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EMULSION PRESSURE-SENSITIVE ADHESIVE POLYMERS
EXHIBITING EXCELLENT GUILLOTINE PERFORMANCE

Background of the Invention

- The present invention relates to acrylic'
polymers which are formed by emulsion polymerization
and as formed, are inherently tacky and functional as
pressure-sensitive adhesives. More particularly, the
adhesives of the ,_.-instant' invention have excellent
guillotina.bility, room- and elevated-temperature
adhesive performance.and provide an ecologically safe
replacement for solvent adhesives and other acrylic-
and ‘rubber-based emulsion adhesives.

~ Guillotinability is a critical requirement in
film applications where pressure-sehsiti_ve adhesive
(PSA) coated products are cut into sheet stock. During
the process of guillotining it is expected that the
adhesive will not build on the blades so that
subsequent cutting is not affected and the cut sheets
separate i'ndividually' without sticking together.
Solvent adhesives are commonly used in such
applications due to the performance benefits they

-offer. Environmental constraints imposed on the use of

solvents has caused the PSA industry to move away from
solvent systems. The best alternative to day is the
water borne adhesive technology due to adhesive user
friendliness and the cost advantages. Obtaining high

FU A
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Resfaamange fromx Maser beroel adhegive| syskaps| isy the

s It%xt mcw e Vﬂsz %em:ryu ikagasing.
e&gg f%gfém% invention U.S. Patents Nos.
4,507,429, 4,694,056, and 4,725,639 to Lenney, and

. assigned to Air Products, 1Inc., pertain to a

pressure-sensitive adhesive compositions and disclose
increasing cohesive strength by use of polyfunctional
monomers which include polyvinyl and polyallyl
compounds including triallyl isocyanurate. Product
glass transition temperature may be as high as -155c,
limiting utility at reduced temperature.

We have sought to provide preséure-sensitive
adhesives -of improved properties which have broad.
utility including excellent guillotinability.

of the Inve o

According to the present invention, there is
provided inherently tacky acrylic emulsion adhesive
polymers which exhibit excellent guillotinability and
have excellent adhesion to a wide variety of surfaces
ranging from polar, relatively high energy surfaces
such as stainless steel to nonpolar, relatively low
energy surfaces such as polyethyiene and to
difficult-to-bond surfaces such as corrugated board.
Moreover, cohesion and adhesion at room and elevated
temperatures is excellent and, when part of a laminate
stock such as pressure-sensitive adhesive label stock,
provides excellent high-speed converting
characteristics such as die cutting, matrix stripping
and fan folding. Superior properties are obtained even
at lower-than-normal coat ‘weights. In sum, the
adhesive polymers are broad-based and serve to replace
many solvent-based adhesives on an ecologically safe
basis as well as many emulsion-based adhesives, thus
serving a variety of markets. ,

The inherently tacky, emulsion'pressure-sehsitive
adhesive polymers of the instant invention comprise, on



such as stainless steel to nonpolar relatr eI - energy surfaces.

suth * as polyethylene and to Tms o bond surfaces such as
cornugated board. 25 Mor eover , esion at room and
el’'evated - wb SIAgHAL ur es S exce \ part of a | apipai™3/e200t
stock such as pressure-sensitive adhesrve | abel stock, provi des
excel | ent hi gh- speed converting characteristics such as die
cutting, matrix stripping 30 and fan foldrng "Superior properties are

obt ai ned even r-than-Ro h u e
adhesi ve pol yners dre broad%ﬁ' lgng é3?§§ ?gs %SggeEi the eltéi'aeldﬂ% of
sol vent - based adhesi ves @heapo&mengm:am }egateone soft mp@eashmmgﬁ glass

many enul si on-based adheghrypgitiBHS of3Jess S@iaH N2sedvari prirataBiykehe soft:
The inherently tacky, emxjnloilogmgrprgsas# aﬁky ngl':}:yxate containing from abotxt 4 to

5 about 12 carbon atoms in the alkyl group, most
preferably a mixture of 2-ethylhexyl acrylate and butyl
acrylate. The total of the soft monomers are present
in an amount of from about 35 to about 95 percent by
weight of the polymer. .

10 The polymer contains at ‘least one hard monomer
having a glass transition temperature greater than 0°C
and preferably further includes a soft diester monomer
such as maleates and fumarates.

The emﬁlsion polymers of this invention are formed

15 in the presence about 0.1 to about 1 percent of a
multifunctional monomer having a cyanurate or phosphate
functionality with triS(z-hydroxYeﬁhyl) isocyanurate
triacrylate and bis(methacryloxyethyl) phosphate
presently preferred. The emulsion polymers of the

20 inventicn are high performance polymers preferably
having a gel content in excess of about 60 percent by
weight of the polyher.

The emulsion adhesive polymers of the instant
~ invention are preferably prepared using a reactive |

25 surfactant which polymerizes and becomes part of the
emulsion polymer and which has been observed to enhance
cohesive strength and aid in copolymerization of the
monomers in forming the emulsion pressuré-sensitive
-adhesive pblymers of the instant invention. The amount

30 of reactive surfactant employed in the preparation of
the emulsion pressure-sensitive adhesives of the
present invention is a positive amount up to about 0.4
percent by weight of the total monomers,'preferably
from about 0.1 to about 0.25 percent by weight. The

35 preferred reactive surfactants are anionic vinyl
functional surfactants, such as sodium Vinyl sulfonate
and sodium styrene sulfonate. '
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The emulsion adhesives of the instant invention may
be prepared with excellent conversions at reaction
temperatures ranging from 70 to about 85°C in the
presence of from - about 0.5 to about 1 percent. by
weight, based on the weight of the monomers, of a
persulfate or equivalent catalyst, with the monomer mix
being fed over a period of about 4 to about 5 hours.
Reaction pH is from about 2.5 to about 7.0. Conversion
is high, approaching 100 percent at the reaction

.conditions set forth above.

The use of the multifunctional monomers of this
invention having cyanurate or phosphate moieties give
a s:.gxuf:.cant improvement in cohesive strength without
much loss of peel and tack. The multifunctional

_monomers may be used with or without a chain transfer

agent, and cross-linking agents, e.g. metal salts such

as aluminum acetate. It has been found that

copolymerizinﬁ' multifunctional acrylate ‘monomers
without said moieties are not effective in improving
guillotinability and elevated temperature performance.

The present invention provides low cost water borne
pressure-sensitive adhesives which ' exhibit high
guillotinability and excellent adhesive performance at
room temperature and after elevated temperature aging.
The multifunctional monomers used in this invention
provide hydrogen bonding'with functional groups such as
carboxy“éronps and enhance adhesion to polar substrates
without affecting peel and tack. Shear performance is
further enhanced by metal cross-linking. This creates.
a highly cohesive net work which enhancee guillotine
performance.

etajiled Descriptio _
The present invention relates to pressure-sensitive
adhesive compositions based on emulsion polymers which
provide excellent processability including
guillotinability and high adhesion and high tack to
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cdrbon atons ih the "alkyl e“ LRI preferably a mixture of
H Hllﬂu The total  of the soft

2-ethyl hexyl acrylate and butyl
ménoners are pr%ed}ymﬁ in an about 35 to abourl’C%’)EUS%/ﬂZOOI

percent by wel g ?zof t he polyner The pol yner contains™at
| east one hard nononer havi ng a glass transition tenperature greater
than O[err]C “and preferably further include§*a soft di ester nononer
such as nal eates and funar tes. g gn¥ mers qf this )
i nvention are for Polar,; penpelar,apd Adf 1€PHFT S -subgtrates sith
a mul tifuncti onal rexce i enitaveoteesd ananu mhiee mnﬁmahave properties
functionality with tri s(%\ﬁﬂew.et% a0 AR WWeFul for WdAUNAY BorWihe
bi s( et hacryl oxyet hyl) osp at
olymers, tackified styrene-butadiene emulsion
5 pressure-sensitive adhesives, and nontackified and

tackified acrylic pressure-sensitive adhesives. An
improvement exhibited over tackified styrene-butadiene
resin édhesives include better aging and no edge ocoze
or bleed as part of a release liner adhesive face stock

10 . laminate. In addition, being functional as a single
polymer, there is a minimal or no need for compounding
and tackification. The improved performance
characteristics of .the adhesive of the instant
invention enable them to be used on almost any

15 available face stock. Properties induced in the
adhesive by proper selection of monomers and
surfactants give excellent moisture resistance. '

As compared to prior art acrylic pressure-sens1t1ve
adhesives which do not give good adhesion to nonpolar

20 surfaces, such as polyolefins and certain other
surfaces such as recycled corrugated board, without
tackification with attendant sacrifice in cohesive
strength and elevéted-temperature performance, the
adhesives prepared in accordance with the instant

25 invention have excellent adhesion to both polyolefins

’ - and corrugated board and good elevated-temperature
performarice. The adhesives are more universal in their
use, a result not heretofore achieved in single polymer

_ adhesives.

30 The emulsioh based pressure-sensitive adhesives of
the instant invention contain, on a percent by weight
basis from about 35 to about 95 percent by weight total
monomers of at least one soft monomer preferably an
alkyl acrylate or vinate containing about 4 to about 12

35 . carbon atoms in the alkyl group and which have a glass
transition temperature (Tg) of 1less <than -25°C.
Preferably, a mixture of alkyl acrylétes afe employed
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wei ght of the total n‘onorreiEYI acryqaateg include n-butyl acrylate, 2-ethylhexyl
5 acrylate, 1soocty1 acrylate and the 1like, with a

mixture z?ethylhexyl acrylate and butyl acrylate béing

preferred. These are "soft monomers" because of low

glass transition temperature. Other soft monomers
of the instant invention are one or more diesters of a
10 dicarboxylic acid and mixtures thereof, present in a

‘total amount of from about 0 to about 30 percent by
weight based on t.hé total weight of the monomers
preferably from S to about 30 percent by weight of the
monomers. Each ester gfoup of the diester  of the
15 dicarboxylic acid independently contains from about 4
to about 12, preferably from about 8 to about 12 carbon
atoms. The preferred diesters are di-2-ethylhexyl
‘maleate, di-2~-ethylhexyl fumarate and mixtures thereof.
The diester monomers improve tack and overall adhesive
20 properties. '

The balance of the monomers are "hdrd_ monomers"
having a Tg greater than about 0°C. They include vinyl
esters, carboxylié acids and methacrylates. '

_ Vinyl esters may be present in a total amount of
25 from about 0 to about 35 percent by weight, preferably
' from about 20 to about 25 percent by weight based on
total weight of the monomers, said vinyll esters
containing from 2 to about 16 carbon atoms in the alkyl
group of the. ester. Representative of the vinyl esters
30 include vinyl acetate, viny.l butyrate, ~ vinyl
propionate, vinyl isobutyrate, vinyl valerate, vinyl
versitate, and the like. Vinyl acetate is preferred.
The vinyl esters aid in the copolymerization of maleate
and fumarate monomers and enhance cohesive strength and

35 peel adhesion.

The inclusion of one or more unsaturated carboxy11c
acids containing from about 3 to about 5 carbon atoms



fromabout 0.1 to about O. 25 @msm&&tﬂabueemb,gm . The 35 preferred
reactive . surfactants are ani " functional surfactants,
such: as sodi um vi nyl sul fonatem"' !"melm, mjl um styrene sul fonate. .
-4~ WO 93/18072 PCT/US93/02001
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1 enhances cohesive strength, adhesion to polar 'sm_:'faces
and stabilizes the particles formed during emulsion
polymerization. The unsaturated carboxylic acids are
provided in a positive amount of up to about 10 percent
5 by weight of the polymer, preferably from 1 to about 5.
' percent by weight. The unsaturated carboxylic acids
include, among others, acrylic acid, methacrylic acid,
itaconic acid, and the like. Acrylic acid, methacrylic
acid, . and more preferably mixtures thereof, are
10 presently preferred.

Cohesive strength may be enhanced by inclusion of an
alkyl methacrylate containing from 1 to about 8 carbon
atoms in the alkyl group and present in an amount of
from 0 to 10 percent by weight of the monomers. Methyl

15 methaérylate is presently preferred. '

The emulsion adhesives of the instant invention are
preferably prepared in the presence of a reactive
surfactant which polymerizes during formation of the
polymer and becomes an integral part of the polymer.

20  Preferred reactive surfactants include anionic vinyl

| functional monomers such as sodium vinyl sulfonate and
sodium styrene sulfonate and the like. The reactive
surfactant is present as part of the total surfactant
system and in an amount up to about 0.4 percent by

25 weight of the total monomers, preferably about 0.1 to
about 0. 25 percent by weight.

An essential component of the instant invention is
a reactive multifunctional monomer which is an acrylate

~and/or methacrylate having a cyanurate or phosphate

30 moiety and present in an amount of from 0.1 to about 1

percent by weight of the monomers. The multifunctioﬁal

monomers improve guillotinability without adversely

affecting adhesive properties. The presently preferred

multi-functional monomers are

35 tris-(2-hydroxyethyl) isocyanurate triacrylate and
bis-—(methacryloxyethyi) phosphate. '
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15 nononers may be usedpyi tWeihtMputgd! atréNlaice,t a®date20 to 25 percent by
S weight vinyl acetate, about 15 to 25.percent by weight

di-2-ethylhexyl maleate (dioctyl maleate), about 0.5
percent by weight tris-(2-hydroxyethyl) isocyanurate
triacrylate, about 2 percent by weight acrylic acid,
and about 2 percent by weight methacrylic acid.

10 ' The monomer proportions are normally adjusted in
'such a way that the adhesive has a glass transition
temperature 1less than about -20°C, giving a good
balance of adhesion and tack at room temperature and
elevated temperatures. The emulsion polymers of this

15 invention have a very broad  glass transition
temperature range of from 15 to 30°C, which is unusual
among acrylic polymers. Conventional acrylic polymers,
‘for instance, have a glass transition temperature range

- _ of only 10 to 15°C.  Depending on polymerization
' 20 conditions, copolymers showing two distinct glass
transition temperatures, have been observed.

. ' The preférred gel content or percent insolubles are
in excess of 60 percent by weight which provides
excellent cohesive strength and high performance. 1In

25 this regard, gel represents the amount of'polymer which
is insoluble in tetrahydrofuran expressed in percent by
weight and determined by the membrane gel pért-itionihg
method. 1In this method, about 600 to 800 milligrams of .
100 percent solid polymer is weighed onto a millipore

30 membrane disk of 5 micrometer porosity. The disk is
heat sealed and transferred to a scintillation vial.
About 20 milliliters of tetrahydrofuran is added to the
vial and the vial is rotated on a shaker for 16 to 24
hours. The sealed disk is then removed, washed with

35 tetrahydrofuran, and dried first by placing it on a
Whatman No. 1 filter paper, followed by exposure to
100°C in the oven for a few hours. The dried disk is
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wherein |
- a = total weight of 100 percent solids
~ polymer .
b = the weight of the polymer plus
10 membrane before tetrahydrofuran
treatment
c’ = polymer plus membrane remaining after

tetrahydrofuran treatment.

Other aids which may be wused to develop

15 - cross-linking include thermal cross-linking and
cross-linking by actinic dnd electron beam radiation.

The polymers of the instant invention are prepared

by emulsion polymerization under conditions of

_ ‘agitation in an autogenous atmosphere in the presence

20 @ ©°f suitable polymerization. initiators such as
peroxydisulfate and peroxides. Depending on desired
pPolymer properties including gel content, the preferred
levels of these initiators are in the range of from

about 0.5 to about 1.0 percent by weight based on the

25 total weight of the monomers. The presently preferred
initiators are potassium persulfate, t-butyl hydrogen
.peroxide, and the like. Level of agitation will vary
depending on the system and will influence conversion.
Typically, about 30 to. S0 percent of the total

30 initzator is added along with an initial monomer charge
to the reactor, and the rest is added along with the
balance monomers during polymerization over a period of
from about 4 to about 5 hours. For the polymer to be
free from coagulum and to maintain grit'leﬁels less
a5 than 20 ppm, it is desirable to maintain the pH of the
emulsion during polymerization between from about 2 to
about 4, preferably from about 2.5 to about 4. This
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can be achieved by the use of buffers such as sodium
bicarbonate and sodium acetate, typically in amounts up
to 0.3 percent by welght based on the wexght of the

-~ monomer.

