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(57) Abstract

A pressure-sensitive adhesive construction repulpable in paper recycling operations, comprising a facestock which is repulpable; 2
dispersible pressure-sensitive adhesive comprising tacky emulsion polymers dispersible in water; and a nondispersible pressure-sensitive
adhesive comprising tacky emulsion polymers not dispersible in water, wherein, on the facestock, the dispersible pressure-sensitive adhesive
is closer to the facestock than the nondispersibile pressure-sensitive adhesive, thereby improving both adhesive performance and recyclabiiity.
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REPULPABLE PRESSURE-SENSITIVE ADHESIVE CORSTRUCTIONS
HAVING MULTIPLE LAYERS
Fisld of tha Invention

This invention refatas to repuipable pressure-sensitive adhesive (PSA} canstructions having multiple tayers.
in particular, the invention elates to such repulpable PSA constructions having improved adhesive charactaristics and
improved disparsibility for enhanced reryclahility in paper recycling operations.

Background of the Invention

Wastepaper containing pressure sensitive labels and tapes are generally considered nonrepulpable in paper
recycling operations due to the presence of the adhesive. These adhesives ere commonly used in label and tape
products and are generafly composed of acrylic and rubber (block copolymer) based poiymers. These adhesives will
firmly adhera to the fiber matrix of paper and are neither water soiuble nor water dispersihie which complizates their
effectiva removal during the paper recycling operation.

Duting recyching processes, canventional adhasivas tend 1o agglomerate and Faim globiilas, caliad "stickies.”
These stickies are contaminants which interfere with the paper puping and de-inking operatians and can deposit on
the felts, wires, and drier cans of paper machines, thereby causing functional and cosmetic flaws in the rasulting
paper. Thus, waste paper containing conventional adhesives are generally not considered repulpable. They are
usually landfillad. With the possibility of legislative mandates tequiring the use of repulpable adhesives, banning paper
from landfilis, and an increasingly demanding environmentally sensitive public, introduction of repulpable adhesives
to the marketplace would be highly beneficial.

In ordar te render adhesives repulpable in paper mills, several approaches have heen exploited. One
approach has been to use water dispersible adhesive technology. For example, United States Patent Nos. 4,482,675,
4,569,960 and 5,186,504 disclose water dispersible adhesives made of acrylic copolymers. However, these polymers
tend to have insufficient adhesive charactaristics tor many applications, as measured in law values in looptack and
peel testing.

Another approach to the development of repulpable adhesives has been to use water soluble adhesive
technology. For example United States Patent Nos, 4,413,082 and 4,442,258, disclose water soluble adhesives
made of butyl acrylic {BAyacrylate acid (AA) based polymers. However, these adhesives suffer from poar shelf life,
paor humidity andfor heat-aged performance, and a propensity to bleed into the paper facestock over time. Further,
water scluble adhesives ereate a secondary problem in paper recycling operations. Thus, it is difficult to remove
diszolved polymer from traated water, causing environmental problems when water is ischarged from the mill.

Summary of the Invention

One aspect of the present invention is a pressure-sensitive adhesive construction repulpable (or recyclable)
in paper-recycling operations, comprising: a facestock which is repulpable; & dispersitie PSA comprising tacky
emulsion palymers dispersible in water; and a nondispersible PSA comprising tacky emulsion polymers not dispersibie

in water. Preferably, the dispersibie PSA is closer to the facesteck than the nondisparsible PSA.
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in the above construct, the weight ratio of the nandispersibls PSA to the dispersible PSA is preferably 1
to 1/2, more preferably 1!4 10 1/5, for the aforesaid purpose. The coatweight of the dispersible PSA is preferably
15 gim® 10 30 i, more preferably 18 g/m? to 22 gin¥, and that of the nondispersible PSA is preterably 2 gim?
to 15 gim?, more preferably 4 gim’ to 6 glm’.

The dispersible PSA preferably contains emulsion polymers formed by emulsion polymerization and have a
packbone of from about 80% 1o about 90% by weight of nonacid manomers, interpolymerized with from abeut 10%
1o zhout 20% with a blend of acrylic acid monomers. As a nondispersible PSA, 8 general purpose permanent product
can be used.

in one embodiment, the repulpable PSA construction of the present invention is produced by coating the
dispersible PSA is applied to the facestock and the nondispersible PSA is applied to 2 removable backing. The
adhesive on the backing is then applied to the adhesive on the facestack. The backing can then be removed.

