WO 2011/ 032074PCT/ US2010/ 048598 DUAL CROSSLI NKED TACKI FI ED PRESSURE
SENSI TI VE ADHESI VE Cross-Reference to Rel ated Application [0001] The present
appl i cat iwo 2011z2i3m4t he benefit of U.S. Provisional PaterCTASpdiooatsvoOHN No.
61/ 241,553 filed Septenber 11, 2009, which is incorporated herein by
reference inits entirety. Field of the Invention [0002] This invention
relates to pressure-sensitive adhesives and nore particularly to takified
acrylic based pressure sensitive adhesives which are in-line mxed with
aziridne crosslinker after the tackification and which are dual cured.
Background of the Invention [0003] The autonotive, consuner appliance,
consuner electronics, and other industries require adhesives that have a
conbi nati on of properties such as |long durability, resistance to continuous
exposure to high tenperatures, and good peel adhesion to a w de range of
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substrates, they performpoorly at elevated tenperatures. Acrylic based
adhesives, in contrast, either have outstandi ng peel adhesion and poor
el evated tenperature performance or | ow peel adhesion and outstandi ng
el evat ed tenperature performance. What is desired is a durabl e adhesive
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Nitto) teaches the use of terpene phenolic resin as a tackifier in
photocurable pressure-sensitive adhesives. The use of other types of
resin%” i, N glng rosin resin, is described in the Japanese Journal

"Set ¢ éﬂﬁ ?W/T Y9 . 489-504, 1984). The use of cyclohexene resinis
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takified acrylic based pressure sensitive adhesives which are in-line mixed with aziridne crosslinker after

the tackification and which are dual cured.

Background of the Invention

[0003] The automotive, consumer appliance, consumer electronics, and other industries
require adhesives that have a combination of properties such as long durability, resistance to continuous
exposure to high temperatures, and good peel adhesion to a wide range of substrates such as metals,
plastics, paints and the like. While rubber/resin based adhesives show excellent peel adhesion to many
substrates, they perform poorly at elevated temperatures. Acrylic based adhesives, in contrast, ¢ither have
outstanding peel adhesion and poor elevated temperature performance or low peel adhesion and
outstanding elevated temperature performance. What is desired is a durable adhesive with good peel
adhesion to low surface energy (LSE) substrates, high shear adhesion failure temperature, good stress

relieving properties, and excellent converting properties.



based on isooctylacrylate and 3 to 7% by wei ght acrylic acid. The polyner
is stated to have an inherent viscosity of 0.75 to 1.5 dl/g prior to cure.
The cur edwpnrodustommas stated to have shear val ue at 70CpcCofusadioloesssg 5, 000
m nutes. Incorporating | ow nol ecul ar weight resins into the adhesive
formulation typically results in adhesives which have poor high tenperature
shear adhesion. [0006] The durability, adhesiveness, and other properties of
pressure aﬁ@@%}ive adhesi ves are al so affecte hot h t he .choi
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of a) and t130017]S cr 8%5 lljagI kl%g. %@39 &G‘sz goe?(e r.&€[§lar(1)cfont e}% eal.(,) tc{}s%{o'ses PSA composition

containing a bisamide crosslinking agent which provide high temperature resistance and adhesion, but
these types of PSAs do not adhere well to low surface energy substrates such as polypropylene substrates.
Similarly, U.S. Pat. No. 4,456,741 to Ames discloses a hot melt acrylic adhesive containing tackifiers
having good peel adhesion and permanent tack, but low shear adhesion.

[0008] U.S. Pat. No. 4,726,982 to Traynor et al., discloses a tackified acrylic based pressure
sensitive composition containing N-vinyl-2-pyrrolidone, and described as being useful in adhering to high
solids automotive paints.

