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protecting surfaces using a pressure sensitive adhesive article such as a
maski ng tape, particularly at high tenperatures. BACKGROUND Masking tapes
are used in a variety of applications involving exposure to high
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stability. However, these 158"\&?68 often either contam nate the surface or
|

| eave sempesypEes oadhelordex of] prchiglearo ey example, seasking iapes kaawmaslead ¢l eani ng
QB prﬁlaﬂhta sfa.'ljf.r 15:!},9 in Bfe%?c%ﬁ'ﬁhggmdg%tgst% \P\étgt t C ?ﬁér a‘ﬁB%?eaE ?rafjrﬁx gé@gﬁt 50C to

sil'cone pressure sensitive a can be expose
230C f onae_,tpdtéﬂ@éomﬁ&nmﬂnkﬁ eAs mdtﬁmukmhﬁla,wn@wpmmwm\as ﬂaﬂsbﬂalen gipon
renovi ng. Is.also very desjrable to avoid the cleani Hgo gg?eprl or to

f ur t her2Rss a@égsgql Hythe RefopRacs Fidustry ath fF metal- COREARRIRAIE 1 ace
fol I owiyBgaih & WPN&p control the spread of bonding adhesives.

To be successful, these tapes must exhibit good adhesion to the desired substrate at

15 high temperatures, yet be cleanly removable at the conclusion of the high temperature
exposure to avoid leaving residue or other contaminants on the substrate surface. For
example, in applications involving micro chip scale processing, the adhesion must be
sufficient to prevent liquid epoxy resin from flowing into the interfacial region between the
adhesive and the substrate to which the tape is adhered. Contamination is particularly a

20 problem in applications involving the electronics industry because the contaminant can
interfere with subsequent processing steps. '

Currently, tapes featuring silicone-based pressure sensitive adhesives are used for -
high temperature applications, due to their outstanding thermal stability. However, these
tapes often either contaminate the surface or leave silicone residue following removal,

25 requiring a scparaté cleaning step prior to further processing. It is very desirable to develop
silicone-free pressure sensitive adhesives that can be exposed t0150°C to 230°C for at Jeast
30 minutes without leaving any adhesive residue upon removing. It is also very desirable to
avoid the cleaning step prior to further processing if the adhesives do not contaminate the

surface following removal.
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no greater than about 0°C; and (b) a carboxylic acid-functional, ethylenically unsaturated co-
monomer; and (B) a bis-amide crosslinking agent having the formula:
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where R! aiid R? independently, are selected from the group consisting of H and CyHzps

where n is an integer ranging from 1 to 5, and R? is a divalent radical selected from the group

consisting of benzeno (-CgHs-), substituted benzeno, triazine, CHap, where m is an integer
20  ranging from 1 to 10, and combinations thereof. As used herein, a “copolymer” refers to a

polymer prepared by reacting two or more monomers.

The relative amounts of the co-monomer and the crosslinking agent are selected such
that the ratio of the number of equivalents of amide groups to the number of equivalents of
carbox ylic acid groups is at least about 0.1. To determine this ratio, the weight of each

25  component (co-monomer and crosslinking agent) in the composition is divided by its

theoretical equivalent weight to obtain the number of equivalents of each component. The
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that igubkuaie i subsentlilh €k o€ adhesivetresidie, Reerovabiliyy manbé Bssaszed bavRling
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t her ebytodhe thofisndeseribed helavanineepenh isdadsofiadpesive esidpe isydeigrmined
subst r ag;esan mwﬁemﬁg@é?tgggns are also chemcally inert towards epoxy

nol di ng conpounds. ure makes themparticularly useful as |ead
frare tapes Themsemtionifineher deatured adhekioe artiolks, sank ad laped, badell@pep iy nol di ng
- compou ”éjdhteg%é cgrljg&?ﬁog?gsvx\gﬁpas a method for protecting the surface of a substrate using the
adhesive article. According to this method, the adhesive article is applied to a substrate, after
which the article and substrate are heated at a temperature ranging from about 150°C to about
230°C. These conditions are representative of the conditions employed in processes used in
20  the electronics industry. At the conclusion of the heating process, the article is cleanly
removed from the substrate.
The invention provides pressure sensitive ad};esive compositions, and articles that
include these adhesives, that are thermally stable and have sufficiently high cohesive
strength, even after high temperature exposure, thereby allowing them to be cleanly removed
25  from a variety of substrates. These compositions are also chemically inert towards epoxy
molding compounds. This feature makes them particularly useful as lead frame tapes

because they do not adhere permanently to the epoxy molding compound that flows between

the adhesive and the substrate on which the adhesive is placed during processing.
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The substrate surface can be any of a wide variety of surfaces, including materials
such as polymers, metals, metal oxides, glasses, and combinations thereof. Typically, the
surface can be any of a wide variety of surfaces that are used in the aerospace industry or
electronics industry. For example, the surface may be an epoxy-coated aluminum substraze,

20 as used in the aerospace industry. The surface can also include silicon, a metal (e.g.,
aluminum, copper, gold, silver, or other metals), a metal oxide, polyimide or another
polymeric material that are typically used in the electronics industry. Various combinations
of these materials may also form the surface of the substrate. Thus, the adhesive articles can
be used as ﬂashbreake;' tapes and as lead frame tapes, for example.

25 The surface on which the adhesive article is disposed is exposed to 2 target
temperature within the range of about 150°C to about 230°C. At the same time, the surface
on which the adhesive article is disposed may also be subjected to pressure. For example, the
substrate surface and adhesive article may be subjected to pressure on the order of about 320
psi (2197 KPa). In some embodiments, the method includes subjecting the surface to a

30  reduced pressure (i.e., a pressure less than atmospheric pressure) after the adhesive article is

4
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foils, gtlew. Exanples of 15 such materi al s include tear resistant backr ngs,
such as those disclosed in U S. Pat. . 6,048 431\}&5:1 enents et al.), and
t her'fral | y st B¢ badking@fiibe 3‘%"@51@3 articleguay %%réwésslrfpﬁma ?Y‘I"E’%?f%hnghrl nkage
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poly(tetr uor oet enes yesters thyl ene
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heat stabilized. Exanples ofq% |tabI ﬁlﬁg terials iLnclude those
sol d unaH?wﬂrrem@tPaeﬂée@esePaﬁa% 651250105t YR %Pﬁe&‘s?g o8P E I,
DuPont gﬁf&@ ”?%fcaﬁqmluw iﬂ&g‘ %Bﬁ%en?@aterm—'ﬁw meftﬁl{é‘fdﬁbét@ B Snp1Edgront

Teijin m ngt on NYLON Partlcularly preferred pol yneric
backsng smhmatmhls mcﬂuﬂeumr residtanit ackingssweh as thoshdiseosedlin Ushdiat Nthe t rade

desi gna | f desir r
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adhesi V%hﬁrﬂ]&g& BBoPaGIesie 1&¥le Pt téperatures), such as polyimides, polyamides,
poly(tetrafluoroethylenes), and polyesters such as polyethylene terephthalate and

polyethylene naphthalate. The polyesters preferably are heat stabilized. Examples of
20  suitable polymeric materials include those sold under the trade designations KAPTON and
TEFLON (available from E.I. DuPont de Nemours Co., Wilmington, DE), KALADEX
(available from Dupont Teijin Films, Wilmington, DE) and NYLON. Particularly preferred
polymeric backing materials include polyimides such as those sold under the trade
designation KAPTON. If desired, the backing can be modified prior to application of the-
25  adhesive composition to enhance adhesion between the adhesive and the backing by applying
a primer composition to the backing or by exposing the backing to a corona or flame
treatment, as is knewn in the art. Use of a primer is especially preferred when using a
polyethylene terephthalate or a polyethylene naphthalate backing.
The adhesive article can be constructed to include a tab along a longitudinal edge of
30 the backing. The presence of a tab makes it easier to lift an edge of the article during the

removal process. The tab can be created in a variety of ways- including, for example, by not

5
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2- hydr OXX&%&XJ;C&%%Q&%%&l,%h?éh may be used alone or in combination with each other,

include acrylic acid, methacrylic acid, itaconic acid, maleic acid, and fumaric acid.