Further, in another embodiment the dispersible PSA and the nendisparsible PSA be coatable from the same
die, so that the duz! layer adhesive can be easily and efficiently preduced using a dual die coating methed in which
the disparsible PSA and the nondispersible PSA are simultaneously applied,

Brief Description of the Figures

FIGURE 1 is a schematic slanting view {a part) showing one embodiment of a duel die coating system used
in the present invention.

FIGURE 2 is a schamatic enfarged vertical cross-sectional view illustraiing one emhadiment of coating
operation using the dual die coating system shown in FIGURE 1.

FIGURE 3 is & schematic enlarged vertical cross-sectional view illustrating another embodiment of coating
operation using the dual die coating system.

EIGURE 4 is a schematic erlarged vertical cross-sectional view illustrating another embodimant of coating
operation using the dual die coating System.

Detailed Description of the Praferred Emhodiments

The present invention results in pressure-sensitive adhesive constructions having both good recyelability and
adhesive performance. The adhesive constructs of the present invention disperse in the recycling process water
medium and can be effectively remaved from the pulp using washing andior floatation remova! technologies. In other
words, the present invention produces significantly improved dispersibility for enhanced recyctability in paper recycling
operatians, as well as improved adhesive performance values as measured by looptack and peel testing.

The present invention exploits adhesive constructions having multiple iayers. Dne of thess layers is a
dispersible pressure-sensitive adhesive made up of tacky emulsion polymers dispersible in water, Another of these
fayers is a nondispersibla pressure-sensitive adhesive made up of tacky emulsion polymers nat dispersible in water.
The dispersible prassure-sensitive adhesive is applied to the label at a position closer to the facestock of the label
than the nondispersible pressure-sensitive adhesive. While goed adhesive performance and good recyclability (ie.,
repuipabifity} have heretafore been mutually exclusive, we have found that use of a combination of dispersible and

nondispersible adhesives can achieve both of these results. That is. the adhesive constructs of the present invention
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give improved adhesion performanca relative to the dispersible tachnolegy and improved dispersibifity relative to the

conventional technology. Although the dispersibiity of the construct is not always as effective as that of the

dispersible adhesive alone, the dispersibility is sufficient for efficient removal during de-inking operations.
DISPERSIBLE PRESSURE-SENSITIVE ADHESIVE

In the present invention, any dispersible emuision polymer systems which are functional s pressure-sensitive
adhesives (PSAs) can be used. Preferred are emulsion polymers which not only disperse in the paper fiber adequately
during the repulping process, but also are removable from the paper fiber: otherwise, paper quality is reduced,
Further, emulsion polymers which are resistant to loss of adhesive pmperiies on exposure to high humidity are
preferred.

For example, water dispersible pressure-sensitiva adhesives can be those formed by emulsion pelymerization
and having a backbone of from about 80% to about 80% by weight of nonacid monomers, predominantly alkyl
acrylate, interpolymerized with fram about 10% to about 20% with 2 blend of acrylic acid with at least one
oleophific unsaturated carbaxvlic acid in the presence of # chain transfer agent. The repulpable pressure-sensitive
adhesives have a glass transition temperature in the range of about .15°C 10 -50°C, and are formed in the presence
of nonionic and anionic surfactants. For detail concerning these adhesives, U.S. Patent No. 5,196,504 "Repulpable
Pressure-Sansitive Adhesive Compesitions” is incorporated herein by reference.

Other tacky water-dispersible pressure-sensitive adhesives can be those formed by emulsion polymerization
of from about 55% to about 90% by weight alkyl acrylate, interpolymerized with from about 10% to about 20%
of hydroxysthyl methacrylate. The polymerization preferably oceurs at least in part in the presence of a chain
transfer agent, preferably n-dodecyt mercaptan, and chain transfer agent. These agents are present in an amount
sufficient to provide a repuipable pressure-sensitive adnesive. This type of adhesive is campatible with alkaline
phosphored postage stemp paper. The repulpable pressure-sensitive adhesives have a glass {ransition temperature
in the range of about -15°C to -50°C, and are fermed in the presence of nanionic and anionic surfactants. For
detail, U.S. Patent No, 5,326,644 "Repulpable Prassure-Sensitive Adhesive Compositions™ is incorporated hereir by
reference.

