
W093/18072 

l: 

5 

10 

15 

20 

25 

30 

35 

PCT/US93/02001 

REPLACED SHEETS SG 

: J pescription : paged •.. L. to paged ..'. ~. • 
\ IS'c1aim(s) : paged .• .'.':\.to paged .~!-1:. 

O Drawing(s} : paged .. ::: .• to paged .. ::: .. 

. o ~bstract : paged .. ::: .. to paged ... -:-: •• 

•" 

-1-

BKULSIOH PRBSStJRB-SBllS:rlIVB ADBBSIVB POLYKERS 
BXllIBI~IHG BXCBLLBllT GUILLOTIHB PERl'OIUIANCB 

Backqroun4 of .tbe Invention 
The present inventi~n relates to acrylic 

polymers which are formed by emulsion polymerization 
and as formed, are inherently tacky and functional as 
pressure-sensitive adhesives. More p~rticularly, 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 requirement in 
film applications where pressure-sensitive adhesive 
(PSA) coated products are cut into sheet stock. During 
the process of 9Uillotining it is expe~ed that the 
adhesive will not build on the blades 

subsequent cutting is not affected and the 
separate individually without sticking 

so that 
cut sheets 

together •. 
Solve~t adhesives are commonly used in su~ 

applications due . t;o the performance benefits they 
· offer. Environmental constraints imposed on the use of 
s.olvents 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 
frien<tliness and the cost advantages. Obtaining high 
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1 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 ~ohesive strength by use of polyfunctional 

monomers which include polyvinyl and polyallyl 

compounds including triallyl isocyanurate. Product 

10 glass transition temperature may be as high as -15°C, 

limiting utility at reduced temperature. 

15 

We have sought to provide pressure-sensitive 

adhesives ·Of improved properties· which have broad. 

utility including excellent guillotinability. 

tbe Invention 

According to the present invention, there is 

provided inherently tacky acrylic emulsion adhesive 

polymers which exhibit excellent guillotinability and 

20 have excellent adhesion to -a wide variety of surfaces 

ranging from polar, relatively high energy surfaces 

such as stainless steel to nonpolar, re la ti vely low 

energy surf aces 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-speed converting 

characteristics such as die cutting, matrix stripping 

3 o 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 ecoloqically safe 

basis as well as many emulsion-based ad~esives, thus 

35 serving a variety of markets. 
The inherently tacky, emulsion ·pressure-sens! ti ve 

adhesive polymers of the instant invention comprise, on 
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1 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 -2s 0 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-ethylbexyl 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 polY.er. ~ 

10 The polymer contains ·at · least one hard monomer 

having a glass transition temperature greater than o0 c 
and preferably further includes a soft diester monomer 

such ·as maleates and fumarates. 
. . . 

The emulsion polymers of this invention are formed 

15 in the 'presence about o .1 to about 1 percent of a 

multifunctional monomer having a cyanurate or pgosphate 

functionality with tris(2-hydroxyethyl) isocyanurate 

triacrylate and bis(methacryloxyethyl) phosphate 

presently preferred. The emulsion 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 reacti v~ 

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 o .1 to about O. 2 5 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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1 The emulsion adhesives of the instant invention may 
be prepared with excellent conversions at J:;'eaction 
temperatures ranging from 70 to about as•c in the 
presence of from · abou~ o. 5 to about l percent . by 

5 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.s 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 si~nif icant improvement in co~esive strength without 
much loss of peel and tack. The multifunctional 

15 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 
copolymerizin~ multifunctional acrylate monomers 
without said moieties are not effective in improving 

20 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. 

25 The multifunctional monomers used in this invention 
. . 

provide hydrogen bonding with functional groups such as 
carboxy groups and enhance adhesion to polar substrates 
without affecting peel and tack. Shear performance is 
further enhanced by metal cross-linking. This creates. 