The stabilizer system used during polymerization
contains a combination of anionic and nonionié
surfactants present in an amount up to about 3.5
percenf by weight based on the weight of the monomers.
A suitable anionic surfactant is the sodium salt of an
ethoxylated nonylphenol sulfate, and a suitable
nonionic surfactant is ethoxylated nonylphenol. The
best balance of properties is achieved by maintaining

the anionic to nonionic surfactant ratio approximately

3 to 1.

Polymers of the instant invention are produced at
high solids level content, typically about 50 to about
70 percent by weight. Reaction is carried out at
temperatures from 70 to 85°C with an initial charge of
up to about 10 percent by weight of the total monomers,
with the balance of the monomers being added.to the
emulsion reaction system over a period of about 4 to
about 5 hours, with total monomer conversion
approaching 100 percent. -

It is possible to modify the rheology of the poiymer
for coating purposes hf use of conventional thickeners
such as' SCT-270 manufactured and sold by Union Carbide
and present in an amount up to 0.2 percent by weight.
Although not required, it is also fe@sible to modify
the properties by the use of tackifiers and the like.
For general purpose applications, it is desirable to -
have good adhesion to both hydrophobic substrates such
as polyethylene and hydrophilic substrates such as

‘'stainless steel and difficult-to-bond recycled

corrugated board. Prior art acrylic polymers do not
have good adhesion to such substrates unless they are
modified by addition of a tackifier. This is not
required using the pressure-sensitive adhesive polymer
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nont acki fied and tackified acrylic pressure-sensitive adhesives.
An ’ i mprovement exhibited over tackified styrgne-butadiene resin
adhesi ves include better aging and no edge ooze or bleed as part of a

rel ease liner adhesive fage stfgk 1lOinvertd®nal£1thduyrrd0taéRIEidEE "Tcan e
functonal =0 @51 M0Le | serodOINNIE] ualPLS ks fofl ATl oF 10 TeCl lor
" 'In accordance with the present invention, there is
also provided emulsion pressure-sensitive adhesive
S polymers with high shear performance even at elevated
temperature with little or no detriment in peel and
tack adhesion which can be used to replace high cost
solvent acrylic polymers used in film applications.
_ The di-2 ethylhexyl maleate in the composition provides .
10 tackiness to the adhesive and allows the use of vinyl
acetate which provides good peel adhesion without the
use of high levels of acid monomer which tends to
reduce tack.

‘The presence of the multifunctional monomer in the
15 copolymer itself provides some improvemeﬁt in shear
' performance whigh_ may not be sufficient‘ for  high
performance film applications. Further cross-linking
by éomplex formation with metal salts dramatically.
ennaaces the shear in excess of 10,000 min. Elevated
20 = te—verature (70°C) shear is also greatly improved, with
performance of the emulsion polymers being equivalent
to solvent acrylic polymers. Adding multifunctional
'monomers to the copolymer“may_alter-the gel content
~and/or glass transition temperature of the adhesive.
25 Accordingly, when multifunctional monomers are used,
: they are added in an amount that yields an adhesive
that is pressure-sensitive, i.e., the glass transition
temperature is sufficiently low as to enable use as a

_ PSA. .
30 To maintain good balance of peel and tack with high
' shear it may be desirable to lower the molecular weight
of the polymer by the use of chain transfer agents such
as n-dodecyl mercaptan(n-DDM) and to use higher levels
of initiator than what is commonly used. An optimum
35 level of n-DDM in this invention is up to about 0.025
percent by weight of the monomers, preferably about
- 0.005 to about 0.01 percent by weight, and tq enploy a
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performance. The adhesi V&h A'cond?s 9eunf¥ﬂl§:.aé 'i'?: tBSUi adhesion on certain
5 substrates which will be detrimental to the product
' application. Aluminum acetate, if present, is normally
present in an amount up to about 0.25 percent by weight
of the monomers.

‘10 Examples 1 to 4 and Controls 1 and 2
' To a one liter reactor equipped with a reflux
condenser, a thefmocouple . @ pitched turbine agitator
and a nitrogen inlet tube, .tliexje was charged a solution
containing 75 g of deionized water, 2.5 g 6f sodium
15 vinyl sulfonate (25 percent w/w solution in water) and
0.36 g of an anionic surfactant (Polystep B-27, a
sodium salt of ethoxylated nonylphenol sulfate
manufictured and sold by Stepan Chemical Co.). A
monomer mix consisting of 175 g of 2-ethylhexyl
20 acrylate, 75 grams of butyl acrylate, 125 g of di-2
ethylhexyl maleate, 105 g of vinyl acetate, 5 g of
acrylic acid, 5 g of methacrylic acid and 2.25 g of
tris (2-hydroxy-ethyl) isoyanurate was added to 117.6
g of water containing 43.6 g of Polystep B-27 and 6.37
25 . g of Polystep F-9 and agitated to make a pre-emulsion.
The reaétor charge was heated under nitrogen to
72-75°C, to which was added 20.93 g of a 4.46 w/w
potassium persulfaﬁe solution in deionized water.
After a few minutes 66 grams of the pre-emulsified
30 monomer and 10.46 g of potassium persulfate solution
were added to the reactor over 20 to 30 minutes. To
the remaining pre-emulsion there was added a pre-mixed
solution containing 2.4 g water, 0.9 g, Polystep B-27,
. 0.13 g Polystep F-9, 5 g each of methacrylic acid and
35 acrylic acid and 0.025 gm. n-DDM. After the
temperature reached a steady state, the remaining
monomer pre-emulsion and a 2.07% aqueous solution of
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transition tenperature (Tg) of less than -25[err]C Preferably, a
m xture of al kyl aaryl at gsotaiss itiip|patethlfate buffered with sodium bicarbonate
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15

20

25
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35

were introduced into the reactor at respective rates of
2.25 and 0.275 g/min. for a period of 270 - 280
minutes. The reactor temperature was maintained
between 79 to 82°C. Thirty minutes after the feed, a
2.625 g 4.8% solution of potassium persulfate was added
and maintained for 45 minutes. A second solution of
2.625 g was again added and maintained for 45 minutes.
Once the polymerization was complete, the contents were
cooled to ambient temperature neutralized with ammonia
to a pH of 5.5 - 6.5 and discharged. The polymer had
58.9 percent solids, and a Tg of -32°C. '

Uslng the above procedure with n-DDM being omitted
the polymers listed in Table 1 were prepared.
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10 di car boxylic acid and mxtures t e%trlﬁg‘;‘lacedoresent in a - total
afrount of from about 0 to aboill 15 wei ght based on the

t ot al- wei-ght of the nononers JA “ fromb5 to about 30 percent by

wej ght of the PITET S p of the diester of ﬁd"ﬁui@mz
di car boxylic acr |3n£1%pendent | y contains from about 4 t o about 001

preferably fromabout 8 to about 12 carbon -~ atons. The’ preferred
diesters are di-2-ethyl heXyl mal eat e, 2=&Pnyl hexyl fumarate and
m xt ures thereof. The _di est er noner,s i ve tack and

&5‘) eBe

adhesi ve 20 proferti es. For“Exanp Wethdn ?‘ﬂ@‘”ﬂ%ﬁ%n’efsf’%ﬁn?lﬁ‘?arzd“
nononer s" ~having & Vererpalymexized abmeptOltbat] the Tienonerr |cmwposirtilon
esters, . carboxylic acids 1@,@?“33&@05%8&% n-DDM as inVERY¥hpE&t £rS may be

present in a total anpunt
Table 2 shows the guillotine performance of the
5 emulsion polymer of Example 1 and some polymers from
Table 1. The polymers were coated on a release liner
at a coat weight of 22-24 g/sgm and then laminated to
60 pound per ream litho paper. 100 sheets measuring
2.5 mm x 200 mm were then cut using the guillotine
10 press. As can be seen, from Table 2 most of the
' polymers show excellent quillotine performance. The
lovest rating is very good indicative of the fact that
these .c;om'positions will perform well on the guillét:}ne
press for sheeting of PSA constructions.

15

Table 2
Guillotine Performance

Example - : ating' Blade  Smear’
20 Ex 1 ‘ 1.5 1.5

Ex 1, plus 0.06% Al acetate 1-1.5 1-1.5

Ex 2 2 2

Ex 3 1-1.5 2

Ex 4 1.5 1.5
25 Ex 5 1.5 1.5

EX 6 1.5 1.5

!Ratings

1 = Excellent

2 = Very Good
30 3 = Good .

4 = Fair

5 = Poor

6 = Very Poor

lsmear is the adhesive
spread on the guillotined
15 stack of labels.



25. fromabout 0 to about 3 g%ﬂ&?ﬁatsﬂaéﬁ%ﬁlh@ht preferabl y from
about 20 to about 25 percent by total weight of the
nonorers,- said vinyl esters mmammﬂmﬂ from2 to about 16 carbon

at oms in the alvkeplossise72 9roup Represent ati ve of §&F/0§9§)6|200l

esters 30 include vinyl acetate, vi nyl butyrate, .vin
propionate, vinyl isobutyrate, vinyl valerate, vinyl ver si tat e, and
the like. Vinyl acetate is preferred. The nyl esters aid in the

copol ynerization of nuleate Tablle 36%%0L§”%52t gdﬁgggggréﬁgg ﬁ’?{'ﬁ%ﬂ?ﬁﬁ%ﬁlw

cohesive strength and 35 adhes
or more unsaturated car g/ 13%ter aging aﬁﬁ RO °Corfian fngy weekn ansb th1ee oweeks

about 5 carbon atons using the same adhesive construction as was used for
Table 2.

5 N Table 3
Performance on Paper (Litho)

Initial 1 Wk @ 70°C 3 Wks @ 70°C
Loop Loop Loop
10 90° Peel Tack RTS  90° Peel Tack RTS 90° Peel . Tack RTS
Sample # Nm Nm MinSN0g Nm  N/m MinS00g Nm  Nm MaSig
Ex1 488 660 1660C - - e430C
15 Ex10.12%AA 480pt 675 3200puc - - 8450ps
Ex2 34 574 4130pwe 331 520 6I8SC  40ip 7S 8600C
Ex4 360pt 600 6924C  370m 583 8000+ 400 S0 -
20 Ex$ 400p  S90 2350pec’ 383 640 360 615 3000+
" Exé6 47000 TI0 6000+  425pt 660 6000+  425p 617 10,000+
Ex7 41Spt 700 1600C 420  S70  2300C
25 Ex8 480pt 700 1386ps  440pt 627 2400ps  420p 655 -
Control 1 465pt T30  6200C 433 685p 4600ps  438Bpt 635
AA= Aluminum acetate
C = Cohesive failure
ps= Pancl Stain

RTS= Room Temperature Shear

It is evident from Table 3 that aging improves the
shear performance without sacrificing the peel and tack
adhesion, a 'phenomeno'n which is unusual and unique

35 since normally all pressure-sensitive adhesives tend to
loose adhes'ion properties on aging at elevated



-7-. 1 enhances cohesi ve st I,Jatﬂz;@@@éﬁsaeplﬁnedo pol ar surfaces -and

stfabilizes the particles forme pol yneri zation. The
unsat-ur at-ed car boxylic acids are “ d i'n a positive amount of up
tg about 10 perwbﬁmn by wei pol'ymer, preferably frestisbfooor
a out S5 '
-« . -17-
1 temperatures, some drastically and some to a lesser

extent, ‘especially when there is a shear improvement.

Table 4 illustrates the performance using 2 mil

mylar as the facestock, initia_ll'y, as well as after

S 70°C aging. All the samples were coated on mylar at a

" coat weight of 25-30 g/sgm. Again it is apparent that

-the adhesion properties are not affected by aging

irrespective -of the facestock, whereas the aceto-

acetoxy ethyl methacrylate (AAEMA) containing polymers

10 do show some adhesion loss on aging (Table 8 in U.s.
Application Serial No.393, 976_) .

Table 4
15 Performance Using Polyester (mylar) ﬁs facestock
180° Peel N/m Loop Tack N/m ' RTS 500g TCer
;ax:;ple# 0min. Iwk, @70°C  20min. Iwk,@70°C  12x12" min. 1" mia
Exl - 395 . 355 30 395 3000+ -

20 Ex1012AA 320 3% © 420 a5 10000+ 10000+
;axa 450  As 590 500 3nsc -
Ex30.12AA 390 445 520 550 : 10000+
Ex6 us 420 445 510 .

25 Control 1 385 430 85 375 2350C .

The polymers of the present invention also exhibit
very high elevated temperature shear exceeding 10000+
minutes showing its‘utility in high -performance tapes

30 such as automotive tapes. The elevated temperature
shear was measured at 70°C using 1"x1" sample, with 24
hour dwell time, using a 1Kg load.

The adhesives of the present invention also show

3s very good mandrel performance to make them suitable for

pharmaceutical applications where solvent adhesives are
currently being used. Examples 1, 3,4 and 6 were



Acrylic acid, met hacryllc re preferably m xtures thereof,

percent by weight. The unsat ‘\ %ag@eéa@aémhdw aci ds i ncl ude, anong
SI ve strength nay BETAISRAr200L

othefs, acrylic acid, net hach ‘““ itaconic acid, and the like.
are. 10 pr emj/yg(pﬁef erred

by inclusion of an al kyl nethacrylate containing from1 to about 8
car bon atons in the al kyl group and presggk/_éi n an anount of
fromO to 10 percent by weight of the nonomers thyl 15 nmet hacryl ate is

pr esetnt Iy preferned.  testea f;br?emﬂﬂile;l' on ?ﬁf@%ﬂ%d@ﬁmé?érlélﬁé@éﬂtube and

i nvention are prefer p red in esence. o0 e

surfactant which pol ym?rlszg“ty]h ﬁ%‘eﬁ:&FnﬁPllgﬁng{?%% rod. g&ﬁ'y £ 5ﬁﬂ‘ples

becones an integral pargavel at pratpngyofri.s*@ decateveedfnm|m1mal lift

surfact ants include a”'&l‘ﬁs‘“{w&) and "the suitable applxcabihty of the
5 polymer on.curved substrates.

20

is

30

3s



funetional nonormers such as sodi um vi nyl sul fonate and sodi um styrene

sulfonate and the ITH(eSheéfHeSB surfactant is p t as part of
t he total - surfact ant nd in an anmount up to a cent
by .25 wei ght of t rs, preferably about O. MI/ abou
0.

25 percent by wei g An essentlal conponent of
I nvention is a react ive multifuncti onpd- nononer which i % an
and/ or methacryl ate haying a cyanurate or phosphate 30 noi ety and
present in an amu@@OGAWYSMI 0.1 to aboujp 1 percent by wei ght of the
nmonomers. The mul tiTuNcly onags, ) hgabi
W t hout adversely i'aff ng adhes&ve proper lﬁﬁ#&%‘& %%élyy
preferred mmmsswswtwe mAthesiye R?rléme L emuls on

tris-(2-hydroxyet hybdi sy Put it of ra'taqréé's%t Bne QB?W
wmues'm%mzflavmg ‘;g CEansition E" fiperature -
‘less than about -25°C and at least one hard monomer
haw)imj a glass transition temperature greafer than 0°C,
WWM@QM
the presence of at least one reactive multifunctional
mofhomer having at least two acrylate or methacrylate
groups and a cyanurate or phosphate furictionality', said
multifunctional monomers being present in an amount of

from 0.1 to about 1 Eercent by weight of the monomers,
uherew, pre -

mmms-w the reactive

multifunctional monomer is selected from the group-
consisting of ~ tris(2-hydroxyethyl) isocyanurate -
triar:rylate,_ bis(methacryloxyethyl) phosphate and
mixtures thereof.

