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1. INTRODUCTION 

 

Since their introduction half a century ago, pressure-sensitive acrylic adhesives have 

been successfully applied in many fields. They are used in self-adhesive tapes, 

labels and protective films as well as in dermal dosage systems for pharmaceutical 

applications, furniture industry, in biomedical electrodes, the assembly of automotive 

parts, and miscellaneous products in form of toys, and electronic circuits and 

keyboards. 

 

In the last sixty years or so, pressure-sensitive adhesive acrylics have made 

tremendous strides from what was virtually a black art to what is now a sophisticated 

science. So much so that both the few larger manufacturers of pressure-sensitive 

adhesive articles and their even larger suppliers now use very expensive equipment 

to study pressure-sensitive adhesive behavior: tack, adhesion and cohesion. In the 

case of protective films very important is shrinkage of pressure-sensitive adhesives 

after crosslinking process.  

 

Three properties which are useful in characterizing the nature of pressure-sensitive 

adhesives are tack, peel (adhesion) and shear (cohesion). The first measures the 

adhesive's ability to adhere quickly, the second its ability to resist removal by peeling, 

and the third its ability to hold in position when shearing forces are exerted. 

Generally speaking, the first two are directly related to each other but are inversely 

related to the third. 

 

The pressure-sensitive adhesives are called, in the adhesives trade, pressure-

sensitive adhesives (PSA). The performance of PSA such as tack, peel and shear, 

are to a large degree determined by the molecular weight of acrylic copolymer, 

polymerization method and especially by the type and quantity of the crosslinking 

agents added to the acrylic PSA. 

 

Although the production of solvent-borne acrylic PSA in Europe is characterized by a 

constantly increasing productivity, and in the year 2020 it had indeed grown to about 
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220.000 tons, up to now a complex publication concerning synthesis, crosslinking 

and technology of acrylic PSAs has not been published. The literature review has 

shown that only negligible publications concern modification possibilities of acrylic 

PSA properties. The similar information regarding the dependence of the main 

properties of acrylic PSAs on type and amount of used crosslinking agents, or 

crosslinking methods, are also fragmentary and dissipated and only negligible 

publications undertake an optimization of the problem of PSA application properties 

and used crosslinking agents and crosslinking methods. 

 

The actual background of the knowledge and technique refers to available references 

and patents concerning solvent-borne acrylic pressure-sensitive adhesives and their 

crosslinking, using diverse crosslinkers and crosslinking methods presented in the 

introduction chapter. The second part of this dissertation described my own research 

formed on the basis of the investigation conducted by the author and it applies to the 

influence of investigated three different crosslinking agents on the tack, peel and 

shear of crosslinked PSA investigated by using room temperature reactive 

crosslinkers such as metal chelate aluminium actetylacetonate (AlACA), 

multifunctional propylene imine Trazidin VN and by the insertion of high-temperature 

140°C reactive crosslinkers such as amino resins Cymel 303 LF. 

 

A target of this work was the investigation and explain in general conditions of own 

research according to synthesized solvent-borne acrylic PSAs based on 2-ethylhexyl 

acrylate, butyl acrylate and acrylic acid with potential application performances 

through a selection kind and concentration three diverse crosslinking agents. This 

work brought to development a technology of a wide palette manufacturing of acrylic 

PSAs and self-adhesive products on an industrial scale. 

 

 

 

 

 

 

 



 
10 

 

2.  THEORETICAL BACKGROUND 

2.1. Term of pressure-sensitive adhesives (PSA) 

 

Pressure-sensitive adhesives (PSA) represent a system that dates to the invention of 

the self-adhesive label in 1935 when R. Stanton Avery produced the first coating unit 

using a wooden cigar box with two holes cut in the bottom [1]. The box was filled with 

adhesive, which then dripped through the holes onto a narrow roll of paper that run 

below. The thickness of the adhesive coating was regulated by narrowing the cigar 

box holes with pieces of tape. PSA are designed to stick on almost any surface by 

simple contact under light pressure. This special class of adhesives does not 

undergo any physical transformation or chemical reaction during the bonding 

process. Because of this, the rheological properties of the adhesive must be finely 

tuned for the application, combining a carefully chosen polymer architecture and 

monomer composition with the proper addition of small molecules called tackifying 

resins. PSA are soft, deformable solids and, depending on the formulation, easily 

form bridging fibrils between two surfaces upon debonding. They are safe to use and 

easy to handle and thus are increasingly replacing more conventional types of 

adhesives [2].  

Among of different classes of adhesives, PSA are perhaps the most common type 

found in consumer products. However, until recently, the understanding of the 

materials science and engineering of PSA and the specific role played by the 

different components in them was very limited outside of the companies involved in 

their manufacture, and the interested reader had to refer to general technological 

texts [3-4]. It is interesting to note that the term pressure-sensitive really should be 

self-adhesive, since PSA do not need the application of much pressure to stick, and 

the measured adhesion is then rather intensive to the compressive pressure applied 

upon bonding [5]. This property makes PSA particularly easy and safe to use, since 

no solvent evaporation or chemical reaction takes place and bonding can be done at 

room temperature [6]. 

Pressure-sensitive adhesives may be classified according to the physical form in 

which the adhesive is supplied or according to the chemical composition, that is, the 

main polymer adhesive used. The form in which the adhesive is supplied determines 

the application equipment required, which is not easily interchangeable.  
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2.2. Classification of pressure-sensitive adhesives according to polymerization 

methods 

 

The common technologies for manufacturing pressure-sensitive adhesives include: 

Solvent-based PSA-the adhesive ingredients are polymerized in solvent and cast 

onto the web. After coating, the solvents are dried off, leaving behind the functional 

adhesive. 

Water-borne dispersions PSA (emulsions)-the adhesive ingredients are 

polymerized in water and applied to the web, then the water is dried off, leaving 

behind the functional adhesive. 

Solvent-free PSA in form of typical hot-melt or LVS (low viscosity systems)-in case 

of traditional hot-melt, thermoplastic rubbers are formulated with tackifying resins, oils 

and antioxidants. The adhesive is coated onto the web at very high temperatures 

between 120-160°C and cool in the roll. In the case of low viscosity systems (LVS) 

the solvent-free PSA are coated at room temperature and crosslinked by application 

of UV-technology using UV-lamps emitted radiation in UV-A and UV-C areas.  

 

2.2.1. Solvent-based pressure-sensitive adhesives 

 

The difference between pressure-sensitive adhesives and other adhesives, such as 

contact adhesives, is in the permanent surface stickiness of the pressure-sensitive 

adhesives before, or after, the application.  

In the giant field of adhesives, the pressure-sensitive adhesives make up but a low 

percentage, and the solvent-borne pressure-sensitive acrylic adhesives with about 

210.000 tons per annum in Europe are almost a quantity negligible within this group. 

Shortly after World War II copolymers of the higher alkyl acrylates, i.e., the acrylics 

were introduced into the PSA market. Other types of PSA in use nowadays include 

natural and synthetic rubbers, silicones, polyester, polyurethanes, poly (vinyl alkyl 

ether)s, and ethylene-vinyl acetate copolymers (EVA), but volumes of these are in 

many cases relatively small compared to the acrylic polymers. Following coating, the 

solvent evaporates, leaving a functional adhesive [7]. The process ability of solvent-

based PSAs depends on their viscosity and solids content. Generally, solvent-borne 

pressure-sensitive adhesives are synthesized via radical polymerization. Monomers 
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are mixed and heated in solvent under reflux temperature with thermal initiator 

added. Compared with the water-borne acrylic PSAs, solvent based acrylic PSAs 

generally exhibit a higher tack and peel adhesion, because solvent-based acrylics 

have much average molecular weights (ca. 500.000 Daltons) than water-borne ones 

(ca. 1.000.000 Daltons) so that a workable solution viscosity is maintained [8-9]. 

Many parameters are responsible for pressure-sensitive adhesives, such as glass 

transition temperature, molecular weight, polydispersity, monomer composition and 

degree of crosslinking [10]. Interpretation of these parameters measurements results 

is not trivial, because each change in one of them, changes in particular properties of 

PSA. Adhesive properties are strongly dependent on the degree of polymer 

crosslinking, due to its effect on the viscoelastic properties of the polymer [11]. 

Soluble polymers to produce coatings, adhesives, impregnates and laminates are 

prepared commercially by solution polymerization of acrylic and monomers. The most 

typical solution polymerization is conducted as batch process. 

 

2.2.2. Water-borne pressure-sensitive adhesives (dispersions) 

 

Water-dispersion polymers obtained by emulsion polymerization of acrylic esters are 

utilized in markets as cheap mounting tapes, masking tapes and splicing tapes. They 

can be used as coatings or binders too. Most common in the field are copolymers of 

methyl methacrylate with 2-ethylhexyl acrylate either ethyl acrylate or butyl acrylate. 