30 a highly cohesive net work which enhances guillotine 
performance. 

petaile4 Description 
The present invention relates to pressure-sensitive 

35 adhesive compositions based on emulsion polymers which 
provide excellent processability including 
guillotinability and high adhesion and high tack to 
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1 polar, nonpolar and difficult-to-bond-substrates with 
excellent cohesion. The adhesives have properties 
sufficient to make t~em useful for replacing solvent 
polymers, tackified styrene-butadiene emulsion 

5 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 t;>f 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 tackif ication. The improved performance 
characteristics of .the adhesive of the ins~ant 

invention enable them to be used on almost any 
15 available face stock. PropeJ:ties· induced in the 

adhesive by proper selection of monomers and 
surfactants give excellent moisture resistance. 

As compared to prior ar~ acrylic pressure~sensitive 
adhesives which do not give good adhesion to. nonpolar 

20 surfaces, such as polyolef ins and certain other 
surfaces such as recycled corrugated board, without 
tackif ication with attendant sacrifice in cohesive 
strength and elevated-te~perature performance·, the 
adhesives prepared in accordance with the instant 

25 invention have excellent adhesion to both polyolef ins 
and corrugated board and good elevated-temperature 
performance. · The adhesives are· more universal in their 
use~ a result not heretofore achie~ed in single poiymer 
adhesives. 

30 The emulsion based pressure-sensitive adhesives of 
the in~tant inventi~n 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 less than -2s 0 c. 
Preferably, a mixture of alkyl acrylates are e~ployed 
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1 with the total alkyl acrylate concentration, in an 

amount of from about 35 to 60 more preferably 40 to 

about so percent by weight of the monomers. Useful 

alkyl acrylates include n-butyl acrylate, 2-ethylhexyl 

5 acrylate, isooctyl acrylate and the like-, 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 

10 · dicarboxylic acid and mixtures thereof, present in a 

total amount of fro~ about o to about 30 percent by 

weight based on the total weight of the monomers 

preferably from S to about 30 percent by weight o~ the 

monomers. Each ester group of ·the di ester· 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 

20 

· maleate, di-2-ethylhexyl fumarate and mixtures ~ereof. 

The diester monomers improve tack and overall adhesive 

properties. 
The balance of the monomers are· "hard monomers" 

having a Tg greater than about o•c. They include vinyl 

esters, carboxylic acids and methacrylates. 

Vinyl esters may be present in a total .amount of 

25 from about o 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 

JO include vinyl acetate, vinyl 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 pee~ adhesion. 
The inclusion of one or more unsaturated carboxylic 

acids containing from about 3 to about 5 carbon atoms 
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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, 

it~conic 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 contain.inq from 1 to about 8 carbon 

atoms in the alkyl group and present in an ·amount of 

from o to 10 percent by weight of the monomers. Methyl 

15 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. 

2 O Preferred reactive surfactants include anionic vinyl 

functional monomers such as sodium vinyl sulf onate 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 o. 4 percent by 

25 weight of the total monomers, preferably about ·0.1 to 

about 0.25 percent by weight. 
An essential compon~nt 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 mult~functio~al 

monomers improve quillotinability without adversely 

affecting adhesive properties. The presently pref erred 

multi-functional monomers are 

35 tris-(2-hydroxyethyl)isocyanurate triacrylate and 

bis-(methacrylo.xyethyl) phosphate. 
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1 Presently preferred emulsion polymers contain, 
exclusive of reactive monomers, about 25 to 35 J)ercent 
by weight 2-ethylhexyl acrylate, about 15 ·to 25 perce·nt 
by weight butyl acrylate, about· 20 to 25 percent by 

5 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 metbacrylic acid. 

10 The monomer proportions are normally adjusted in 
such a way that the adhesive bas 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 ra~ge 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, copolyme~s showing two distinct glass 
transition temperatures, have been observed. 

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

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 partitioning 
method. In this method, about 600 to 800 milligram,s ·of. 
100 percent solid polymer is weighed onto a millipore 

30 membrane disk of 5 micrometer porosity. The disk is 
beat sealed and transferred to a scintillation vial. 
About 20 milliliters of tetrabydrofuran 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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l weighed and the insoluble portion of the. · polymer 
determined by the equation: 

5 

10 

15 

20 

25 

30 

35 

Per cent insoluble = lb - cl x 100 = % gel 

wherein 
a = 

b = 

. 
c = 

a 

total weight of 100 percent solids 
polymer 
the weight of the polymer plus 
membrane before tetrahydrofuran 
treatment 
polymer plus membrane remaining after 
tetrahydrofuran treatment. 

