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A B S T R A C T

UV crosslinking technology is well established in the market and allows the production of a wide range of UV-
crosslinkable pressure-sensitive adhesives (PSA) based on acrylics with interesting performance. The balance
between adhesive and cohesive strengths after the crosslinking process is very important and critical for the
properties of acrylic PSAs in the form of self-adhesive layers. The cationic UV-crosslinking of an acrylic PSA
containing oxirane groups in the structure and additionally with the cationic photoinitiator 1,10-bis[N,N’-(2-
methylbenzothiazolium)]decane diiodide, designed to promote properties such as tack, peel adhesion and shear
strength of self-adhesive polymer layers, has been investigated using a UV-lamp as an ultraviolet source. An
acrylic PSA synthesized from 55 wt% of butyl acrylate, 30 wt% of 2-ethylhexyl acrylate and 15 wt% of glycidyl
methacrylate was studied. The application of 1,10-bis[N,N’-(2-methylbenzothiazolium)]decane diiodide as a
photoreactive crosslinker allows the manufacture of high quality PSA products with interesting properties, such
as high tack, high peel adhesion, and excellent shear strength.

1. Introduction

The term’’pressure-sensitive adhesive” refers to a permanently tacky
composition which will adhere to a variety of surfaces merely by ap-
plication of light hand pressure. Such polymeric materials find wide-
spread application in tapes, labels, wall coverings, protective films, sign
and marking films and in a wide field of medical products. Modern
pressure-sensitive adhesive (PSA) technologies are growing in so many
different directions, such as new applications, new materials, new
techniques, new specialties-that a technology seeking to design a new
product or to improve a process may sometimes overlook one of the
new technologies in photoreactive PSA systems that yield improved
bonding and aging properties via UV initiated crosslinking. Ultraviolet
(UV) is the most popular of the new crosslinking technologies in use
today and is applied using common industrial lamps with wavelengths
ranging from 200 to 400 nm. PSA properties are determined largely by
the nature of the monomers used during synthesis, together with the
molecular weight, glass transition temperature Tg, the thickness of the
PSA layer, UV-crosslinking time and UV-dose. New kinds of photo-
reactive acrylic PSAs have been synthesized using typical alkylacrylate
monomers and monomers containing oxirane groups together with

efficient photoreactive crosslinking agents such as the cationic photo-
initiator 1,10-bis[N,N’-(2-methylbenzothiazolium)]decane diodide.
These photoreactive acrylic PSAs are characterized after UV-cross-
linking by high tack, high peel adhesion and excellent shear strength,
especially at high temperatures [1–3].

The UV radiation spectrum comprises wavelengths in the area be-
tween 200 and 400 nm. The UV spectrum is subdivided into UV-A
(320–400 nm), UV-B (280–320 nm) and UV-C (200–280 nm) as in-
dicated (Fig. 1). UV-A is transmitted by ordinary glass and plastic. Glass
and plastic pass wavelengths above 320 nm and strongly attenuate
below 320 nm. If pure quartz is used in the radiation path all wave-
lengths from 200 to 400 nm are passed. However, quartz is more ex-
pensive [4].

The UV-crosslinking of various coatings is based on the photo-
initiation of radical and cationic crosslinking reactions. The ultraviolet
crosslinking technique calls for the use of a photoinitiator to be added
to the pressure-sensitive adhesive system. The photoinitiator is there-
fore one of the key components in UV-crosslinking, and the outcome of
such a polymerization is critically dependent on the choice of the
photoinitiator, including its chemical nature and the amount employed.
For this reason, the activity of a photoinitiator is one of the most
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important properties that must be considered when choosing a photo-
initiator, due to the important advantages of these acrylic adhesives
[5,6].

2. Experimental

2.1. Synthesis of photoreactive acrylic pressure-sensitive adhesives

The following experiments were conducted to investigate the in-
fluence of the photoreactive crosslinker cationic photoinitiator 1,10-bis
[N,N’-(2-methylbenzothiazolium)]decane diiodide (Fig. 2) on the
evaluated properties of synthesized acrylic PSA containing oxirane
groups.

