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Development trends
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Pressure-sensitive adhesives (PSA) present an interesting class of products that offers a potential to
produce a novel generation of self-adhesives with a great number at excellent properties. The term pres-
sure-sengitive describes adhesives that are aggressively and permanently tacky in the dry form at room
temperature and firmly adhere to a variety of dissimilar surfaces upon mere contact, without the need of
more than finger or hand pressure. Acrylic self-adhesive polymers are nowadays synthesized from a wide
selection of acrylic ester monomers, often with low levels of monomers having pendant functional
groups. The three basic types of acrylic common today are solvent-borne, water-borne, and solvent-free
acrylic PSAs. They can be used in the production of single- and double-sided self-adhesive tapes, foil
labels, carrier-free tapes, self-adhesive bioelectrodes, and decorative PVC signs and marking films.
A pressure-sensitive adhesive requires a balance of cohesive strength and viscoelastic properties. These

characteristics are based on three parameters: tack, adhesion, and cohesion.
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1. Introduction

Fig. 1. Market share in production
of pressure-sensitive adhesive tapes

The market and technology of high-performance PSAs are expanding rapidly.
A growing market is the result of expansion in both current and new application areas.
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Self-adhesive polymers possess inherent properties due to their structure that make
them unique. The world market for pressure-sensitive adhesive tapes will expand at
5.5% p.a., reaching 25.4 billion m* worth $ 20.8bn in 2006 (Fig. 1) [1].

2. Pressure-sensitive adhesives
For commercially used PSA systems with excellent performance levels, synthetic

polymers based on acrylics, silicones, polyurethanes, and polyesters are preferred
(Fig. 2). These technologies exist in the market of PSA today [2].

PSA SYSTEMS

| ACRYLICS | | SILICONES | | POLYURETHANES | | POLYESTERS |

Fig. 2. PSA types used for the production o self-adhesive articles

2.1. Acrylics

Acrylates and other suitable monomers are copolymerised to yield an acrylic co-
polymer of a specific composition. Crosslinking agents are usually added for im-
proved cohesion. Acrylics can be synthesized in organic solvents. In this case, no
further formulation is generally needed, although it is done from time to time in order
to fine-tune their properties. Acrylics can also be synthesized in water but surfactants
need to be added to make the polymer dispersible. The third group of acrylicsis sol-
vent-free acrylic PSA (Fig. 3) [2].

ACRYLICS

| SOLVENT-BORNE | | WATER-BORNE | | SOLVENT-FREE |
| HOTMELTS | | 100% FLOW SYSTEMS |

Fig. 3. Acrylic types of PSAs

2.1.1. Solvent-borne acrylic PSAs

The market and technology of high performance solvent-borne acrylic pressure
-sensitive adhesives are still expanding. A growing market is the result of expansion
in both current and new application areas [3].
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The composition of acrylate polymers that are inherently pressure-sensitive is
acombination of soft (low Tg), hard (high Tg), and functional monomers in the poly-

mer chain (Fig. 4) [4].
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Fig. 4. Scheme of the chain composition of acrylic pressure-sensitive adhesives

Tack and peel adhesion are imparted by soft or low glass transition temperature
monomers such as n-butyl, 2-ethylhyxyl, and n-octyl acrylate. Harder monomers, such
as methyl and ethyl acrylate, are included to provide internal strength. Functional
monomers, such as acrylic acid and acrylic amide, are incorporated for specific adhe-
sion to desired substrates and in order to provide reactive sites for crosslinking reac-
tions.

Solvents containing acrylic PSAs can also become an efficient technology in the
future for water-soluble PSAs, UV-crosslinkable PSAs, and structural acrylic adhe-

sives (Fig. 5).

SOLVENT-BORNE
ACRYLIC PSAs

l

WATER-SOLUBLE | | UV-CROSSLINKABLE | | STRUCTURAL |

Fig. 5. The kinds of solvent-borne acrylic PSAs

Water-soluble acrylic PSAs. Water-soluble polyacrylate pressure-sensitive adhe-
sives are used primarily in the production of industrial single-sided, double-sided, and
transfer adhesive tapes, which are being increasingly used in the paper industry to
splice paper webs during manual and flying reel changing. A special area of use re-
sides in the manufacture of water-soluble labels. The latest application is in the field
of medical products, where neutral electrodes and adhesive tapes for securing operat-
ing theatre sheets are of special importance [5].
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An unusua and interesting challenge is that of giving PSA a certain water solubil-
ity, which depends greatly on the hydrophilic properties of the groups incorporated
into the polymer chain. The glass transition temperature T, of the water-soluble raw
monomers (Fig. 6) is the main criterion for the adhesive properties and water solubil-
ity of the synthesized copolymers. The preferred tackifying but water-insoluble alkyl
acrylates (Fig. 6) reduce T, and improve the tack and adhesion properties.
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Fig. 6. Polymer chain scheme of water-soluble acrylic PSAs

UV-crosslinkable acrylic PSAs. In the case of saturated acrylic pressure-sensitive
adhesives, the photogeneration of initiator radicals by a-cleavage photoinitiators or

acryloyloxy group

vinyl group
Chromophoric
part = allyl group

of photoinitiator

acrylamido group

vinyloxycarbonyl group
Figure 7. Genera examples of the chemical structure of unsaturated photoinitiators

H-abstraction photoinitiators is followed by a reaction with the acrylic chain that pro-
duces anew radical reacting with a neighbouring acrylic chain.