To select appropriate dispersible polymers, assessment under the conditions stipulated in TAPPI {T echnical
Association of the Pulp & Paper Industry) Usaful Methods 204 and 213 (described in the 1991 ed.) can be used.
Since the conditions employed in TAPPI Usefu! 204 and 213 are not itentically commensurate with those in the
paper recycking industry, dispersibility of polymers should be finally assessed using simuiated or commerciat paper
recycling operations,

NONDISPERSIBLE PRESSURE-SENSITIVE ABHESIVE

Acrylic and robber-based adhesives (block copolymer) are commonly used in tapes o |ahels for paper as
nondispersibte PSAs which are not compatible with paper recycling operations, but have sufficient athesive
characteristics. In view of productivity and uniform application, a dusl die process describad in detail hereinbelow
can be used for application of the dispersible and nondispersitle adhesives. Yhus, in certain embodiments of the

invention, ane of the preferred qualities of the nondispersible adhesive is that it ba coatable from the same die as
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the repuipable adhesive selected. Conditions of the polymers for them to be "coatable from the same die” include
such that described tater under the heading "DUAL DIE COATING METHOD."

The viscosities of dispersila PSA and nondispersible PSA, and the speed of tnrmihg layers are also
paramaters to form dual layers composed of dispersible and noudispersible PSAs. These parameters can be adjusted
depending on the type of apparatus and layer structure. Hot malt products such as tackified block copalymers (such
as Kraton, manufactured 9y Shell Oil Company, Houston, TX) can be used as nondispersible pressure-sensitive
adhesives. In any case, the nondispersible adhesive is preferably an agpressive general purpose permanent product
such as §248 available commercially from Avery Dennison Corporation {a Delaware carporation having a place of
business, inter afia, in Pasadena, CA),

DUAL-LAYER ADHESIVE

The present invention achieves both good adhesive characteristics and recyclabllity in paper recytling
operations by laminating a nondispersible PSA on a dispersible PSA applied on a facestock. The amount of
dispersitle PSA applied on a facestock is rormally 15 gim” to 30 gim’, preferably 18 p/m? te 22 gim’. The amaunt
of nondispersible PSA applied on the dispersible PSA is normally 2 gin? te 15 gim?, preferably 4 gim’ to 6 gim’.
A 4 glm’ coatweight is practically the minimum layer of nondispersible adhesive tested on the industrial scale. The
ratio of nondispersibla PSA to dispersible PSA is normaly 1/7 to 112, preferably 1/4 to 115, so that the finally
obtained duallayer adkesive can have heretofore mutually exclusive aspects, i.e., good adhesive characteristics and
recyclability in paper recycling operations.

Unexpectadly, by using @ dual layer PSA of the present invention, adhesive characteristics are actually
improved, especially on cardboard. Since cardhoard is the most impertant substrate for industrial applications and
for recycling, the present invention provides a significant unexpetted advantage over conventional adhesive constructs.

There is no absolute standard tn judge the recyclability of achesives. Acceptability depends on the recycling
process and the equipment used, the initial contamination level of the incoming wastepaper straam, and the intended
quelity of the outgoing puip. Recyclability may he assessed based on TAPPI Useful Methods 204 and 213.
However, the TAPPI conditions are not commenstrate with thoss in industrial pulping operations, and thus these test
scores do not nacessarily assess the actual recyclabifity. In Examples which will be described fater, ather methods
10 evaluate recyclability wera employed which are believed to be more accurate and predictable.

OTHER ASPECTS

Layer structures other than  dual layer can he employed in the present invention. That is, a dispersible
PSA can he composed of multiple layers of different type dispersible emulsions, and a nondispersible PSA can also
be composed of multiple layers of different type nendispersible emulsions.  Further, a barrier coating can be formed
on a facestock.

As a facestack, any type tan be used depending on the intended use of the label or tape. For recycling,
paper facestocks are preferred. For langer shelf life or higher resistance to humidity, facestocks coated with styrene
butadiene rubber (SBR), starches, polyether and paiyvinylaicahol polymers, clays, and other materials commonly used

to coat papers are preferred.




The adhesive of the present invention can be used i the linsriass stamp applicaticn giving an adhesive that

£an be sufficiently removed from tha paper pulp during de-inking to be considered rapuipabla.

DUAL DIE COATING METHOD
The duaklayer PSA of th prasant ivention can be manufactured in accordance with many mathods well
5 known to those of ordinary skill in the multilayer coating art, The duaHayer PSA can camprise twe or marg layers
applied to an appropriate substrate by, for example, separately coating sach layer to diffarant substrates {a backing
and a facastock), drying the multiple coatings, snd then laminating them together ta form an integral producs, Le.,
two-pass type operations. Other known methods of simuitaneous or near-siultaneous coating inchude sfide coating,
muttidayer die coating, or dielsiide combination coating. The best way to produce the dual-layér PSA of the present
10 invention is the usa of a dual die coating method. The datads thereof will be descried below.