Other aids which may be used to develop 
cross-linking include. thermal cross-linking and 
cross-linking by actinic and electron beam radiation. 

The polymers of the instant inventio~ are prepared 
·by emulsion polymerization . under conditions of 
·agitation in an autoqenous atmosphere in the presence 
of suitable polymeJ;'ization . initiators such as 
peroxydisulfate and peroxides. Depending on desired 
polymer properties including gel content, the preferred 
levels of th4'Se initiators are in the range of from 
about o.s to about 1.0 percent by weight based on the 
total weight of the monomer.s. The presently· preferred 
initlators 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. so 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 5 hours.· For the polymer co 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 
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1 can be achieved by the use of buffers such as sodium 
bicarbonate and sodium acetate~ typically in amounts up 
to o. 3 percent by weight based on the weiqht of the 
monomer. 

5 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 

10 ethoxylated nonylphenol sulfate, and a suitable 
nonionic surfactant is ~thoxylated nonylphenol. The 
best balance of properties is ac~ieved by maintaining 
the anionic to nonionic surfactant ratio approximately 
3 to l. 

15 Polymers of the instant invention are produceq at 
high solids level content,· typically about so 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, 

20 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 modity the rheology of the polymer . . 
25 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·o.2 percent by weight. 
Although not required, it is also felsible to modify 
the properties by the use of tackifiers and.the like. 

30 For general purpose applications, it is desirable to 
have qood 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 

35 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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1 of this invention although tackifiers ·can be 
effectively used to tailor adhesion to a substrate. 

In accordance with the pres~nt 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 hiqh 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 
acet~te which provides good peel adhesion without the 
use of hiqh levels of acid monomer which tend~ to 
reduce tack. 

The presence of .the multifunctional mon~mer in the 
15 copolymer itself provides some improvement in shear 

performance which_ ~Y not be sufficient for hiqh 
performance film applications. Further cross~linkinq 
by complex formation with metal salts dramatically . 
enna~ces the shear in excess of 10,000 min. Elevated 

20 te-oerature (70°C) shear is also greatly improved, with 
performance of t_he emulsion polymers being equivalent 
to solvent acrylic polymer~. 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 pressur•-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 inventi"on is up to about 0.025 
percent by weight of the monomers, preferably about 

· o.oos to about 0.01 percent by weight, and to employ a 
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l level of initiator of about 0.6 1:0 about o.1s·percent 

. . by weight based on the w~ight of the monomer 

composition. Amounts exceeding these levels ca~ result 

in cohesive failure in peei 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 1Xamples ·1 to 4 and Controls 1 and 2 

~ a one liter reactor equipped with a reflux 

condenser, a thermocouple, ~ pitched turbine agi~ator 

and a nitrogen inlet tube, the~e was charged a solution 

containing 75 g of deionized water, _2.5 ·9 of sodium 

15 vinyl sulfonate (25 percent w/w solution in water) and 

o. 36 g of an anionic surfactant (Polystep B-27, a 

sodiUJll 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 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 ~o 117.6 

g of water containing 43.6 g of Poly,step B-27 and 6.37 

25 g of Polystep F-9 and agitated to make a pre-emulsion. 

The reactor charge was heated under nitrogen to 

72-75°C, to which was added 20.93 ~ of a 4.46 w/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% aqueous solution of 
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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 

5 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 

l.O cooled to ambient 1;.emperature neutralized with ammonia 

to a pH of s.s - 6.5 and discharged. The polymer had 

58.9 percent solids, and a Tg of -32°C. 