20  Examples of other monomers that may be co-polymerized with the (meth)acrylate ester and
carboxylic acid-functional monomers include ethyl acrylate, (meth)acrylamide, alpha-olefins,
vinyl ethers, ally] ethers, styrene, maleic acid esters, 2-hydroxyethyl (meth)acrylate,
cyclohexyl acrylate, t-butyl acrylate, phtj.nyl acrylate, isobornyl acrylate, 2-phenoxyethyl
acrylate, N-vinyl pyrrolidone, N-vinyl caprolactam, and substituted acrylamides such as N-

25  ethyl acrylamide, N-hydroxyethyl acrylamide, N-octy] acrylamide, N-t-butyl acrylamide,
N;N~dimethyl acrylamide, N,N-diethyl acrylamide, and N-ethyl-N-dihydroxyethyl
acrylamide.

The crosslinking agent is an aromatic bis-amide crosslinking agent having the

formula:
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following high temperature exposure. Preferably, the amount of the co-monomer is between

about 1-5% by weight, inclusive, based upon the total weight of the copolymer, more
preferably between about 1-2.5% by weight, inclusive, and even more preferably between
about 1.5-2.5% by weight, inclusive. The ratio between the number of equivalents of amide

15 groups in the crosslinking agent to the number of equivalents of carboxylic acid groups is at
least 0.1, preferably at least about 0.5, and more preferably between about 0;5 and about 1.3,
inclusive. In a specific example, the ratio of the number of equivalents of amide groups in
the crosslinking agent to the number of equivalents of carboxylic acid groups is between
about 0.7 and about 1.0 inclusive.

20 The adhesive-may also include conventional additives such as tackifiers, plasticizers,
flow modifiers, neutralizing agents, stabilizers, antioxidants, fillers, dyes, colorants, and the
like, as long as they do not interfere with the desired performance characteristics of the
adhesive. |

Specifically, the adhesive comprises no greater than 10% by weight of a tackifier.

26  Examples of tackifiers for an acrylic pressure sensitive adhesive include terpene phenolics,
rosins, rosin esters, esters of hydrogenated rosins, synthetic hydrocarbon resins and
combinations thereof. In preferred embodiments, the adhesive of the present invention

contains less than 5% tackifier, and most preferably between 0% and 2% tackifier inclusive.
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examples and the rest of the specification are by weight unless indicated otherwise.

15

TEST METHODS
Peel Adhesion Strength (Method A)
Pressure sensitive adhesive tape samples, prepared as described in the Examples,
were cut into 0.5 inch (1.27 centimeter (cm)) wide test strips having a length of about 6
20  inches (15.2 cm). Five test strips were applied to a glass plate (adhesive in contact with the
glass) using a 4.5 pound (2.04 kilogram (kg)) rubber rolier by passing the roller over the test
strip lengthwise 3 times in each direction. Prior to application of the test strips, the glass
plate was cleaned with methyl éthyl ketone (MEK) and KIMWIPE™ EX-]. paper tissue
(available from Kimberly-Clark, Atlanta, GA). The glass plate having the test strips thereon
25  was placed in a circulating air oven, set at 180°C, for 30 minutes. The glass plate was then
removed, allowed to cool to room temperature, then conditioned at 23°C/50% relative
humidity for between 30 and 60 minutes prior to testing.
The 180° angle peel adhesion strength of each test strip was then measured using an

Analogic peel tester (Model number 3M-90, available from Instrumentors, Inc., Strongsville,
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KIMWIPE™ EX-L paper tissue (available from Kimberly-Clark, Atlanta, GA). Next, three
tape samples, each having a width of 0.5 inches (1.3 cm) and a length of about 6 inches (15.2
cm), were applied to the copper alloy substrate by first removing the liner and then rolling

20 tape down onto the substrate using a 4.5 pound (2.0 kg) rubber roller with one pass in each
direction such that the adhesive face of the tape contacted the substrate. The tape samples
were positioncd such that one inch of the tape length extended past the edge of the substrate.
After a dwell of about 24 hours at 72 to 77°F (22 to 25°C) and 30 to 35% relative humidity,
the peel adhesion strength was measured using an INSTRON Model] 4465 tensile tester

25  (available from INSTRON Corporation, Canton, MA) equipped with a 5 pound (22.3 N) load
cell at a rate of 12 inches/minute (30.5 cm/minute) at an angle of 90 degrees. The length of
tape extending past the substrate was attached to the dynamic jaw (grip) of the INSTRON
tester. The test results were analyzed using Series IX software (available from INSTRON
Corporation, Canton, MA) to obtain the average peel adhesion strength in ounces/0.5 inch.

30 The three results were used to obtain an overall average value.
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force (8914 N) 1o was appli esulting in a pressu 267 pounds/square
inch (1.88n8ba) on the test strips. This pressure and tenperature were
mai ntai ned for 30 mnutes, after which the pressure was released, the

S2PLES, HASARIR MR R, ©,c0uL! [Prate ol 72 (o TTF (22 10,250
adhesi on st rengtafes wércReshiad feJeoludbbien Qdh g(tMatrbed idMperature as described
in "Peel Adhesion Strength (Method B)" above with the following modifications. Within 24
hours of preparation, tape samples having a protective liner over the adhesive face were aged
in roll form for 72 hours +1 hour in a circulating air oven set at a temperature of 60°C. The
20  samples were then removed and allowed to equilibrate at 72 to 77°F (22 to 25°C) and 30 to
35% relative humidity for about 24 hours, after which they were 1ested as described above.

Peel Adhesion Strength (Method E)
The tapes were evaluated for peel adhesion strength at room temperature as described
in "Peel Adhesion Strength (Method D)" above with the following modification. After the
25 samples were aged and cooled they were tested according to "Peel Adhesion Strength
(Method C)" above.

Removability (Method A)
After the test strips were peeled back from the glass substrate, as described above in
"Peel Adhesion Strength” (method A), the glass substrate was visually inspected with the

30 unaided eye for residue, both at the edges of where the tape had been adhered and in the area
10
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15 Samples which had adhesive residue and/or edge beading covering a total of 5% or less of

the substrate surface were also graded as "Pass”. Samples not meeting these requirements

were graded as "Fail".

Removability (Method C)
After the tape samples were peeled away from the substrate, as described in "Peel
20  Adhesion Strength (Method C)" above, the substrate surface was evaluated as described in
"Removability (Method B)" above.

Removability (Method D)
After the tape samples were peeled away from the substrate, as described in "Peel
Adhesion Strength (Method D)" above, the substrate surface was evaluated as described in
25  "Removability (Method B)" above.

Removability (Method E)

After the tape samples were peeled away from the substrate, as described in "Peel
Adhesion Strength (Method E)" above, the substrate surface was evaluated as described in
"Rcmovabiliry (Method B)" above.
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methylaziridine) crosslinker (CAS No. 7652-64-4) in toluene. In addition, 2% by weight,

15 based on the weight of polymer, of IRGANOX 1010 (an antioxidant, available from Ciba
Speciality Chemicals of Tarrytown, NY) was added to the polymer solution. The bottle was
recapped and placed on a shaker for about 1 hour..