Polymerization of most lower alkyl acrylates and methacrylates in water and in 

presence of surfactants and initiators takes place easily. The final product is an 

opaque, grey or milky-white dispersion or latex of high molecular-weight polymer at a 

concentration of 50-69 wt.% in water. The particle size of methacrylic-acrylic 

copolymer dispersions ranges from about 0.1 μm to about 1.0 μm. These emulsion 

polymerizations are usually rapid and give high molecular weight polymers at high 

concentration polymer and low viscosity [12]. 

Water-borne dispersions systems gained market share because the elimination of 

many difficulties as agitation problems, heat and material transfer, which are inherent 

to expensive, flammable, environmentally unfriendly solvent-borne PSAs industry. 

Furthermore, dispersions can achieve much higher solid contents at low viscosity, 

which brings further benefit in formulation, transport, and coating [13]. On the other 
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hand, drying of water-borne PSA requires higher temperatures and longer times [14]. 

For some applications, current water-borne PSAs cannot match the performance, 

and replace, solvent-borne acrylic PSAs. These are applications, which require high 

cohesive strength while retaining high peel and tack performance and/or bonding to 

low surface energy surfaces, such as polyethylene or polypropylene. Furthermore, 

they exhibit higher water sensitivity and lower whitening resistance, coupled with 

decreased tack and adhesion [15].  

A common preparation of water-borne PSAs in industry is conducted by radical 

emulsion polymerization. Usually the formulation is complex, employing random 

copolymers with long chain acrylics, such as n-butyl acrylate, characterised by a low 

glass transition temperature with a short side chain acrylic to adjust transition 

temperature and acrylic acid to improve adhesion and optimise elongation properties. 

When the emulsion is dried, the latex particles coalesce, and adhesive film is formed 

[16]. Acrylic acid or methacrylic acid is often used in coating and adhesive 

formulation. Carboxylic acid groups provide colloidal stability in the wet latex through 

electrostatic stabilization at higher pH values, when they are negatively charged. 

Carboxylic acid groups impart hydrophilicity; therefore, acid monomers tend to 

concentrate at the particle surface during emulsion polymerization, with the more 

hydrophobic monomers being localized within the particle cores. Upon film formation, 

the hydrophilic layer around the particle evolves into a continuous phase in which the 

hydrophobic cores are encapsulated. Other than the adhesive polymer, the most 

prevalent chemical in PSA film are emulsifiers, usually composing less than 10 % of 

adhesive film. The surfactants used in the emulsion polymerization of acrylic or 

methacrylic monomers are classified as anionic, cationic, or non-ionic. Anionic 

surfactants, such as alkyl sulphates and alkylarene sulphates and phosphate, or non-

ionic surfactants, such as alkyl or aryl polyoxymethylene’s, are most common.  

Mixtures of anionic and non-anionic surfactants are used in commercial products, but 

anionic are the most dominant. The surfactants are added to stabilise the lattice of 

high-solids colloidal particles during the polymerization process. However, they are 

also responsible for poor adhesive performance due to their heterogeneous 

distribution in PSA film [17-18]. Depending on the compatibility between surfactant 

and latex particles, surfactant may partially dissolve into the adhesive polymer, 
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remain at the interfaces between particles or/and phase separate from the polymeric 

solution and migrate to the film interface [19]. 

Acrylic acid or methacrylic acid is often used in both coating and adhesive 

formulations [20]. Latex particle size distribution (PSD) is probably the most important 

variable in designing low-viscosity concentrated aqueous polymer dispersions. 

Results show that a broad PSD is favoured over a narrow PSD, and that the 

presence of large particles is highly recommended. Therefore, when attempting to 

produce highly concentrated latexes with low viscosity, the PSD is an important 

process variable to be mastered. Nevertheless, emulsion polymers are sold for their 

final properties, therefore the polymerization process ought to be designed to 

produce in a first place, products with the desired properties. Consequently, it is 

essential also to assess the influence of the latex PSD on the final adhesive 

properties of the dry adhesive film. In fact, most often, the empirical idea that smaller 

particle size favours adhesive properties prevail [21]. During drying process, the 

largest particle sizes impaired some inherent weakness to the peel strength 

properties. However, the shear strength increased with decreasing particle size [22]. 

 

2.2.3. Solvent-free pressure-sensitive adhesives (hot-melts, or SF-LVS) 

 

Environmental concerns dealing with reduction in volatile organic compounds (VOC), 

wastewater and reduction of energy during adhesives production, effected with a 

growth of interest in solvent-less pressure-sensitive adhesives development [23]. Hot 

melt adhesive (HMPSA) is increasing in importance due to environmental pressure 

on solvent-based adhesives and the performance short-comings of aqueous 

systems. The use of hot melt coatings technology also offers superior economics to 

solvent or water-based coatings. Solvent-free pressure sensitive adhesives based on 

thermoplastic rubber, as styrene-butadiene (SBS) and styrene-isoprene (SIS) block 

copolymers exhibit good cohesion thanks to incompatibility of hard and soft blocks. 

Thermally, reversible, physical crosslinking is achieved in which hard block domains 

reinforce below the Tg of the PSA and melt at the processing temperatures. Once 

spread and cooled, the domains solidify, and the block co-polymer returns to its 

physically crosslinked state. These products exhibit good performance, but only in a 

limited field, because of unacceptable temperature resistance, oxidation resistance or 
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poor resistance to plasticizers. According to BASF solvent-free self-adhesives 

achieve, small, but relatively stable market [24-26]. 

The UV-crosslinkable pressure-sensitive adhesives are rapidly expanding 

technology. The process is based on introducing a photoinitiator into formulation. 

Commercial photoreactive acrylic pressure-sensitive adhesives are known in the form 

of hot melt, coated at higher temperatures from 130 to 150°C. Warm-melts are 

possible, when systems diluents lowering the viscosity are incorporated. These 

systems can be coated in temperatures between 70 and 100°C. Their main 

advantages are relatively low viscosity in room temperature, which enables coating 

using conventional roll coating equipment [27]. 

Thermal crosslinking is possible in case very low viscous adhesives because hot 

melts coating demands high temperature, which would lead to premature crosslinking 

process [28]. 

 

The new class of solvent-free low viscosity systems (LVS) are UV-crosslinkable 

polymers containing photoreactive polymers, oligomers, photoreactive diluents, 

photoreactive tackyfiers, photoreactive crosslinkers and photoinitiators. It concerns 

modified solvent-free low viscosity systems based on acrylics. Depending on the 

formulation this class of solvent-free adhesives are characterized by viscosity 

between 5 and 30 Pa∙s and can be applied at room temperature. Acrylic solvent-free 

low viscosity system (SF-LVS) are coated on 50 µ thick double silicon polyester film 

at room temperature with coating weight between 50 and 1000 g/m² and after coating 

crosslinked under UV-lamp with mobile band by UV dose between 350 and 

1200 mJ/cm2. The crosslinked adhesive layers were tested on tack (according to 

AFERA 4015), peel adhesion (according to AFERA 4001) and shear strength 

(according to FINAT FTM8) on stainless steel at 20°C and 70°C. 

 

The developed PSA SF-LVS based on acrylics have pendant free double bonds in 

the chemical structure. For UV curing external photoinitiators must be added. These 

can only be externally added: the UV photoinitiator is simply added and mixed in the 

solvent-free polymer solution before the coating and drying processes. Common to 

UV-crosslinking technology needs the use of a suitable photoinitiator. This compound 

produces upon absorption of UV-radiation highly reactive photoproducts, capable of 
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initiating a crosslinking reaction. It is great of importance that the maximum energy 

should be absorbed by the photoinitiator to initiate the radical reactions. The 

photoinitiator is generally used in amounts ranging from about 0.1 to 3.0 wt.% of the 

total solid content of crosslinkable acrylic PSA composition. 

 

2.3. Classification of pressure-sensitive adhesives according to based polymer  

 

In practice, as will be developed in more detail in the section on material 

requirements, all commercial PSA are based on polymers, mainly coming from six 

families: acrylics, nature and synthetic rubbers, silicones, polyurethanes, polyesters, 

polyether and ethylene-vinyl acetate copolymers (EVA) [29-31]. 

 

2.3.1. Acrylics 

 

The versatility of acrylate chemistry is inherently useful in the design of high-

performance pressure-sensitive adhesives. A broad raw material base and a 

versatility of polymerization processes lend themselves to design of base polymers 

with unique properties. 