2. An inherently tacky, pressure-sensitive
adhesive polymet formed by emulsion polymerization as
claimed in claim 1, which polymer comprises, on a
polymerized basis:

(a) at least of one alkyl acrylate
contammg from about 4 to about 12 carbon atoms in the
alkyl group, the total amount of alkyl acrylate present
in an amount of from about 35 to about 95 percent by
weight of the monomers;

(b) at least one monomer selected from the
group consisting of: .

(i) vinyl ester containing from 2 to
about 16 carbon atoms in the alkyl group of the ester,
e |

&—-*-wsm-mm
s imed YR~ ki NG—2mtod—imwiricl] the vinyl
. ester is presént in a total amount of from about 20 to
about 25 percent by wexght based on the total weight of

the monomers;



bi_?.('.nethacrygéggtri\y| T " y'mers_ CO N |
excfl.U‘Sji ve‘ofreact?tﬁﬁm) iﬁ;{ﬁ;ﬂ ‘)ou'lt 25 19,35 percent - %

(ii) diesters of a dicarboxylic acid in
which each alkyl group of the diester i{
contains from about 4 to about 12 ¢

"F‘ﬂhbﬂlg' .

ndependently
arbon atoms,

diest . i e
SCer of the dicarboxylic acid is selected from the

group consisting of di-2-ethylhexyl maleate, dji-2-

ethylhexyl fumarate, and nixtures thereof;

(iii) unsaturated carboxylic acids
containing from about 3 to about 5 carbon atoms, ?muﬁ

. : : the
unsaturated carboxylic acid is pPresent in an amount of

from about 2 to about § percent by weight of the total

monomers, and F‘rﬂar mew!ﬂ

} : i the
unsaturated carboxylic acid is selected from the group

consisting of acrylic acid, methacrylic acid, and
mixtures thereof;

(iv) methacrylates containing from 1 to

about 8 carbon atoms in the alkyl group and,
(c) at least one reactive multifunctional
monomer haying at least two acrylate or methacrylate

qroups and a cyanurate or phosphate functionality, said
multifunctional monomer being present in an amount from

0.1 to about 1 percent by weight of the monomers.
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by, wei ght Wit ARd ¥dxy! M1YAE, aboutBﬁsztg_égmﬁféﬁ?”VinyJ;acetatev'abOUt'J"'

;.butyl' acryl ate, about 20 to 25 percent by 5 v el-oat 6).

£ by e Hs : yl hexyl.” mal eat &= di
5 percent. bY_'V\mliimﬁeetHasBeenFlépiﬁfsd_ezgé’.lhygrgxyét_hw) T socyanur at e

a

15 to 2 nt oy /droxyet hyl) Iso "
e ot SN 0 gy

i ve has a gl &ss

cent by wei ght neth e |
nor el | y 2 ¢ oucn 2 vay halne adh‘gr‘]’C,* gi ving a good PO

rmal |y adjusted in . . such.a e ad
- hormal Iy adj ust tenperature |ess than about. - 20{ o2y

transition. - petat rog tegperature and- ated o
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e 1 Shteutl ™ hrebatt i esnanyveen < o a8
_pol yrers, |

monomers:

I S e ymer comprises; ona
. polymerized basis: and basad on the tetal _we-ight"--ot_.tha'_

o (a)  at ‘least of fané-.a1xyx=-ga;yigfg,jj;

- containing from abeut 4 te 'a_bo'u_i';f;z_carpon- atoms in the =

‘alkyl group, '-'_th_oi._':tbt'al' amount of alkyl acrylate present

.  being from about 35 o about 95 percent by veight of
‘the mononmers; and Pprefierz ST TR

B grom o to 35 ‘parcent by.veignt of the

foTohers Of at least one vinyl ester containing from 3

: ~. to about 16 carben atoms zzb the' hlk}fl : group of the

. ester; Qld : wkf

(€ tiom 5.t 3Bout 30 percent by weight o -

" carbon at'oms_'ir:ld-:'w Mg P

(@) an alkyl methacrylate containing from 1 .

. 'to about s ‘carbon atous and Present in an ‘amount fyop

S 0 up to -about 10 percent by weight of the nonomers; and
R W%&g (£ at least one reactive multifunctionas =
DT .~ TWonomer having at least two acrylate or -':mi;haC'rylatdj

' groups and a

: _-'_*_t_o‘tal at_nouht' of _nid';t’itur}ét-iona‘l- fm_onomo‘: _present being
~ from 0.1 ‘to about 1. percent: by"__wéi'g'hi:'-;_o_"t the monomers o
’fo‘rheq -_in".. the -pnse’nc_e‘-“'b_t_ L

| .-a’md__ said _ pol?ne’r hing '.
 reactive surfactant. .

i A PreSmesensitive tbesive poimer as
claimed in any One’of the "'p:_ev_iéusi claims inh which the

alkyl acrylate s a mixture ef 2-ethylhexyl ',ngla;.--._, |

and butyl é_e‘rvlage'". R

oL ym

T e em——— —————————— WVET :OT. 986

cyanurate or phds'phat'a_' :ﬁnctionanty, the .



far instance, Tﬂi@%ﬁeeﬂ{@%@ﬂ{eﬁlmmsmlon tenperature range of only 10 to

15[ érr]C. _ Depe Em u m r| zation 20 = conditions, wTopotyners

showing “two di transition tenperatures,
erred gel caonfent or percent ins m&l ﬁfﬂl"&"ll"”“l

observed.
in excess of 60..percent by wei ght which provides

cohesive strength and high performance. In 25 this regard gel
represents the anount polyng,rre\g{gm—b-sensniv@ |amebmbée polymer as

t et rahydr of uran expreSs sed i.n percent e n y the
menbrane gel parti€laimed in "‘mﬁ"l‘ﬁlﬂ%ﬂ ré E E lgOEI’tﬁ %‘60%(?800
miligrans of  read@fveerserfactintd phs yne¢1¢Q$Qﬂe| Jrom ofth® a FRYR por e
30 menbrane di sk _of 5 ‘g’l-‘gé %@ggaﬁpﬂr,pf‘#ysuffgﬁagé nd 8odium styhsaie -

seal ed and transf eFPRET SCi R at1 o Aoyt 20 | |J iters
of tetrahydrof ur ansulfoniafeel and present in an amount up to percen

weight based on the total weight of the monomers ,dﬁ |

Preferably, | - |
okained—in—cteim9—tn-whiolfthe reactive surfactant is
present in an amount of 0.1 to about 0.25 percent by
weight of the total monomers. _ ,

é M. A pressure-sensitive adhesive as claimed in
any one of the previous claims in which the polymer is
formed in the presence of a cham transfer. agent, qe' "\.
prefern ¥ b

“ﬁdﬁthe chain transfer agent is n-dodecyl
mercaptan, W ?’E&r Oﬁh

Wthe chain transfer agent is

present in an amount up to about 0.025 percent by
weight of the monomers.

, 7. A method for producing 'inherently tacky
pressure sensitive adhesive polymers, comprising the

steps of:
emulsion polymerisation of

(i) on a percent by weight

basis from about 35 to about 95 percent by weight total
monomers of at least one soft monomer preferably an
alkyl acrylate or vinate containing about 4 to about 12
carbon atoms in the alkyl group and which have a glass
transition temperature (Tg) of less than -25°C.
'Prefez;ably, a mixture of alkyl acrylates are e~ployed
_with the total alkyl acrylate concentration, in.an
amount of from about 35 to 60 more preferably 40 to
about 50 percent by weight of t_:he monomers. Useful



vial and the VT‘arI—‘l—S‘TUt‘at—ed”Un—a shaker for 16 t'o 24 hours. The

staltd disk is fhg%i;ee[ﬁg%\égnq{e‘im@eﬁhed with 35 t etrahydrofuran, and dried

R T T TSR RN i T T

exposure to
-9- . -23-
' alkyl acrylates include n-butyl acrylaf.e, 2-ethylhexyl
-acrylate, isooctyl acrylate and the like, with a
mixture 2-ethylhexyl acrylate and butyl acrylate being

preferred, Md PMB '

(ii) about 0 to about 30 percent by

weight based on the total wveight of the monomers
prgferably; from S to about 30 percent by weight of the
noncfngg'“ €ach ester group of ‘the diester of the
dicarboxylic acid independently contains from about 4
to about 12, preferabdly from about 8 to about 12 carbon
atoms ,o»l'rhe preferred diesters are di-2-ethylhexyl -
maleate, di-2-ethylhexyl fumarate and mixtures thereofl.
(iii) hard monomers with a glass transition
temperature greater than 0°C, such as vinyl
esters, carboxylic acids and methacrylates, Jhee Eha
Vinyl esters may be present in a total amount of
from about 0 to about 35 percent by weight, preferably
from about 20 to about 25 percent by weight based on
total weight of the monomers, said vinyl esters
containing from 2 to about 16 carbon atoms in the alkyl '
group of the estet,anpresentative of the vinyl esters
include vinyl acetate, vinyl Dbutyrate, vinyl
proﬁi.onatc, vinyl isobutyrate, vinyl valerate, vinyl
versitate, and the likey G / oY - )

ihe inclusion of one or more unsaturated carboxylic\
acids containing from about 3 to about $ carbon atoms

whﬂﬂ?-m {he unsaturated carboxylic acids E.:_e]Mﬂj be
provided in a positive amount of up to about 10 percent
by weight of the poalger, preferadbly from 1 to about S
percent by weight, /~ The unsaturated carboxylic acids
.include, among others, acrylic acid, methacrylic acid,
itaconic acid, and the like, LAcrylic acid, methacrylic
acid, and more preferably mixtures thereof, are

Presently preferred; omd /0" He



1. weighed and the _insol ubI e portlon of the pol yrrer OW
(b x 1

the*equat i on: This Shee “ﬁ%ol ubl e :! % gel
a’ »" wherein

i el o my

pplyrrer
nenbr ane bef ore tetrahydrofuran : -24-
c = pol ymer plus nenbrane remaini ng after

t et rahydrof uran tregat nent. which may be use_d to
devel op 15  crosd€emelsin Byd ifdluioniod an

alkyl methacrylate containing froa 1 to about 8 carbon
atoms .in the alkyl group and present in an amnount of
.from 0 to 10 percent by weight of the monomeg/m[ Methyl
methacrylate is presently preferred,

CI her ai ds

(iv) and preferably a reactive
surfactant which polymé.ri_zes during formation of the
' polymer and becomes an integral part of the polymer.
Preferred reactive surfactants include anionic vinyl
functional monomers such as sodium vm 1 sulfonate and
sodium styrene sulfonate and the uke,L_ e reactive
surfactant is present as part of the total surfactant
systenm and 'in an amount up to about 0.4 percent by
weight '_of the total monomers, preferably about 0.1 to
about 0.25 percent by weighty

-(v) - a reactive multifunctional monomer which is an acrylate

and/or methacrylate having a cyanurate or phosphate
- moiety and Present in an amount of from 0.i to about 1
percent by weight of the monomers s éund the

presently preferred -
multi-functional RoOnomers aTre
tris-( 2~-hydroxyethyl) i isocyanurate triacrylate and
bis- (nethactyloxyethyl) phosphate.
8. The method of claim 7, wherein reaction

éemperatures rang&q from 70 to about 85°C in the
pPresence of from about 0.5 to about 1 percent by
weight, based on thé weight of the monomers, of a
persulfate or equivalent catalyst, with the monomer mix
bezng fed over a period of about 4 to .about S houts,a,.nl
Reaction pH is from about 2.5 to about 7.0.
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EMULSION PRESSURE-~SENSITIVE ADHESIVE POLYMERS
EXHIBITING EXCELLENT GUILLOTINE PERFORMANCE

vention

The present invention relates to acrylic'
polymers which are formed by emulsion polymerization
and as formed, are inherently tacky and functional as
pressure-sensitive adhesives. More particﬁlarly, the
adhesives of the instant invention have excellent
guillotinibility, room- and elevated-temperature

ac ound of the

-adhesive performance,and provide an ecologically safe

replacement for solvent adhesives and other acrylic-
and rubber-based emulsion adhesives.

Guillotinability is a critical requirement in
film applications where pressure~-sensitive adhesive
(PSA) coated products are cut into sheet stock. During
the process of guillotining it is expected that the

‘adhesive will not build on the blades so ‘that

subsequent cutting is not affected and the cut sheets
separate individually without sticking together.
Solvent adhesives are commonly used in such
applications due to the performance bhenefits they
offer. Environmental constraints imposed on the use of
solvents has caused the PSA industry to move away from
solvent systems. The best alternative to day is the
water borne adhesive technology due to adhesive user
friendliness and the cost advantages. Obtaining high



to the reactor,

and the rest is added along with the bal RE%’WET

during polynerization over a period of fromabout 4 to apout

hour s.

For the polyner to be free from coagul um and to naintain |fV7EEBFQ97
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performance from water borne adhesive systems is the
major task which the PSA industry is facing.

In terms of the instant invention U.S. Patents Nos.
4,507,429, 4,694,056, and 4,725,639 to Lenney, and
assigned to Air Products, 1Inc., pertain to a
pressure-sensitive adhesive compdsitions and disclose
increasing cohesive strength by use of polyfunctional
monomers which include polyvinyl and polyallyl
compounds including triallyl isocyanurate. Product
glass transition temperature may be as high as -15°c,
limiting utility at reduced temperature.

We have sought to provide pressure-sensitive
adhesives of improved properties which have broad.
utility including excellent guillotiﬁability.

a of the entio

According to the present invention, there is
provided inherently tacky acrylic emulsion adhesive
polymers which exhibit excellent guillotinability and
have excellent adhesion to a wide variety of surfaces
ranging from polar, relatively high energy surfaces
such as stainless steel to nonpolar, relatively low
energy surfaces such as polyethylene and to
difficult-to-bond surfaces such as corrugated board.
Moreover, cohesion and adhesion at room and elevated
temperatures is excellent and, when part of a laminate
stock such as pressure-sensitive adhesive label stock,
provides excellent high-sbeed converting
characteristics such as die cutting, matrix stripping
and fan folding. Superior properties are obtained even

. at lower-than-normal coat weights. In sum, the

adhesive polymers are broad-based and serve to replace

‘many solvent-based adhesives on an ecologically safe

basis as well as many emulsion-based adhesives, thus
serving a variety of markets.

The inherently tacky, emulsion pressure-sensitive
adhesive polymers of the instant invention comprise, on
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bi car bonat e and sodi um acetate, typically in anbunts up to 0.3
percent by wei ght based on the weight of the . nononer. 5 ~ The
stabilizer system used during pol ynerization contains a conbination
of ani‘oni ¢ and noni onic " surfactants present in an anmount up to about
3.5 percent by wei ght based on the aai ght of the nononers. A
suitabl e anionic surfactant is the sodiumsalt of an 10 et hoxyl at ed

nonyl phenol  sul # aPelymenized bagis abhd based onmnthei tosalf waighet ofs
ethoxyl at ed nonytpé@eglymer HiCat leas®Sie '3t uEnheP 'HFAd @S ghisdC! €ved

by mai ntaining transition of less than -25°C. Preferably the soft

monomer is an alkyl acrylate containing from about 4 to

5 about 12 carbon atoms in the alkyl group, most
preferably a mixture of 2-ethylhexyl acrylate and butyl
acrylate. The total of the soft monomers are present
in an amount of from about 35 to about 95 percent by
weight of the polymer.

10 The polymer contains at least one hard monomer
having a glass transition temperature greater than 0°C
and preferably further includes a soft diester monomer
such as maleates and fumarates.

The emulsion polymers of this invention are formed

15 in tpe presence about 0.1 to about 1 percent of a
multifunctional monomer having a cyanurate or phosphate
functionality with tris(2-hydroxyethyl) isocyanurate
triacrylate and bis(methacryloxyethyl) phosphate
presently preferred. The enulsion polymers of the

20 invention are high performance polymers - preferably
having a gel content in excess of about 60 percent by
weight of the polymer.