The investigated solvent-borne acrylic PSAs were synthesized in
ethyl acetate at 78 °C in the presence of 0.1 wt% of the radical initiator
AIBN with 50 wt% of polymer content, 2 h dosage time of monomers
mixture and 5 h post-reaction time. The monomers mixture comprises
55.0 wt% of butyl acrylate, 30.0 wt% of 2-ethylhexyl acrylate and
15 wt% of glycidyl methacrylate. After polymerization 1,10-bis[N,N’-
(2-methylbenzothiazolium)]decane diiodide, which was synthesized at
the University of Science and Technology in Bydgoszcz (Poland) [7],
was added in concentrations of 0.1, 0.3, 0.8, 1.0, 1.3, 1.5 and 2.0 wt%
according to the polymer content. All monomers, ethyl acetate and
AIBN were obtained from BASF (Germany).

2.2. Viscosity and molecular weights MW and Mn of synthesized
photoreactive acrylic PSA

The viscosity of the investigated solvent-borne acrylic pressure-
sensitive adhesives was determined with a Rheomat RM 189 from
Rheometric Scientific, with spindle No 3 at 23 °C.

The molecular weight studies (MW- weight average molecular
weight, Mn- number average molecular weight and Pd- polydispersity)
were performed in tetrahydrofuran with a liquid chromatograph
LaChrom system: RI Detector L-7490 and LaChrom UV Detector L-7400
from Merck-Hitachi, equipped with a PLgel 106Å column from Hewlett-
Packard.

2.3. Standardization of relevant parameters of coated PSA layers

2.3.1. Coat weight of PSA
The coating weight of the dry pressure-sensitive adhesives (thick-

ness of the adhesive layer) after the removal of the organic solvent
influences essentially their tack, peel adhesion and shear strength. The
base weight of the adhesive layer covering the foil was maintained

constant at 60 g/m2.

2.3.2. Type of carrier
Throughout the study the adhesives were coated on the same type of

carrier, which was the 25 μm polyester film Hostaphan RN from Kale
Chemie (Germany).

2.3.3. Drying terms in drier
The pressure-sensitive adhesive layer must be dry and free from

polymerization solvents. The solvent-borne acrylic PSAs coated on
polyester foil were dried for 10 min at 105 °C.

2.3.4. Cover material
The nature of the covering material has an important effect on the

performance of the coated adhesive surface. The dried layer of PSA
acrylic was covered with silicone paper 95 g/m2 from Laufenberg
(Germany).

2.3.5. UV-crosslinking
The final pressure-sensitive adhesive properties were determined in

the form of self-adhesive layers with a 60 g/m² coating weight which
were achieved using a UV-lamp with a UV dosage of 800 mJ/cm² with
exposure times of 4, 8 and 12 s.

2.3.6. Conditioning
Before testing, the adhesive-coated strips were stored for 7 days at

room temperature and 50% relative humidity. Three samples were
tested and the given value of tack, peel adhesion and shear strength was
the arithmetic mean of the results obtained.

2.4. Evaluation of tack, peel adhesion and shear strength of UV-crosslinked
acrylic PSA

Tack, peel adhesion and shear strength were determined by stan-
dard A.F.E.R.A. (Association des Fabricants Europeens de Rubans Auto-
Adhesifs) procedures. Exact details can be found in AFERA 4015 (tack),
AFERA 4001 (peel adhesion) and AFERA 4012 (shear strength).
Administrative address: 60, rue Auber-94408 Vitry Sur Seine Cedex,
France. Tests were conducted with Zwick/Roell Z-25 testing machine.

3. Results and discussion

3.1. Viscosity and molecular weights of synthesized acrylic PSA

The synthesized acrylic PSA containing 15 wt% of glycidyl metha-
crylate is characterized by viscosity of 8.2 Pa s, weight average mole-
cular weight MW of 710.000 Da, number average molecular weight Mn

of 312.000 and polydispersity Pd of 2.28.

3.2. Tack and peel adhesion of cationic UV-crosslinkable acrylic PSA

Important properties of UV-crosslinked acrylic pressure-sensitive
adhesives as a function of cationic photoinitiator concentration and UV-
crosslinking time are illustrated in Figs. 3–6.

Fig. 3 presents the tack and Fig. 4 the peel adhesion of acrylic PSAs
containing between 0.1 and 2.0 wt% of the cationic photoinitiator 1,10-
bis[N,N’-(2-methylbenzothiazolium)]decane diiodide after 4, 8 and 12 s
of UV radiation at 800 mJ/cm² UV dose.