Acrylic PSA provide more latitude for optimization and formulation. They are typically 

random copolymers of a long side-chain acrylic from 2-ethylhexyl acrylate or butyl 

acrylate with a low glass transition temperature Tg, and short side-chain acrylic such 

as methyl acrylate to adjust the Tg  

The most important monomers of this class are compiled in Table 1. 
 

Table 1. Diverse monomers used by synthesis of PSA acrylics 

Monomer (Homopolymer) Tg °C 

tackifying monomers (soft) 

2-ethylhexyl acrylate -70 

isooctyl acrylate -70 

n-octyl acrylate -65 

isononyl acrylate -58 

n-butyl acrylate -54 

hardening monomers (hard) 

ethyl acrylate -24 

methyl acrylate   -6 
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functional groups containing monomers 

2-hydroxyethyl acrylate   -15 

ß-acryloyloxypropionic acid   -10 

2-hydroxypropyl acrylate     -7 

acrylic acid +106 

 

The media applied for radical polymerization of acrylates are single organic solvents 

or their mixtures whose molecules buffer the heavily exothermic polymerization 

reaction. The selection of suitable solvents is distinctly limited due to following 

requirements 32. The solvent must be inexpensive, reclaimable, inert and must 

have the proper boiling point between 50°C and 120°C, a relatively low transfer 

constant and a good solvency for polyacrylates. In PSA solvents available on the 

market, only a small group of solvents may be found, which is not surprising: ethyl 

acetate, special boiling point petrol (bp = 60 to 95°C), n-hexane, toluene and 

acetone. Ethyl acetate or solvent mixtures on ethyl acetate basis only permit the 

formulation of acrylic pressure-sensitive adhesives with an outstanding performance 

level. 

 

2.3.2. Nature and synthetic rubbers 

 

Natural rubber was the elastomer used in the earliest of this kind of adhesives and is 

remains today one of the major elastomers used in the manufacture of these 

adhesives, though the development of synthetic elastomers such as acrylics and 

SBS and SIS block copolymers is threatening the loading position that have been 

held by natural rubber. 

Rubber-based pressure-sensitive adhesives have been formulated with natural or 

petroleum derived resins to improve tack and processing characteristic. 3M Company 

was a pioneer in natural rubber-based industrial thin film systems. Natural rubber-

based PSA’s have been manufactured as solvent, water or latex based formulation. 

Since the first patent in 1845 additional components were introduced, later as 

tackifying resins for natural rubber and plasticizers, stabilizers etc. Rubber imparts 

cohesive characteristic and strength, tackifying resin is responsible for tack and peel 

strength [33]. Natural rubber is butadiene, cis polyisoprene. The tackifier is usually 

the same amount level as polymer. These PSA’s do not have any polar groups, so 

their adhesion to polar materials is poor, additionally they exhibit the lack of heat and 
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oxidative stability, due to the present of unsaturated bonds [34]. Next disadvantage of 

natural rubber is low compatibility, low mutual solubility with resins, low homogeneity 

of the film and too high drying temperature in comparison to the softening point of the 

resins, which are the reason of limited utility as a pressure-sensitive adhesive. Such 

low compatibility is related to the high molecular weight of the rubber (in comparison 

with masticated rubber used for solvent-based formulation), to the low polarity of the 

rubber and to the different non-rubber-like impurities in the rubber. However, in 

special applications, like envelopes, natural rubber was not replaced by acrylics. 

Such formulations are based mostly on natural rubber latex. For example, a PSA that 

adheres to itself only is based on natural rubber. The rubber is masticated and 

dissolved in petrol, with a boiling point of 80-100°C [35].  

During the II World War a shortage of natural rubber brought up the necessary to find 

a replacement for it. Polyisoprene and polybutadiene were the first synthetic 

polymers to fulfil this goal. Most elastomers need compounding to achieve tackiness. 

Compounds are tackifiers and plasticizers. Antioxidant and pigment are often 

incorporated into rubber-based PSA formulation. A tackifier is resin, brittle solid, 

which assure tack properties for adhesive. Tackifier must possess three properties: 

compatible with the base polymer, Tg higher that polymer and very low molecular 

weight. Various tackifiers are used: trees derived rosin and terpene monomers or 

petroleum-based esterified piperylene, dicyclopentadiene, phenol [36]. 

 

2.3.3. Silicone PSA 

 

Silicone pressure-sensitive adhesives are like their organic counterparts in that they 

based on two major components: a polymer, or gum, and a tackifying resin. Silicones 

are high performance adhesives that can be used in wide range of temperatures from 

-40°C to 300°C. They generally demonstrate low initial tack and adhesion. They can 

be used in electrical insulation tapes made of etched Teflon-coated fabrics, extruded 

Teflon, polyester, and glass [37-38]. They are used in transfer adhesive tapes, 

aerospace industry, low temperature applications as labels, electrical and heat 

insulation, instrument construction, medical applications. The polymer is a high 

molecular weight polydimethylsiloxane or polydimethyldiphenylsiloxane that contains 

residual silanol functionality (SiOH) on the ends of the polymer chains. Silicone PSAs 
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incorporate a high molecular weight polydimethylsiloxane polymer and a tackifying 

silicone resin dispersed in a solvent system. Polysiloxanes offer excellent properties, 

such as temperature stability, fuel resistance, optical clarity, low shrinkage, low shear 

stress. Typically, silicone PSAs are curing after removing a solvent. Two crosslinking 

systems are known: platinum or peroxide catalysed. The diagram below shows their 

typical structure [39]. 
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Fig. 1. The chemistry of silicone PSA 

 

Polysiloxanes offer excellent elastomeric properties, a wide range of temperature 

stability (-115 to 260°C when phenyl substituted), fuel resistance (when 

trifluoropropyl substituted), optical clarity (with refractive index high as 1.60), low 

shrinkage (2 %) and low stress. 

Their processing behaviour is characterized by highly viscous liquids with 

temperature-dependent flow behaviour. Silicone adhesives have very good wetting 

properties, even on low-energy surfaces (untreated polyolefins, in some cases PTFE, 

aromatic polyamides, silicone non-stick coatings), better than wetting properties than 

acrylates and some rubbers, have considerably lower polarity than acrylate 

adhesives. Their properties are dependent from the ratio of silicone rubber (tackifier) 

to silicone resin, they are stable, and no stabilising agent are required, generally are 

physiologically harmless [40].  

 

2.3.4. Polyurethanes PSA 

 

Polyurethanes have attracted a considerable amount of developmental effort for 

various types of PSA, but the applications so far have been limited to low tack, low 

peel adhesive protective liners. Polyurethane based adhesives have several 

advantages, which are mechanical properties, bond durability and adherence to wide 
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variety of substrates, high resistance to chemicals and solvents, adsorption of water, 

compatibility with blood. Polyurethanes have been compounded into pressure-

sensitive adhesives of good temperature and solvent resistance. They are known 

from their ability to adhere to low energy surfaces as PP, PE or PTFE. They interact 

by forming of hydrogen bonding, they fill out the porous of a substrate due to low 

molecular weight, can form covalent bond with substrates having active hydrogen 

atom. Despite long list of unique properties and ability to utilize in wide range of 

applications, the higher cost of their development, results that PU pressure-sensitive 

adhesives are destined for special applications. Special attention is paid to medical 

applications, such as sustained release wound dressings or in electromedical 

equipment [62-63]. The polyurethanes are mainly used in a form of emulsions. 

Radiation curable polyurethane emulsions are especially dedicated to wood, 

furniture, parquet coating industry. PU`s are characterized with good thermal, 

scratch, physic-mechanical properties [64].  

 

Polyurethane based PSAs are formulated as a solvent-borne, water dispersions, 

solvent free systems, known as 2K Systems [65]. 

Polyurethanes are made of polyols and isocyanates. Choice of an isocyanate to be 

incorporated into polymer is very important, because it introduces urethane group 

into polymer. Final properties of polymer are affected by its structure. Production of 

polyurethanes requires the use of isocyanates, polyols together with chain extenders, 

catalysts, solvents, and additives. The most common aromatic isocyanates are 

toluene diisocyanate (TDI), methylene-4,4’-di(phenylisocyanate) (MDI) and polymeric 

MDI (PDMI) with NCO functionalities varying from 2.2-3, and 4,4’,4”-triisocynate 

(TTI). Prepolymers of diisocyanates with hydroxyl containing polyester, polyethers or 

polybutadienes or NCO-terminated adducts are widely exploited during 

polymerization due to limitation of high vapour pressure isocyanates usage. Such 

compounds are available with various compositions. 

As an example, raw materials for foamed adhesive for tapes manufacturing is 

presented. Mixture contains a TPE, a tackifying resin, an isocyanate-terminated 

monomer or oligomer and a polymer comprising a backbone of polymers like 

polybutadiene, polyester and polyether which must contain at least two active 
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hydrogens capable of reacting with isocyanate-terminated monomer, and expandable 

fillers. 