Ona preferred method of manufacture usas a multdayer die 50 such as thet flustrated in FIG, 1. Although
the dis shown in FIG, 1 Slustrates the application of two coating layers 1o 2 substrate 52, it will be understood that
the princiles of this mathed sra equely applicable to & plrsiy of lavers in addition to two, ln gocerdance with
standard practice, the substrate, which in this case preferably comprises siicone coated paper, is seferred to as 3

16 *wah" and is formed ints a long roll, The web 52 travels arcund & back-up rol B4 as it passes the distal and of

the multdayer die 50. As shown in FIG. 1, it will be understood that both the die 50 and the weh 52 have
. . substantially equal width such that the entire width of the substrate is cazted in ong pass by the fluid flewing out
:, of the die 50 and onta the web 52. In this case, two separate fhid layers are fiowing out of manifolds 56 formed
in the die and along indvidual slots G0 which are defined by the die’s distal londs 62 The slots 50 each
‘ 20 communicate with the interface between the web 52 and the distal most tips 58 of the die 50. These tips are
S referrad to as the “die Ips” 58 and are dlustrated and described in more detail in connection with FIG. 2 below.

Ry The multileyer dia 50 is modular, thus sllowing for variations in the individual siots 6O and lip 58
Tatelt tonfigurations without necessitating modifications to the other siots and #ps. Thus, these geomatries can be

adjusted in order to achieve successful costing, Other yariables include the "coating gap* ic.g.} and the “angle of
25 atack o) of the die. As ilustrated in Fig. 1, the coating gap is the distance that {he lips 58 are set back from

the web. The angle of attack (z} is the degres of angular adjustment of the lip surfaces and of the entire die with

respect to the auter pointing nommal of the web as iilustrated in Fg. 3. Another variable is the web speed which
may vary between 50-1,000 feet per minute, and more.
Either one of two die caating mathods may be utiized: interference coating of proximity coating. In the
30 farmer case, the lips 58 of the die actually are pressed forward in the direction of the web 52, but do not contact
. the web nor gause any damage therete, because they hydropizee on 2 thia layer of coating material. However, the
pressure may actually cause the back-up roll 64 {typically constructed from a hiard rubber material) to deferm in arder
to relieve the pressure of the die against the lips 58. In proximity coating, the lips 58 of the die 50 are positioned
a precise distance from the web 52 and are not prassed forward toward the web. The back-up roll 54 is typically
k1] constructed fram a stainless stee! material which allows for precision in the circumference of the rall and minimizes

roll run-out. The method described herein can be successfully utiiized with either type of coating technique.
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Thus, since very thin layers of high viscosity adhesives are being coated at relatively high web speeds, the
process must he carsfully controtied.

Such control is accomplished with the present multilayer die coating tochnique, in part due 1o the geomstry
and configuration of tha die lips 58. Referring to FIG. 2, there is shown a close-up view of the distal mast tips 62
of the multilayer die of FIG, 1, including the lips 58 associated with sach slot, showing the interface or coating gap
with respect to the web 52. With respect to FIE. 2, it should be noted that, for ease of flustration, the die 50 is
shown rotated 90° from the position shown in FIG. 1. Moreover, the web 52 is shown in a horizontal arrangement,
when in actuality, there may be & slight cutvature 1o the web 52 and back-up roll (not shown) at this point;
however, the distances involved are so short that a pood approximation of the fluid dynamics can be achieved by
assuming a horizontal web 52.

For consistent reference, the individual lips 58 of the multilayer die 50 shall be referred to with respect
1o the direction of travel of the web 52. For example, the fip 58a shown to the left in FIG. 2 will be referred to
a¢ the "ypctream ip", while the right-most fip 5B¢ shall be referred to as the "downstream lip". Thue, the "middle
fip™ 58b will have that same reference. Accordingly, the upstream and middle lips 58a, 58b define an upstream feed
gap 64 through which an adhesive material 66 flows onto the web 52 to form a bottom adhesive layer BB of &
multilayer adhesive product. Likewise, the middle lip 58b and the downstream lip 58c together form a siotted feed
gap 70 through which adhesiva 72 flows onto the tap of the lower layer BB as the web travels in left-to-right
direction, as ibustrated in FIG. 2. This forms a top adhesive layer 74 of the multilayer adhesive product. Again,
for ease of illustration, the top layer 74 is shown as a darker-colored material, but this may not necessarily be the
case in actual production; for instance, various celors or tags such as ultra-violet fluorescent dye may be utilized to
facilitate measurement of individual layar thicknesses. S