The emulsion adhesive polymers of the instant
invention are preferably prepared using a reactive

25 surfactant which polymerizes and becomes part of the
emulsion polymer and which has been observed to enhance
cohesive strength and aid in copolymerization of the
monomers in forming the emulsion pressure-sensitive
adhesive polymers of the instant invention. The amount

30 of reactive surfactant employed in the preparation of
the emulsion pressure-sensitive adhesives of the
present invention is a positive amount up to about 0.4
percent by weight of the total monomers, preferably
from about 0.1 to about 0.25 percent by weight. The

35 preferred reactive surfactants are anionic vinyl
functional surfactants, such as sodium vinyl sulfonate

d sodi €3 1fonate. ——
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the anionic to nonionic surfactant rati o approxi mately 3to 1l 15

Pol yners of the instant invention are produced at hi gh solids | evel
content, typically about 50 to about 70 percent by weight. React i on
is carried out at tenperatures from70 to 85[err]Cwith an initial
char ge of up to about 10 percent by weight of the total nononers, 20
with the bal ance of the nononers being &4ded to the emul si on
reaction system ovgl, aeuﬂﬁféi%qx gﬁh
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weight, based on the weight of the monomers, of a
persulfate or equivalent catalyst, with the monomer mix
being fed over a period of about 4 to about 5 hours.
Reaction pH is from about 2.5 to about 7.0. Conversion
is high, approaching 100 percent at the reaction
conditions set forth above.

The use of the multifunctional monomers of this
invention having cyanurate or phosphate moieties give
a significant improvement in cohesive strength without
much loss of peel and tack. The multifungtional
monomers may be used with or without a chain transfer

"agent, and cross-linking agents, e.g. metal salts such

as aluminum acetate. It has been found that
copolymerizing multifunctional acrylate ‘monomers
without said moieties are not effective in improving
guillotinability and elevated temperature perforﬁance.

The present invention provides low cost water borne
pressure~sensitive adhesives which exhibit high
guillotinability and excellent adhesive performance' at
room temperature and after elevated temperature aging.
The multifunctional monomers used in this invention
provide hydrogen bonding with functional groups such as
carboxy 'groupz_s and enhance adhesion to polar substrates
without affecting peel and tack. Shear performance is
further enhanced by metal cross-linking. This creates

a highly cohesive net work which enhances guillotine
performance.

Datailed Descriptjon

The present invention relates to pressure-sensitive
adhesive compositions based on emulsion polymers which
provide excellent processability including
guillotinability and high adhesion and high tack to
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Al t hough not required, it is also feasible to nodify 7 1”““}@% '
by theguse of tgckifiers and the like. 30 For gener al g@QﬁEﬁﬁeghéﬁf
applications, it is desirable to have good adhesi ¢njto both

hydr ophobi ¢ substrates such as pol yet hyl ene and hydfoph?IFES 1997
substrates such as stainl ess steel and di ffigult-to-bond

recycl ed corrugated board. Prior -t acrylic polyfers do not

have good adhesion to such substrates unless they are nodi fied by
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sufficient to make them useful for replacing solvent
polymers, tackified styrene~-butadiene emulsion
pressure-sensitive adhesives, and nontackified and
tackified acrylic pressure-sensitive adhesives. An

- improvement exhibited over tackified styrene-butadiene

resin adhesives include better aging and no edge ooze
or bleed as part of a release liner adhesive face stock
laminate. 1In addition, being functional as a single
polymer, there is a minimal or no need for compounding
and tackification. The improved performance
characteristics of the adhesive of the instant
invention enable them to be used on almost any
available face stock. Properties induced in the
adhesive by proper selection of monomers and
surfactants give excellent moisture resistance.

As compared to prior art acrylic pressure-~sensitive
adhesives which do not give good adhesion to nonpolar
surfaces, such as polyolefins and certain other
surfaces such as recycled corrugated boafd, without
tackification with attendant sacrifice in cohesive
strength and elevated-temperature performance, the
adhesives prepared in accordance with the 1nstaﬁt
invention have excellent adhesion to both polyolefins
and corrugated board and good elevated-temperature
performance. The adhesives are more universal in their
use, a result not heretofore achieved in single pdlYmer
adhesives. '

The emulsion based pressure-sensitive adhesives of
the instant invention contain, on a percent by weight
basis from about 35 to about 95 percent by weight total
monomers of at least one soft monomer preferably an
alkyl acrylate or vinate containing about 4 to about 12
carbon atoms in the alkyl group and which have a glass
transition temperature (Tg) of 1less than -25°C.
Preferably, a mixture of alkyl acrylatesr are employed
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effectively used to tailor adhesion to a substrate.
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amount of from about 35 to 60 more preferably 40 to
about 50 percent by weight of the monomers. Useful
alkyl acrylates include n-butyl acrylate, 2-ethylhexyl
acrylate, isooctyl acrylate and the 1like, with a
mixture 2-ethylhexyl acrylate and butyl acrylate being
preferred; These are "“soft monomers" because of low
glass transition temperature. Other soft monomers

of the instant invention are one or more diesters of a

dicarboxylic acid and mixtures thereof, ﬁresent in a
total amount of from about 0 to about 30 percent by
weight based on the total weight of the monomers
preferably from 5 to about 30 percent by weight of the
monomers. Each ester group of the diester of the
dicarboxylic acid independently contains from about 4
to about 12, preferably from about 8 to about 12 carbon
atoms. The preferred diesters are di-2-ethylhexyl
maleate, di-2-ethylhexyl fumarate and mixtures thereof.
The diester monomers improve tack and overall adhesive
properties. . .

The balance of the monomers are “hard monomers"
having a Tg greater than about 0°C. They include vinyl

- esters, carboxylic acids and methacrylates.

25

30

Vinyl esters may be present in a total amount of
from about 0 to about 35 percent by weight, preferably
from about 20 to about 25 percent by weight based on
total weight of the monomers, said vinyl esters
containing from 2 to about 16 carbon atoms in the alkyl
group of the ester. Representative of the vinyl esters
include vinyl acetate, vinyl |Dbutyrate, vinyl

~ propionate, vinyl iscbﬁty:ate. vinyl valerate, vinyl

35

versitate, and the like. Vinyl acetate'is preferred.
The vinyl esters aid in the copolymerization of maleate
and fumarate monomers and enhance cohesive strength and
peel adhesion.

The inclusion of one or more unsaturated carboxylic
acids containing from about 3 to about 5 carbon atoms
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previdedsitva positive amount of up to about 10 percent
by weight of the polymer, preferably from 1 to about S
percent by weight. The unsaturated carboxylic acids
include, among others, acrylic acid, methacrylic acid,
itaconic acid, and the like. Acrylic acid, methacrylic
acid, and more preferably mnixtures thereof, are
presently preferred.

Cohesive strength may be enhanced by inclusion of an
alkyl methacrylate containing from 1 to about 8 carbon
atoms in the alkyl group and preseht in an amount of
from 0 to 10 percent by weight of the monomers. Methyl
methacrylate is presently preferred. '

The emulsion adhesives of the instant invention are
preferably prepared in the presence of a reactive
surfactant which polymerizes during formation of the
polymer and becomes an integral part of the polymer.
Preferred reactive surfactants include anionic vinyl
functional monomers such as sodium vinyl sulfonate and
sodium styrene sulforiate and the like. The reactive
surfactant is pfesent as part of the total surfactant
system and in an amount up to about 0.4 percent by
weight of the total monomers, preferably about 0.1 to
about 0.25 percent by weight. '

An essential component of the instant invention is
a reactive multifunctional monomer which is an acrylate
and/or methacrylate having a cyanurate or phosphate
moiety and present in an amount of from 0.1 to about 1
percent by weight of the monomers. The multifunctional
monomers improve guillotinability without adversely
affecting adhesive properties. The presently preferred
multi-functional monomers are
tris-(2-hydroxyethyl) isocyanurate triacrylate and
bis-(methacryloxyethyl) phosphate. .

to the
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25  Accordingly, when nultifunctional nononmers are used, they are
added. in an anount that yields an adhesive that is
pressure-sensitive, i.e., the glass transition tenperature is
sufficiently low as to enable use as a PSA. 30 To mai ntai n good

bal ante of peel
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and tb?r %&% %utyl acrylate, about 20 to 25 percent by

weight vinyl acetate, about 15 to 25 percent by weight
di-2~-ethylhexyl maleate (dioctyl maleate), about 0.5
percent by weight tris-(2-hydroxyethyl) isocyanurate
triacrylate, about 2 percent by weight acrylic acid,
and about 2 percent by weight methacrylic acid.

The monomer proportions are normally adjusted in
such a way that the adhesive has a glass transition
temperature less than about =-20°C, giving a good
balance of adhesion and tack at room temperature and
elevated temperatures. The emulsion polymers of this
invention have a very broad glass transition
temperature range of from. 15 tg 30°C, which is unusual
among acrylic poiymers. Conventional acrylic polymers,
for instance, have a glass transition temperature range
of only 10 to 15°C. Depending on polymerization
conditions, copolymers showing two distinct glass
transition temperatures, have been observed.

The preferred gel content or percent insolubles are
in excess of 60 percent by weight which provides
excellent cohesive strength and high performance. In
this regard, gel represents the amount of polymer which
is insoluble in tetrahydrofuran expressed in percent by
weight and determined by the membrane gel partitioning
method. In this method, about 600 to 800 milligrams of
100 percent solid polymer is weighed onto a millipore
nembrane disk of 5 micrometer porosity. The disk is
heat sealed and transferred to a scintillation vial.
About 20 milliliters of tetrahydrofuran is added to the
vial and the vial is rotated on a shaker for 16 to 24
hours. The sealed disk is then removed, washed with
tetrahydrofuran, and dried first by placing it on a
Whatman No. 1 filter paper, followed by exposure to
100°C in the oven for a few hours. The dried disk is
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substrates which will be detrinental to the product
-9-

weighed and the insoluble portion of the polymer
determined by the equation:

Per cent insoluble = (b - c) x 100 = § gel
a

wherein

a = total weight of 100 percent solids
polyner _ )

b = the weight of the polymer plus
membrane before tetrahydrofuran
treatment

c = polymer plus membrane remaining after
tetrahydrofuran treatment.

Other aids which may be wused to dévelop
cross-linking include <thermal cross-linking and
cross-linking by actinic and electron beam radiation.

The polymers of the instant invention are prepared
by emulsion polymerization under conditions of
agitgtion_in an autogenous atmosphere in the presence
of - suitable polymerization initiators such as
peroxydisulfate and peroxides. Depending on desired
polymer properties including gel content, the preferred
levels of these initiators are in the range of from
about 0.5 to about 1.0 percent by weight based on the
total weight of the monomers. The presently preferred
initiators are potassium persulfate, t-butyl hydrogen
peroxide, and the like. Level of agitation will vary
depending on the system and will influence conversion.
Typically, about 30 to S50 percent of the total
initiator is added along with an initial monomer charge
to the reactor, and the rest is added along with the
balance monomers during polymerization over a period of
from about 4 to about § hours. For the polymer to be
free from coagulum and to maintain grit levels less
than 20 ppm, it is desirable to maintain the pH of the
emulsion during polymerization between from about 2 to
about 4, preferably from about 2.5 to about 4. This

by

adhesi on
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application. Alum num acetate, if present, is normally present in an
anount up to about 0.25 percent by wei ght of the nononers. 10
Exanples 1 to 4 and Controls 1 and 2 To a one liter reactor

equi pped with a reflux condenser, a thernocouple, a pitched turbine
agitator and a nitrogen inlet tube, there was charged a solution

containing 75 g
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of deionized water, 2.5 g8t sodium 15 vi nyl sul fonate

' ' d 0,3 f i oni
Surt act ant 1 Pol ek bE"gohieV@AhY BBE, noe  or biPedra st a5 RoRirBNenol
sul fate - nakicacbonate And sepdupacntake, tpicalily Gn amounts up
nonomer nix constetiong Qerkéntd by weifhty|ded on the weight of the

nmnonomer. '

The stabilizer system used during polymerization
contains a combination of anionic and nonionic
surfactants present in an amount up to about 3.5
percent by weight based on the weight of the monomers.
A suitable anionic surfactant is the sodium salt of an
ethoxylated nonylphenol sulfate, and a suitable
nonionic surfactant is ethoxylated nonylphenol. The
best balance of properties is achieved by maintaining
the anionic to nonionic surfactant ratio approximately
3 to 1.

Polymers of the instant invention are produced at
high solids level content, typically about 50 to about
70 percent by weight. Reaction is carried out at
temperatures from 70 to 85°C with an initial charge of
up to about 10 percent by weight of the total wonomers,
with the balance of the monomers being added to the
emulsion reaction system over a period of about 4 to
about 5 hours, with total monomer conversion
approaching 100 percent. | .

It is possible to.modify the rheology of the polymer
for coating purposes by use of conventional thickeners
such as SCT-270 manufactured and sold by Union Carbide
and present in an amount up to 0.2 percent by weight.
Although not required, it is also feasible to modify
the properties by the use of tackifiers and the like.
For general purpose applications, it is desirable to
have good adhesion to both hydrophobic substrates such
as -polyethylené and hydrophilic substrates such as
stainless steel and difficult-to~bond recycled
corrugated board. Prior art acrylic polymers do not
have good adhesion to such substrates unless they are
modified by addition of a tackifier. This is not
required using the pressure-sensitive adhesive polymer
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20 acrylate, 75 grans of butyl acrylate, 125 g of di-

mal eate, 105 g of vinyl acetate, 5 g of acrylic acid, § ¢
met hacrylic acid and 2.25 g of tris (2-hydroxy-ethyl)
added to 117.6 g of water containing 43.6 g of Polyste

25 g of Polystep F-9 and agitated to nmake a pre-enul sion.

react or charge was heated under nitrogerrilg 72-75[err]|C
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polymers with high shear performance even at elevated
temperature with little or no detriment in peel and
tack adhesion which can be used to replace high cost
solvent acrylic ‘polymers used in f£ilm applications.
The di-2 ethylhexyl maleate in the composition provides
tackiness to the adhesive and allows the ‘use of wvinyl
acetate which provides good peel adhesion without the
use of high levels of acid monomer which tends to
reduce tack. '

The presence of the multifunctional monomer in the
copolymer itself provides some improvement in shear
performance which may not be sufficient for high
performance film applications. Further cross-linking
by complex formation with metal salts dramatically
ennaaces the shear in excess of 10,000 min. Elevated
te-verature (70°C) shear is also greatly improved, with
performance of the emulsion polymers being equivalent
to solvent acrylic polymers. Adding multifunctional

.monomers to the copolymer may alter the gel content

25
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and/or glass transition temperature of the adhesive.
AcCOrding_ly, when multifunctional monomers are used,
they are added in an amount that yields an adhesive
that is pressure-sensitive, i.e., the glass transition
temperature is sufficiently low as to enable use as a
PSA.

To maintain good balance of peel and tack with high
shear it may be desirable to lower the molecular weight

‘'of the polymer by the use of chain transfer agents such

as n~dodecyl mercaptan(n-DDM) and to use higher levels
of initiator than what is commonly used. An optimum
level of n-DDM in this invention is up to about 0.025
percent by weight of the monomers, preferably about
0.005 to about 0.01 percent by weight, and to employ a



35 acrylic acid and 0.025 gm n-DDM After th
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pre-enul sion and a 2. 07% aqueous sol ution of
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1 level of initiator of about 0.6 to about 0.7%5 percent

by weight based on the weight of the monomer
composition. Amounts exceeding these levels can result
in cohesive failure in peel adhesion on certain
S substrates which will be detrimental to the product
application. Aluminum acetate, if present, is normally

present in an amount up to about 0.25 percent by weight
of the monomers.