 

Thermoplastic polyurethanes gain these properties by incompatibility of the hard and 

soft blocks of polymer. For instance, the soft segment may be a 

polytetramethyleneoxide (PTMO), with a molecular weight of 2000 Da, the hard 

segment may be a diisocyanate cyclohexane (CDDI, 99 % trans). As chain extender, 

1,4-butaediol and trimethylolpropane are suggested. 

Two kinds of reactive polyurethanes are utilized: one or two-parts adhesives. Single 

part polyurethane adhesives are prepolymers of low molecular weight whose chains 

are terminated with isocyanate groups. These NCO groups are free to react with 

moisture either present already on the web or added as a water fog during coatings. 

Two-component-based reactive polyurethanes are 100 % solid systems resulting 

from the combination of polyol-polyisocyanate or an isocyanate terminated 

prepolymer cured with polyamines or polyols [56].  

Functionalized polyurethanes are also used. Polyurethane units can be 

functionalized by acryl functional group. In general, water-borne polyurethane 

acrylate are recognized as a third-generation polyurethane, because of extraordinary 

advantages as environmental friendliness, high weatherability, flexibility and 

mechanical properties [66]. By suitable choice of the starting polyisocyanate, polyol 

and acrylate, the desired substitution, functionality, and molecular weight can be 

achieved. For example, oligomers can comprise of vinyl copolymer rubber-based 

polyurethane terminated with hydroxyl(meth)acrylate groups, which copolymerize 

with radiation [67]. Furthermore, the soft segment can contain various heteroatoms. 

For instance, segmented, UV-light-curable polyurethane-acrylates based on 

hydroxyl-terminated dimethylsiloxane (PDMS) soft segments with a molecular weight 

of 1800 and 2,4 TDI-2-hydroxyethyl methyl acrylate hard segments, were 

synthesized too. Polyurethanes modified with acrylate derivatives can be crosslinked 

by free radical mechanism. For instance, a polyurethane prepolymer with free –NCO 

groups was mixed with polyol and zinc organic catalysts, and then reacted with 

dicyclopentadiene oxoethyl acrylate in the presence of an UV-catalyst [56]. Reaction 

products of polyols with aromatic polyisocyanates compounded with tackifying resins 

and plasticizers can be used for high temperature resistant masking tapes [48-49].  
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2.3.5. Polyesters PSA 

 

Polyester pressure sensitive tapes are known from their heat stability [50-51]. They 

are used to manufacture self-adhesive labels. Polyvinyl ether-based adhesives are 

known from medical application due to the moisture permeability to skin [52]. 

Polyesters offer excellent adhesion, great wash resistance, and resistance to dry 

cleaning solvents. Reinforced polyester adhesives also offer excellent resistance to 

plasticizer migration, with high tensile strengths and fast set times [53]. 

Aliphatic monomers are UV stable, which enables polyesters-based adhesives to be 

utilized for outdoor applications, which is a valuable advantage. These aliphatic and 

low Tg based polyesters are synthesized by melt transesterification. Melt 

transesterification allows to process different types of polyesters such as cyclic, 

copolyesters and hyperbranched polyesters. The choice of one of mentioned type 

results in different adhesive properties due to changes in polyesters morphology. It is 

known in technology to utilize cycloaliphatic diol 2,2,4,4-tetramethyl-1-1,3-

cyclobutanediol (CBDO). Experiments with the compound shown that it reduces 

transesterification in ester linkages and enables the segmented polyester creation. It 

imparts high glass transition temperature and resistance properties. Atomic force 

microscopy highlighted well microphase-separated surface morphologies, 

mechanical integrity is provided by secondary interactions, which are thermally labile 

and though enable processing methods of polyester-based copolymers [54]. For PSA 

application a thermoplastic segmented copolyester based on liquid 

polyoxypropylenes with terminal dimethoxy silyl functional groups [55-56]. 

 

2.3.6. EVA-Copolymers PSA 

 

Ethylene-vinyl acetate copolymers of high vinyl acetate content were used for 

compounding the early hot melt pressure-sensitive adhesives. These adhesives had 

one main deficiency, their shear resistance was low, especially at higher 

temperatures. The properties of such adhesives depend largely on the amount of 

vinyl acetate and on the molecular weight [57-58]. Ethylene vinyl acetate (EVA) 

copolymer resins are often used in adhesives, sealants, and coatings. Due to very 

good adhesion to wide range materials, EVA copolymers adhesives are utilized in 
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book binding techniques, furniture industry, shoe adhesives, carpet applications and 

as pressure-sensitive adhesives. These copolymers can also be used in other end-

use markets that need the combination of high vinyl acetate and high molecular 

weight. Because the polymers are higher in gel than the standard grades of EVA, 

they are not suited to some film markets. EVA copolymer pressure-sensitive 

adhesives contain polymer component, which is ethylene-vinyl copolymer or at least 

two ethylene-vinyl copolymer and an adhesive resin or a combination of adhesives 

resins. EVA blended with a petroleum wax and resin tackifier is the basis of many hot 

melt adhesives. In addition, resins impart plastic-like properties that enable wax to 

complete effectively with high-quality polymeric coatings. In summary, EVA resins are 

key ingredients in a variety of hot melt and solvent-applied systems including: 

 resin based for hot melt, pressure-sensitive, and solvent-applied adhesives 

 resin based for flexible, heat-sealable, hot melt coatings with excellent water 

vapour and gas barrier properties 

 to wax to impart toughness, flexibility, and adhesion 

 permanent plasticizer-like resins to impart flexibility to brittle materials. 

The crystallinity is affected by the amount of vinyl acetate, and it decreases with 

increasing concentration of it.  

Grades within each family of EVA resins reflect differences in vinyl acetate content 

and in melt index, a convenient basis for comparing molecular weight. In formulating 

to meet specific cost/performance requirements, it is often advantageous to combine 

EVA grades. For example, high and low melt index resins in the same vinyl acetate 

content series can be combined to achieve intermediate viscosity and functional 

properties. High vinyl acetate resins (above 30 % vinyl acetate) offer excellent 

adhesion to nonporous surfaces, greater solubility in organic solvents than other EVA 

resins, and broad compatibility with tackifier resins. They are particularly useful in 

solvent-applied adhesives and coatings and can also be incorporated in specialty hot 

melt blends [59-61.] 

 

2.3.7. Polyether PSA 

 

The chemical structures of the pressure-sensitive adhesives (PSA) based on 

polyether are based on reactive polyoxypropylene containing allyl and methyl 
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dimethoxy silyl groups. In the PSA the structures of the adhesive`s backbones play 

important roles for their performance. The polyether backbone, which has not existed 

in the adhesives for PSA so far gives many valuable features in PSA applications. 

The polyether based telecheric reactive polymer already has been used as a raw 

material for a variety of applications such as sealants and adhesives for construction, 

automotives and DIY (Do It Yourself) products. This polyether backbone has a 

narrow molecular distribution, and contains no lower-degree chemicals, such as 

monomers in the polymer. As the adhesives have relatively low viscosity, it is 

possible to apply the adhesives without solvent. The adhesives having an allyl group 

at their terminals can be cured with crosslinking agents, which contain hydro silyl 

groups, by heat in the presence of a small amount of Pt catalyst. By adding retarders, 

such as dimethyl maleate and acetylene alcohols, to these systems, pot-life can be 

significantly prolonged. This type of adhesives emits no chemical in curing. 

The adhesives, which have a methyl dimethoxy silyl group at their terminals, are 

cured by catalyst in the presence of water. The curing speed can be accelerated by 

heating, waters play an important role in this system. If water is removed from it, the 

system remains stable even if reactive polymers and their catalyst are mixed. The 

polyether backbone gives various unique features compared with the conventional 

adhesives for PSA, such as acrylic and natural rubber, for example: very low glass 

transition temperature (Tg) ca. -70°C, high humidity permeability, low surface energy, 

good transparency (95% < at 1mm layer thickness), relatively low viscosity, low VOC, 

odor free and good compatibility with a variety of ingredients (tackifiers, plasticizers, 

etc.).  

As the adhesives are of relatively low viscosity, solvent free applications are possible. 

These applications have become possible due to the availability of thicker adhesives. 

Typical properties of PSA based on allyl terminated polyether that the molecular 

weight of approximately 20.000 Da and viscosity at room temperature of about 40 

Pa·s. Specific hydro silyl compounds are employed as the crosslinking agents. The 

adhesive properties are controlled by the ratios between the hydro silyl and the allyl 

groups. The adhesives are applied at room temperature and can be cured at 130°C 

for 3 minutes, and after thermal crosslinking they show weak peel strength and good 

re-peel ability. The polyether-based adhesives show various adhesive properties to 

be incorporated with several tackifiers. Typical formulations of PSA of the methyl 
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dimethoxy silyl terminated polyether-based adhesive and tackifiers demonstrated 

excellent adhesive strength for many materials except for low-surface energy 

substrates, such as PE, PP and EPDM. 