Coating of viscous adhesives at these web spaed rates can invalve a number of problems. For example,
recirculations in the flow of either the bottom or top adhesive layers can result in certain defects in the final
multilayer product. Such recirculations may oceur it the separation point of either liquid adhesive with respect to
the die fips 58 oceurs at an inappropriate location. In addition, extreme pressure gradient can result in the upstream
leakage of liguid out of the coating gap area, again causing defects in the end product due to nonuniform adhesive
layer thicknesses, etc. Moreover, these and other maleffects result in the diffusion of one layer in the other, since
thay are being coated simultaneously in the liquid state. Such diffusing jecpardizes the intagrity and performance
of the resulting product.

Thus, it has been found, with respect to the multilayer die coating described herein, that it is very important
to cantrel the pressure gradients of the adhesives unde: each fip. In particular, the top layer should separate from
the middla ip at the downstream carner of this fip. In order fo achieve such coating control, it will be noted from
FIG. 2 that the lips 58 of eath die saction are stepped or spaced away from the web 52 in the downstream
direction. This allows the fips to generate the appropriate pressure gradient and to ensure smooth flow of the
adhesive and uniform layer thicknasses. The adjustment of a number of run parameters are necessary in order to

achieve this goal. For example, the coating gaps at fip 58b and 53¢ should be appraximately in the range of one
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to thrae times the compounded wet fim thicknesses of the layers fed from upstream of said fip. Under the
upstream iip 58a, the net flow rate is necessarlly zero, and a turn-around flow is the only possibiiity, Thus,
the coating gap undsr this lin is sofely set in order to avoid leakage of the liquid out from the coating gap in
the upstream direction. Moreovar, the upstream step, defined as dimension Ain Fig. 2, and the
downstream step, defined as dimension B, may range anywhere from zera to four mils {0.0 inches to
0.004 inches). The feed gaps (defined as dimensions C and D in Fig. 2) can also be adjusted anywhere
between one and fifteen mils. (0.001 inches to 0.015 inches), preferably not 1o exceed five imes the wet
film thickness of their correspondent layers. tn additien, the tength of the lips 58 in the diraction of the web
travl play an important role in achievirg the proper prassure gradient. Thus, the upstream ip 58a shouild
be approximately two millimeters ir Tength, or indre, as necedsary to sedl the head as noted above, The
downstream lip 53¢ and middle lip 58 may fall within the range of 1-3 mrm in length,

1t will be recognized that one of ordinary skil in the art can adjust these various parameters in order to
achieve tha proper fluid dynamics for uniform laver coating. Of course, persans of more than ardinary skill can adjust
the die and run parameters more precisely in order to achieve good results. However, such persons are not always
readlly evailable in production sattings. Therefore, it is advantageous to provide a die geamstry which will increase
the size of the window of successful multilayer coating operation. This can ba achieved by certain adjustments in
the orientation of the die fips.

Thus, FIG. 3 Bustrates the die 50 of FIS. 2 rotated slightly in the clockwise diraction representing an "angle
of attack . For consistent reference, the angle of attack {a) shown in FiG. 3 represents 8 nagative angle of attack,
of 3 "tonverging” orientation of the downstraam fp 58¢ with respect to the web 52. This converging lip orientation
provides @ negative pressure gradient (in the directian of wab traveil, along the downstream kip 53¢, which is
benafizial in preventing a coating defect well known as "ribbing,” a pattern of requiar striation in the sense of the
web travel in tha fim. The fact that the middie and the upstream Ens 58a and 58c also achieve o convergent
orientation is not particularly benaficial. Althouph the angle of attack of tha die ean be varied widely in order to
achiava these advantages, it kas been found that sngles in the rate of 0° to -5° are appropriate.

An even further successful operating window can he achieved with additional & madifications. Shown in
FIG. 4 is a variation of the Fp configuration of FiG. 3, Mustrating “beveled™ Eps. In this configuration, the
downstream Iip 58¢ is angled or beveled to as to have a converging profile, simiar to that shown in FIG. 3,
Howaver, the middie lip 58b is positioned so 2s to be flat or paraliel with respect to the web 52. The upstream
lip 582, on the other hand, is beveied so that it is diverging from the web 52 in the downstream direction. This
configuration, again, provides the apprapriate pressure gradient under the individual fips to aveid recirculations and
upstream leakage. Morzovar, if perturbations in the coating conditians actur (such as, for example, due to rolf run-
out, foreign objects on tha weh, variatians in ambient pressure, etc.), the converging configuration of the upstream
lip 582 shown in FIG. 4 will produce a dampening effect on fiow conditions so that defects in the coating fayers
do not occur. In this mannar, the multiiayer coating bead acts 8s B nonlinear spring to dampen out such unwanted