This solution was coated onto 0.002 inch thick (0.051 mm) KAPTONTM film (a
polyimide film having the designation “Grade H,” available from E. 1. DuPont Company,

20  Wilmington, DE) using a knife-over-bed notched bar coating station, having a gap setting of
0.004 inches (0.102 mm) greater than the film thickness. The film was pulled through the
coating station by hand at approximately 30 to 40 inches/minute (76.2 to 102
centimeters/minute). The coated film was taped onto a support with the adhesive side
exposed and placed in a circulating air oven set at 70°C for 30 minutes. The actual oven

25  temperature was believed to be within 5°C of the setpoint. The support with the dried
pressure sensitive adhesive (PSA) tape was then removed from the oven, allowed to cool to
room temperature, and placed in a constant temperature/humidity room (23°C/50% relative
humidity ) in a vertical (relative to the room floor) storage rack for between 3 and 5 days
before testing. The final dried adhesive thickness was 0.0008linch (0.020 mm). The PSA

30  tape was evaluated for peel adhesion (Method A) and removability (Method A} after aging at

various temperatures. The results are shown in Tables 2 and 3 below.
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testing. The final dried adhesive thickness was 0.0008 inch (0.020 mm. The
PSA 30 tape was eval uated for peel adhesion (Method A) and renovability -
(Method A) after aging at various tenperatures. The results are shown in
Tables 2 and 3 below. 12 19 MAY 2005 WO 02/44296 PCT/ US01/ 45032 Exanpl e 2a
and Exanpl e 2b Exanple | was repeated except the anmpbunts of acrylic
nmononers and bi s-am de crosslinker solution were changed as shown in Table
1 below. The results are shown in Tables 2 and 3 below. This exanple is
referred to as "Exanple 2a". This exanple was 5 prepared a second tine when
a conparison was run with Exanples 3 and 4 below. This second preparation
is referred to as "Exanple 2b". 13 19 MAY 2005 WD 112/44296 PCT/ USQOL/ 45032
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results are ghewsn Y . Ex r epeat ed
with the fol llow g '\dl Eiailmlé A.D IS nel sd-fiti of Jq’_gsfgnr‘f\/l

acryl ate: acryllic2ci d /9%8: A (R0 wa258sel i M-blacke of tBS1butyl

acrylate:acrylic acid

to / 98:2 polymer solution.

The results are shown in
Tables 4 and 5 below. 14 1 9 NMAY 2005 WO 02/44296 PCT/USAO /45032 Table 4

Table 2
Example | Stoichiometric Ratio Pee] Adhesion Strength in oz./inch (N/25 mm)
(eqts. Amide / eqts. | 180°Cfor | 200°Cfor | 220°Cfor | 240°C for
Acid) 0.5 hours 0.5 hours 0.5 hours 0.5 hours
1 1.12 7.5 10.8 15.1 19.2
{2.09) (3.01) (4.21) (5.35)
2a 1.12 6.3 7.2 8.8 16.4
(1.75) (2.00) (245) (4.57)
Table 3
Example | Stoichiometric Ratio Removability
(eqts. Amide /eqts. | 180°Cfor | 200°Cfor | 220°Cfor | 240°Cfor
Acid) 0.5 hours 0.5 hours 0.5 hours 0.5 hours
1 1.12 Pass Pass Fail Fail
2a 1.12 Pass Pass Pass Fail
Example 3

Example 2 was repeated with the following modification: no IRGANOX 1010 was

used. The results are shown in Tables 4 and 5 below.

Example 4

Example 2 was repeated with the following modifications. A polymer solution of
isooctyl acrylate:acrylic acid / 98:2 (w:w) was used in place of the butyl acrylate:acrylic acid

10 /98:2 polymer solution. The results are shown in Tables 4 and 5 below.
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Exanpl e Stoichionetric Rati o Peel Adhesion Strength in (eqts. %%¢@L2W5
egts. 0z./inch (NN25 nm Acid) 180C for 200C for 220C f _ rs 0.5
hours OV8 H’thr)é 2b 1.12 4.9 5.4 6.6 (1.36) (1.50) (1.8%(:17@5@.’&@4.9 5.8
6.8 (1.36) (1.53) (1.89) 4 1.12 2.8 5.2 3.5 (0.75 (1.45 (0.97) Table 5
Exanpl e Stoichionetric Ratio Renovability (eqts. Amde / eqts. 180C for
200C for 220C for Acid) 0.5 hours 0.5 hours 0.5 hours 2b 1.12 Pass Pass
Pass 3 1.12 Pass Pass Pass 4 1.12 Pass Fail Fail Exanple 5 An acrylic
adhesi ve tape was prepared by first solution polynerizing acrylic 5
nononers, then adding a solution of bi qnide crosslinker to the pol yner
solution. Mre speC|f|caIIy a sol uti ﬂ’ﬁ | ymer of isooctyl acrylate

(1 OA) :isoborr LK ch1¥) R Nacryri ope’éphghésl tréngfoin0: 12. 5: 2.5
(ww was pr =paraﬁgﬂ| ﬁ . manner . ottI e vere added
S5 & ‘X;‘ AL  op et 09 & ?aL Snp o, Al drich

136 parts by{|wei ght 3 aL

Chem cal, M |waukee, W) w of f{i égg&: %)? ahol a Ife from BASF
10 Cor porati ilgshafen,  Ger mqny)o,ShO‘F W ﬁgmﬁm Beild

(avail abl e ffomaASF| Cor potdZion), 0. 48-$bw bt \VAFOTM|64 66 t t her mal | y
activated polynerizafion initiator |avdill38bl e| frdsd®. 1|, OuPbnt |de Nenours
and Conpany, | Wl g1 ng§on, DE},1280 pbw tol4ne, | anbi887 pbw &cetone. This
sol uti on was purged Vi th nit rogen fof 2(1r31'5yut es, (iL3mn the(heg)t l g was

seal ed and placegTnia rotaj{Rg watef baj§ at 57Ghor 24 hagw's. [The )
resul ting polyner 15 solution was fuft h@rj,sg it egh yphyth |32 gl t gl uene and
32 pbw et hyl Lacetat-e-t+-o—gtvre—an—tnttra—potynet SUI utTom
Table 5
Example | Stoichiometric Ratio Removability
(eqts. Amide /eqts. | 180°C for | 200°Cfor | 220°Cfor
Acid) 0.5 hours 0.5 hours 0.5 hours
2b 1.12 Pass Pass Pass
3 1.12 Pass Pass Pass
4 1.12 Pass Fail Fail
Example 5

An acrylic adhesive tape was prepared by first solution polymerizing acrylic
5§ monomers, then adding a solution of bis-amide crosslinker to the polymer solution. More

specifically, a solution polymer of isooctyl acrylate (IOA):isobornyl acrylate
(IBoA):methacrylic acid (MAA) / 85.0:12.5:2.5 (w/w) was prepared in the following manner.
To a glass bottle were added 136 parts by weight (pbw) of isooctyl acrylate (available from
Aldrich Chemical, Milwaukee, WT), 20 pbw of isobornyl acrylate (available from BASF

10 Corporation, Ludwigshafen, Germany), 4 pbw of methacrylic acid (available from BASF
Corporation), 048 pbw of VAZO™ 64 (a thermally activated polymerization initiator
available from E. 1. DuPont de Nemours and Company, Wilmington, DE), 80 pbw toluene,
and 87 pbw acetone. This solution was purged with nitrogen for 2 minutes, then the bottle
was sealed and placed in a rotating water bath at 57°C for 24 hours. The resulting polymer

15  solution was further diluted with 32 pbw toluene and 32 pbw ethyl acetate to give an initial
polymer solqtion.

15




15 19 MAY 2005 WD 02/44296 PCT/ US01/ 45032 Next, to 500 grans Of‘I gt'ﬂmsm% .