Pressure-sensitive adhesives based of polyether show unique features, which are 

attributable to their backbones, and which have not been shown in the conventional 

PSA. These unique features are expected to be quite useful for many new 

applications [62-63]. 

 

2.4. Important fundamental properties of pressure-sensitive adhesives 

 

The term PSA has a very precise technical definition and was dealt with extensively 

in the chemical literature 64. The function of PSA is to ensure instantaneous 

adhesion upon application of a light pressure. Most applications further require that 

they can be easily removed from the surface to which they were applied, through a 

light pulling force. Thus, PSA are characterized by a built-in capacity to achieve this 

instantaneous adhesion to a surface without activation, such as a treatment with 

solvents or heat, and by having sufficient internal strength so that the adhesive 

material will not break up before the bond between the adhesive material and the 

surface ruptures. The bonding and the debonding of PSAs are energy driven 

phenomena. Pressure-sensitive adhesives must possess viscous properties to flow 

and to be able to dissipate energy during the adhesive bonding process.  

 

2.4.1. Tack (initial adhesion) 

 

Pressure-sensitive tack is the adhesive property related to bond formation. It is 

defined as the property that enables an adhesive to form a bond with the surface oh 

another material upon brief contact under light pressure. It is the dominant property 

that distinguishes the broad class of adhesives that are the subject of this term [65]. 

Tack is not a simple material property, such as density or modulus, but is rather a 

composite response of the adhesive surface chemical and bulk physical properties 

upon being brought into contact with another materials. In practical terms, tack is 

defined by the test used to measure it. 
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Instrument tests for PSA can be classified into four groups: loop tack, rolling ball, peel 

test 90 or 180 degree and probe tests [66]. 

Also, interesting results were obtained when the influence of surface tension of 

substrate was tested on tack. Toyoma found that with various pressure-sensitive 

adhesives, the values attained at maximum when both the substrate and the 

adhesive layer had the same surface tension, or in other words, when the interfacial 

tension was at minimum. However, other authors claim that the tack of pressure-

sensitive adhesives rises with increasing surface tension without a maximum [67-69].  

 

2.4.2. Peel adhesion (adhesion) 

 

One of the often-measured characteristics of PSA is the resistance to peel that is 

determined by measuring the force required to peel away a strip of tape from a rigid 

surface. Resistance to peel is also called peel adhesion or peel force. Adhesion has 

of attraction, owing to the interactions of molecules, atoms, and ions in the two 

surfaces [70]. The peel force, as measured by the test, is a function of many factors, 

not only of the interfacial adhesive bond.  

Peel resistance data can yield more information about the and its expected 

performance than other commonly used tests of PSA products. The analysis of the 

behavior of adhesive joints during peeling and the derivation of mathematical 

expressions, which would allow the prediction of the strength of such joints, has been 

attempted by many authors. Unfortunately, none of the analyses is entirely 

satisfactory.  

Peel resistance data can yield more information about the adhesive character and is 

expected performance than over commonly used tests of pressure-sensitive 

materials, namely tack and resistance to creep. However, peel resistance does not 

necessarily relate to the adhesive performance, and it should not be assumed that 

the peel resistance and the strength of the adhesive bond are synonymous. Peel is a 

special type of failure that might not relate to many other ways of failure that might 

take place in use [71]. 
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2.4.3. Shear strength (cohesion) 

 

According to ASTM definitions of cohesion include "The propensity of a single 

substance to adhere to itself, the internal attraction of molecules towards each other; 

the ability to resist partition from the mass; internal adhesion; the force holding a 

single substance together". 

Pressure-sensitive adhesives posse’s typical viscoelastic properties which allow them 

to respond to both a bonding and a debonding step. For permanent adhesives, the 

most important step is the debonding one; the adhesive should not break under 

debonding forces, mainly shear and peel. Permanent adhesives must provide a 

higher level of cohesive shear strength than removable adhesives. 

Shear strength is measured as a force required to pull the pressure-sensitive material 

to the surface to which it was affixed with a definite pressure. Practically one 

measures the holding time under standard conditions. Unfortunately, there are no 

standard values of the time until shear failure occurs.  

When an increasing shear force is applied to a pressure-sensitive adhesive tape that 

place big role in diverse industry segments 72. Eventually a point will be reached 

when tape failure results. The nature of that failure is dependent on how quickly the 

liquid component of the adhesive can respond to the applied force. At one end of the 

spectrum, with a high stress or a rapidly increasing stress, the behavior will be largely 

elastic, and the adhesive will of the force required to remove it from that surface. 

Removal involves work done in extension of the adhesive, the work done in distorting 

the backing during the stripping action, and the work done in separating the 

adhesive/surface interface, the last being the smallest of the three 73. 

When an increasing shear force is applied to a pressure-sensitive adhesive tape that 

place 74. Eventually a point will be reached when tape failure results. The nature of 

that failure is dependent on how quickly the liquid component of the adhesive can 

respond to the applied force. At one end of the spectrum, with a high stress or a 

rapidly increasing stress, the behavior will be largely elastic, and the adhesive will 

separate at the interface leaving a trace of adhesive residue, or the tape backing will 

break. At the other end of the spectrum, the liquid component of the adhesion can 

respond fully, allowing molecular disentanglement within the adhesive resulting in 

cohesive failure. Typical shear resistance testing is performed with a controlled area 
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of adhesive tape (pressure-sensitive adhesive layer) applied to a standard test 

surface. Because shear failure is the inability of the pressure-sensitive adhesive to 

resist a continuous stress, any task that is a measure of stress relaxation within the 

adhesive gives meaningful data. A high shear resistant adhesive will maintain the 

stress, while a poor shear resistant adhesive will relieve the stress quite rapidly [75]. 

The shear strength of a soft pressure-sensitive polymer is conventionally regarded as 

the increase in strain with time after stress is suddenly applied and maintained 

constant. It can be shear deformation under constant shearing stress, compressive 

strain under constant compressive stress, or tensile strain under constant tensile 

stress. The shear strength can be expressed either as the creep modulus versus time 

or as creep compliance versus time. 

 

2.4.4. Shrinkage 

 

The dimensions of the test bar or plaque do not match, precisely, the mold from 

which was made shrinkage takes place, either through differential thermal expansion 

between the mold material and the polymer or through microstructural changes in the 

polymer after molding. Although acrylic polymers have been used successfully as 

pressure-sensitive adhesives in a variety of industries, a property inherent to all 

acrylic PSAs, which negatively impacts adhesion performance is shrinkage on PVC 

surfaces upon crosslinking. This phenomenon is attributed to the formation of a 

three-dimensional, covalently crosslinked network during crosslinking, which reduces 

intermolecular distances between the monomers used to form the crosslinked 

network [76].  

Shrinkage is the phenomenon changing the original dimensions of polymer with or 

without changing its original shape. This is the result of built-in and “process-in” 

tensions. Shrinkage of pressure-sensitive adhesives is dependent on molecular 

weight and kind and concentration of crosslinking agents added after polymerization 

to improve the shear strength. Before crosslinking, the molecules, which comprise 

the acrylics PSA, are separated by their characteristic Van der Waals radii. Upon 

crosslinking, these intermolecular distances are reduced due to the formation of 

covalent bonds between monomers which produces the desired highly crosslinked 

PSA material. The reduction of intermolecular distances creates internal stress 
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throughout the crosslinked network, which is manifested by reduced adhesion of the 

PSA adhesive to both the substrate and the object attached thereto [77]. Dimensional 

stability is exemplified by shrinkage. Shrinkage of soft PVC films if affected by the 

stability of the film and the anchorage on the substrate. Mounted films shrink back 

less than unmounted ones, because of the fixing effect of the adhesive. In the case 

of labels, cohesive strength prevents shrinkage and subsequent dirt accumulation on 

the exposed adhesive. Cohesive strength depends on the built-in cohesive strength 

of the adhesive and on the time-temperature stability of the adhesive. In the mounted 

shrinkage test a PSA-coated PVC face stock is bonded to a surface, often stainless 

steel, aluminium, and/or release liner. The laminate is then exposed to elevated 

temperature accelerating aging, typically 70°C for one week, and the percentage 

shrink back of the PVC film from its original dimensions is measured. Both machine 

direction, subject to greatest stress-induced elongation, and cross-machine direction 

measurement are carried out [78]. Shrinkage presents the percentage (S) or 

millimetres (lr) change of dimensions of the foil covered with pressure-sensitive 

adhesive and attached to the substrate, as glass, after keeping it 1 week at 

temperature of 70°C. The shrinkage lower than 0.5 % or 0.5 mm is the cleared 

optimum for PSA with high performance for PVC surfaces. Self-adhesive acrylics with 

very low shrinkage are used to produce mounting and splicing tapes, sign and 

marking films or labels with PVC carrier [79-81]. 