svents in order to Teturn to steady state. The die 50 can then be edjusted in sccordance with standard angle of




sttack variations to achieve faverable coating conditions. Because the éps 58 ere pre-disposed or bevekd in 2
favorable orientation, the adjustment of angie of attack, 83 well as coating gap, need not be 5o pracise. Thus,
parsons of ordinary skif or even less skil can successfully achieve good ceating results.
It wil be undarstood, however, by thesa of ordinary skifl in the multilayer coating art, that multiayer die
5 costing can be schiaved in a variety of ways simiar to thasa dascribed above, or in other ways, and with appropriate
sdjustments of the various paramaters for coating.
GTHER METHODS OF PREPARATION DF MULTIPLE LAYER
ADHESIVE CONSTRUCTIONS
At will be readily apparent to one having ordinary skil in the art application of the dispersitle and
10 nondispersible layers can ba achiavad through 2 variety of techniques other than through the duai dia technology
described above. For example, the nondispersible adhesive can be applied to the face stock and the disperstle
adhesive apphied 1o a backing material using conventional techniques.
EXAMPLES
The fallowing Exsmplas and Controls are to ilustrate the invention.
15 EXAMPLE 1: Adhesive Characteristics of Repuipable Dual Layer Adhesive
In the following, 5-2000 is nondispersible emulsian acrylic polymer manufactured by Avery Dennisan. RVH5-
708 i a dispersible emulsion acryfic polymer manufactured by Avery Dennison. *PSA™ means a prassure-sensitive
adhesive. In Table 3, “PE* means polyethylens, *BP" means bond paper, "CB” means cardboard, and “"FP" means
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fiber pick. in Table 4, "Z" means zippy, "PT" means paper tear, “FT" means faca tear.
PRI | On 2 backing siicon was applied 2s a relesse coating end cured in an oven. Using a dual die, an 52000
* and RVH-708 coating mixture was appfied onto the sifican release coating. When forming a single fayer, one of the
TS sfits of the dual die was used. A primed facastock was laminated on the PSA coating using @ roller. The thus-
obtained tabels hag the folowing PSA coating therson.
R Table 1
¢ e 25
52000 252 gin’
HAE RVHE-708 234 gin?
L om S000RVHS70B® 240 gh
§-2000 4.0 gim*
RVH5-708 200 gim*

* The lamination order was S-2000/RVHS-70B/Facestock.
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Results of adhesive fesis are shown in Tables 2-4. Shear testing was performed based on ASTM D-
3654-78 and D-1000-68 as wsll as PSTC (Pressure-Sensitive Tapa Council) Test#7, 10th ed. PSTC
Tast #7 is ordinarily parformed on a 172" x 1/2* section with a 500g load, 0 dweil at 70°C and 100°C;
however, we performed the test at room temperature, or about 23°C. That is, a 1/2" x 1/2* section of 2
142" x 2" pressure sensitive test specimen was affixed to the botiom portion of a stainless steel test panel.

The panel was mounted into a vartical




casement. A 500g weight was attached to the lower pertion of the test spacimen and suspended from the panel

and the test sample. Tha time for the 112" x 1/2* sampie to shear from the stesi panel was measured.
Looptack testing was performed based on PSTC Test #7, 10th od. That is, a labet shaet was cut out to
obtain 2 piece ona inch wide and 8 inch long, and the backing was pesied off. The label was koped and allowed
5 1o touch a piece of immobifizad substrate, such as cardboard or stainiess steel, for approximately 1 second. The
label was then vertically pufled away from the immobiizad substrate, and the force to detach it from the substrate

was measured.

Pee! testing was performed based on B0° Peel Test by PSTC Test #1, 10th ed. (20 minute dwell. That
is, the kabal from which the backing had peeled off was placed on » substrate, and allowad to stand for 20 minutes.
10 The facestack was pradually pesled from an adge thereof in the 80° direction away from the substrate, and the

force to peel it off was measured.