15 

20 

25 

30 

35 

U~ing the above procedure with n-DDM being omitted 

the polymers listed in Table 1 were prepared. 



l 

Table 1 

' 5 Example Monomer Cpmposition Weight Ratio \ Solids 

Ex. 2 

Ex. 3 

Ex. 4 

ioEx. s 
Ex. 6 

Ex. 7 

Ex. 8 

Ex. 9 

15Control l 

control 2 

2-EHA 
DOM 
VAc 
BA 

20ttEITA 
bisMOEP 

2-EHA/DOM/VAc/~A/HEITA/AA/MAA 

do 
do 
2~E~/DOM/VAc/BA/HEITA/AA/MAA 

do 
do 
do 
2-EHA/DOM/VAc/BA/bisMOEP/AA/MAA 

2-EHA/DOM/VAc/BA/AA/MAA. 

do 

= 2-ethylbexyl acrylate 
= di(2-etbylhexyl) maleate 
= vinyl acetate 
= butyl acrylate 
= tris (2-hydroxyethyl)isocyanurate ·triacrylate 
= bis(methacryloxyethyl)phosphate 

30/25/21/20/0.45/2/258.6 

30/25/21/20/0.60/2/258.5 

30/25/21/20/0.80/2/258.4 

25/25/21/25/0.45/2/258.6 

25/25/21/25/0.60/2/258.6 

25/25/21/25/0.80/2/259.1 

26/20/25/25/0.60/2/258.0 

30/25/21/20/0.40/2/258.1 

30/25/21/20/2/259.25 

25/25/21/25/2/258.25 

• 
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For Examples 10 to 18 the monomers of Exampies 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 
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/sqm 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 guillotine performance. The 

lowest rating is very good indicative of the fact that 

these _compositions will perform well on the guillot~ne 

press for sheeting of PSA constructions. 

15 

20 

25 

30 

35 

~&))le 2 
Guillotine Performance 

BXam12l9 · 
Ex 1 

Ex 1, plus 0.06% Al 
Ex 2 

Ex 3 

Ex 4 

Ex 5 

Ex 6 

1Ratinas 
1 = Excellent 
2 • Very Good 
3·= Good 
4 = Fair 
5 =:; Poor 
6 = Very Poor 

acetate 

1Smear is the adhesive 
spread on the guillotined 
stack of labels. 

Bati,ng1 Blade 
1.5 

1-1.5 

2 

1-1.5 

1.5 

1.5 

1.5 

smear 
1.5 

1-1.5 

2 

2 

1.5 

1.5 

1.5 
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l Table J shows the adhesive performance initially 

5 

10 

15 

20 

25 

30 

35 

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 (Litbo) 

3Wb07"; 

Loop LGop 

90• Peel Tack RTS 90• Peel Tack RTS 90• Peel . Tack RTS 

Sample# Nim Nim Mia.SOOg Nim Nim Mia.SOOC Nim Nim~ 

&I 488pt 660 1660C 6430C 

& I O.l2'1AA 480pt 61S 3200pllc 84SOpl 

&2 3S4pt 574 4130pllc 331pt S20 6185C 401pt S15 8600C 

&4 360pt a 6924C 370pt S83 8000+ '400pt 570 

&S 400pl 590 2350pl/c· 383pt 640 360pt 615 3000+ 

&6 470Pt 710 . 6000+ 425pt 660 6000+ 425pt 617 10,000+ 

&7 415pt 700 1600C 410pt 570 2300C 

Ex8 480pt 700 1386ps 440pt 627 2400pa 420pt 655 

Coabvl 1 46Spt 730 6200C 433pt 68Sp 4600ps 438pt 635 

AA• Aluminum .cdllc 
C = Cohelive failure 
,.. Panel Stain 
pt= FUCllOdc Tear 

RTS• Roam Tempen111re 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 
since normally all pressu~e-sensitive adhesives tend to 
loose adhesion properties on aging at elevated 
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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 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 s in u.s. 

15 

20 
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. 30 

35 

- e , 

Application Serial No.393,97~). 

Ta1'le 4 

Perf onaance Using Polyester (mylar) •• f acestock 

1so• Peel Nim Loop Tack Nim RTS500& 'M:S..-

•Ka· 
Sample# 20 m1a. 1-. ..,..c 20mia. 1•, 010•c l/l:ll/l• min. w•am. 