 

2.5. Other significant performance of PSA 

 

Other significant PSA performance including, among other things, adhesion-cohesion 

balance, problems with smell and volatility from monomers used during synthesis, 

thermal stability at higher temperatures until 140°C, excellent viscous-elastic 

properties, oxygen and aging resistance, water resistance, good stability against 

light, oxygen, moisture and plasticizers, compatibility with a wide width of other 

polymers, soft and hard resins, and adhesions promoters [82]. Besides adhesion 

characteristics should be constant over a very large temperature range. 
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2.6. Crosslinking methods of acrylic PSA 

 

Crosslinking is one of the most interesting processes, attractive for the chemist, 

informative for the physicist and helpful for the user in the joint development of 

tailored solvent-borne acrylic PSA [83]. The crosslinking of acrylic PSA is a useful 

process in the repertoire of general procedures and is recognized like a red line 

going through many of the applications in the areas of PSAs. In the nomenclature, 

"crosslinking" is a correlation of a network which relates to a net of interconnected 

chains. Polymeric networks or crosslinked systems consist of interconnected 

macromolecules, which extend into all three dimensions. Crosslinking improves the 

creep and shear resistance of pressure-sensitive adhesives. Crosslinking process 

decreases the free movement of polymer molecules and thereby improves the creep 

resistance, even at low crosslinking densities, but a decrease in tack is also usually 

observed. The individual molecule chains in the crosslinking are interconnected into 

"infinitely" large molecules. Because of the huge length of the starting polymeric 

chains, only small amounts of a crosslinking additive are needed to accomplish 

complete crosslinking, i.e. a crosslinking covering the total volume of the PSA. The 

larger the starting molecules, the larger the probability that they participate in the 

network concentration at a given amount of crosslinking additive [84].  

 

 

2.6.1. Goal of crosslinking 

 

The physicochemical and mechanical properties (tack, adhesion, and shear strength) 

of PSA based on acrylics are determined to a large degree by the type and amount 

of crosslinking agent, which is added to the copolymer. It is known that an acrylic 

copolymer, which has no crosslinking or is crosslinked only by hydrogen bonds, has 

not enough thermo-mechanical stability and is practically useless as a PSA. 

The crosslinking can be considered as a critical factor in the formulation of a PSA in 

the application stage [85]. The generated crosslinked connections inhibit extensively 

the mobility of the polymer molecules by chemical bonding in the network of the 

polymeric PSA. A crosslinked PSA therefore cannot melt any more. With the aid of 

chemical bonds or procedures an increase in cohesion may be accomplished during 
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the drying of the PSA coating in the drying step. Logically, the tackifying properties of 

the PSA coat, such as tack and adhesion decrease (Fig. 2) [86]. 
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Fig. 2. General effects of crosslinking to the adhesion properties 
 

2.6.2. Physical crosslinking 

 

The PSA in physical crosslinking is also linked by hydrogen bonds when the 

polymerization solvent is removed. Additionally, van der Waals forces have to be 

mentioned, which are noticeable in all PSA being free of crosslinking agents and are 

more or less connecting the molecule chains by secondary valence forces in a 

narrow-spaced network [87]. The hydrogen bonds also belong to secondary valence 

crosslinking and are based on a dipole-dipole attraction of polar groups such as for 

example -COOH, –CONH2 or –OH. If, therefore, such polar groups are present in 

certain distances in an overall non-polar PSA, the chains are more strongly 

connected at places where such groups are present in comparison to other places. 

This causes the characteristic features of a crosslinking. The polar groups used 

reach each other and generate hydrogen bonds. The hydrogen bonding existing 

between polymer chains in PSA systems is fully reversible.  

One must distinguish not only between the hydrogen bridges forming intramolecular 

and intermolecular crosslinking but also the intramolecular crosslinking between two 

groups in one individual polymer chain, which is undesired. Only intermolecular 

crosslinking between the neighbored polymer chain contributes actively to the 

increase in shear strength. 
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Hydrogen bonds are three to four times as strong as van der Waals forces. 

Consequently, PSAs with H-bonds are significantly stronger than those, which are 

interconnected only by van der Waals forces. Secondary valence crosslinking is in 

general distinguished from primary valence crosslinking by their thermo-reversible 

nature. When warmed up the crosslinking is lost and during cooling it is formed 

again. 

 

2.6.3. Chemical crosslinking 

 

Acrylic PSA in form of dispersion, polymer solution or a hotmelt, in which the polymer 

chains are crosslinked only by hydrogen bridges, can be stressed cohesively to only 

a limited degree. A small concentration of crosslinking agent changes it already to a 

PSA, which has strongly pronounced mechanical and thermal properties. In order to 

reach the PSA crosslinking, various of the most important multifunctional chemical 

compounds with respectively reactive groups, or very efficient suitable chemical 

methods, are used as the following list illustrates: multifunctional unsaturated 

monomers 87,88, monomers with crosslinking properties [87,89,90], metal acid 

esters [87,91], metal chelates [87,92-94], polyfunctional isocyanates [87,95], 

polycarbodiimides [87,96], polyfunctional propylene imines [87,97-103], amino resins 

[87,89] and UV-initiated crosslinking [87,104,105-112] using special unsaturated 

photonitiators as acrylates or methacrylates monomers. The most used internal 

crosslinking systems are multifunctional unsaturated monomers and monomers with 

crosslinking performance. By use of internal crosslinking agents, the crosslinker is 

incorporated into the polymer chain of PSA acrylics through the polymerization 

process. 

The typical external crosslinkers used in the case of solvent-borne PSA acrylics are 

metal acid esters, metal chelates, polyfunctional isocyanates, polycarbodiimides, 

polyfunctional propylene imines and amino resins. The polymer chains contain 

polymerically incorporated carboxylic or hydroxyl groups, which react during the film 

drying in the drying oven. 
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2.6.3.1. Crosslinking of acrylic PSA using monomers with crosslinking properties 

 

Self-crosslinking polymers are distinguished from crosslinkable polymers in that the 

crosslinkable polymers contain a functionality, such as a carboxyl group, which can 

only be crosslinked by the addition of a co-reactant to the polymer solution. 

Homogeneously crosslinked systems require crosslinking sites, which are statistically 

distributed in the polymer chain. Such systems are synthesized by the conventional 

solvent polymerization of acrylate monomers, which are capable to thermal initiated 

reaction with carboxyl groups or self-condensation 113. 

Such monomers include for example N-methylol acrylamide (N-MAA), N-(iso-

butoxymethyl) acrylamide (IBMA), allyl N-methylol carbamate (ANMC) and methyl 

acrylamide glycolate methyl ether (MAGME) 114. The advantages of self-

crosslinking polymer systems are their simplicity, economy, and particularly their 

efficiency. The methylol groups of N-MAA [115] are insensitive to free-radical 

polymerization and readily self-condense upon conventional thermal crosslinking 

(Fig. 3) and crosslinking reaction with carboxyl groups of acrylic PSAs [116, 

26,36,43,50,53,64,69] (Fig. 4). 

C NH

O

CH2OH
- CH3OH

C NH

O

CH2 NH C

O

self-crosslinked polymer crosslinked polymer

2 O

 

Fig. 3. Self-crosslinking reaction by using of N-MAA 
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O
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O

O C

O

polymer with N-methylol

acrylamide groups
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O
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polymer with

carboxyl groups
 

Fig. 4. Use of N-methylol acrylamide for the crosslinking of PSA acrylics 

 

2.6.3.2. Metal chelates 

 

The metal chelates, which are reacted with the acrylic polymer chains containing 

carboxylic groups are particularly efficient as crosslinking agents, having the following 

formula (Fig. 5): 
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(RO)a

(O)b

M

O

O C

C
CH

CH3

CH3

c

M – central metalatom

a + b + c = n-metal valence

b = 0 or 1

R = alkylrest

 

Fig. 5. General formula of metal acetylacetonate 

 

Chelate-forming reactions are usually exothermic, and the liberated alcohol does not 

therefore need to be distilled to make the reaction complete. Indeed, such is the 

physical nature of the chelates that it is often more desirable to leave the liberated 

isopropanol in the product as a solvent to facilitate handling. Since the metal atom 

has a covalency maximum of six, it is only capable of forming coordinate bonds with 

two donor atoms. The chelates are therefore manufactured by adding up to two 

moles of chelating agent to one of metal acid ester. At typical example are metal 

chelates titanium acetylacetonate (TiACA), aluminum acetylacetonate (AlACA) and 

zirconium acetylacetonate (ZrACA) [115]. 