Table 2 Shear
PSA Shear {min) Avarage
15
$.2000 4.7 324 383 37
RVHS.708 828 755 58.1 86
$-2000/RVH5-708 478 54.2 382 41
e 20 )
P Table 3: Looptack
2 PSA Looptack i)
1TSO% PE BR cB
$-2000 363 224 P 288
RVHE-708 160 206 104
S 5-2000/RVHS-70B 216 184 140
n, 3
. ve Table 4: Pee!
e 3B PSA Poll INim)
o PE BP 1]
$-2000 04 PT 256 2
RVHS-70B 200 PT 158
40  S-2000/RVH5-708 PT PT FIPT

As clearly ingicated in Tables 2-4, Tha single layer conventional adhesive {nondispersible} had high looptack
values and low shear values, while the single layer dispersible adhesive had low looptack values and high shear
45 veiues. In addition, the dispersibie adhesive showed high peeling resistance aithough it had low looptack strengths.

In contrast, the dual layer adhesive showed, as a whole, in-between characteristics, i.e., improved looptack strength
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relative to the single layer dispersible adhesive, and impraved shear strength relative to the single layer nondispersible
adhesive, In particular, the dualfayer adhesive showed improved looptack strength on cardboard.
EXAMPLE 2: Recyclability of Repulpable Dual Layer Adhesive .

In the following, AT-1 is a conventional {nondispersitle) emulsion acrylic polymer manufactured by Avery
Dennison. 5-480 is & canventional {nondispersible) emuision acrylic polymer manufactured by Avery Dennison. 5248
is 2 conventional (nondispersible) Kraton based polymer tormulated by Avery Dennison. §-2025 is a dispersibie
emulsion acrylic polymer manufactured by Avery Dennisen. AE3370 is a dispersible emulsion acrylic polymer
manufactured by Avery Dennison.

As described in Example 1, labeis were produced in which the ratio of adhesive te paper by weight was
21.7%. {Using a pilot scale paper recycling operation, the recyclabifity of various adhesives were determined.
Sampling points in the flow path of the cleaning process are indicated as foliows:

Pulping — > S$creening — > Forward Cleaning —> Flowthraugh Cleaning

(1 2 3 L]
— > Flotation —> Washing
| ® 16}* -
L > Flowthrough Cieaning —>> Flotation — > Washing
8} {9 (10)*

* Samples 7 and 11, when collected, were the drainage waters from the sidehill screen; used for BOD {Biological
Oxygen Demand) analysis and determination of total, suspended and dissolved sofids.

Adhesive contamination (stickies) level was determined by image analysis in the prepared handsheets. The
averags number of particles per 10 handsheets made from the recycled pulp were counted and the areas of those
particles were measurad in parts per million at each sampling point. Recyclable adhesives will show a particle count

and size similar to that seen in the no adhesive control sample (see Table 5).
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Tabie 6
PSA #: no. particies par 10 shests
a: area of particies {pst x F-03)
~ Sampiing Points {1A" @ (3 4 (8l (6} ] [t (10}

Cantrol # 2 16 7 1 1 56 8 10 0
{copy paper} N 255 370 220 140 188 216 138 138 320
$480 # 148 183 232** 303 WM 113 191 188 120

& 754 568 13 773 885 428 362 @884 55
8246 #: 88 124 145 186 84 n 97 n 48

Y 115. 800 137. 100, 632 654 B35 813 266
82025 # 39 44 2 3 26 22 28 18 2

x 427 715 448 782 434 483 506 284 404
AE3370 #: 17 a0 12 8 17 17 2 16 24

a 424 380 255 097 269 287 411 811 498
Dual Layer # 33 95 114 152 24 45 182 13 22

a cF 348 381 5789 624 127 632 879 632

* {1A} was pulped stock diiuted to 4% consistency, which had been sampied from sampling point {1).
** gnly 9 shents analyzed; count prorated to 10 sheets, Fractional area remazing sams.

As clearly indicated in Table 5, the duaHayer adhesive construction showed kttle adhasive contamination,
indicating excellent recyclabifity compared to the single layer dispersible adhesive constructions and the no adhesive
control This is especially rolevant at the compiation of the deinking sample {sample 10}, Contamination is due to
the presence of adhesives remaining in the defibered puip. Thus, even though the contamination levels measured at
sampling points 24 and 8 appeared not to be low, this fact is expected not to be critical to recyclabiilty.

In addition, not like soluble adhesives, the BOD test (Jerry A. Nathanson, Basic Environmentai Technology:
Water Supply, Waste Disposal, and Pollution Control, Regents/Prentice Hall (Englewoad Cliffs, RJ: 1986) revealed
that the dispersible PSA wss not dissoived into solution, mesning that it is not fikely 1o cause environmentzl
problems.