UV-crosslinked acrylic pressure-sensitive adhesives containing ca-
tionic photoinitiator 1,10-bis[N,N’-(2-methylbenzothiazolium)]decane
diiodide show similar tack (Fig. 3) and peel adhesion (Fig. 4) profiles
depending on both the concentration and the crosslinking time.

Figs. 3 and 4 give typical examples with maximum of tack and peel
adhesion values for small amounts of cationic photoinitiator ranging
between 0.8 and 1.3 wt%. The tack and peel adhesion results revealed
that for about 1.0 wt% of cationic photoinitiator 1,10-bis[N,N’-(2-

Fig. 1. Electromagnetic spectrum including UV-radiation.

Fig. 2. Chemical structure of 1,10-bis[N,N’-(2-methylbenzothiazolium)]decane diiodide.
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methylbenzothiazolium)]decane diiodide used as photoreactive cross-
linker the maximum of tack and peel adhesion was observed.

3.3. Shear strength of UV-crosslinked acrylic PSA

The shear strengths of the UV-crosslinked acrylic PSAs containing

oxirane groups and cationic photoinitiator 1,10-bis[N,N’-(2-methyl-
benzothiazolium)]decane diiodide measured at 20 °C and 70 °C as a
function of photoinitiator concentration and UV-crosslinking time are
presented in Figs. 5 and 6.

The shear strength evaluated after UV-crosslinking is directly pro-
portional to the concentration of the cationic photoinitiator (Figs. 5 and
6). During the UV-crosslinking reaction, the elastomeric acrylic PSA
chains react with each other in the presence of the cationic photo-
initiator to form a strong 3-dimensional crosslinked network. Under all
of the crosslinking times studied, high levels of temperature resistance
were found with 90 N at 20 °C and 40 N at 70 °C.

The irradiation of new photoinitiator at suitable wavelengths leads
to the formation of active species which readily initiate polymerization
of appropriate monomers. The photoinitiation of the crosslinking of
acrylic pressure-sensitive adhesives containing oxirane groups by the
new cationic photoinitiator 1,10-bis[N,N’-(2-methylbenzothiazolium)]
decane diiodide is presented in Fig. 7 [7].

4. Summary and outlook

The cationic photoinitiator 1,10-bis[N,N’-(2-methylbenzothiazo-
lium)]decane diiodide is an excellent photoreactive crosslinker for UV-
initiated crosslinking of acrylic pressure-sensitive adhesives containing
oxirane (epoxide) groups in the chemical structure, thus making it a
new good candidate for industrial utilisation. The aforementioned in-
ternal crosslinking agent was assessed for photoreactivity and appli-
cation potential following addition into the polymer composition and
after polymerization. The efficiency of this compound was also de-
termined, following copolymerization, in its ability to influence both
adhesive performance and the cohesive structure of the UV-crosslinked
adhesive layers.

To get optimal pressure-sensitive performance with UV-cross-
linkable adhesives, it is necessary to find process settings that lead to
balanced values of tack, peel adhesion and shear resistance for the
aimed application. The UV-crosslinked acrylic PSA containing oxirane
groups and cationic photoinitiator based on 2-methylbenzothiazole can
be used for manufacturing interesting self-adhesive materials as
mounting and splicing tapes and a wide range of sign and marking
films, characterized by high tack, high peel adhesion and excellent
shear strength at room temperature and high temperatures.
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Fig. 3. Tack of acrylic PSA containing cationic photoinitiator 1,10-bis[N,N’-(2-methyl-
benzothiazolium)]decane diiodide.

Fig. 4. Peel adhesion of acrylic PSA containing cationic photoinitiator 1,10-bis[N,N’-(2-
methylbenzothiazolium)]decane diiodide.

Fig. 5. Shear strength at 20 °C of acrylic PSA containing cationic photoinitiator 1,10-bis
[N,N’-(2-methylbenzothiazolium)]decane diiodide.

Fig. 6. Shear strength at 70 °C of acrylic PSA containing cationic photoinitiator 1,10-bis
[N,N’-(2-methylbenzothiazolium)]decane diiodide.
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Fig. 7. Crosslinking mechanisms of acrylic PSA
containing oxirane groups using cationic photo-
initiators 1,10-bis[N,N’-(2-methylbenzothiazolium)]
decane diiodide based on 2-methylbenzothiazole
derivatives.
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