[0009] US Pat. No, 7,109,266 to Isiguro et al., discloses acrylic pressure sensitive adhesive

composition containing an acrylic polymer and a tackifier obtained by acid modification of a tackifier



[ 0012] US patent 2005/0061435 Al to Everaerts et al., discloses |atent
over-tackified adhesive that can be activated with a plasticizer upon
dermand t owbapmwe2@ressure sensitive adhesive. This forneCatisemonsssbs zes
aziridine crosslinker but does not enhance the high tenperature shear
during the product use. [0013]US patent 5,874,143 to Peloquin et al.,

di scl oses incorporation of a plasticizer material into a tackified acrylic

PSA. The resul PSA i.5 shown to rove ndl mar ki n
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of hréﬁﬁﬁébr adhesion to | ow surface energy substrates hi gh tenperature
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peel n@»g d tﬁn ﬁrof hi gh tenperature shear. Wen the adhesive is
subseduén V”egipos%ﬂ’?o el evat ed tenperatures under use conditions (a
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[0014] Despite all the attempts, a PSA having combination of high peel adhesion to low
surface energy substrates, high temperature shear, excellent stress relieving properties, and excellent
converting properties is not available. For many industrial tape bonding applications with new materials,
the PSA are still required to have a combination of properties such as high cohesive strengths, adhesion to

low surface energy substrates, and stress relieving properties.



Det ai |l ed Description of the Invention [0018] Pressure-sensitive adhesives of
the present invention are prepared by conbining certain high nolecul ar

wei ght acwol2nti/d3aeed copol ynmers ("the copol yner") w th &craskemioessoal ong
with in-line mxed aziridiene and initially curing the conbination by
exposure to heat. This is known herein as primary (or initial) cure.
[0019]The copolyner is prepared by copolynerizing a mxture of nononers
conpr Ig at é‘i e nononer selected fromthe group consisting of alkyl
acryl @?8? ﬁﬂm %tures thereof; a glycidyl nmononer selected fromthe
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with carboxylic acid moieties, thereby effectuating an intrinsic secondary cure that further cross-links the
copolymer.

[0017] The adhesives of the present invention may further comprise other conventional
adjuvants such as fillers pigments, diluents, and the like. The present invention also provides for use of
the adhesives of the invention in, for example, transfer tapes and single or double-coated tapes comprised
of core and at least one skin layer of the adhesives of the instant invention. The adhesives and tapes of the
present invention show good adherence to a variety of substrates, and can be used for structural bonding

and other applications.



[ 0025] As described bel ow, the copol yner may al so conprise fromO to about
30% by wei ght, preferably, fromabout 0.01 to about 1% by wei ght, of an
act i vat orwonbgtog2em@noner whose presence in the copol ynePCirasers/osdses
tenperature at which the adhesive undergoes an intrinsic el evated
tenperature secondary cure typically under use conditions. [0026] The

copol yners may be synt hesized using solution, enulsion, and batch
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[0023] Examples of alkyl acrylates or methacrylates containing 4 to about 12 carbon atoms
in the alkyl group include without limitation 2-ethyl hexyl acrylate, isooctyl acrylate, butyl acrylate, sec-
butyl acrylate, methyl butyl acrylate, 4-methyl-2-pentyl acrylate, isodecyl methacrylate, methyl acrylate,

ethyl acrylate, methylmethacrylate and the like, and mixtures thereof.



[ 0031] Whil e the resins described above are quite useful for tackifying the
copolyners of the instant invention, the particular tackifying resin and/or
amount sevecvad3ton a given fornul ati on may depend uponPCRaISeeno®483P8 acrylic
pol ymer being tackified. Sone resins, such as Foral (r) 85, are broadly
conpatible with acrylic conpositions. Others, |like RegalrezTM 6108, tackify
a limted nunber of conpositions. The type of tackifying resin along with
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di oxide and the |ike, and organic dyes. [0035]1f desired, diluents such as

pl asticizers may be added in the place of a portion of the tackifier in
orderjggmﬁL&er the properties of tackiness and cohesive strength.

[0027] Once the copolymer has been prepared, a pressure-sensitive adhesive is formulated
by combining the copolymer with a tackifier. A wide variety of tackifiers can be used to enhance the tack
and peel of the adhesive. Such tackifiers include, but are not limited to, rosins and rosin derivatives
including rosinous materials that occur naturally in the oleoresin of pine trees, as well as derivatives
thereof including rosin esters, modified rosins such as fractionated, hydrogenated, dehydrogenated, and
polymerized rosins, modified rosin esters and the like.