40. 0% solyfis AMgyner solution in a glass jar were added f a 5%
sol ution ((%y wel ght) of 1,1'-isophthal oyl -bi s(2-nethyl azi }?’:ﬁ{%{g?ﬂ%ﬁ

crosslinker in toluene, and an additional 115 grans of toluene. The jar
was capped and placed on a roller mll for between 15 and 30 m nutes to
give a 27.3% solids coating solution. 5 This final polyner solution was

coated onto 0,001 .i t hi ck (.0. . LADEX(r) 2030, film (a biaxially
ori ented poly eﬁ%l%ﬁ@ﬁ?ﬁﬁ?&ﬂ&? 38@%‘ ﬁr‘)ﬂf EQV%?FT %’g‘ln)@“flfl&rﬁlﬁﬁ'ﬁ%ﬁ’t’er‘r &igefin
Fi l MM \Mah ekt ¥ b 5 ' {9 ' - R .00 tion at a
speed of 10@_ feet/ mﬁlgﬂ?g(%S@er#ﬁ?%rggf’% %g?]g?é{l‘é(gl{jlﬁ ’?gﬁgggi?ﬁdﬁgﬁw th the
adhesi ve cswblinkepin totuene, akdlanBEXiopal flil § gramssoftioleatee heijatwas kePpedsaid ds

[ ti .k ti th d ive | | ut i o L . bet we th
P11 m and el b s il or ety LRSI timpies s e e e 3oh rls Salimesplon. -
thi cKpes Trs el betmpekaion 1 GRRRSS DI 1R 1BBSRRSh S HEUOll Aol AgscPver

having a | ength”of 60 feet (18.3 meters) and havi hg t tenperature
zones of fdpa biexisdly ekignted gobyethlyleng nhpththhlatefing avalaplerfatm DbPoneTdjins

fol | ows: = 150F (66C).; = 175F (79Q); and 3 = 220F
(1040 TR, almdeiRnaPRE Rite RS gl e ooV SPioR Gripesth i of
about 0. GQBGimRe B85 fidtPRiATR). Pﬁopf@écﬁﬁﬁ%\(&hm&ﬁkéib@%lﬁﬁ&ﬁ't}?ease i ner

was applied over the adhesive |layer as the tape was wound onto a roll
t hat was KAlehDEXS Glin was treag] with2610% oiids adimes soletidnadeor wastinvtht udhesivef or

nd 8 asonite Foes ehutis ffibh aBE retorchPE bt i o e rabriiesianted bel ow
20 EXaD uehivESERIs Fpths] SABR2THE el Gial PRk hEMETS. TO

C
the initial polynmer solution was added 72 grans of bis-am de crosslinking
agent andavisg adangsofdiO faeidil B 3aneters) ansl hawing. thieh eempesatineszoaseofsipprxinately

o N LI M R L
Met hod E17§9879°CYahdigore 3= R30°FAC04PC). The dried adhesive tape had an adhesive layer
15 thickness of about 0.0008 inches (0.020 pum). A protective non-silicone release liner was
applied over the adhesive layer as the tape was wound onto a roll that was then stored at
24°C to 26°C. The adhesive tape was evaluated for peel adhesion {methods B, C, D, and E)
and removability (methods B, C, D and E) as described above. The results are shown in
- Tables 6 and 7 below.

20  Example 6
Example 5 was repeated with the following modifications. To the initial polymer
solution was added 72 grams of bis-amide crosslinking agent and 187 grams of additional

toluene. The results are shown in Tables 6 and 7 below.

Table 6
Example | Stoichiometric Peel Adhesion Strength in 0z./0.5 inch (N/12.5 mm)
Ratio Method B Method C Method D Method E
(eqts. Amide /
egts. Acid)

5 0.99 14.5 10.4 6.5 84
(4.04) (2.90) (1.81) (2.34)

6 0.49 16.6 15.2 8.0 11.3
(4.62) (4.23) (2.48) (3.15)
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50.99 14.5 10.4 6.5 8.4 (4.04) (2.90) (1.81) (2.34) 6 0.4919aM8 0.2 8.9
11.3 (4.62) (4.23) (2.48) (3.15) 16 19 MAY 2005 WO 02/14{ %awm

PCT/ USO¥D 0184239 Tabl e 7 Exanple Stoichionmetric Renovabi l'i &8 Mvet hod B
Met hod C Method D Method E (eqts. Amde / eqts. Acid) 5 0 99 Pass Pass
Pass Pass 6 0.49 Pass Pass Pass Pass Exanple 7 Exanple 5 was repeated
with the follow ng nodifications: A solution polymer having a conposition
of butyl acrylate (BA):acrylic acid (AA) / _98:2 (ww was prepared in s
~acetone at 27.0% soI | ds using 109.8 pb%ﬁhim?yl acryl ate, (available from
BASF Corpe+atie wgshafer—Cerrany) 1 abl e
from BAS X@EﬁplforaﬁtPlﬁhlf’m%Blcl phw \/A7('Yy§ R'Kep OV 11 ae

pol ymeri|zati on { nitiBa%r avai | Msthed B m¥etbed Cpy| %ﬂ’m&? n&'f&odgd
Conpany,| W | mi npt{eats. Smide /arld 288 pbw |acet one. '|h| s initial polyner
sol ution was nepsuegs Aot} fqund to be |27. 0% sol ijds. 10 Nexft, to 500 grans
of this|27.§% spl'i dspggl ymer; solpskd on [i n Pagl asq j arPasas addedPass| 1] grans
of a 5%[Sorgrio (DyoWwe! gnt){ of Pasd - 1[SOPiFaiial o\ - bimg- neft hyl Pasiri dj ne)
crosslinker—m—totueme—Thrs resutted Tn a 23.0% sol1dS coat1 ng sol ution.
The adhesi ve tape obtained was evaluated for peel adhesion (nethods B, C,
D, and Exammple 7 enovabi lity (methods B, C, D, and E) as described above.

Th | t h T | le 7
fepeated wi t EXRBEITFIRRRIFnn e dioripe Tubiticadche, $EdRbortbodraer, 0, { ves
crossli %Kﬁﬁ%ﬁ‘&bﬁbbﬁﬁbﬂ\@f%umhgﬂ’ﬁd(Bﬂ'jﬂadyl{ceﬁlﬂ (A /|9s m(uﬂ@)mwlum igoating

sol uti on he results are shown in Tables 8 and ﬁ/
5 acetone at 27.0% solids using 109.8 pbw butyl acrylate, (avallablc om ASF Corporation,

Ludwigshafen, Germany) , 2.2 pbw acrylic acid (available from BASF Corporation), 0.17

pbw VAZO® 67 (a thermally activated polymerization initiator available from E. 1. DuPont
de Nemours and Company, Wilmington, DE), and 288 pbw acetone. This initial polymer
solution was mcasurcd and found to be 27.0% solids.

10 Next, to 500 grams of this 27.0% solids polymer solution in a glass jar was added 111
grams of a 5% solution (by weight) of 1,1’-isophthaloyl-bis(2-methylaziridine) crosslinker in
toluene. This resulted in a 23.0% solids coating solution. The adhesive tape obtained was
evaluated for peel adhesion (methods B, C, D, and E) and removability (methods B, C, D,

and E) as described above. The results are shown in Tables 8 and 9 below.

15 Example 8
Example 7 was repeated with the following modification. 55.5 grams of the bis-

amide crosslinker solution was employed. This resulted in a 24.8% solids coating solution.

The results are shown in Tables 8 and 9 below.

Example 9
20 Example 7 was repeated with the following modifications. 27.8 grams of the bis-
amide crosslinker solution was employed, and 61.0 grams of additional toluene was used.

