion of the elastomer and tackifying
agent (s), the tackifying agents being present in the
dispersion/emulsion in an amount effective to disrupt the
crystalline structure of the elastomer and maintain the

elastomer 1n a partial polycrystalline state; and

(2) evaporating the water from the

dispersion/emulsion to produce a cohesive elastomeric solid.

27 . The method of claim 26, wherein the water is

evaporated by heat-treating the dispersion/emulsion.

28. The method of claim 26, wherein the tackifying
agents are two tackifying resins with melting points higher

and lower relative to one another.

29. The method of claim 28, wherein the higher melting
point resin 1s a rosin ester resin, and the lower melting

point resin is a rosin ester/hydrocarbon resin.
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30. The method of claim 28, wherein the amount of the
higher melting point resin is between 8 and 25 percent of

total liquid weight of elastomer and tackifylng resins.

31. The method of claim 28, wherein the amount of the
lower melting point resin is between 4 and 10 percent of

total liquid weight of elastomer and tackifying resins.

32. The method of claim 26, wherein two tackifying
agents with average molecular weights higher and lower

relative to one another are added to the elastomer.

33. A method of making a synthetic cohesive product

comprising the steps of:

(1) combining a synthetic water-based elastomer

with at least one tackifying agent to produce an

emulsion/dispersion of the elastomer and tackifying

agent (s) ;
(2) providing a substrate of a desired structure;

(3) treating the substrate with the
dispersion/emulsion such that the dispersion/emulsion

defines at least one outer surface of the product; and

(4) evaporating water from the dispersion/emulsion

to produce a cohesive elastomeric solid.

34. The method of claim 33, wherein saild substrate 1is
a woven fabric, a knitted fabric, a non-woven material,

paper, or a polymeric sheet.

SMART & BIGGAR
OTTAWA, CANADA
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