10 Examples 3 to 4 and Controls 1 and 2
To a one liter reactor equipped with a reflux
condenser, a thermocouple, a pitched turbine agit;ator
and a nitrogen inlet tube, there was charged a solution
containing 75 g of deionized water, 2.5 g of sodium
15 vinyl sulfonate (25 percent w/w solution in water) and
0.36 g of an anionic surfactant (Polystep B-27, a
sodium salt of ethoxylated nonylphenol sulfate
manufactured and sold by Stepan Chemical Co.). A
monomer mix consisting of 175 g of 2-ethylhexyl
20 acrylate, 75 grains of butyl acrylate, 125 g of di-2
ethylhexyl maleate, 105 g of vinyl acetate, 5 g of
acrylic acid, 5 g of methacrylic acid and 2.25 g of
tris ( 2-hydroxy=-ethyl) isoyanurate was added to 117.6
g of water containing 43.6 g of Polystep B-27 and 6.37
25 g of Polystep F-9 and agitated to make a pre-emulsion.
The reaétor charge was heated under nitrogen to
72-75°C, to which was added 20.93 g of a 4.46 Ww/w
potassium persulfate solution in deionized water.
After a few minutes 66 grams of the pre-emulsified
30 monomer and 10.46 g of potassium persulfate solution
were added to the reactor over 20 to 30 minutes. To
the remaining pre-emulsion there was added a pre-mixed
solution containing 2.4 g water, 0.9 g; Polystep B-27,
0.13 g Polystep F-9, 5 g each of methacrylic acid and
35 acrylic acid and 0.025 gm. n-DDM. After the
temperature reached a steady state, the remaining
monomer pre-emulsion and a 2.07% agueous solution of



1 pot assi um persul fate buffered wi th sodi um bi carbonat e wer e

I ntroduced into the reactor at respective rates of 2.25 and 0. 275
g/mn. for a period of 270 - 280 m nut es. The reactor

tenperature was nmaintained 5 between 79 to 82[err]C. Thirty mnutes
after 'the feed, a 2.625 g 4.8% sol ution of potassium persulfate was
added and mai ntai ned for 45 m nut e3-A second sol ution of 2.625
g was agai_n added . and nalntalnﬁg for Once .t he

pol yneri zdti on REFASFHIP.PETSY aEBnPBgfgrﬁérgfﬁhls°d§ Q&FQRPQﬂﬂﬁqent
t enper at ur e neuwexlei intirodlatedninto £he reactor atphespetctive ﬁnﬁemmf

di schar ged. ThezDQ'sV”Eﬁdh&ﬂzvs [mn? eat\ﬂ%}#&st)f/lnbem omtted

-32[err] C ng t e above roc ure
t he polyners I|§F€U“Fﬁ'TabI$ ¢ vEFRC Femperature was maintained

between 79 to 82°C. Thirty minutes after the feed, a
2.625 g 4.8% solution of potassium persulfate was added
- and maintained for 45 minutes. A second solution of
2.625 g was again added and maintained for 45 minutes.
Once the polymerization was complete, the contents were
10 cooled to ambient temperature neutralized with ammonia
to a pH of 5.5 - 6.5 and discharged. The polymer had
58.9 percent solids, and ang of -32°C.

Using the above procedure with n-DDM' being omitted

the bolymers listed in Table 1 were prepared.
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SPITOS % oT3¢d JUDToA UOTITS0dU0S ISUOUSH —gtauexy S
3 .
T eTqel
T
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1 For Examples 10 to 18 the monomers of Examples 2 to
9 were polymerized except that the monomer composition
included 0.025 g of n-DDM as in Example 1.

Table 2 shows the guillotine performance of the

S emulsion polymer of Example 1 and some polymers from
Table 1. The polymers were coated on a release liner
at a coat ﬁeight of 22-24 g/sqm and then laminated to
60 pdund per ream litho paper. 100 sheets measuring
2.5 mm x 200 mm were then cut using the guillotine

10 press. As can be seen, from Table 2 most of the
polymers show excellent guillotine performance. The
lowest rating is very good indicative of the fact that
these compositions will perform well on the guillotine
press for sheeting of PSA constructions.

15
Table 2
Guillotine Performance
Example Rating' Blade Smear?
20 Ex 1 1.5 1.5
Ex 1, plus 0.06% Al acetate 1-1.5 1-1.5
Ex 2 ' 2 2
Ex 3 . 1-1.5 2
Ex 4 1.5 " 1.5
25 EX 5 1.5 1.5
Ex 6 . 1.5 1.5
lRat
1 = Excellent
2 = Very Good P {
4 = Fair P ;
5 = Poor P17 ;
6 = Very Poor o i
Smear is the adhesive e }

spread on the guillotined - T
15 stack of labels.



!9 were pol ynerized except that the nonomer conposition I ncl uded 0.025
g of n-DDM as in Exanple 1. Table 2 shows the guillotine

per formance of the 5 enul si on pol yner of Exanple 1 and sone pol yners
from Table 1. The polyners were coated on a release liner at a
coat -wei ght of 22-24 g/sgmand then lam nated to 60 pound per ream
litho paper. 100 sheets neasuring 216~-mm x 200 nm were then cut using
the guillotine 10 press. As can be seen, from Table 2 npst of the

pol ymers sHow excel | eabdgi 3| Showe sbef afherive peEformance iii&ialdying s
very good indi catande aftdihadiag dthato°C for tdms aresiiwmd tthvee wddksper form’

'%Ib: e D the gui Tl QIJHP the sad¥ SadhddYve’ ildtithctlioh>ass Uhd el ¥ 1°

Table 2. :

5 ’ Table 3
: Performance on Paper (Litho)

Loital —1Wk@%0°C IWsenC
Loop Loop Loop

10 : 90° Peel Tack RTS 90° Peel Tack RTS 90° Peel Tack RTS
Sample # N/m N/m Min.500g N/m N/m Min500g Nm N'm MinS)g
Exl 488pt 660 1660C - . 6430C

15 Ex 1 0.12%AA 480t 675  3200ps/c - . 8450ps
Ex2 354 574 4130psle 331t 520 6185C 40lpt 575 8600C
Ex 4 360p 600 6924C 30 S83 8000+  400pt S0 -

20 Ex$ 400pt 590 2350ps/c 383pt 640 - 360t 615 30004
Ex6 470pt 710 6000+  425pt . 660 ?“pft 425p 617 10,000+
Ex? 415 700 1600C  420pt ©  S70  2300C

25 Ex8 430t 700 133Gps 440pt 627 2400ps 420 655 -
Control 1 46Spt T30 6200C 433 68Sp 4GO0ps 438t 635 -
AA= Aluminum scelate
C = Cohesive failure
ps= Panel Stain

30 ° pt= Facestock Tear

RTS= Room Temperature Shear .

It is evident from Table 3 that aging improves the
shear performance without sacrificing the peel and tack
adhesion, a phenomenon which is unusual and unigque

35 since normally all pressure-sensitive adhesives tend to
loose adhesion properties on aging at elevated




Qui |l I oti ne Performance Exanpl e Rating' Bl ade

snearferr] 20 - Ex 1 1.5 1.5
Ex 1, plus 0.06% Al acetate 1-1.5 1-1.5 Ex 2
-2 2 Ex 3 1-1.5 2
Ex 4 - 1.5 1.5 25 Ex 5
1.5 1.5 Ex 6 -17- 1.5 1.5
1 = Excell ent '
1 temperatures, some drastically and some to a lesser

extent, especially when there is a shear improvement.
Table 4 illustrates the performance using 2 mil
mylar as the facestock, initially, as well as after
5 70°C aging. All the samples were coated on.mylar at a
coat weight of 25-30 g/sqm. Again it is apparent that
the .a;dhesion properties are not affecteii by aging
irrespective of the. facestock, whereas the aceto- -
acetoxy ethyl methacrylate (AAEMA) contajining polywmers
10 do show some adhesion loss on aging (Table 8 in U.S.
Application Serial No.393,970).

Table ¢
15 Performance Using Polyester (mylar) as facestock
180° Peel N/'m " Loop Tack N/m RTS 500g TCSex
;ux:ple# 20min. Iwk, @0°C  20min. iwk, @70°C 12x172" min,  1x1" min.
Ex1 395 355 370 395 3000+ - -

20 Ex10.12AA 320 390 420 435 10000+ |oooﬁ+
Ex3 450 445 5% 500 3225¢C .
Ex30.12AA 390 M5 50 550 10000+ ]

Ex 6 345 420 445 510 - -

25 Control 1 385 430 355 375 2350C -

The polymers of the present invention also exhibit
very high elevated temperature shear exceeding 10000+
ninutes showing its utility in high performance tapes

30 such as automotive tapes. The elevated temperature
shear was measured at 70°C using 1"x1" sample, with 24
hour dwell time, using a 1Kg load.

The adhesives of the present invention also show

25 very good mandrel performance to make them suitable for

pharmaceutical applications where solvent adhesives are
currently being used. Examples 1, 3,4 and 6 wvere

REPLACEMENT SHEET
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2 = Very Good 30 3 = Good 4 = Fair 5 Poor 6 =

Very Poor [err] Snear is the adhesive spread on the
guillotined 35 stack of | abels.
1 tested for mandrel on 0.25 inch diameter glass tube and

0.5 inch diameter poiyethylene rod. All the samples
gave a rating of 3.5-4 indicative_of very minimal lift
(<1/16 inch) and ‘the suitable applicability of the

S polymer on curved substrates.
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1

Tabl e 3 shows the adhesive performance Tnitial iy

Came adnesi ve constructi on as was used for - Tanie 2 |HIIIHI il ﬂﬂﬁl 1]
. * [ L *

Tabl e 3

Per f or mance on Paper (thhoj

=19=-
Cloums: An

1. E-u—.ﬂn—-ﬁotamu—-oa inherently tacky

' pressure-sensitive adhesive polymete-] Lby emulsion

polymerization of at least one sofw
m@’mﬁmﬁ%mﬁ‘“ﬁ“&ﬁgh&anuﬁ&“ &ﬁperature
less than about -25°C and at least one hard monomer
having a glass transition temperature greater than 0°C,
WMM—WWM
the presence of at least one reactive multifunctional
mohomer having at least two acrylate or methacrylate
groups and a cyanurate or phosphate functionality, said
multifunctional monomers being present in an amount of

from 0.1 to about 1 Eercent by weight of the mononmers,
uherew, pre b -

any—owe—Ur—tie previvus—cirime—irwirte] the reactive

multifunctional monomer is selected from the group

'~ consisting of tris(2-hydroxyethyl) isocyanurate

triacrylate, bis(meth_acryloxyethyl) phosphate and
mixtures thereof. ' '

2. An  inherently tacky., pressure-sensitive
adhesive polymer formed by emulsion polymerization as
claimed in' claim 1, which polymer comprises, on a
polymerized basis:

(a) at least of one alkyl acrylate
containing from about 4 to about 12 carbon atoms in the
alkyl group, the total amount of alkyl acrylate present
in an amount of from about 35 to about 95 percent by
weight of the monomers;

(b) at least one monomer selected from the
group consisting of:

(1) vinyl ester containing from 2 to
about 16 carbon atoms in the alkyl group of the ester,

cda&ned—hn-ayhom-ot-oh&nc-a_u_q—m-wh,eﬂ the vinyl

ester is-presént in a total amount of from about 20 to

about 25 percent by weight based on the total wﬁ@ml \/ENT Sf"EET

the monomers;

17 FEB 1997
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.hi (i) diesters of a dicarboxylic acid in
which each alkyl group of the diester independently
contains from about 4 to about 12 carbon atonms,

. -;rat_embg, - :

the
diester of the dicarboxylic acid is selected from. the

group consisting of di-z-ethylgzexyl maleate, di-2-
ethylhexyl fumarate, and mixtures thereof;

(11i) unsaturated carboxylic acids
containing from about 3 to about § carbon atoms, Pr*rqus

Wm-amm—mm

the
unsaturated carboxylic acid is present in an amount of

from about 2 to about $ percent by vweight of the total
monomers, ond ﬁl""’lﬁl’ pre ' .

: g the.
unsaturated carboxylic acid is selected from the group
consisting of acrylic acid, methacrylic acid, ‘and

mixtures t:hereot,‘

_ (iv) methacrylates containing from 1 to
about & carbon atoms in the alkyl groi;p and,
{c) at least one reactive multifunctional
monomer having at least two acrylate or methacrylate

qroups and a cyanurate or phesphate functionality, said
multifunctional monomer being present in an amount from

0.1 to about 1 percent by weight of the monomers.

REPLACEMENT SHEET
17 FEB 1997
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3. An inherently tacky, pressure-sensitive
adhesive polymer formed by emulsion polymerization as
claimed in claim 1 or 2, which polymer comprises, on a
polymerized basis and based on the total weight of the
MONoMers :

(a) at "least of onhe alkyl acrylates
containinq from about 4 to about 12 carbon atoms in the
glkyl group, the total amount of alkyl ac:ylate present
being from about 35 to about 95 percent by weight of
the monomers; Gid Waﬂg ' .

(b) from 0 to 35 percent by weight of the
monomers of at least one vinyl ester containing from 2
to about 16 carbon atoms in the alkyl group of the
estex; amd W WW :

(c) from 5.to about 30 percent by weight of
the monomers of a diester of a dicarboxylic acid in -
which each alkyl group of the diester independently
contains from about 8 to about 12 carbon atoms;Qn

‘N-ﬂ‘( trefearbly (4) positive ‘amount up to about 10 percent
by veight of the monomers of at least one unsaturated
carboxylic acid ‘containing from about 3 to about §
carbon atoms and; GAd

(e) an alkyl methacrylate gontaini.nq from 1
to abkout 8 carbon atoms and present in an amount from
0 up to -about 10 percent by weight of tlie monomers;

W mf‘l‘g (£) at least one reactive multifunctional
nonomer having at least two acrylate or methacrylate
groups and a cyanurate or phosphate functionality, the
total amount of multifunctional monomer present being
from 0.1 to about 1 percent by weight of tlie monomers
and said polymer being’ tomed in. the presence of a
reactive gurfactant. . .

4. A pressure~sensitive adhesive polymer as
claimed in any one of the previous claims in which the
alkyl acrylate is a mixture of 2-ethylhexyl acrylate
and butyl acrylate. '




ps= Panel St MFacestock Tear
Tenperature She

is evident from Table
i nproves the G“lul ‘L““Hmnumf ormance without sacrifici
tack ¥a hemonenon_whi ch i s unusual and juri qi
since normal Iy all '

_ Il pressure- sensi ti vE8%&dhesi ves tend to
adhesi on properties on aging at el evated

s A pressure-sensltive adhesive poiﬂ_g‘_._gsf

claimed in any—one—ef- clains 3 in which the
reactive surfactant {s selected from the group
consisting of sodium vlnyl sulfonate and sodium styrene
sulfonate and present in an amount up to 0.4 percent by
veight based on the total weight of the monomers ,ald

preferab l;q

€MMNMW
oiained—in—ciwim=s—in-wirioifj the reactive surfactant is

present in an amount of 0.1 to about 0.25 percent by
weight of the total monomers.

6 . A pressure-sensitive adhesive as claimed in
any one of the previous claims in which the polymer is

formed in the presence of a chain transfer agent, uiwau\
prefera

E——i-prassure-sensitive adhociiomas olbmrimed=in

dohu-ﬂ—l-mthe chain transfer agent is n-dodecyl
mercaptan, Fu.l'“\ef ?m&r cillj :

Er—tpressureTemETCIve—direnive—aomclainadin

aﬁnﬁe—w—ﬂw the chain transfer agent is

present in an amount up to about 0.025 percent by
weight of the monomers.