This resulted in a 23.2% solids coating solution. The results are shown in Tables 8 and 9

below.
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Exampl e 9 20 Exanple 7 was repeated with the follow ng nodificatq gpe20027. 8
granms of wif\e Abse am de crosslinker solution was enpl oyed, gr ams
of additiona H?%ﬁ uene was used. This resulted in a 23. Z%Pscgllh?isggﬁ‘?:@éti ng
solution. The results are shown in Tables 8 and 9 below 17 19 MAY 2005
WO 02/ 44296 PCT/ USQJ/ 45032 Exanple 10 Exanple 7 was repeated with the
follow ng nodifications. 13.9 grans of the bis- am de crosslinker solution
was enpl %%d ]agg 73.0 grans of additional toluene was used. This resulted
in a 23 TORIR? coating solution. The results are shown in Tables 8 and 9
5 bel ow. Exanmixample Fxasripeatéd With theRABWALE MobificitdRs | 03.5 QMAYof the bis-

modi fications. The polyner solution was used in an anmount of 250 grans;
55.5 gr afguds crp&ﬁémlserssoﬁmoaéwaé eoPivyeRkand Bl graims of edditionahivgnedyasamet. 305. 5

grans of I.1.1\anal l.yene. was used. This,resulted in an 5% so]l1ds 10
coating sO &Jtelg'gr%ra lq’ﬁ?%rlggﬁ(ﬁ{d@%g?@%ﬁ%wni ApPesag Sf&?ﬂﬁ"ﬁ‘ é?l?fv\ga“ anpl e
12 Exanpbelowl was repeated with the foll ow ng nodifications. 6.9 grans of
the bis- ami de crosslinker solution was enployed; and 354.1 grans of

additional toluene was used. This resulted in an 11.1% solids coating
sol uti onExample 8yl ts are shown in Tables 8 and 9 15 below. Table 8

Ex | St oi i i Adhesi . | dhesi St th i .10.5.1 h
e+ o LSRRI Sl EaeRbd §ih e RTR T RPABHTIE: Tt Polmb I ot
Met hod  egidSin aAGintbunBofR90 ﬁalﬁs;lSSZ.‘Q%lQnQQ@&e%i?-aﬁid% cfosdlinke? soltiBert®hs (2. 53)
(0.61 (1. 64{ 8 0.60 0.0008 8.6 8. 2.3 5.7

employed; and 305.5 grams of additional toluene was used. This resulted in an 11.5% solids

10 coating solution. The results are shown in Tables 8 and 9 below.

Example 12
Example 11 was repeated with the following modifications. 6.9 grams of the bis-
amide crosslinker solution was employed; and 354.1 grams of additional toluene was used.

This resulted in an 11.1% solids coating solution. The results are shown in Tables 8 and 9

15 below.
Table 8
Example | Stoichiometric | Adhesive Peel Adhesion Strength in 0z./0.5 inch
Ratio thickness (N/12.5 mm)
(eqts. Amide / (inch) Method | Method | Method | Method
eqts. Acid) B C D E
7 1.20 0.0008 8.2 9.1 2.2 59
(2.28) (2.53) (0.61) | (1.64
8 0.60 0.0008 8.6 8.5 23 57
(2.40) (2.37) (0.64) (1.59
9 0.30 0.0008 9.4 11.5 3.5 82
(2.62) (3.20) (6.97) (2.28)
10 0.15 0.0008 11.6 17.8 7.0 12.2
(3.23) (4.96) {1.95) (3.40)
11 1.20 0.0004 5.6 9.3 1.6 6.3
(1.56) (2.59) (0.45) (1.75)
12 0.15 0.0004 7.9 12.9 31 10.3
(2.20) (3.59) (0.86) (2.87)
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(2.40) (2.37) (0.64) (1.59) 9 0.30 0.0008 9.4 11.5 3.5 8.2 %(2@0520)
(0.97) (2.28) 10 0.15 0.0008 11.6 17.8 7.0 12.2 (3.23) P&é‘g *"‘%’

(3.40) WQ#2/44229€ 0.0004 5.6 9.3 1.6 6.3 (1.56) (2.59) (0. f % 12 0. 15
0.0004 7.9 12.9 3.1 10.3 (2.20) (3.59) (0.86) (2.87 18 1 9 MAY 2005 WO
02/ 44296 PCT/ US01/ 45032 Table 9 Exanpl e Stoichionetric Adhesive
Renovability Ratio thickness Method Met hod Met hod Method (eqts. Ami de /
(inch) BCDEets. Acid) 7 1.20 0.0008 Pass Pass Pass Pass 8 0.60 0.0008
Pass Pass Pass Pass 9 0.30 . 0.0008 Phade Pass Pass Pass 10 0. 15 0.0008

Pass Pass—Pass—P 120 0004—Pass—Pass—ass ravsahillz ©6—15-610004

Pass Pasg Basplepn s%‘mCEb@EFﬁS‘F‘é 13RS (1t fon o vmer— YRV aervbate: et hyl
acryl atetacrylic| aci dREBA: EA: Aﬂ)lbliﬂeSMB:héﬂhQI g’f) aF"kﬁhOdarn(bnMﬁéigﬁ to
prepare an adhes| vieqtsapmide £ i jcl Enelli ch wds t He vial uBd ed| MOE
specifically, 43| pbwgtBMAci®b pbw EA, 2| pbw AA, and 0 2 pbw VAZO 67 Iwere
added to zsd7pbw of efhyl aceft apeooh 4 qels aijnePasphijch Phdsen | sekdsed land

pl aced i 8' AUTATOMET@T 10T 24 08T §_atas90( [ Pas§i Ve ®ast0% SOPisels [pol ymer
et SofhLrd by] bis i rmt.yd 6%?)2:' :,};ﬁg? Ui.ﬁﬁgwﬂ%’g N7 64- 4)
in tol uene wds alided £35100 phu his B8} yrer S8 ut-of Wresuls '
:an oL Het 11 1.20 ‘AO.0004 Pass ~ Pass ERHS Pass Ited in
12 0.15 0.0004 Pass Pass Pass Pass ]
Example 13

A solution polymer of butyl acrylate:ethyl acrylate:acrylic acid (BA:EA:AA)/
43:55:2 was prepared, and used to prepare an adhesive tape article which was then
5 evaluated. More specifically, 43 pbw BA, 55 pbw EA, 2 pbw AA, and 0.2 pbw VAZO 67
were added to 233 pbw of ethy] acetate in a container which then sealed and placed in a
laundrometer for 24 hours at 58°C to give a 30% solids polymer solution. Next, 23.2 pbw of
a 5% solution (by weight) of 1,1’-isophthaloyl-bis(2-methylaziridine) crosslinker (CAS No.
7652-64-4) in toluene was added to 100 pbw of this polymer solutioﬁ. This resuited in a
10  stoichiometric ratio (equivalents amide / equivalents acid) of 1.13. The container was
resealed and placed on a shaker for about 1 hour. This final polymer solution was converted
10 a tape article, having 2 final dried adhesive thickness of 0.0008 inch (0.02 mm}, as
described in Example 1. The tape was evaluated as described in "Peel Adhesion Strength”
{Methods A and C) and "Removability” (Methods A and C) with the following modifications
15  to Method C. The tape was evaluated within 10 days of preparation using an IMASS peel
| tester {available from Instrumentators, Inc., Strongsville, OH); a 0.001 inch (0.025 mm) thick
KAPTON film was placed between the KAPTON backing of the tape and the compression
bonder; the peel test results were normalized to a width of one inch (2.54 cm); and only two
test strips were evaluated and used to calculate an average peel adhesion strength value. The

20  results are shown in Tables 10 and 11 below.
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10 stoichionetric ratio (equivalents am de / equivalents acid) fg MAYLANS The
contain ‘ eseal ed and placed on a shaker for about hour. This final
pol ynere\é/gﬁﬁtﬁi"(zﬁné was converted to a tape article, havi ngiigTﬁféﬂyl‘soa%i ed
adhesi ve thickness of 0.0008 inch (0.02 mm), as described in Exanple 1.
The tape was eval uated as described in "Peel Adhesion Strength" (Methods A
and C) and "Renovability" (Methods A and C) with the foll ow ng

nodi fications 15 to Method C. The tape was evaluated within 10 days of
preparation using an | MASS peel testerT¢deadfl able from Instrumentators,

Inc., St I , e Q=025 tek—KAPTONf+1+ras

pl aced be?ﬂ\/\gazﬁnﬁ%het E)éj% |0rl1; o?ﬁekédﬁ%’g é‘ggﬂg;gé%‘? @gﬁ&t}'ﬂj bonder;

t he peel |test r equfFLEs %éeg%(}ﬁa ized to0 3 widt KB inch (2 54 cnjf; and .
only two| test stlrips w8 eval uat B9 Grier s 800°Cdor )l G0 forah 24ME€dor |peel
adhesi on|strength value. The 20{r88iouss gr &.Simowm i r).Thonres | 10.540drs1 ]

bel ow. 19 1913vAY.| 2005, 1.180 02/ 44296 0PCT/ YSO 2¢16032 Tabbe 10| Examd e
Stoichiopetric Rgtio Peel Adhesi pn g6@®ngth w79z /|i nqB 16\ 2p mmagy(eqts.