A very interesting alternative to conventional photoinitiators are unsaturated
photoinitiators. The most typical directions, however, are in the development of func-
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tionalised type | and type Il initiators, e.g. acrylated, vinylated, allylated, acrylami-
dated, or vinyloxylated (Fig. 7) [6].

A typical behaviour of tested novel unsaturated photoinitiators showed that the
best PSA properties were achieved for the type Il photoinitiator 4-acryloyloxy benzo-

phenone (ABP):
1 1

ABP was the most efficient H-abstractor for the common solvent-based acrylic self
-adhesives [7].

Structural acrylic PSAs. This new adhesive, known as structural bonding tape, is
an acrylic pressure-sensitive tape impregnated with an epoxy that cures under heat.
This product can be cured in an oven at about 145 °C for 20 min or hot bar cured.

The composition of PSA polymers (before the curing process begins they are in-
herently pressure-sensitive) is a combination of soft acrylate monomers with low
T4 and hard epoxy monomers with high Ty in the polymer chain (Fig. 8) [8].
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Fig. 8. The polymer chain architecture of a structural acrylic adhesive

The acrylic ester/epoxy resin pressure-sensitive thermosetting adhesive is an initialy
tacky and conformable thermosetting adhesive, which is obtained from a blend compris-
ing epoxy resin or a mixture of about 20-60 wt. % epoxy resin and 0,5-10 wt. % heat-
activatable hardener for the epoxy resins.

2.1.2. Solvent-free acrylic PSAs

Deficiencies of hot melt pressure-sensitive adhesives made of traditional solvent-free
acrylic PSA are due to the use of relatively low molecular weight polymers, which re-
sultsin limited heat and plasticiser resistance. Other groups of solvent-free acrylic PSAs
are 100% systems, characterized at room temperature coated flow polymers. Solvent-
free acrylic pressure-sensitive adhesives are crosslinked using UV radiation [9].
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UV-crosdlinkable acrylic HMPSAs. Crosdinkable acrylic hot melt PSAs
(HMPSAS) that are designed to be crosslinked by a UV-lamp or UV-laser light are
now available. These products offer high processing speeds, relatively low application
viscosity at higher temperatures, high resistance to plasticisers and solvents, aggres-
sive tack, and very high heat resistance after crosslinking.

UV -acrylic hot melts consist of acrylic copolymers with chemically built-in photo-
reactive groups. They are free of solvents and are processed in the form of hot melts.
After the acrylic film for self-adhesive material production has been coated with the
UV-acrylic hot melt, the adhesive film is crosslinked with UV radiation.

UV-crosslinkable 100% acrylic systems. Since these are 100% solid adhesives,
it is easy to coat heavy depositions at a good speed. Viscosity can be modified within
certain limits by changing added photoreactive diluents.

The UV dose can be controlled by adjusting the power of the lamps and the speed
at which the substrate is passed under the lamps in the production plant (Fig. 9) [10]:
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Figure 10. Adhesion and cohesion forces of coated 100% acrylic PSA systems vs. UV -curing speed

2.2. PSA silicones

Silicone pressure-sensitive adhesives are high-performance adhesives that can be
utilized over a wide range of temperatures, from —40 to 300 °C. They bond to both
low energy and high-energy surfaces. Silicone polymers based on gum contain di-
methylsiloxy and diphenylsiloxy groups
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The molecular weights of solvent-borne silicones are preferably in the range from
500 000 to 1500 000 Daltons [12]. The crosslinking of silicone PSAs containing
methyl or/and phenyl groups can be achieved thermally between 120 and 150 °C us-
ing organic peroxide.

2.3. PSA polyurethanes

The extraordinarily diverse chemistry of polyurethanes has also contributed to the
development of efficient adhesives. This applies only to a limited degree to pressure-
sensitive adhesives, however, for which the number of patent publications is astonish-
ingly small. Ready for coating, solvent free 2-K PSAs on the basis of polyether poly-
ols and isocyanates are not available on the market
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2.4. PSA polyesters

Previous studies have shown [13] that excellent adhesion can be obtained with ali-
phatic polyesters with molecular weights ranging from 10 000 to 50 000 Da [14] and
glass transition temperatures T, between —25 and —47 °C.

A typical example of this approach is the acrylation of polyester PSAs containing
end hydroxyl groups. In practice, the introduction of an unsaturated architecture can
also be achieved through the reaction of the OH-groups of a polyester polymer chain
with the corresponding acrylic or unsaturated i socyanate compounds [15].

3. Conclusion

The ever-changing high performance pressure-sensitive adhesive market continues
to expand and to present new challenges. To date, the industry has seen a strong
growth in traditional applications and the emergence of new applications. The chemis-
try of polymers with self-adhesive properties has taken on an additional dimension
with the introduction of various raw materials, polymerisation techniques, and
crosslinking methods. This expansion of the technology ensures that future perform-
ance and environmental requirements will be met.
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