7. A method for producing inherently tacky )
pressure sensitive adhesive polymers comprisxng the "~ - -
steps of:

emulsion polymerisation of ' , j,' o
A L

(i) on a percent by weight f i TEE b
basis trom about 35 to about 95 percent by weiqht total '
monomers of at least one soft 'monomer preterabl.y an
alkyl acrylate or vinate containifig about 4 .to about 12
carbon atoms in the alkyl group a_né ,ﬁhfo’ff Heve §.9)ass [/
transition temperature (Tq) of less than <-25°C.
Preferably, a mixture of alkyl acrylates are e~ployed
with the total alkyl acrylate concentration, in an
amount of from about 15 to 60 more preferably 40 to
about S0 percent by weight ot the monomers. Useful



-17- 1 t enper at ur es, ~Sonme drasticattyand sone to a le

extent, especially when thqigm ILIpr ovenent .
illustrates the perfor mancalgmﬁulm Iliw, _nylar as the
c L .

ging. Al theyjshnples

sser

initially, as well as after r@
coated on nylar at a - coat weight--of 25-30 g/sgqm Agaign it1?§E§ﬂ |7en
t hat t he adhesion properties are not affected by aging

i rrespective of the facestock, wher ea®3the acet o- aqetoxy et hyl
nmet hacryl ate (AAEMA) cont ai ning pol yners

alkyl acrylates include n-butyl acrylate, 2-ethylhexyl
acrylate, isooctyl acrylate and the like, with a
mixture 2-ethylhexyl acrylate and butyl acrylate being

preferred, ond inb

(ii) about 0 to about 30 percent by !

weight based on the " total veight of the monomers
preferably from $ to about 30 percent by weight of the
not{onets J) w €ach ester group, of the diester of the
dicarboxylic acid 1ndependen{1y contains from about 4
to about 12, preferably from about 8 to about 12 carbon
atoms,aJThe preferted diesters are di-2-ethylhexyl
maleate, di-2-ethylhexyl fumarate and mixtures thereof ;
(iii) hard monomers with a glass transition
temperature greater than 0°C, such as vinyl
esters, carboxylic acids and methacrylates ) Whare the
vinyl esters may be present in a total amount of
from about 0 to about 35 percent by weight, preferably
from about 20 to about 25 percent by weight based on
total weight of the monomers, said vinyl esters
containing from 2 to about 16 carbon atoms in the alkyl
group of the estcr,’_nepresentative of the vinyl esters
include. vinyl acetate, vinyl butyrate, vinyl
propionate, vinyl isobutyrate, vinyl valerate, vinyl
versitate, and the lixey &~d fov

¢he inclusion of one or iore unsaturated carboxylic
acids containing from about 3 to about $§ carbon atoms

whare v the unsaturated carboxylic acids RErgjmyybe

provided in a positive amount of up to about 10 percent
by weight of the polyper, preferably from 1 to about S
percent by weight’ L The unsaturated carboxylic acids
include, among others, acrylic acid, methacrylic acigq,
itaconic acid, and the like, LAcrylic acid, methacrylic
acid, and more preferably mixtures thereof, are
Presently preferred; ond /0" tHe



10 do show sone adhesion |loss on aging (Table 8 in-US. . .
Appli.cation Serial No.393,970). Tabl e 4
15 Performance Using Pol yester (nylar) as face

180[err] Peel Nm Loop Tack NNm RTS 500g 70[er¢]

s{—eek\
T Tl Y ”‘l”-1“”‘37%er5,£§”|ﬂllﬂllﬂllllﬁllﬂ’1ﬁﬂﬂ Ex

10. 12AA 320 390 420 435 100Q8+ 10000+

Wuhbmﬂ-bﬂinclusion of an
alkyl methacrylate containing from 1 to about 8 carbon
atoms in the alkyl group and present in an amount of
from 0 to 10 percent by weight of the mononers/ L ethyl

- methacrylate is presently preterredl

(iv) and preferably a reactive

surfactant which polymerizes during formation of the
polywer and becomes an integral part of the polymer.
Preferred reactive surfactants include anionic vinyl
functional monomers such as sodium vin 1 sulfonate and
sodium styrene sulfonate and the uke L_‘fge reactive
surfactant is present as part of the total surfactant
system and in an amount up to about 0.4 percent by
weight of the total monomers, preferably about 0.1 to
about 0.25 percent by weightj

{v) - a reactive multifunctional monomer which is an acrylate

and/or methacrylate having a cyanurate or phospﬁate
moiety and present in an amount of from 0.1 to about 1
percent by weight of the monomers ’ éund Hpa,

. presently preferred -
multi-functional monomers are

trisc(z-hydroxyethyl) isocyanurate triacrylate and
bis- (methacryloxyethyl) phosphate.

8. The method of claim 7, wherein reaction

‘temperatures ra_ng@ from 70 to about 85°C in the
presence of from-about 0.5 to about 1 percent by
“weight, based on the weight of the monomers, of a
persulfate or equivalent catalyst, with the monomer mix
' 'being fed over a period of about 4 to about. 5 hours,a.d
Reaction PH i.s tron about 2.5 to about 7.0. .

REPLACEMENT SHEET
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EMULSION PRESSURE-SENSITIVE ADHESIVE POLYMERS
EXHIBITING EXCELLENT GUILLOTINE PERFORMANCE

Background of the Invention

The present invention relates to acrylic

polymers which are formed by emulsion polymerization
and as formed, are inherently tacky and functional as
pressure-sensitive adhesives. More particularly, the

adhesives of the instant invention have excellent '

guillotinability, room- and elevated-temperature
adhesive performance,and provide an ecologically safe
replacement for solvent adhesives and other acrylic-
and rubber-based emulsion adhesives.

Guillotinability is a critical requireuie_nt in
film - applications where pressure-sensitive adhesive
(PSA) coated products are cut into sheet stock. During
the process of guillotining it is expected that the
adhesive will not build on the blades so that
subsequent cutting is not affected and the cut sheets
separate individually without sticking together.
Solvent -adhesives are commonly wused in such
applications due to the performance benefits <they
offer. Environmental constraints imposed on the use of
solvents hais caused the PSA industry to move away from
solvent systems. The best alternative to day is the
water borne adhesive technology due to adhesive user
friendliness and the cost advantages. Obtaining high




ve?y good mandrel performance to make them suitable for
: pharmaceuti cal applications where sol vent adhesives are FﬁﬂqA&gﬂ¢ENHWSHEET
bei ng used. Exanples 1, 3,4 and 6 were 1 tlest ed for nandrql
on 0.25 inch dianeter glass tube and 0 9 APR 1697

performance from water borne adhesive systems is the
major task which the PSA industry is facing.

In terms of the instant invention U.S. Patents Nos.
4,507,429, 4,694,056, and 4,725,639 to Lenney,

and
5 assigned to Air Products, Inc.,

pertain to a
pressure-sensitive adhesive compositions and disclose

increasing cohesive strength by'use of polyfunctional
monomers which include polyvinyl and polyallyl
compounds including triallyl isocyanurate. Product
glass transition temperature may be as high as -15°C,
limiting utility at reduced temperature.

We have sought to provide

- 10

pressure-sensitive
adhesives of improved properties which have broad.

utility including excellent guillotinability.
15

gumma of the entio

According to the present invention, there is
provided inherently tacky acrylic emulsion adhesive
polymers which exhibit excellent guillotinability and
have excellent adhesion to a wide variety of surfaces

ranging from polar, relatively high energy surfaces
such as stainless steel to nonpolar,

20

relatively low
energy surfaces such as polyethylene and to
difficult-to-bond surfaces such as corrugated board.

25 Moreover, cohesion and adhesion at room and elevated

temperatures is excellent and, when part of a laminate
stock such as pressure-sensitive adhesive label stock,
provides excellent high-sﬁeed converting
characteristics such as die cutting, matrix stripping
30 and fan folding. Superior properties are obtained even
at lower-than~-normal coat weights. In sum, the
adhesive polymers are broad-based and serve to replace
many solvent-based adhesives on an ecologically safe
basis as well as many emulsion-based adhesives, thus

35 serving a variety of markets. _
The inherently tacky, emulsion pressure-sensitive
adhesive polymers of the instant invention comprise, on



0.§ inch di ameter polyethylene rod. Al the sanples

:3:5-4 indicative of very mniml |ift (<1/16 inch anﬂé S swtaale
applicability of the S pol ymer on curved substrat es. APR
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a polymerized basis and based on the total weight of
the polymer of at least one soft monomer having a glass
transition of less than =-25°C. Preferably the soft
monomer is an alkyl acrylate containing from about 4 to
about 12 carbon atoms in the alkyl group, most
preferably a mixture of 2-ethylhexyl acrylate and butyl
acrylate. The total of the soft monomers are present
in an amount of from about 35 to about 95 percent by
weight of the polymer. :

The polymer contains at least one hard monomer
having a glass transition temperature greater than 0°C
and preferably further includes a soft diester monomer
such as maleates and fumarates. '

The emulsion polymers of this invention are formed
in the presence about 0.1 to about 1 percent of a
multifunctional monomer having a cyanurate or phosphate
functionality with tris(2-hydroxyethyl) isocyanurate
triacrylate and bis(methacryloxyethyl) phosphate
presently preferred. ‘The emulsion polymers of the
invention are high performance polymers preferably
having a gel content in excess of about 60 percent by
weight of the polymer.

The emulsion adhesive polymers of the instant
invention are preferably prepared using a reactive
surfactant which polymerizes and becomes part of the
emulsion polymer and which has been observed to enhance
cohesive strength and aid in copolymerization of the
monomers in. forming the emulsion pressure-sensitive

- adhesive polymers of the instant invention. The amount

of reactive surfactant employed in the preparation of
the emulsion pressure-sensitive adhesives of the
present invention is a positive amount up to about 0.4
percent by weight of the total monomers, preferably
from about 0.1 to about 0.25 percent by weight. The
preferred reactive surfactants are anionic vinyl

functional surfactants, such as sodium vinyl sulfonate
and sodium styrene sulfonate.

|REPLACEMENT SHEET,




1.”  An inherently tacky pressure-sensitive adhesi v|
. emul sion polynerization of at |east one soft nonomer, '

acrylate or vinate, having a glass transition tenper at
-25[err] C and at | east one hard nononer having a gl ass |t arﬁQtApr@
tenperature greater than O[err]C,.in the presence of af

mul tifunctional nmonomer having at |east-juwo acrylate o
and a cyanurate or phosphate functionality, said nulti

bei ng présent in Theaemuhsionh ddhesives iof Mﬂnttpatcénwehyiom '
gglnggf(ra 3 fmﬁqr sén,pﬁﬁfé@bwthheei@mtéd@ BbhietE06hE 0 Eeaee?én' S

riacrylat e, bESERBEAEBFSRO KA “FRROITR cClndHiak (FBAC, Nl coRS
presence of from - about 0.5 ¢to about 1 percent by
weight, based on the weight of the monomers, Oof a
persulfate or equivalent catalyst, with the monomer mix
being fed over a period of about 4 to about 5 hours.

- Reaction pH is from about 2.5 to about 7.0. Conversion
is high, approaching 100 percent at the reaction
10 ‘conditions set forth above. .

| The use of the multifunctional monomers of this
invention having cyanurate or phosphate moieties give
a significant improvement in cohesive strength without
much loss of peel and tack. The multifunctional
monomers may be used with or without a chain transfer

"agent, and cross-linking agents, e.g. metal salts such
as aluminum acetate. It has been found that
copolymerizing multifunctional acrylate ‘monomers
without said moieties are not effective in improving
guillotinability and elevated temperature perforniance.

The present invention provides low cost water borne
pressure-sensitive adhesives which exhibit high
guillotinability and excellent adhesive perfomance' at
room temperature and after elevated temperature aging.
The multifunctional monomers used in this invention
provide hydrogen bonding with functional groups such as
carboxy 'groupe and enhance adhesion to polar substrates
without affecting peel and tack. Shear performance is
further enhanced by metal cross-linking. This creates

a highly cohesive net work which enhances guillotine
performance.

5

15
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30

The present invention relates to pressure-sensitive
adhesive compositions based on emulsion polymers which
provide excellent processability including

" guillotinability and high adhesion and high tack to

35



2.‘ An inherently tacky, pressure-sensitive adhesive pol _
<emul sion polynerization as clainmed in claim1, which polyne CE&E@W[ H%FT.
a polynerized basis: (a) at least one alkyl acryfaje comrarhg—""
fromabout 4 to about 12 carbon atons in the al kyl "group, the t@tgbp rmgunt
of alkyl acrylate present in an anount of from.about 35 to ut 199ént
by wei ght of the nononers; (Ysat |east one non ed.
fromthe group consisting of: .~ (i) vinyl egters containing
from 2 tolaboutPebarcantoposnnsnd ndifeich ky+tarisnd (ﬁuﬁdt@fatf&ker,, tb t-”'26 )
preferably the exb8¥ief€! YohlesiBhESCNirne" fafdlled eptjagout <7 -
to about 25 percgg%?gé me& ht Based on the tot€* mgBHE§ %FOPﬁgti noner s;
(ii) diesters oFu ?50 §|pe &cthep,ugeful for replacing solvent
polymers, tackified styrene-butadiene = emulsion
5 pressure-sensitive adhesives, and nontackified and
tackified acrylic p;essure-sensitive adhesives. An
improvement exhibited over tackified styrene-butadiene
resin adhesives include better aging and no edge ooze
or bleed as part of a release liner adhesive face stock
10 laminate. In addition, being functional as a single
polymer, there is a minimal or no need for compounding
and tackification. The improved performance
characteristics of the adhesive of the instant
invention enable them to be used on almost any
15 available face stock. Properties induced in the
adhesive by proper selection of monomers and
surfactants give excellent moisture resistance.
As compared to'prior art acrylic pressure-~sensitive
adhesives which do not give good adhesion to nonpolar
20 surfaces, such as polyolefins and cergain other
- surfaces such as recycled corrugated board, without
tackification with attendant sacrifice in cohesive
. strength and - elevated~temperature performance, the
adhesives prepared in accordance with the instant
25 invention have excellent adhesion to both polyolefins
and corrugated board and good elevated-temperature
performance. The adhesives are more universal in their

use, a result not heretofore achieved in single polymer
adhesives. '

30 The emulsion based pressure-sensitive adhesives of
the instant invention contain, on a percent by weight
basis from about 35 to about 95 percent by weight'total
monomers of at least one soft monomer preferably an
alkyl acrylate or vinate containing about 4 to about 12

3s -carbon atoms in the alkyl group and which have a glass

o transition temperature (Tg) of 1less than =-25°C.
Preferably, a mixture of alkyl acrylates:are e~ployed



each al kyl group of the diester independently contains frormEHbAﬁEﬂﬁﬂjbﬁ}[E4
; about 12 carbon atons, preferably the diester of the dicafb¢XyriTt—acre-rs

selected fromthe group consisting of di- 2-ethyl hexyl naleat
di - 2-et hyl hexyl fumarate, and m xtures thereof; %9 A(F?R i1397
unsaturated carboxylic acids containing fromabout 3 to abo

atons, preferably the unsaturated carxylic acid is prespnt in an anount
of from about 2 -to about 5 percent by weight of the total “onomers—and

1 with the total alkyl acrylate concentration, in an
amount of from about 35 to 60 more preferably 40 to
about 50 percent by weight of the monomers. - Useful
alkyl acrylates include n-butyl acrylate, 2-ethylhexyl

S acrylate, isooctyl acrylate and the 1like, with a
mixture 2-ethylhexyl acrylate and butyl acrylate being

preferred. These are "soft monomers" because of low
glass transition temperature.

Other soft monomers
of the instant invention are one or more diesters of a

dicarboxylic acid and mixtures thereof, present in a
total amount of from about 0 to about 30 percent by
weight based on the total weight of  the monomers
preferably from 5 to about 30 percent by weight of the
_MOoNnomers. Each ester group of the diester of the
dicarboxylic acid independently contains from about 4
to about 12, preferably from about 8 to about 12 carbon
atoms. The preferred diesters are di-2-ethylhexyl
maleate, di-2~-ethylhexyl fumarate and mixtures thereof.

The diester monomers improve tack and overall adhesive
20 properties.

10

15

The balance of the monomers are "“hard monomers"
having a Tg greater than about 0°C. They include vinyl
esters, carboxylic acids and methacrylates.