Am de / eqts. (Method A) Acid) 180T Tor Z00T for 220C for 240CTor 075

hours 0.5 hours 0.5 hours 0.5 hours 13 1.13 20.1 20.6 22.1 26.8 (5.60)
(5.74) (6.16) (7.46) Table 11 Exanple Stoichionetric Rati o Renovability
(eqts. Anmide / eqts. (Method A) Acid) 188 1br 200C for 220C for 240C for

0.5 hour F ExmnhPUTStoidh : : bl e
e St ollslcri n Itu:ralnﬁ F%?ﬁbAdhesi on Rermvabte]n}?}.g i tio Strength ijn
q&' %ﬁ ee/qts(jz ineh (N 25 Method A _
CI -]
3

12 Exanp
Pass / Fail € NL25
( ) 180°C for | 200°C for | 220°C for | 240°C for
0.5 hours 0.5 hours 0.5 hours | 0.5 hours
Pass Pass Pass Fail

13 1.1

Table 12

Example

Stoichiometric
Ratio
{eqts. Amide /
eqts. Acid)

Peel Adhesion
Strength in
oz./inch (N/25
mim)

Removability
(Pass / Fail)

Method C

Method C

13

1.13

24.6

Pass

(6.85)

Example 14
5 The effect of a tape of the invention and a standard silicone adhesive-based tépe on
the surface energy of a copper panel after exposure to heat and pressure was evaluated. More
specifically, two tape test strips, one of the tape of Example 7 and one having the designation
“TRM 6250~ (a tape having a silicone adhesive on a polyimide film backing, available from
Nitto Denko, Inc., Fremont, CA), were applied to a copper alloy panel and conditioned as
10 described in *Peel Adhesion Strength (Method C)” above with the following modiﬁcatio_ns.
The test strip of the tape of Example 7 had been stored, with a protective liner over the
adhesive, for about 7 weeks on the benchtop at ambient conditions (72 to 77°F (22 to 25°C)
and 30 t035% relative humidity) prior to testing. The protective liner was removed just prior
to testing. The TRM 6250 tape was obtained in roll form without a protective liner. The tape

15 test strips were aged for at least 12 hours at ambient conditions before applying heat and

20




eqts. Acid) nun) Method C Method C 13 1.13 24.6 Pass (6.85) 198 Pibe 14 5
The effect of a tape of the invention and a standard silicone _

adhesi WEO§Z4686t ape on the surface energy of a copper pHnEPSHH exposure
to heat and pressure was eval uated. More specifically, two tape test
strips, one of the tape of Exanple 7 and one having the designation "TRM
6250" (a tape having a silicone adhesive on a polyimde film backing,

avail able from N tro Denko, In¢c., Frenont, CA), were applied to a copper
al | oy paesureantl farondf 1600redndsswastapgiisd, whiedcarrespanded toraipressuomofStZ0ausyt h

' (NEthOdr%g" above with the follow ng nodifications. The test strip of the
t ape of OERE St &11PS-had been stored, with a protective |liner over the

adhesi ve, fo og%fé% PhReath {sBFY ardQiadilibraids, (hé2 to
77F (22 to Zéfgﬁggfr%ﬁB to ggéo%%ugfgtaﬁg%%umadi@:g Sri o? ;yg te;t_i ng. The

pr ot ectstnps wWenerchvpeeladdrok ewlay frem gopdrten of the pensd iarrpoThEe TRASIEISD t ape was
obtained in rgll formwthout a protective.liner.. t t strips
wer € ag¥ af%regf’all IB%Ft'%’Zwﬁlbh?émgﬁdegﬁ%ﬁ ng%al%dox}'o |c§1|dg€§0rt§:§ﬁ %r%ge‘;'% "ying heat
and  20gdwSvetAe 200 e HPHARHA296eRE DY HRARMN30 taperegBibite@a rédl éadorcdnof 1600
pounds was. applied, which corresponded to a pressure of, ﬁé&ﬁ (gsi on the
test steongest, teserfagedhashad besn qoyered by s taps plokxammiel ekbigHed Rt and pressure

and equ&i%éo%rﬁﬁ&r? h wﬁ{]tﬁe sathd écﬁ?x M@gﬁ?ﬁ{ﬂfsﬂﬁﬁéﬁ}i&?&&e@ﬁﬁﬁcﬁibﬁw ﬁed_@@irﬁ]& ion of

t he panel to éxpose e underlying ace. Visual inspection with the
unai dedpressare. eveal ed no residue for either test strip. However, the

f t hat, had been d t he TRM 6250 t i bi | or.
T 1 Gont r at NOTn e ST RIGIEN Bf e AT T Gepes VB PR b leC el el ©F
exhi bi t gifeOappHtsfal o haitiad presturéVaas bduAeisixzopedt cattainig lignidyiedingur f ace

prior to the application of heat and pressure. 10 Next surface energy
of the surfage tenpins FAagingdem 3o it&dynsy (%Vﬁ@atﬁ?nﬁoali I?Jf*l@r'ﬁﬁ? LP?; I ng

app! | CaghonTRl pli3erBaR ERSMRs UEBRSEINBLRRH R I0aMa BRclifi sk T N
qui ds havi ngp sur Trace tensions ranging from36 to 48 dynes (avail able
f r om Dyseetibn nfedch@pe\inllomingwnnditioning with heat and pressure), as well as an
15  unconditioned, untaped panel surface. All the liquids were observed to wet out on the initial
panel surface for at least 2 seconds, indicating a panel surface energy of at least 48
dynes/dcntimeter’. The same result was obtained for the area that had been covered by the
tape of Example 7. In contrast, the liquids did not wet out the area, whjch had been covered
by the TRM 6250 tape, indicating a panel surface energy of less than 36 dynes/centimeter’.
20  Silicone adhesive tapes are known to leave invisible (to the unaided eye) residue that has
adverse effects on subsequent processing steps such as metal plating, soldering, etc. These
results indicate that the tape of Example 7 had less effect on the surfacé energy of the panels

than did the TRM 6250 tape.