Characteristic for these crosslinking systems containing metal chelates is the addition 

of alcohol as a stabilizer, after the vaporization of which, in the drying channel 

together with other solvents, the crosslinking starts spontaneously. Pressure-

sensitive adhesive acrylics including the above-mentioned crosslinking agents are, 

therefore, called room temperature crosslinking pressure-sensitive adhesives. Most 

of the pressure-sensitive adhesives will benefit from a short crosslinking at a 

temperature higher than the volatilization temperature of the polymerization solvent 

and the solvent stabilizer. The crosslinking time and temperature will depend upon 

the required acrylate ester monomers used, the chelating agent, the optional 

copolymerizable comonomer used, if any, the metal chelate used, the volatilization 

temperature of the reaction by-product after crosslinking, and the required end use 

for the PSA 117. 

 

2.6.3.3. Polyfunctional propylene imines 

 

Polyfunctional propylene imines (aziridines) are functional methyl aziridine derivates 

(Fig. 6), which perform as very reactive low energy crosslinking agents in carboxylate 

polymers 118. 
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A N

CH2

CH CH3 n

A – n-valent organic

or inorganic group

n  2 (preferably 2 to 4)
 

Fig. 6. Chemical formula of more functional propylene imine crosslinkers 

 

The nitrogen atom of the aziridine group is preferably linked to an atom having a 

valence of 4 or 5. A may be an aliphatic, aromatic, or alicyclic organic radical which 

may contain atoms such as oxygen, sulfur, nitrogen, etc. The high reactivity of 

propylene imine crosslinkers can be ascribed to ring strain inherent in the terminal 

aziridine groups. Ring opening is acid catalyzed, proceeding initially via protonation 

of the tertiary nitrogen atom. Effective utilization of aziridine chemistry is very much 

dependent upon the availability of an active H+ to protonate the aziridine ring. The 

most common method used to protonate the aziridine ring is the reaction with 

carboxyl functionality in the backbone of the polymer system (Fig. 7). 

 

C O

OH

+

NH

CH2

CH CH3

C O

O

CH2

CH
N

H

H

CH3

 

Fig. 7. Reaction of an aziridine ring with the carboxyl groups of a polymer 

The multifunctional propylene imines are the most important class of crosslinking 

agents for permanent self-adhesive coatings which crosslink rapidly at low 

temperatures 119-121.  

For crosslinking application, the polyfunctional propylene imines are added to the 

finished compounded coating just prior to use. These pressure-sensitive adhesive 

acrylics have a pot life of about 8 to 36 hours. The level of 2-methyl aziridines used 

will depend on the desired properties of the finished adhesive coating. Most 

applications find use levels between 1 and 3 % based on resin solids. Levels as low 

as 0,25 % and as high as 7 to 8 % on solids are known 122. 
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2.6.3.4. Amino Resins 

 

As an interesting class of crosslinking agents, for the diverse polymers for use in 

thermoset coatings including carboxyl-, hydroxyl- or amide groups, a wide range of 

numerous amino resins has been on offer during the last year which can be classified 

into four main groups, as melamine-formaldehyde resins 123, benzoguanamine 

resins, glycoluril resins and urea resins (Fig. 8) 124,125: 

 

Melamine-

formaldehyde

resins

Benzoguanamine

resins

Glycoluril

resins

Urea

resins

Aminoresins

 

Fig. 8. Chemical formulas of amino resins 

They are known as highly methylated melamine resins, partially methylated 

melamine resins, highly alkylated mixed ether melamine resins, high imino melamine 

resins, methylated urea resins, partially N-butylated melamine resins, partially 

isobutylated melamine resins, highly butylated melamine resins, N-butylated urea 

resins, isobutylated urea resins, highly alkylated benzoguanamine resins, glycouril 

resins and highly alkylated carboxylate resins. 

The amino resins can be used for the crosslinking of solvent-borne PSA acrylics at 

elevated temperatures between 105 and 150°C. The chemistry of these 

multifunctional resins is extremely complex, and they can be general classified as 

fully alkylated, partially alkylated, and high imino resins. 
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2.6.3.5. UV-crosslinking 

 

UV technology is well established in the market and allows the production of a wide 

range of UV-crosslinkable pressure-sensitive adhesives with interesting features. The 

balance between adhesive and cohesive strengths within the crosslinked coatings is 

critical for the performance of the UV-PSA. The combination of pattern with UV-

crosslinkable adhesives enable the manufacturing of films having zones with different 

adhesion/cohesion properties and offers novel opportunities to develop innovative 

tapes with new unique features 126. The radiation curing industry is one of the most 

rapidly developing fields in the entire coatings industry. The low toxicity, cheapness, 

speed, control and ease of formulation and operation are some of the main 

advantages of this growing technology. UV radiation is used to induce photochemical 

polymerization or crosslinking of a monomer, oligomer, prepolymer or pressure-

sensitive adhesive formulation containing a certain type of unsaturation, such as an 

acrylic group, and an appropriate initiator 127. 

To further improve the performances of these UV-crosslinkable PSAs, pattern 

crosslinking is a new technology that makes it possible to introduce different levels of 

crosslinking within the same adhesive coating. The result is a combination of high 

cohesion and adhesion areas in the pressure-sensitive adhesive film 128. To get 

optimal pressure-sensitive performances with UV-crosslinkable adhesives, it is 

necessary to find process settings that lead to balanced values of tack, peel and 

shear resistance for the aimed application. UV radiation crosslinking PSA systems 

are essentially room temperature crosslinking techniques, and so lend themselves to 

the crosslinking of the high temperature coating systems including calendaring and 

hotmelt coating, where the use of conventional thermal crosslinking technology is 

denied 129. The advantages of UV-crosslinking over thermal crosslinking include 

rapid network formation (in a fraction of a second by using high intensity light 

sources) and the utilization of heat-sensitive substrates [130]. 

 

2.7. The method of PSA tack, peel adhesion and shear strength determination  

 

The influence of the crosslinking agents or crosslinking methods is determined in 

relation to the reaction time and to the concentration versus adhesion properties, 
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considering the properties: tack, peel adhesion and cohesion. These two first 

properties were determined by standard A.F.E.R.A. (Association des Fabricants 

Europeens de Rubans Auto-Adhesifs) procedures administrative address: 60, rue 

Auber-94408 Vitry Sur Seine Cedex, France. Exact details can be found in AFERA 

4015 (tack) and AFERA 4001 (peel adhesion). According to FINAT (European 

Association for the Self-Adhesive Label Industry) FTM 8 cohesion (shear strength) 

was tested. Additional SAFT (Shear Adhesion Failure Temperature) test was 

conducted. 

 

2.7.1. Tack of PSA 

 

Pressure sensitive tack is the adhesive property related to bond formation. Generally, 

the test procedure to measure tack consists of two steps: bond formation and bond 

separation and to be measured at low contact pressures and short contact times. The 

normalized test methods are used to compare different pressure-sensitive adhesives 

131. The data are not absolute values but may be used to compare the various 

products. Loop-tack method measures the instantaneous adhesion of a loop of 

adhesive-coated material using no external pressure to secure contact. According to 

another definition the quick stick tack value is the force required to separate at a 

specific rate a loop of material, which was brought into contact with a standard 

surface. The loop-tack method according to AFERA 4015 is relatively simple and 

may be carried out using common tensile strength test machines 132. A sample of 

PSA-coated material 1-in (about 2.5 cm) wide and about 7-in (about 17.5 cm) long is 

bonded to a vertical of a clean steel test plate at least 10 lineal cm in firm contact. 

The vertical steel test plate is clamped in the jaws of a Zwick tensile testing machine. 

The scale reading in Newtons is recorded as the tape is peeled from the steel surface 

with a constant rate of 100 mm per minute. Loop-tack has the advantage of allowing 

tack to be measured on a wide range of substrates, such as stainless steel, glass, 

PE, and paper. 
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2.7.2. Peel adhesion of PSA 

 

The peel adhesion is the force required to remove a coated flexible pressure-

sensitive adhesive sheet material from a test panel measured at a specific angle and  

rate of removal. For 180° peel measurements (AFERA 4001) the results depend on 

the face stock material 133. 

A sample of PSA-coated material 1-in (about 2.5 cm) wide and about 5-in (about 12.7 

cm) long is bonded to a horizontal target substrate surface of a clean steel test plate 

at least 12.7 lineal cm in firm contact. A 2 kg hard rubber roller is used to apply the 

strip. The free end of the coated strip is doubled back nearly touching itself so the 

angle of removal will be 180°. The free end is attached to the adhesion tester scale. 