&I 39S . 3SS 370 39S 3000+ 

& I 0.12AA 320 390 420 435 10000+ 10000+ 

&3 4SO 44S S90 soo 3225C 

&30.12AA 390 44S S20 sso 10000+ 

&6 345 420 44S StO 

Conll'Ol 1 38S 430 3SS 31S 23SOC 

The polymers of the present invention also.exhibit 

very hiqh elevated temperature shear exceeding 10000+ 
... 

minutes showinq its utility in high-performance tapes 

such as aU:tomoti ve tapes. The elevated temperature 

shear was measured at 70°C using l"xl" sample, with 24 

hour dwell time, using a lKg load. 

The adhesives of the present invention also show 

ve;r1 qood mandrel performance to make them suitable for 

pharmaceutical applications where sol vent adhesives are 

currently being used. Ex~mples 1, 3 , 4 and 6 were 
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1 tested for mandrel on 0.25 inch diameter glass "tube and 

0.5 inch diameter polyethylene 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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Clo.twlfl: Al\ 
1. es- the f8t'a*ieR •B inhe~:C~Y tacky 

pressure-sensitive adhesive polymerHt,!>Y emulsion 

polymerization of at· least one,~~f~lk'l asryl•*• •• 
~P~6tw ~~lk'11c~"""" v.~k~ . 

vtnat:j monc!nner eav1n9 a qlas'ii transition ~emperature 
less than about -2s·0 c and at least one hard monomer 
having a glass transition temperature greater than o•c, e• imprm·a11•"• 't'Ai•h eempsise& for•i pg the pohme!) 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 o.~ to.about l percent by weight of the monomers~ uwe.\JI\, preecro.•1."\ -

1:.11. A p•e~·Z8Rai:~ive aal\esiu• 1 s nlai••• '" 
a111 one o! th@ pt&otuas claims- ii~ wli±s! the reactive 
multifunctional monomer is selected from the qroup.' 
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 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 
weiqht of the monomers; 

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

( i) vinyl ester containin9 from 2 to 
about 16 carbon atoms in the alkyl 9roup of the ester, 

. pre.~, 
(a•. A pt easar@-§eriiltl:v@ actliesi·t• pel1met zes 

cl.3i11eli i:A aA~ eRe eC alai.1111 a +e i ia whicj the ~inyl 
ester is present in a total amount of from about 20 to 
about 25 percent by wei9ht based on the total weiqht of 
the monomers; 

.. 

.... ' 

· . 
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(ii) diesters of a dicarboxylic acid in 
which each alkyl group of the diester independently 
contains from about 4 to· about 12 carbon atoms, 

1ref«rr>.l.w, · . 
~ A p1esa•e ••R•it'v• nlheai•e pa~ac1 ers 

ela11nea 1Ji &UJ one or c:taims 1 ~e s iii ·t; ~ the 
diester of the dicarboxylic acid is selected from the 
qroup consisting of di-2-ethyl?iexyl maleate, di-2-
ethylhexyl fumarate, and mixtures thereof; 

(iii) unsaturated carboxylic acids 
containing from .about J to about s carbon atoms, p~&.~ 

~ 1 pressure-sensit;fug aAesi:ve pOi)&ceis as 
ckimed i:R any efte of. claims ! '• ' '" vtli•Q the 
unsaturated carboxylic acid is present in an amount of 
from about 2 to about S percent by weight of the total 
monomers.I ~ ~ pre.I~ 

e A pzcss&ti §@li§!Ct:s ailusi"a pely:act •8! 
alabaed in &ilj dfii bl Cl&!J::S 1 ts f in Pllia'i the 
unsaturated carboxylic acid is selected from the qroup 
consisting of acrylic acid, m!!thacrylic acid, and 
mi~tures thereof; 

(iv) methacrylates containing from 1 to 
about 8 carbon ~toms· in.the alkyl group and, 