Examples 15-17 (Comparative )

25 ) Example 2 was repeated with the following modifications. A polymer
solution of isoocty} acrylate:acrylic acid / 90:10 (w:w) was used in place of the butyl
acrylate:acrylic acid / 98:2 polymer solution, Various amounts of bis-amide crosslinker
solution were added as shown in Table 13, below. The samples were coated on 1 mil
polyimide film and cured at 70°C for 2 hours before testing. The 180° angle peel adhesion

30  strength was then measured at a peel rate of 12 inches/minute (30.5 cm/minute). After the

Peel Adhesion Strength test was performed, the polyimide film substrate was visually
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(16.74)

Table 14

10

Example

Bisamide

% wiw

Stoichiometric Ratio

Removability

(eqts. Amide / eqts.
Acid)

180°C for
0.5 hours

200°C for
0.5 hours

220°C for
0.5 hours

15

0.3%

0.02

Fail

Fail

Fail

16

0.5%

0.03

Fail

Fail

Fail

17

0.7%

0.04

Fail

Fail

Fail

Examples 18-20
Example 2 was repeated with the following modifications. To a polymer

solution of butyl acrylate:acrylic acid / 98:2 (w:w) was added: bis-amide crosslinker

solution, Foral® 85 tackifier and/or Pycal® 94 plasticizer. The samples were coated on 1
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(25.39) (22.32) (19.36) 16 0.5%0.03 85.0 75.8 63.6 (23.72) (£4MENS
0.04 75.0 58.6 60.0 (20.93) (16.35) (16.PZ:4.}‘%S“§I4_%3?I e 14
eqts.

(17.75) e
Exanpl e\%?grgﬁg e Stoichionetric Ratio Renovability % w w Anode /

eqts. 180C for 200C for 220C for Acid) 0.5 hours 0.5 hours 0.5 hours 15
0.3%0.02 Fail Fail Fail 16 0.5%0.03 Fail Fail Fail 17 0.7%0.04 Fai l
Fail Fail Exanples 18-20 Exanple 2 was repeated with the follow ng

nodi fications. To a P(_)Iymer 10 sol uti.on of but%l acryl atg'o yl gg acid /
98: 2 (wiw (O ramo alyimids fm; dreddppa snippike st 2080 and Gired B %ﬁffﬂf“ ours

| ~ tackifi / 1G] . o 1 22
16 iy SoE e oY alRles Sty e s B R AR TR EE B e S o

dried faqr5 fou. Miicesinles200e feeteitback bgthand aGOIB0F anglé 8t aipesd sate bef ore testing.

The sanpl es were adhered to gl ass panels_and heated in an qven %rinégo C for

1.5 hougBproximeately ig/inches(minite, G0 oemismiante)y Btk ibe glass surfacs anfdhep Deel
> . Ohae ¢ . |
Gur e TAGuPsHEkEr ki) BERERAN MR dndthed cFiToltE) A1RALBIL e 555,

t he unaiogfadesmyearidecdi esl Apass" Atngs Aelresulpasd shdwnad Talde ¢Anl y and received a
"pass" rating. The results are shown in Table 15. Table 15 Exanpl e
Stoichionmetric % Foral (r) 85 % Pycal OO 94 Renovability Ratio (eqts. (%to
polymer (% to polyner from glass afterp,R.gan de/eqts. solids) solids) 180

C, 1.5 hrs Acrylic Acid 18 0.1 11 3 Pass
Example Stoichiometric | % Foral® 85 % Pycal® 94 Removability
Ratio (eqts. (% to polymer | (% to polymer from glass after
Bisamide/egts. | solids) solids) 180 °C, 1.5 hrs
Acrylic Acid
18 0.1 11 3 Pass
19 0.1 0 3 Pass
20 0.1 11 0 Pass

10

Various modifications and alterations of the present invention will become apparent

to those skilled in the art without departing from the spirit and scope of the invention.
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19 0.1 0 3 Pass 20 0.1 11 O Pass 10 Various nodifications and alterations
of the present invention will become apparent to those skilled i{§ MAEI0HS ¢
wi t hout departing fromthe spirit and scope of the invention. 23 19 NMAY
2005 What is clained is: 1. An adhesive article conprising: (1) a

backi ng; and (2) a pressure sensitive adhesive conposition on said backing,
sai d conposition conprising the reaction product of. (A) a copol yner
conprising the reaction product of (a) a (meth)acrylatc ester of a
non-tertiary al cohol in which the alkyl group contains between | and 14
carbon atomns, inclusive, and whose honopol ynmer has a glass transition

t enper at uVehads gladmiedris: t han about 0C, and (b) a carboxylic
acid-functional, ethylenically unsaturated co- nononer; and (B) a bis-anm de
crosslinking agent having the fornmula: Il Il NCR2-CN R R3 where R
and R i ndependynadhgsivgagidetaaprsing rom t he group consisting of H and CH2+i
where n is an integer, ranging, froml to 5 and R2 is a divalent radical

sel ected fromlthe ¢ nge@ sting of benzeno (- C8H4-), substituted
penzeno, t11azyhe, G MSLAvER ISR oHpBEifibn b WdMckingm 1 L0 10, and

conbi nati ons tfg ti ve anounts sal d co-nonoffer and said
crosslinking aggptcRgidifionTbRrisRG thefaciidibroiid ofhe ratio of the nunber of

equi val ents of am de 'groups to the nunber of equival ents of carboxylic
acid groups is (A) | essipohimertcofprisinghbe miactidriyropuctof (w)e (seatkatiylate estittesi ve
conposi tion conprises no qr.eat er than 10% by wei ght of a tackifier and no
greater tio&n npectbyianealgehol an whichithe slkyl grenp containg bawessil\anddd garhoa
according to cl.aim,l wh reﬂn ﬁaid ratio i s hetween. .ab?ut 0.5

atoms, inclusive, and whose homopolymer has a glass transition temperature no greater

than about 0°C; and (b) 2 carboxylic acid-functional, ethylenically unsaturated co-

monomer; and

(B)  a bis-amide crosslinking agent having the formula:

where R and R’ independently, are selected from the group consisting of H and
C.Hz,:) Where n is an integer ranging from 1 to §, and R? is a divalent radical selected
from the group consisting of benzeno (-C¢Hy-), substituted benzeno, triazine, CiHam
where m is an integer ranging from 1-to 10, and combinations thercof,

the relative amounts of said co-monomer and said crosslinking agent being
selected such that (3) the ratio of the number of equivalents of amide groups {o the
number of equivalents of carboxylic acid groups is at least about 0.5,

wherein the pressure sensitive adhesive composition comprises no greater than

10% by weight of a tackifier and no greater than 2% by weight of a plasticizer.

2. An adhesive anticle according to claim ) wherein said ratio is between sbout 0.5

and about 1.3, inclusive.
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and about 1.3, inclusive. 24 19 MAY 2005 3. An adhesive arti C|(E[‘ %ﬂomg ng
to claiml wherein said ratio is between about 0.7 and about 1.(9

i nclusive. 4. An adhesive article according to claiml wherein said
carboxylic acid-functional co-nononmer is selected fromthe group
consisting of acrylic acid, nethacrylic acid, and conbinations thereof. 5.
An adhesive article according to claim1 wherein said (neth)acrylate ester
is selected fromthe group consisting of butyl acrylate, 2-ntthylbutyl
acrylate, 2-ethyl hexyl acrylate, isooctyl acrylate, lauryl acrylate,
n-decyl adryl atAn adhesiierayticle aprandipe teelaym it»\éherem%@rfww rcheymaeneaboyb 7 put y |
acryl ate, isqnonyl .acrylate, and conbinations thereof. 6. An adhesive
article atb? ”hé-ot'ﬁdt‘:‘ ¥fm 1 wherein said (neth)acrylate ester is butyl
acrylate. 7. An adhesive article according to claim21 wherein said
crosslinking agent . conpri.ses 1. 1'-isophthaloyl.-bis(2- | azi &1 di . 8.
An adhesi %e art4 Ia‘éhcéb‘c?mﬁﬁéc‘fdé&lgﬁé? af“&h“é‘?%f‘ﬂlg? %ie‘:%ét%‘&ﬂg H%? @gﬁi:?rﬁglt))
nonomer i : 9 ' : el LYie, t al
el gnt - of R RSREEICled gy pHSp Bt CHE R E aclef eI ftuh)

wher ei n t hgmBiMRUAs BErefti d Cco- nononer i s between about 1-2.5% by wei ght,

i ncl usive, based upon the total weight of said copolyner. 10. An adhesive
article according to claiml wherein the amount of said co- nonomer is

bet ween aBput 1Ah-a2h&iuenrtisteiagtdrdingnae klasnlevhdreissdidfoumh)aheyldtoesier inei ght  of

said copolynmer. 11. An adhesive article accordin tg cLai nfl ;é\,her in the
al kyl gr osgledied{ramnthe grauppoasisyngafbuty! %&‘lb%nz‘ﬁil‘g’?@.mi acrgals, S’é@ﬁb“y

iti d i Pt | S| t £ 25 19
VAT 2005 SR, st gresr S SRt Al A A S RaBRIRHG) afime

(met h) acr ydoahy) §&4Rle, sec-butyl acrylate, isononyl acrylate, and combinations thereof.