[0028] A wide range of such tackifiers are commercially available including, but not limited
to, Foral® 85 (glycerol ester of a highly stabilized rosin), Foral® 105 (pentaerythritol ester of a

hydrogenated rosin), Stabilite ester 10, and Pentalyn® H, manufactured and sold by Hercules, Inc., PE



WO 2011/ 032074PCT/ US2010/ 048598 [ 0036] The pressure sensitive adhesives of
the instant invention are primarily cured by exposure to heat, chem cal
cross-|i mkDreguiageots, actinic radi ati on, or el ectron beamCTas2@nI0e8598 The
result is excellent tack and peel and a good bal ance of high tenperature
shear. The incorporation of glycidyl acrylate and/or glycidyl nethacrylate
in the copolynerization appears to aid in the production of the desired
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roll. C%O%%l IQ%ngp §§5v %t%%%itapes of t he present i nvention exhibit
excelleﬂ% adhess B to arlety of substrates such as netal s,

plasti cs, Eﬂﬁgl]oal n{)V?nle the resins described above are quite useful for tackifying the copolymers of the
instant invention, the particular tackifying resin and/or amount selected for a given formulation may
depend upon the type of acrylic polymer being tackified. Some resins, such as Foral® 85, are broadly
compatible with acrylic compositions. Others, like Regalrez™ 6108, tackify a limited number of
compositions. The type of tackifying resin along with the amount employed is to be substantially
compatible with the acrylic polymer. As used herein, the term "substantially compatible” means that when
the tackifier and copolymer are combined, the resulting combination is substantially transparent, as
opposed to cloudy, to normal vision. Many resins which are known in the prior art as being useful for
tackifying acrylic based pressure sensitive adhesives can be effectively used in the practice of the present

invention, although the scope of the invention is not limited to only such resins. Resins described in Satas,



[ 0043] The following tests were used to determ ne various physi cal
properties of the present invention: [0044] 90 peel was neasured in a manner
sim | ar twotzhatogwscri bed in Test Methods for Pressure 8emdistinvs4ssdhesi ves,
8th edition, PSTC #1, with the adhesive being |am nated onto a 2 m| Mlar
film [0045] H gh Tenperature Shear (232C) was neasured in a manner simlar
to that described in Test Methods for Pressure Sensitive Adhesives, 8th
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[ 0050] A mononer m xture was made up by m xing 207 g of butyl acrylate, 61.2

9 of %rosslinkers

[0033] The tackified adhesive can be crosslinked using an aziridine crosslinker.
Conventional aziridine crosslinkers can be used. In one embodiment, the aziridine crosslinker is CX-100
from DSM NeoResins. The aziridine crosslinker CX-100 is a 100% active polyfunctional aziridine liquid
crosslinker. The crosslinker can be added using an in-line mixer process just before coating the mixture
onto the web. The range of crosslinker level is from about 0.05 to about 1% by weight based on the

weight of the dry adhesive.

Other additives

[0034] The adhesives of the present invention may further comprise one or more
conventional adjuvants such as pigments, fillers, plasticizer, diluents, and the like. Pigment, if desired, is
provided in an amount sufficient to impart the desired color to the adhesive. Examples of pigments
include, without limitation, solid inorganic fillers such as carbon black, titanium dioxide and the like, and
organic dyes.

[0035] If desired, diluents such as plasticizers may be added in the place of a portion of the

tackifier in order to alter the properties of tackiness and cohesive strength.
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exposing the adhesive to heat. Thus some interaction between epoxy and carboxylic acid functionalities

can occur during primary cure. This results in enhanced high temperature performance.

[0039] Any chemical species which has the effect of lowering the activation temperature of
the secondary cure and which is compatible with the tackified acrylic based adhesives of the present
invention may be used. Typically, the activation temperature is no greater than about 120°C. By adjusting
the amount and type of activator moiety used, it is possible to "dial in" the temperature of secondary cure.

[0040] In addition to the adhesive compositions described above, the present invention
further provides both a transfer tape and tapes of layered construction, the latter consisting of a core
coated on one or both sides with a skin layer comprised of a tackified acrylic based copolymer of the
instant invention.

[0041] Transfer tapes prepared in accordance with the present invention comprise a self-

supporting film of pressure-sensitive adhesive as described above, and at least one release liner. Thus, the



tenperature (Nin) 19.3 19.5 H gh Tenp (80C) peel, SS (Nin) 10.2 7.0 232C,
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pressure-sensitive adhesives may be coated on a release liner, such as a silicone release coated paper, and
stored as a roll.
[0042] The adhesives and tapes of the present invention exhibit excellent peel adhesion to a

variety of substrates such as metals, plastics, and paints.