(c) i\t least one reactive multifunctional 
monomer havinq 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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.... ,·· .. ··, .. 3. ··A~ ... · inh'er.e·ntly· · · tacky, · .press\are-serlsit:ive : adhesive. polymer formed. by ·emulsion polymeri:za'tion aa - . claimed. in·· claim: 1 or 2, wbic·h poly.er coinprises1 on ··a polymeriz~d basis·and based on the total wei9ht of the 
··.~ 

monomers: 
(a) . at · 1eaat ot · one· alkyl acrylate• .. · · ·' containin9 fro~ about 4 to about 12 car!)on ·atoms ·in ·the ·. ,1kyl group·,· ttie .. total amourat: of '81.kyl acrylate pres.ant being from about·. 35 to about_. 95 ·.Petcent by wei9ht ·of·· tha 1nono11ers; Old ~ . · · ... . . · . _ ·.· · · . ·... .. · . ~ (b·) ·rro• o ·to 35_ paree.nt · by. '.Weight-· ot·. the · monomer& ot -t ieast- .one vinyl ester ·containing from 2 . 

• 
. 

I 
. . 

. to about 16 carbon atoms in the· alkyl · qroup of the . ester; .cl ~ .pWf.erM!l . · . (c} tro~ 5-to a1:1out ·30 percent-'lJy .. veiejht. of the monomers 'of ·a di.ester· .of a .dicar})oxylic acid in . . which each . alkyl qroup .. Of the .· cUester 1ndeFendently contains·from. a);)Out .a to about 12 carbon _atoms;Mcl . fu.rlMr fll(ll1 ·~ (dl positive ·amount up to about. 10 percent· : by·wei9ht of the monomers of at least one \ll'aat:urated carboxflic acid conta1·nin9 from· · about 3 to about 5 carbon atoms and;~ ·~ 'P~~ · .· ... ··<•> .an alJCyl·methacrylate pon~airiin9from1 . •to .. about 8 · c.rbOn ··t·oms·. and· present.in an ·,amount f~011 . . . 0 up to -abOut 10 percent by weight ot the aonomer•·;...d ~...,..~ (f) at .least: one reactive mult'ituncti.onal . monomer hav1ft9 at least . two aerylate ·.or :metb,acrylate groups and~ c:Yanurateor phosphate function.lity, th•· total amount of ltultitunctional· ·monomer .present 'beil\9 from 0 .1 to ~t 1 perC:en:t:. by .. weigh~ ot the monomers and. said . p~lyaar beinCJ . formed in .. thf. presence .·of . a .. 'reactive surfactant.. 
'~ . A · pt-esaure..i.sensit:Lve - adhesive· polymer •. as claimed in. any ona·· ·of th• previous>claiu· in which ·the·-· . aikyl acrylate··· is a . mixture Of. 2.;.ethylbexyl acrylate ·. and butyl aervlate. 

. •:. 

'I" . 

· .. · 

·.• 

. ... · 
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A pressure-sensitive adhesive polymer as 
~· • . . ht claimed in aR~ efte el claims 3t-• a in wh1c. he 

reactive sqrf actant· 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 based on the total weight of the monomers/~ 

. prefer.~~, 
to~-~~-!P?Or1:.ie111sii.1sa:•u.,• 1:1 .. ea-.s~eaia~siwii~•~i.,.1.."4'8.,_-ta~a~ktt!e!'t!!a~i~'lllll!!!ei-•p••iil"'Y. .. •••-•••• 

bt claim 9 in •hi-!Jthe reactive surfactant is 
in an amount of 0.1 to about 0.25 percent by present 

weight of the total monomers. 