Vinyl esters may be present in a total amount of
from about 0 to about 35 percent by weight, preferably
from about 20 to about 25 percent by weight based on
total weight of the monomers, said vinyl esters
containing from 2 to about 16 carbon atoms in the alkyl
group of the ester. Representative of the vinyl esters
30 include vinyl acetate, vinyl butyrate, vinyl

propionate, vin,yl isobutyrate, vinyl valerate, vinyl
| versitate, and the like. Vinyl acetate is preferred.
The vinyl esters aid in the copolymerization'of maleate

and fumarate monomers and enhance cohesive strength and
35 peel adhesijion.

25

The inclusion of one or more unsaturated carboxylic
acids containing from about 3 to about 5 carbon atoms




\ _ _ REPLACE]
-20- further preferably the unsaturated carboxylic acid fro
.consisting of acrylic acid, methacrylic acid, and m Xxtures t

efeqf;
(i'v) nethacrylates containing from1l to about 8 carbon atonsji 1(:%;18 AﬂR(fﬁW

group and, (c) at |east one reactive multifunctionpl laononer

~GBUp -l

having at |east two acrylate or nethacrylate groups and a cypnurate or
phosphate functionality, said nultifunefieonal nononer bei ng

Pr osent
anount from0.1 to about 1 percent by weight of the nononers.

1 enhances cohesive strength, adhesion to polar surfaces
and stabilizes the particles formed during emulsion
polymerization. The unsaturated carboxylic acids are
provided in a positive amount of up to about 10 percent

5 by weight of the polymer, preferably from 1 to about S
percent by weight. The unsaturated carboxylic acids
include, among others, acrylic acid, methacrylic acid,
itaconic acid, and the like. Acrylic acid, methacrylic
acid, and more preferably mixtures thereof, are

10 presently preferred.

Cohesive strength may be enhanced by inclusion of an
alkyl methacrylate containing from 1 to about 8 carbon
atoms in the alkyl group and present in an amount of
from 0 to 10 percent by weight of the monomers. Methyl

15 methacrylate is presently preferred. o

The emulsion adhesives of the instant invention are
preferably prepared in the presence of a reactive
surfactant which polymerizes during formation of the
polymer and becomes an integral part of the polymer.

20 Preferred reactive surfactants include anionic vinyl
functional monomers such as sodium vinyl sulfonate and
sodium styrene sulfonate and the like. The reactive
surfactant is present as part of the total surfactant
system and in an amount up to about 0.4 percent by

25 - weight of the total monomers, preferably about 0.1 to
about 0.25 percent by weight.

An essential component of the instant invention is
a reactive multifunctional monomer which is an acrylate
and/or methacrylate having a cyanurate or phosphate

30 moiety and present in an amount of from 0.1 to about 1
percent by weight of the monomers. The multifunctional
monomers improve guillotinability without adversely
affecting adhesive properties. The presently preferred
multi-functional monomers are

3s tris-(2-hydroxyethyl) isocyanurate triacrylate and
bis-(methacryloxyethyl) phosphate.

; N ’
e & 2= N 8 I




3. An inherently tacky, pressure-sensitive adhesive pol LA(C‘EMENTQSHEET
_emul sion polynerization as clainmed in claim1 or 2, which ppl}ner

" conprises, on a polynerized basis and based on the total wejg tqumbge 9
nononers: (a) at |east one al kyl acryl ate cont ai ro bl?u? 4
to about 12 carbon atons in the al kyl group, the total anmount~of—a-eA
acrylate present being from about 35 to-about 95 percent by wei ght of the
nmononers; and preferabl . (b) fromO to 35 percent by wergnhtof

t he nonofers of a?rF§&§¥15neP¥Fﬁ9Fl‘e€t ePMUAFianni RGLYmERF2 EontAbN 16

carbon atons i exchasiviéybfofreaptibe tiienamérs, =buht 25 ke 3B peeeakty
(c) fromb5 toy

di carboxylic ac?églg?ig\g\gi g‘ﬁ“e%“%@ﬂ%&g%; Q?ﬁ{emgfes "ZF%T Rgggéﬁ iy 2

ently
cont ai ns from dMoWeight butyl acry{ate, about 20 to 25 percent by

S weight vinyl acetate, about 15 to 25.percent by weight
di-2-ethylhexyl maleate (dioctyl maleate), about 0.5
percent by weight tris-(2-hydroxyethyl) isocyanurate
triacrylate, about 2 percent by weight acrylic acid,

_ and about 2 percent by weight methacrylic acid.

10

The monomer proportions are normally adjusted in
such a way that the adhesive has a glass transition
- temperature less than about =20°C, giving a good
balance of adhesion and tack at room temperature and
elevated temperatures. The emulsion polymers of this

15 invention have a very broad glass transition
temperature range of from 15 to 30°C, which is unusual

| among acrylic polymers. Conventional acrylic polymers,
for instance, have a glass transition temperature range
of only "10 to 15°C. Depending on

polymerization
20 ~conditions,

copolymers showing two distinct glass
transition temperatures, have been observed.

The preferred gel content or percent insolubles are
in excess of 60 percent by weight which provides
excellent cohesive strength and high performance. 1In
this regard, gel represents the amount of polymer which
'is insoluble in tetrahydrofuran expressed in percent by
weight and determined by the membrane gel partitioning
method. In this method, about 600 to 800 milligrams of
100 percent solid polymer is weighed onto a millipore
30 membrane disk of 5 micrometer porosity. The disk is

heat sealed and transferred to a scintillation vial.
About 20 milliliters of tetrahydrofuran is added to the
vial and the vial is rotated on a shaker for 16 to 24
hours. The sealed disk is then removed, washed with
35 tetrahydrofuran, and dried first by placing it on a
Whatman No. 1 filter paper, followed by exposure to
100°C in the oven for a few hours. The dried disk is

25



to about 12 carbon atons; and further preferably

. amount up to about 10 percent by wei ght of the nononers of
unsat urated carboxylic acid containing fromabout 3 to abOJt

REPLACEWM | SHEET
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and; and further preferably (e) an al kyl nethacry
from1l to about 8 carbon atons and present in an anount frp
10 percent by wei ght of the nmononers; ame®@further preferabjy

at | east

t ot al

10

15

20

25

30

35

ne reacalve mul
or nethac yIate

{ functi naI

(f)

ghpd -

bei ng forned

Per cent insoluble = (b = c) x 100 = % gel
_ a

wherein

total weight of 100 percent solids
polyner
" the weight of the polymer plus

membrane before tetrahydrofuran
treatment

polymer plus membrane remaining after
tetrahydrofuran treatment.

which may be used ¢to develop
include thermal cross-linking

Other aids
cross~linking

The polymers of the instant invention are prepared
by emulsion polymerization under conditions of
agitation in an autogenous atmosphere in the presence
of suitable polymerization initiators
peroxydisulfate and peroxides.
polymer properties including gel content, the preferred
levels of these initiators are in the range of from
about 0.5 to about 1.0 percent by weight based on the
total weight of the monomers. The presently preferred
initiators are potassium persulfate, t-butyl hydrogen
peroxide, and the like. Level of agitation will vary
depending on the system and will influence conversion.
Typically, about 30 to 50 percent of the total
initiator is added along with an initial monomer charge
to the reactor, and the rest is added along with the
balance monomers during polymerigzation over a period of
from about 4 to about 5 hours. For the polymer to be
free from coagulum and to maintain grit levels less
than 20 ﬁpm, it is desirable to maintain the pH of the
emulsion during polymerization between from about 2 to
about 4, preferably from about 2.5 to about 4. This

such as

Depending on desired 

and -
cross-linking by actinic and electron beam radiation. .

g LWO—acCT yl at-e
a Wean Pﬁ?é‘r{gge ptﬂ%ﬁ%’b ﬁ%n ch‘%né?qlwnert he
amount of dﬁnbminedtbnnhhenemmﬂomr esent being fromO0.1 to about 1
percent by wei ght of the nononmers and said pol yner




-21- in the presence of a reactive surfactant. 4. /
pressure-sensitive adhesive polyner as clained in any one (

in which the alkyl acrylate is a mxture of 2-ethylhé¢xyl
A pressure-sensitive polynerja (UQipﬂiRdﬁg?

" cl ai ns,

and butyl

cl ai nB

3
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acryl ate. 5.

=10~

can be achieved by the use of buffers such as sodium
bicarbonate and sodium acetate, typically in amounts up
to 0.3 percent by weight based on the weight of the
monomer. :

‘The stabilizer system used during polymerization
contains a combination of anionic and nonionic
surfactants present in an amount up to about 3.5
percent by weight based on the weight of the monomers.
A suitable anionic surfactant is the sodium salt of an
ethoxylated nonylphenol sulfate, and a suitable
nonionic surfactant is ethéxylated nonylphenol. The
best balance of properties is achieved by maintaining
the anionic to nonionic surfactant ratio approximately
3 to 1. |

Polymers of the instant invention are produced at
high solids level content, typically about 50 to about
70 percent by weight. Reaction is carried out at
temperatures from 70 to 85°C with an initial charge of
up to about 10 percent by weight of the total monomers,
with the balance of the monomers being added to the
emulsion reaction system over a period of about 4 to
about 5 hours, with total monomer conversion
approaching 100 percent. .

It is possible to modify the rheology of the polymer
for coating purposes by use of conventional thickeners
such as SCT-270 manufactured and sold by Union Carbide
and present in an amount up to 0.2 percent by weight.
Although not required, it is also feasible to modify
the properties by the use of tackifiers and the like.
For general purpose applications, it is desirable to
have good adhesion to both hydrophobic substrates such
as polyethylene and hydrophilic substrates such as
stainless steel and difficult-to~bond recycled
corrugated board. Prior art acrylic polymers do not
have good adhesion to such substrates unless they are
modified by addition of a tackifier. This is not
required using the pressure-sensitive adhesive polymer



and 4, in which the reactive surfactant is selected fromt @A@EM
. consisting of sodiumvinyl sulfonate and sodi um styrene suf fjon

present in an amount up to 0.4 percent by weight based on [t He g?t vei gh
of the nmonomers, and preferably, the reactive surfactant ijsjpr eneR

i1R9%n |
anount of 0.1 to about 0.25 percent by weight of the tota
6. A pressure-sensitive adhesive as clapged in any one of the previ ous’
claims, in which the polyner is formed in the presence of a charmt+a
agent, wherein pfef d&hdlsl y ihventiom wmithongh admekifiiens docawy! be

mer capt a? a{‘defgéééﬁe =it Ry ﬂﬂqw%uﬁfk&faﬂ%sraaaeﬂé&&&reSeng i ”A
o T U o et e lin g bl Herl LA Shnre 1
also provided emulsion pressure-sensitive adhesive
S polymers with high shear performance even at elevated
temperature with little or no detriment in peel and
tack adhesion which can be used to replace high cost
solvent acrylic polymers used in film applications.
The di~2 ethylhexyl maleate in the coinposi@:ion provides
10 tackiness to the adhesive and allows the use of vinyl
acetate which provides good peel adhesion without the

use of high levels of acid monomer which tends to
reduce tack.

The presence of the multifunctional monomer in the

15 ° copolymer itself provides some improvement in shear
performance which may not be sufficient for high
performance film applications. Further cross-linking
by complex formation with metal salts dramatically
ennances the shear in excess of 10,000 min. Elevated

20 te—verature (70°C) shear is also greatly improved, with
performance of the emulsion polymers being equivalent
to solvent acrylic polymers. Adding multifunctional
monomers to the copolymer may alter the gel content
and/or glass transition temperature of the adhesive.

25 Accordingly, when multifunctional monomers are used,
they are added in an amount that yields an adhesive
that is pressure-sensitive, i.e., the glass transition
temperature is sufficiently low as to enable use as a
PSA.

30 To maintain good balance of peel and tack with high
shear it may be desirable to lower the molecular weight
of the polymer by the use of chain transfer agents such
as n-dodecyl mercaptan(n-DDM) and to use higher levels
of initiator than what is commonly used. An optimum

35 level of n-DDM in this invention is up to about 0.025
percent by weight of the monomers, preferably about
0.005 to about 0.01 percent by weight, and to employ a



sensitive adhesive polyners, conprising the steps of: RE m u* 0
. polynerization of, on a percent by wei ght basis based on PDHCE“" *SHE’ET

ttlul VST e

(i) fromabout 35 to about 95 pefcent of at Iets

nonomner s,

one soft nononer, preferably an alkyl acrylate or vinate|copntGZrARR) 1%0ou
to about 12 carbon atons in the alkyl group and having a

tenperature (Tg) of less than -25[err]C__and further

of al kyl acryl
present khn an
percent, by we
acrylate, 2-et

preferably
S
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glass transitio

] preferably, a m xture
ates is enployed with the ¥t al al kyl acrylete~eorcentratlaon
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substrates which will be detrimental to the product
application. Aluminum acetate, if present, is normally

present in an amount up to about 0.25 percent by weight
of the monomers.

Examples 1 to 4 and Controls 1 and 2

To a one liter reactor equipped with a reflux
condenser, a thermocouple, a pitched turbine agitator
and a nitrogen inlet tube, there was charged a solution
containing 75 g of deionized water, 2.5 g of sodium
vinyl sulfonate (25 percent w/w solution in water) and
0.36 g of an anionic surfactant (Polystep B-27, a
sodium salt of ethoxylated nonylphenol sulfate

manufactured and sold by Stepan Chemical Co.). A

monomer mix consisting of 175 g of 2-ethylhexyl
acrylate, 75 grains of butyl acrylate, 125 g of di-2
ethylhexyl maleate, 105 g of vinyl acetate, 5 g of
acrylic acid, 5 g of methacrylic acid and 2.25 g of
tris (2-hydroxy-ethy1) isoyanurate was added to 117.6
g of water containing 43.6 g of Polystep B-27 and 6.37
g of Polystep F~9 and agitated to make a pre-emulsion.
The reai:tor charge was heated under nitrogen to
72=75°C, to which was added 20.93 g of a 4.46 w/w
potassium persulfate solution in deionized water.
After a few minutes 66 grams of the pre-emulsified
monomer and 10.46 g of potassium persulfate solution
were added to the reactor over 20 to 30 minutes. To
the remaining pre-emulsion there was added a pre-mixed
solution containing 2.4 g water, 0.9 g, Polystep B-27,
0.13 g Polystep F-9, 5 g each of methacrylic acid and
acrylic acid and 0.025 gm. n-DDM. After the
temperature reached a steady state, the remaining
monomer pre-emulsion and a 2.07% aqueous solution of

about 50
n- but yl



on the total wei ght of the nondmers preferably from5 to abo(j el - o
by wei ght of the nononers, wherein each ester group REﬁBA@ﬁ“ﬁﬁﬁFSHEEI

-22- of the diester of the dicarboxylic acid independently ¢omtain from
about 4 to about 12, preferably from about 8 to about 12 car?o a0 ON&RRR 3997
the preferred diesters are di-2-ethyl hexyl

=13~

1 potassium persulfate buffered with sodium bicarbonate
were introduced into the reactor at respective rates of
2.25 and 0.275 g/min. for a period of 270 - 280
minutes. The reactor temperature was maintained
S between 79 to 82°C. Thirty minutes .after the feed, a
2.625 g 4.8% solution of potassium persulfate ﬁas added
and maintained for 45 minutes. A second solution of
2.625 g was again added and maintained for 45 minutes.
once the polymerization was complete, the contents were
10 cooled to ambient temperature neutralized with ammonia
to a pH of 5.5 - 6.5 and discharged. The polymer had
58.9 percent solids, and a Tg of -32°C.
Using the above procedure with n-DDM being omitted
the bolymers listed in Table 1 were prepared.




mal eat e, di-2-ethyl hexyl fumarate and mni xtures thereof;

_(iii) hard nononers with a glass transition tenperature greaﬁﬁmﬂ

O[err]C, such as vinyl esters, carboxylic acids and met hacr 4ﬁﬂbggﬂi§gEET
the vinyl esters may be present in a total amount of from aboyt O to aboU
35 percent by weight, preferably froma@about 20 to about 25
wei ght -based on total weight of the nononers, said vinyl esfe
from2 to about 16 carbon atonms in the al kyl group of the
representative of the vinyl esters include vinyl acetate, - Vi

butyrate, vinyl pre®iongtas <Vidyb -sobutyrate, vinyl valerate, vinyl ——
versitate, and the | {ke agd/dret e &Nt Usi @) of one or nore unsaturated
carboxylic acids cont@ini g QrBmRbRuid 30t & akoyf 5 carbon atons wherein
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. carboxylic acids include, anong other, acrylic acid, nethacr

of an al kyl nethacryl ate containing from1l to about 8 carbo

preferably from1 to about 5 percent by weight, and the uns

itaconic acid, and the |ike and acryllc acid, net hacryllc ac
preferably nixtures thereof, are presently preferred and/ or

al kyl group and present in an amunt f fxgmn O to 10 percent
t he nononers, wherein nmethyl methacrylate is presently pref
(iv) and p.ref er abl For Exawples swrﬁmclaarﬁhemlmoubmpubyuersxmpmmg:o

Preferred react yaers polpale BEGS W@t cHabthe Hhbpde oSOt
such as sodi um \1‘1'\‘?9‘?‘% Poﬂé?egaﬂﬁ RPN As in Exa dnate and the like
wherein the reacti Tabler facshowsi i egebl lotsinmr pepfotrhantet af sthd act ant
S emulsion polymer of Example 1 and some polymers from
Table 1. The polymers were coated on a release liner
at a coat weight of 22-24 g/sqm and then laminated to
60 péund per ream litho paper. 100 sheets measuring
2.5 mm X 200 mm were then cut using the guillotine
10 press. As can be seen, from Table 2 most of the
polymers show excellent guillotine performance. The
lowest rating is very good indicative of the fact that
these compositions will perform well on the guillotine
press for sheeting of PSA constructions.