[0043] The following tests were used to determine various physical properties of the present
invention:
[0044] 90° peel was measured in a manner similar to that described in Test Methods for

Pressure Sensitive Adhesives, 8th edition, PSTC #1, with the adhesive being laminated onto a 2 mil
Mylar film.

[0045] High Temperature Shear (232°C) was measured in a manner similar to that described
in Test Methods for Pressure Sensitive Adhesives, 8th edition, PSTC #7 with a dwell time of 24 hours.

[0046] Electronic Shear test was conducted as following: an L-shaped stainless steel panel
was bonded with a second stainless stecl pancl with a hole at one end using the pressure sensitive
adhesive being studied. A 200g load was hung to the 2™ panel through hole. The L-shaped panel is
secured to a substrate so that the laminated part of the two panels are horizontally placed and the weight is
vertically placed. The time it took the second panel to fall off the L-shaped panel at 60°C was measured
to characterize the holding power of the adhesive.

[0047] Dome Tent Lift test was measured by placing 17 x 17 tape with 2 mil thick aluminum
backing over a 13 mm diameter hole with 11 mm rivets in the hole. There are 3 holes per plate in a
triangle dome tent shape. 1 kg weight was placed in the middle of the holes and the adhesive lift around
the base of the hole was measured.

[0048] Dynamic shear properties (modules and tandelta) were measured using TA
Instruments ARES with 8mm parallel plates. Time-temperature superposition was conducted with 25°C
as the reference temperature.

[0049] While not limiting, the following illustrate the invention.



Time for failure at 60C 200g | oad 3M 300MP 40 m n HPA HC as current

I nvention 95 mn S624 2 mn [0055] Table 3 Dynam ¢ nechani cal properties
Sanpl e | DvDestra3pizison Frequency (rad/s) tan d (max) G/ PCaNSA@OERS0S rad/ s
Predicti ve adhesive

EXAMPLE 1-HPA HC

[0050] A monomer mixture was made up by mixing 207 g of butyl acrylate, 61.2 g of 2-
ethyl hexyl acrylate, 23.1 g of acrylic acid, and 0.1 g of glycidyl methacrylate. 68.5 g of this mixture was
introduced to a 1.5 liter nitrogen purged reactor equipped with a pitched turbine agitator, a reflux
condenser and a thermistor. Also added were 29.7 g of ethyl acetate and 18 g of acetone. The contents of
the reactor were heated to reflux and 0.05 g of Vazo® 64 (2-2'-azo-bis-isobutyronitrile), manufactured and
sold by Dupont, in 4.5 g of ethyl acetate was added. Vigorous reflux started in a short time and the
contents of the reactor were held for 15 minutes. At this time, the remaining monomers were mixed with
195 g of ethyl acetate, 40 g of acetone and 0.24 g of Vazo®™ 64 and added as a single feed mixture over 3
hrs. All through the feed, temperature was maintained to keep reactor contents under reflux. One hour
after end of feed, 0.12 g of Vazo® 64 was added in 9 g of ethyl acetate and 4 g of acetone, and held for an
additional hour. This step was repeated twice more. At the end of the final addition, 1 additional hour
was held, and then 178 g of toluene and 27 g of heptane was added. The percentage of solids content at
the end was 36% and the viscosity was 8000 Pa.s using #4 spindle at 12 rpm on a Brookfield viscometer.
The resulting polymer consisted of 71% by weight butyl acelate, 21% by weight 2-ethyl hexyl acrylate,
8.0% acrylic acid, and 0.03% by weight glycidyl methacrylate. The polymer was formulated with 20
weight % Dertophene T tackifier (a terpine phenolic) made by DRT, France. The tackified adhesive was
then mixed in-line with 0.1% CX-100, the aziridine crosslinker from NeoResins, Netherland. A special
metering and mixing system, LADO-MIX V-SB, made by DOPAG, Switzerland was used to accurately
meter and homogeneously mix the tackified adhesive with the aziridine crosslinker just before coating
onto the web yielding Example 1, identified as HPA HC.

[0051] The composition was coated on a release film to give a coating thickness of about 60
gsm and the film was dried at 70°C for 15 minutes.