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

f~~~e presence of a chai~ transfer. agent,._,~ 

~ 1 prosc:n.- • .. • · c --- e-sensi 9 ye adbesi:ra 'L sJ:aimea fij 

slai• 13 ia~the chain transfer agent is n-dodecyl 
.mercaptan1 CMNJ" ~ ~repu--~. · 

~· A PL'!!SSUfe-§@fisiiloe aelheaiue aa s 1 3 1med 19 
olai:•a li st 13 in .. hi~the chain transfer agent 
present in an amount up to about o. 025 percent 
weight of the monomers. 

is 
by 

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 lionomer pref er ably an 
alkyl acrylate or vinate containincJ about 4 to about 12 
carbon atoms in the alkyl group and which have a glass 
trans~tion temperature (TCJ) of less than -2s•c. 
Preferably, a· mixture of alkyl acrylates are e~ployed 

. with the total alkyl acrylate coneentratiori, in . an 
amount of from about 35 to 60 aore preferably 40 to 
about so percent by weight of the monomers. Useful 
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alkyl acrylates include n-butyl acrylate, 2-ethylhexyl 
acrylate, isooctyl acrylate and the like, with a 
mixture 2-ethylhexyl acrylate and butyl acrylate beinq· 
preferred1 Attcl f>~~ · · 

(ii) about 0 · to about 3·0 percent by 

weiqht based on the total vei9ht of the monomers 
prefe=y· from 5 to about 30 percent by weight o~ the 
ao,;~ers.J L &ch ester CJZ'OUp of . the diester of tbe 
dicarboxy!fc acid.independen?'ly ~ontains from about 4 
to about· 12, preferably from about 8 to about 12 carbon 
atoms,._iThe preferred diesters are di-2-ethylhexyl 
maleate, di-2-ethylhexyl fwnarate and mixtures thereof. 

I 
(iii) hard monomers with a glass transition 
temperature greater than 0°C, such as vinyl 

esters, carboxylic acids an~ methacrylates1 cJl.ara ~ 
Vinyl esters aay be present in a total amount of 

from about 0 to about 35 percent by weiqht; preferably 
from about 20 to· about 25 percent by weight based on 
total weight of the monomer•, said vinyl esters 
containing from 2 to about 16 carbon atoms in the alkyl 
CJZ'OUp of the este~epresentative of the vinyl esters 
include vinyl. acetate, vinyl butyrate, vinyl 
propi.onate, vinyl isobutyrate, vinyl valerate, vinyl 
versitate, and the like.I ~ tl / oY' 

the inclusion of one or more unsaturated carboxylic 
acids containin9 from about J to about S carbon atoms 

.\l.lWJce ~ the unsaturated carboxylic acids ~~ 1:1~ 
provided in a positive amount of up to about 10 percent 
by wei9ht"of the p~er, preferably from 1 to about 5 
percent by wei9htj l. The unsaturated carboxylic acids 
.include, among others, acrylic acid, methacrylic acid, 
itaconic acid, and ~he like~crylic acid, methacrylic 
acid, and more preferably mixtu~es thereof, are 
presently preferredj '*"d Jor tle._ 
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{!.ehesi•e strel'l!~- may be enhanced ~ir:iclusion ot an . 
alkyl methacrylate containing froa 1 to about. 8 carbon 
atoms .in the alkyl group and present in an amou~t of 

~ . from O to 10 percent by veight of the monomers/ L ~ethyl 
methacrylate is presently preferredj 
(iv) and preferably a reactive 
surfactant vhich polymerizes during tormat~on of the 
polymer and becomes an integral part of the polymer. 
Preferred reactive surfactants include anionic vinyl 
functional monomers such as sodiua ~i~\,\lfonate and 
sodium styrene sulfonate and the like//_ ~. reactive 
surfactant is present as part of.the total surfactant 
system and . in an amount up to about o. 4 percent by 
veight ~f the total monomers, preferably about 0.1 to 
about 0.25 percent by veigbtj 

(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 o.i to about 1 
percent by weight of the monomer~ 

1 
t.u,i,d t~1 

presently pref erred 
multi-functional monomers 
tris-(2-hydroxy~thyl)is~cyanurate triacrylate 
bis-(methacryloxyethyl) phosphate. 

a-re 
and 

8. The method of claim. 7, wherein reaction 

temperatures rangllt from 70 to about as•c in the 
presence of from · about o. 5 to about 1 percent by 
weight, based on the weight of the monomers, ·of a 
persulfate or equivalent catalyst, with the monomer mix 
bein~ fed·over a period of about 4 to.about 5 hours,o.-t:J 
R•action pH is from about 2. 5 to about 7. O. 