EXAMPLE 3: Visual Speck Test

As a conventiona! nondispersibie PSA, AT-1 was used. AT-1 is conventional {nondisparsible) polymer.
RVHE-708 was used as a dispersible PSA. Based on Example 1, @ label was produced in which RVHE-70B was
formed on the facestock at 20 gim?, AT-1 was formed thereon at 5 gim’, and the ratio of adhesive to paper was

21.7%.
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The label was adherad to 150 g of paper in such a way that the weight of adhesive was 1% bassd on the
weight of the paper. This was added to a pulping mill with water so that the selid content was adjusted to
4%. The pH of the solution was adjusted to § using 0.5% NaOH. Pulping was conducted at 10G°F for 30
minutes. After pulping the paper, the stock was placed in a beaker filled with water, After sampling, the
sample was poured cnto a mat filter (Whatman No. 4), and dried by stction. A polished chrome metat
plate was placed on the dried pulp sheet, and a plece of blotter paper to soak up water was placed on the
other side to sandwich the dried pulp sheet, followed by pressing and heating it at 1C tons per square inch
at 250°F for about 30 seconds. After drying, the thus-obtained paper was stained with an orgaric dye.
The paper was observed visually. In the same way, single-layer 8490 {conventional PSA) was also
tesled.

As aresult, the dual-layer adhesive showed several tens of small specks having a size of
approximately 300 um or less on the paper, while the conventional adhesive showed several large spacks
having a size of approximately 5000 wm or more, Small particulats contamination can be effectively
removed in the deinking process. The testresults above indicate that the dual layer adhesive construction
will yield a lower contaminant, higher quality paper pulp after deinking compared to conventional pressure-
sensitive achesive constructions, while at the same time providing adequate adhesion,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A pressure-sensitive adhesive construction repulpable in paper
recycling operations, colnprising:

a facestock which is repulpable, said facestock having a face side and a
back side;

a dispersible pressure-sensitive adhesive comprising tacky emulsion
polyiners dispersible in water; and

a nondispersible pressure-sensitive adhesive adjacent to said
dispersible pressure-sensitive adhesive, said nondispersible pressure-
sensitive adhesive comprising tacky emulsion polymers not dispersible in
water, each of said dispersible and nondispersible pressure-sensitive
adhesives being on said back side of said facestock, said adhesives being a
laminate structure with each other.
2. The pressure-sensitive adhesive construction according to claim 1,
wherein the weight ratic of said nondispersible pressure-sensitive adhesive to
said dispersible pressure-sensitive adhesive is 1/7 to 1/2.
3 The pressure-sensitive adhesive construction according to claim 2,
wherein said ratio is 1/4 to 1/5.
4. The pressure-sensitive adhesive construction according to claim 1,
wherein the coatweight of said dispersible pressure-sensitive adhesive is
15 g/m” to 30 g/m” and that of said nondispersible pressure-sensitive
adhesive is 2 g/m * to 15 g/m”.
5. The pressure-sensitive adhesive construction according to claim 4,
wherein the coatweight of dispersible pressure-sensitive adhesive is 18 g/m’
to 22 g/m”, and that of said nondispersible pressure-sensitive adhesive is
4gfm’ 10 6 g/m”.
6. 'The pressure-sensitive adhesive construction according to claim 1,
wherein said dispersible pressure-sensitive adhesive contains emulsion
polymers formed by emulsion polymerisation and having a backbone of from
about 80% to about 90% by weight of nonacid monomers, interpolymerised
with from about 10% to about 20% hy weight with a blend of acrylic acid
IONOIETSs,
7. The pressure-sensitive adhesive construction according to claim 1,
wherein said nondispersible pressure-sensitive adhesive is a permanent
nondispersible pressure-sensitive adhesive.
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8. The pressure-sensitive adhesive construction according to claim 1,
wherein sald nondispersible pressure-sensitive adhesive has a glass {fransition
temperature 5°15°C. lower than that of said dispersible pressure-sensitive
adhesive.

9. The pressure-sensitive adhesive constructicn according to claim 1,
wherein said dispersible pressure-sensitive adhesive and nondispersible
pressure-sensitive are coatable from the same die.

10.  The pressure-sensitive adhesive construction according to claim 1,
additionally comprising a removable backing material.

11.  The pressure-sensitive adhesive construction of claim 1, wherein the
dispersible pressure-sensitive adhesive is closer to the back side of the

facestock than the nondispersible pressure-sensitive adhesive.

Dated this Tenth day of December 1998

AVERY DENNISION CORPORATION
Patent Attorneys for the Applicant:

FBRICE & CO
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