15
Table 2
Guillotine Performance

Example _ Rating' Blade Smear?
20 Ex1 | 1.5 1.5

Ex 1, plus 0.06% Al acetate 1-1.5 1-1.5

Ex 2 2 2

Ex 3 1-1.5 2

Ex 4 1.5 1.5
25 EX 5 1.5 1.5

Ex 6 1.5 1.5

1

1 = Excellent

2 = Very Good
30 3 = Good

4 = Fair

5 = Poor

6 = Very Poor

smear is the adhesive

spread on the guillotined
15 stack of labels.



nononers,

(v) a reactive mul tifunctional nonomer which is an acryl at

met hacryl ate having a cyanurate or phosphate noiety and pr
amount of fromO 1 to about 1 percent
-23-

1 Table 3 shows the adhesive performance initially
and after aging at 70°C for one week and three weeks
using the same adhesive construction as was used for
Table 2.

] Table 3

Performance on Paper (Litho)
Initial __1WK@N°C IWsenC
Loop Loop Loop

10 . 90° Peel Tack RTS 90°* Peel Tack RTS 90° Peel Tack RTS
Sample # Nm  Nm MinS00g Nm N/m Min500g Nm Nim MieS0g
Ex | 488t 660 1660C - . 6430C

15 Ex [ 0.12%AA 480pt 675 3200ps/c - . 8450ps
Ex2 IS4t 574 4130pe/c 331t 520 6185C 40 575 8600C
Ex 4 360pt 600 694C  30pt  SE3 8000+  400pt 570 -

20 Ex 5 400pt 590 23S0pslc 383t 640 - 360 615 3000+
Ex6 470pt 710 6000+  42Spt. 660 6O0O+-. 425t 617 10,000+
Ex? 415k 700 1600C  420pt © S0 2300C

25 Ex8 480t 700 1386ps  440pt 627 2400ps  420pt 655 -
Control 1 465t T30 6200C 433  685p 4G00ps 43 635 -
AA= Aluminum scetate |
C = Cohesive failure
ps= Panel Stain

30 pt= Facestock Tear
RTS= Room Temperature Shear

It is evident from Table 3 that aging improves the
shear performance without sacrificing the peel and tack
adhesion, a phenomenon which is unusual and unique

35

since normally all pressure-sensitive adhesives.tend to
loose adhesion properties on aging at elevated



by wei ght of the nononers, -and t he presentlly preferred wltkEPMEM%SHEET

_hononers are tria- (2-hydroxyethyl) "isocyanurate triacrylifatle and :

bi s- (et hacryl oxyet hyl ) phosphat e. 8. The nethod of (gl 4| nD B ARREGET N
reaction tenperatures range from 70 to about 85[err]C in tHhe jpresence of
fromabout 0.5 to about 1 percent by weight, based on the Jeight of tnhe
nononers, of a persulfate or equivalent <gt-al yst, with thelomononer mx

bei ng fed over a period of about 4 to about 5 hours, and reaction pHis
from aboutl 2. 5 ttemperatures, some drastically and some to a lesser

extent, especially when there is a shear improvement.

Table 4 illustrates the performance using 2 mil

mylar as the facestock, initially, as well as after

5 70°C aging. All the samples were coated on. mylar at a

coat weight of 25-30 g/sqm. Again it is apparent that

the adhesion properties are- not affected by aging

irrespective of the facestock, whereas the aceto-

acetoxy ethyl methacrylate (AAEMA) containing polymers

10 do show some adhesion loss on aging (Table 8 in U.S.
Application Serial No.393,970). '

Table 4
i5 Performance Using Polyester (mylar) as facestock
180° Peel N'm Loop Tack N/m RTS 500g TC S
zlixa:;ple# 20 min. iwk, @70°C 20 min. | wk, @10°C 12x112" min,  1xi* min.
Ex 1 395 355 370 395 3000+ -

20 Ex 10.12AA 320 3% 20 435 | 10000+ |oooﬁ+
Ex3 450 M5 590 500 32sc .
Ex30.12AA 390  44S 520 s%0 10000+ .

Ex 6 s 420 445 510 . .

25 Control 3ss 430 3ss 3718 : 2350C -

The polymers of the presenﬁ invention also exhibit
very high elevated temperature shear exceeding 10000+
ninutes showing its utility in high performance tapes

30 such as automotive tapes. The elevated temperature
shear was measured at 70°C using 1%x1" sample, with 24
hour dwell time, using a 1Kg load.

The adhesives of the present invention also show

35 'very good mandrel performance to make them suitable for

pharmaceutical applications where solvent adhesives are
currently being used. Examples 1, 3,4 and 6 were



- 24- i nclusion of an al kyl nethacrylate containing from1l to about 8
_carbon atons in the alkyl group and present in an anmount of fromO to 10

percent by weight of the nononmers, / Methyl nethacrylate is presently
preferred; (iv) and preferably a reactive )

p 8 tested for mahdrel on 0.25 inch diameter glass tube and
0.5 inch diameter poiyethylene rod. All the samples
gave a rating of 3.5-4 indicative of very minimal lift
(<1/16 inch) and "the suitable applicability of the

5 polymer on curved substrates.
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surfact ant which po ‘wmurmformation of the pol yiREP{aA(EM N@rﬁﬁ@p
.integral part of th \! 'he red reacti ve surfactahtj -
[ ale nmbnofrer's such as sodi um vinyl su fonitg and§§ dijunp

ani oni ¢ vinyl functi
styrene sul fonate and the like,/ The reactive surfactant |sip

part

of the total surfactant systemand in anrigvount up to aboutiQ. 4 percent lby
wei ght of the total nonomers, preferably about 0.1 to abopt O. 25 percent byj

wei ght; (V)erzimgactive nmultifunctional nononmer which is bR—aer

met hacryl até havi ng aamyabnherentlyphtspgkut cPKEFERFeaAaNELEIvAt

T eahegt
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monomer, preferably an alkyl acrylate or vinate, having a glass

transition temperature less than about -25°C and at least one
hard monomer having a glass transition temperature greater than
0°C, in the presence of at least one reactive multifunctional

monomer having at least two acrylate or methacrylate groups and
a cyanurate or phosphate functionality, said multifunctional

monomers being present in an amount of from 0.1 to about 1

percent by weight of the monomers, wherein, preferably the
reactive multifunctional monomer is selected from the group
consisting of tris(2-hydroxyethyl) isocyanurate triacrylate,

bis (methacryloxyethyl) phosphate and mixtures thereof.

2. An inherently tacky, pressure-sensitive adhesive
polymer formed by emulsion polymerization as claimed in claim
1, which polymer comprises, on a polymerized basis:

(a) at leagt one alkyl acrylate containing from
" about 4 to about 12 carbon atoms in the alkyl group, the total
amount of alkyl acrylate present in an amount of from about 35
'to about 95 percent by weight of the monomers;

(b) at least one monomer selected from the group
congisting of:

(i) wvinyl esters containing from 2 to about 16
carbon atoms in the alkyl group of the ester, preferably the
vinyl ester is present in a total amount of from about 20 to
about 25 percent by weight based on the total weight of the
monomers; _ .

(ii) diesters of a dicarboxylic acid in which
each alkyl group of the diester independently contains from
about 4 to about iz carbon atoms, preferably the diester of the
dicarboxylic acid is selected from the group consisting of di-
2-ethylhexyl maleate, di-2-ethylhexyl fumarate, and mixtures
thereof; ' '

(iii) wunsaturated carboxylic acids containing
from about 3 to about 5 carbon atoms, preferably. the
unsaturated carboxylic acid is present in an amount of from
about 2 to about 5 percent by weight of the total monomers, and
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(iv) methacrylates containing from 1 to about 8
carbon atoms in the alkyl group and,
' (c) at least one reactive multifunctional monomexr
having at least two acrylate or methacrylate groups and a
cyanurate or phqs‘phate functionality, said multifunctional

monomer being present in an amount from 0.1 to about 1 percent
by weight of the monomers.
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3. An inherently tacky, pressure-sensitive adhesive
polymer formed by emulsion polymerization as claimed in claim
1 or 2, which polymer comprises, on a polymerized basis.and
based on the total weight of the monomers:

{(a) at least one alkyl acrylate containing from
about 4 to about 12 carbon atoms in the alkyl group, the total
amount of alkyl acrylate present being from about 35 to about
85 percent by weight of the monomers; and preferably

(b) from 0 to 35 percent by weight of the monomers
of at least one vinyl ester containing from 2 to about 16
carbon atoms in the alkyl group of the ester; and further
preferably ' .

(c) from 5 to about 30 percent by weight of the
monomers of a diester of a dicarboxylic acid in which each
alkyl group of the diester independently contains from about 8
to about 12 carbon atoms; and further prefe.i‘a.bly

(d) a positive amount up to about 10 percent by
weight of the monomers of at least one unsaturated carboxylic
acid containixig from about 3 to about 5 carbon atoms and; and
further preferably

(e) an alkyl methacrylate containing from 1 to about
8 carbon atoms and present in an amount from 0 up to about 10
percent by weight of the monomers; and further preferably

(f) at least one reactive multifunctional monomer
having at least two acrylate or methacrylate groups and a
cyanurate or phosphate functionality, the total amount of
multifunctional monomer present being from 0.1 to about 1
pexcent by weight of the monomers and said polymer being formed
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in the presence of a reactive surfactant.

4. A pressure-sensitive adhesive polymer as claimed in
any one of the previous claims, in which the alkyl acrylate is
a mixture of 2-ethylhexyl acrylate and butyl acrylate.

5. A pressure-gensitive ?olymer as claimed in claims 3
and 4, in which the reactive surfactant is selected from the
group consisting of sodium vinyl sulfonate and sodium styrene
sulfonate and present in an amount up to 0.4 percent by weight
' baged on the total weight of the monomers, and preferably, the
reactive surfactant is present in an amount of 0.1 to about

0.25 percent by weight of the total monomers.

6. A pressure-sensitive adhesive as claimed in any one
of the previous claims, in which the polymer is formed in the
presence of a chain transfer ‘agent, wherein preferably the
chain transfer agent is n-dodecyl mercaptan, and €£urther
preferably the chain transfer agent is present in an amount up
to about 0.025 percent by weight of the monomers.

7. A method for producing inherently tacky pressure-
sensitive adhesive polymers, comprising the steps of:

emulsion polymerization of, on a percent by weight basis
based on total weight of monomers,

(i) from about 35 to about 95 percent of at
least one soft monomer, preferably an alkyl acrylate or vinate
containing about 4 to about 12 carbon atoms in the alkyl groﬁp
and having a glass transition temperature (Tg) of less than
-25°C, and further preferably, a mixture of alkyl acrylates is
employed with the total alkyl acrylate concentration present in
an amount of from about 35 to 60, more préferably 40 to about
50 percent, by weight of the monomers. Useful alkyl acrylates
include n-butyl acrylate, 2-ethylhexyl acrylate, isooctyl
acrylate and the like, with a mixture 2-ethylhexyl acrylate and
butyl acrylate being preferred, and preferably :

(ii) about 0 to about 30 percent by weight based
on the total weight of the monomers preferably £rom S to about
30 percent by weight of the monomers, wherein each ester group
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of the diester of the dicarboxylic acid independently coRtain-—..|
from about 4 to about 12, preferably from about 8 to about 12
carbon atoms, and the preferred diesters are Qi-2-ethylhexyl
maleate, di-2-ethylhexyl fumarate and mixtures thereof;

(iii) hard monomers with a glass transition
temperature greater than o°cC, such as vinyl esters, carboxylic
acids and methacrylates, where the vinyl esters may be present
in a total amount of from about 0 to about 35 percent by
weight, preferably from about 20 to about 25 percent by weight
based on total weight of the monomers, said vinyl esters
containing from 2 to about 16 carbon atoms in the alkyl group
of the ester and representative of the vinyl esters include
vinyl acetate, = vinyl butyrate, wvinyl propionate, vinyl
isobutyrate, vinyl valerate, vinyl versitate, and the like
and/or the inclusion of one or more unsaturated carboxylic
acids containing f£rom about 3 to about 5 carbon atoms wherein
the ungaturated carboxy]__.ic acids may be provided in a positive
amount of up to about 10 percent by weight of the polymer,
preferably from 1 to about 5 percent by weight, and the
ungaturated carboxylic acids include, among other, acrylic
acid, methacrylic acid, itaconic acid, and the like and acrylic
acid, methacrylic acid and more preferably mixtures thereof,
are presently pi‘eferred; and/or the inclusion of an alkyl
methacrylate containing from 1 to about 8 carbon atoms in the
alkyl group and present in an amount £ from 0 to 10 percent by
weight of the monomers, wherein methyl methacrylate is
presently preferred; ' '

(iv) and preferably a reactive surfactant which
poiymerizes during formation of the polymer and becomes an
integral part of the polymer. Preferred reactive surfactants
include anionic vinyl functional monowmers such as sodium vinyl
sulfonate and sodium styrene sulfonate and the like wherein the
reactive surfactant is present as part of the total surfactant
system and in an .amount up to about 0.4 percent by weight of
the total monomers, preferably about 0.1 to about 0.25 pércent
by weight;

(v) a reactive multifunctional monomer which is
an acrylate and/or methacrylate having a cyanurate or phosphate
moiety and present in an amount of from 0.1 to about 1 percent
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by weight of the monomers, and the presently preferred multi-
functional monomers are tris-{2-hydroxyethyl) isocyanurate
triacrylate and bis- (methacryloxyethyl) phosphate.

8. The method of claim 7, wherein reaction temperatures
range from 70 to about 85°C in the presence of from about 0.5
to about 1 percent by weight, based on the weight of the
monomers, ©of a persulfate or equivalent catalyst, with the
monomer mix being fed over a period of about 4 to about 5
hours, and reaction pH is from about 2.5 to about 7.0.
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ABSTRACT

EMULSION PRESSURE-SENSITIVE ADHESIVE POLYMERS
EXHIBITING EXCELLENT GUILLOTINE PERFORMANCE

Inherently tacky pressure-sensitive acrylic polymers are
formed by emulsion polymerization in the presence of at least one
reactive multifunctional monomer having a cyanurate or phosphate
functionality.
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