6. An adhesive article according to claim 1 wherein said {meth)acrylate ester is

butyl acrylate.

7. An adhesive article according to claim 1 wherein said crosslinking agent

comprises 1,1’-1sophthaloy)-bis(2-methylaziridine).

8. An adhesive article according to claim i wherein the amount of said co-

monomer is between ebout 1-5% by weight, inclusive, based upon the total weight of said

copolymer.

9, An adhesive article according to claim 1 wherein the amount of said co-
monomer is between about 1-2.5% by weight, inclusive, based upon the tota] weight of

said copolymer.

10. An adhesive article according to claim 1 wherein the amount of said co-
monomer is between about 1.5-2.5% by weight, inclusive, based upon the total weight of

said copolymer.

11. An adhesive article according 1o claim 1 wherein the alkyl group contains

between 4 and 14 carbon atoms.
12. A pressure sensitive adhesive composition comprising the reaction product of:
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of a non-tertiary alcohol in which the al kyl group contains between

14 carbon atoms, inclusive, and whose honopol ymer has a gl ass tr&tm‘t?
tenperature no greater than about O0C, and (b) a carboxylic
acid-functional, ethylenically unsaturated co- nononer; and (B) a bis-am de
crosslinking agent having the formula: Il Il NCRZ-CGCNR R3 were R
and R3 independently, are selected fromthe group consisting of H and
CnH2n+1 where n is an integer ranging from1l to 5 and R2 is a dival ent

radi cal selected fromthe group consisting of benz E (g (-Cg}m-rg
substituted beApno,a dopplymieneomprismpgihe WW@WG“%‘?‘Q (ﬁ ﬂt(Elj’ Jaer ¥R ST £ r om 1

to 10, and conbi nati ons there

relative am) nomer
and said @f@)QQI"l‘?ﬂdﬁﬁga hin Bglchd;“: géw&?%c%@ﬁs é’l’tec'al )m?llg C%%tﬁg of the
nunber of e ents. o o R bgepf
car boxyl i 5‘ hﬂs&ﬁbgn W%?f %rgéé)&ig@ @SBE%SMergP%%%@%P@f?e a
sensi ti Veu%’:'h%ght’@(}:‘ilﬁ@ '4é:ﬂbe%ﬂimEidSﬁﬁctmhagreﬂﬁrﬂ@ﬁcattlymsatﬁﬁ%dmo wei ght of
a tackifier no dgreat€r than 2% by wei ght ‘of "a plasticizer. 13. A
process f ejordinftresid Ng a substrate conprising: (A) applying an adhesive
article to the substrate, said adhesive article corrprl sing: (1) a backing;
and (2) a presgBje s:ebmam!dtecmﬂwlnzeﬁgémrh%mgtlﬁ@ﬁow %¥ai d backing, said
conposition conprising the reaction product of (a) a copol ymer conprising
the reaction product of (i) a (meth)acryl ate ester of a non-tertiary
al cohol in which the alkyl up c%t ai ns be ween and 14 carbon atons,
i nclusive, and whose honopollyngg a-gtassctragsitfion 26 19 MAY 2005
tenperature no greater than out OC and (||) a cwurjoxylic
acid-functional. ethylenic y unsaturated co-nono and (b) a bis-amde
crosslinking agent havinggthe formul a: R

where R! and R? independently, are selected from the group consisting of H and
C.H,+1 where n is an integer ranging from 1 to 5, and R?is a divalent radical selected
from the group consisting of benzeno (-C¢Hs-), substituted benzeno, triazine, CroHzp,
where m is an integer ranging from 1 10 10, and combinations thereof,

the relative amounts of said co-monomer and said crosslinking sgent being
selected such that (i) the ratio of the number of equivalents of amide groups to the
number of equivalents of carboxylic acid groups is at Jeast about 0.5,

wherein the pressure sensitive adhesive composition comprises no greater than

10% by weight of a tackifier and no greater than 2% by weight of a plasticizer.

13. A process for protecting a substrate compnsing:

(A)  applying an adhesive article to the substrate, said adhesive article
comprising:

(1)  abacking; and

(2)  apressure sensitive adhesive composition on said backing,
said composition comprising the reaction product of:

(a) a copolvmer comprising the reaction product of (3) a (meth)acrylate
ester of a non-tcr_tiary alcohol in which the alkyl group contains between 1 and 14

carbon atoms, inclusive, and whose homopolymer has a glass transition
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OO0 NCR2-CNR R3 where R and R3 independently, are selected fromthe
group consisting of Hand C H2,,,t where n-is an integer rangi ﬁgﬂ MAGHN to
5, and R2 is a divalent radical selected fromthe group consisting of
benzeno (-C6H4-), substituted benzeno, triazine, C,,H21 ,, where mis an
i nteger ranging froml to 10, and conbi nations thereof, wherein the ratio
bet ween the nunber of equivalents of am de groups to the nunber of

equi val ents of carboxylic acid groups is at |east about 0.1; (B) heating

sai d adhesive article and said substrate at a.tenperature within the range
of about 150C ttemawwezswatqm%ou& @é#ﬂ?f('ﬁ)éﬁb?ﬁjH%éF!ﬂ'&@ﬁ\é%? e article

fromsaid substrate fall ow heat _ exposure. 14. A process according to
claimi13 corrpri"gﬁw@mﬁ@i@f‘i"ﬁ&n’g%@c%m&%m rticle and said substrate for
at | east about 30 m putes, 15 - ' | f I.m 1, wherein the
(meth)acryl ate ester&gf aa b#&%@@??ﬁ%&?@%ﬂéﬂ‘ﬁwmifgﬁ%{ﬁﬁé al kyl group
contains between | and 8 carbon atons, inclusive. 16. The pressure
sensitive adhesive conpositign of cpaim 12, gherein g¢he (neth)acrylate

ester of a non-tertiary alcghsl in ffhich thellal kyl /group contains between
| and 8 carbon atons, Includi veN—27C—R*——C—N

R R?

where R’ and R’ independently, are selected from the group consisting of H and
CrHane1 Where n is an integer ranging from 1 to 5, and R? is a divalent radica) selected
from the group consisting of benzeno (-CgHq-), substituted benzeno, triazine, CiHon
where m is an integer ranging from 1 to 10, and combinations thereof,

wherein the ratid between the number of equivalents of amide groups to the
number of equivatents of carboxylic acid groups is at least about 0.1;

(B)  heating said adhesive article and said substrate at a temperature within the
range of about 150°C to about 230°C; and

(C)  cleanly removing said adhesive article from said substrate following heat

eXposure.

14, A process according 1o claim 13 comprising healing said adhesive

article and said substrate for at least about 30 minutes,

18. The adhesive article of claim 1, wherein the (meth)acrylate ester of a

non-tertiary alcohol in whichb the alkyl group contains between 1 and 8 carbon

atoms, inclusive.

16. The pressure sensitive adheslve composition of claim 12, wherein the
(meth)acrylate ester of & nonétertisry alcohol in which the alkyl group contaluns

between 1 and 8 carbon atoms, inclusive,
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