[0052] For comparative purposes, current product FT 2022 was evaluated as shown in Table

[0053] Table 1 High Temperature performance testing



convertibility rank (diecut) (rad/s) (dyn/cnR) 300 LSE 3M 300 LSE 4514
1.86 1.24E+08 5 HPA HC Exanple 1

WO 2011/032074 PCT/US2010/048598
HPA HC as current invention FT 2022 as control

90°C Peel 15 min, PP at ambient .
tomperature (N/in) 15.3 8.0 slip-stick

90°C Peel 15 min, SS at ambient
temperature (N/in) 19.3 19.5

High Temp (80°C) peel, SS (N/in) 10.2 7.0
232°C, 400 g Shear 10,000 min 5 min

Dome Tent Llft test (increase in 1.0 mm 3.0 mm
diameter)

[0054] Table 2 The Electronics Shear testing results

Descrintion Time for failure at 60°C
P 200g load
3M 300MP 40 min
HPA HC as current invention 95 min
S624 2 min

[0055] Table 3 Dynamic mechanical properties

Predictive adhesive
Sample ID Description Frequency (rad/s)| tand (max) |G/ tan d@ 1E+05 rad/s| convertibility rank
(diecut)
(rad/s) (dyn/cm?2)
300 LSE 3M 300 LSE 4514 1.86 1.24E+08 5
HPA HC Example 1 3178 1.76 2.75E+08 6
[0056] Frequency means the frequency for tan d maximum.
[0057] As indicated in Table 1, the tape formulated in accordance with the present invention

exhibited 1) Higher 90°C peel adhesion on plastics, 2) Higher 80°C (high temp) peel adhesion, 3) at

232°C under 400g load, much higher shear value, and 4) smaller dome tent lifting, indicating better stress

relieving properties.
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exhibited a much higher G’/tan d value at the 100,000rad/s frequency than the 3M300 LSE, a commercial

counterpart. This ratio has been used to predict adhesive die-cuttability wherein the higher the ratio, the

better the die-cuttability of the adhesive.



Clains What is clainmed is: 1. Atackified pressure sensitive
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wherein the acrylic based copolymer is conprised of copolynerizing a

m xture of nononmers conprising at | east one nononer selected fromthe group
consisting of alkyl acrylate esters and m xtures thereof; a glycidyl
nononer sel ected fromthe group condggtlng of allyl glycidyl ethers,
glycidyl acrylate esters, glycidyl WXcrylate esters, and mixtures

t hereof, and an unsaturated carboxylic acid. 3. The conposition of
clainms 1 or 2 further conprising one or nore adjuvants selected from
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3. The composition of claims 1 or 2 further comprising one or more adjuvants selected from

fillers, pigments, diluents, plasticizers and the like.

4 A tackified pressure sensitive adhesive composition comprising a crosslinked acrylic
based copolymer comprising, on a copolymerized basis, 90-50% of BA, 5-40% of 2-EHA, from 0.01 to
0.1% of a glycidyl methacrylate ester, a positive amount up to about 10% of an unsaturated carboxylic

acid monomer, 10 to 40% of a tackifier, and 0.05 to 1% of aziridine crosslinker.

5. A method of making a dual curable pressure sensitive adhesive, said method comprising:
a) copolymerizing a mixture of monomers comprising at least one monomer selected from the
group consisting of alkyl acrylate esters and mixtures thercof; a glycidyl monomer sclected from the
group consisting of allyl glycidyl ethers, glycidyl acrylate esters, glycidyl methacrylate esters, and

mixtures thereof, and an unsaturated carboxylic acid to form a copolymer;



d) coating the adhesive fornulation onto a substrate; and e) drying
t he adhesive formulation 8. An adhesive coated product conprising the
pressur e wonsitisx@4adhesi ve of claim 1l or 2. 9. The pro@attusedioohsbsn 3
wherein the product is a tape.

b) adding a tackifier to make a tackified adhesive; and
¢) adding an aziridine crosslinker to the tackified adhesive to yield a dual curable pressure

sensitive adhesive.

6. The method of claim 5 further comprising addition of one or more adjuvants selected

from fillers, pigments, diluents, plasticizers and the like, to the dual curable pressure sensitive adhesive.
7 The method of claim 5 further comprising
d) coating the adhesive formulation onto a substrate; and
¢) drying the adhesive formulation

8. An adhesive coated product comprising the pressure sensitive adhesive of claim 1 or 2.

9. The product of claim 3 wherein the product is a tape.