The steel test plate is clamped in the jaws of a tensile testing machine Zwick, which 

can move the plate away from the scale at a constant rate of 300 mm per minute. 

The scale reading in Newtons is recorded as the tape is peeled from the steel 

surface. The data is reported as the average of the range of numbers observed 

during the test. The peel adhesion test of pressure-sensitive adhesives was 

conducted with three identical samples. The given result is an arithmetic average 

from the available peel adhesion results. The peel adhesion and the removability are 

judged according to the following ratings and recorded: 

 good samples that are removed from the test substrate without damaging or 

leaving residue on the test substrate. 

 tear-samples that display too high a peel adhesion to the test substrate, 

causing test substrate and/or polyester foil backing to tear or delaminate at 

any peel rate. 

 cohesive failure-samples that leave adhesive residue on both the polyester 

film backing and the test substrate 

 

2.7.3. Shear strength of PSA (FTM 8) 

 

The shear strength is a measure of the cohesiveness or internal strength of an 

adhesive. It is based upon the amount of force required to pull an adhesive strip from 

a standard flat surface in a direction parallel to the surface to which it has been 

affixed with a definite pressure 225, according to FINAT FTM 8, at room 
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temperature and at 70°C. It is measured in minutes or hours required to pull a 

standard area of adhesive coated sheet material from a stainless-steel test panel 

under stress of a constant, standard load. Static shear strength is the adhesive's 

ability to maintain its position when shearing forces are applied. Each test is 

conducted on an adhesive-coated strip applied to a standard stainless-steel panel in 

a manner such that a 1-in × 1-in (about 2.5 cm × 2.5 cm) portion of the strip is in fixed 

contact with the panel with one end of the strip being free 135. The steel panel with 

the coated strip attached is held in a rack such that the panel forms an angle of 180° 

with the free end tape extended; the latter then is loaded with a force of different 

hanging weight in g or kg applied from the free end of the test strip. The time elapsed 

for each coated film to separate from the test panel was recorded as the shear 

strength. The mode of bond failure is described by shear tests with different codes 

such as: af, cf, paf, pcf or sh 227. 

 

Modes of shear strength include: 

 

Face stock failure:  100% transfer of the adhesive to the substrate (adherent) 

Clean failure:  100% adhesive release from the substrate (adherent) 

Cohesive failure (zip effect or zippering):  

adhesive splits between the face stock and the substrate. This result as a direct 

consequence of an imbalance between cohesive and adhesive properties and is an 

adhesive weakness. 

 

2.7.4. Shear strength of PSA (SAFT) 

 

SAFT (Shear Adhesion Failure Temperature) is modification of the shear-resistance 

and shear adhesion failure test, which is a modification of ASTM D-4498-a standard 

test method for the heat-fail temperature in shear of PSA, especially of hot melt 

adhesives. As described in this method, the samples are assembled as in the shear 

test using a 10 or 5 N load and placed into the test chamber. The temperature of the 

chamber starts at ambient room temperature and is ramped upward at a prescribed 

rate (2 min per hour is typical) at 225°C. The temperature at which the adhesive layer 

fails is noted as the shear adhesion failure temperature (SAFT) and serves as a 
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guide to the high-temperature performance of the adhesive. It is important to be able 

to determine as accurately as possible the temperature of the adhesive layer, rather 

6than the air temperature, since the adhering components (test sample and test 

surface) will take some time to achieve the temperature of the air in the chamber. 

 

 

2.8. Summary of background 

 

The crosslinking process of solvent-based acrylic PSA has recently attracted 

considerable attention due to their potential and practical application various 

industrial branches. A wide variety of different crosslinking agents and crosslinking 

methods and their influence on the most important properties of acrylic PSA, such as 

tack, peel adhesion and shear strength have been described. It was not found 

dependences between tack, peel adhesion and shear strength by using different 

crosslinking agents metal chelates with byproduct acetylacetone, room temperature 

crosslinker propylene imine without forming of byproduct and thermal reactive 

crosslinking agents from amine resin groups characterized by forming of byproduct. 

Especially interesting was shear strength of solvent-based acrylic PSA containing in 

polymer structure different concentration of acrylic acid, crosslinked with various kind 

and concentrations of selected crosslinking agents.  

 

3. TARGET OF DISSERTATION 

 

A target of this work was the investigation and explain in general conditions in form of 

determination of the significant adhesive performance such as tack, peel adhesion, 

and shear strength as a function of kind and concentration of crosslinking agent, 

concentration of carboxylic groups from acrylic acid in polymer, coating weight of 

adhesive layer, temperature profile and balance between mentioned properties of 

own research according to synthesized solvent-borne acrylic PSAs based on 2-

ethylhexyl acrylate, butyl acrylate and diverse concentration of acrylic acid with 

potential application performances through a selection kind and concentration three 

diverse crosslinking agents, trifunctional metal chelate AlACA, trifunctional propylene 

imine Trazidin VN and six functional amine resin Cymel 303 LF. This work brought to 
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development a technology of a wide palette manufacturing of acrylic PSAs and self-

adhesive products on an industrial scale. 

 

4. EXPERIMENTAL PART 

 

4.1. Starting materials 

 

All starting materials such as acrylate monomers, solvent, radical starter AIBN and 

crosslinking agents were technical pure and were used in technological process 

without further purification. The description of all start materials for the synthesis of 

investigated acrylic PSA and their crosslinking process are presented in the Table 2.  

 

Table 2 Raw materials for the synthesis and crosslinking of solvent−borne acrylic PSAs 

Kind of raw material Abbreviation Chemical formula Supplier 

2−ethylhexyl acrylate 2−EHA 
CH2 CH

C2H5

C

O

O CH2 CH C4H9
 

BASF 

(Germany) 

n−butyl acrylate BA 
CH2 CH C

O

O (CH2)3 CH3
 

BASF 

(Germany) 

acrylic acid AA 
CH2 CH C

O

O H
 

BASF 

(Germany) 

ethyl acetate EA 
CH3 C

O

O C2H5
 

Shell 

(Holland) 

isopropyl alcohol i-PA 
CH3 CH

OH

CH3
 

Shell 

(Holland) 

2,2’-azo-bis-diisobutyronitrile AIBN CH3 C

CH3

CH3

CN

CH3

N N C

CN
 

Wako Chemie 

(Germany) 

aluminum acetylacetonate AlACA 

Al
O

O

C

C
CH

CH3

CH3
OC

HC
C O

O O

C C

CH
CH3

H3C

H3C

H3C  

Wacker 

Chemie 

(Germany) 
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trimethylolpropane-tris-(N-

methylaziridinyl) propionate 
Trazidin VN CH3 CH2 CH2 O C

O

(CH2)2 N

CH2

CH CH3

CH2 O C

O

(CH2)2 N

CH2

CH CH3

CH2 O C

O

(CH2)2 N

CH2

CH CH3

C

 

Tramaco 

(Germany) 

highly methylated melamine 

resin 
Cymel 303LF 

Hexamethoxymethyl melamine

N

NN

CH3OCH2 CH2OCH3

N N

N
CH3OCH2 CH2OCH3

CH3OCH2 CH2OCH3

 

Cytec 

(Holland) 

 

4.1.1. Basic solvent-based pressure-sensitive adhesive acrylics 

 

The versatility of acrylate monomers chemistry is inherently useful in the design of 

high-performance PSA. A broad raw materials base and a versatility of 

polymerization process lend themselves to design of base polymers with unique 

properties.  

The glass transition temperature Tg is the main issue for adhesion properties of 

various polymers, but also reveals important information about the suitability of the 

homopolymers or copolymers as PSA, which is polymerized from various 

components. For permanent adherent PSA Tg ranges from -70°C to - 25°C. A low Tg 

is a prerequisite for tacky materials.  

The design parameters utilized to produce high performance solvent-based PSA 

include monomer selection, selection of solvents, initiators and crosslinkers [137]. 

Specific design parameters are used to achieve desired surface properties of tack 

and peel adhesion in combination with the bulk property of cohesive strength. The 

balance of these properties is needed for high performance products [138]. 

From [139] is known, that the best balance between tack and peel adhesion for 

acrylic PSA is possible by using of n-butyl acrylate, 2-ethylhexyl acrylate and different 

concentration of acrylic acid for synthesis of solvent-based adhesives. The 

concentration 3.0 wt.% AA is typical for removable PSA and removable adhesive 

products. 3.5 wt.% AA characterizes acrylic PSA with good balance between peel 

adhesion and tack, typically PSA containing about 5 wt.% acrylic acid and PSA layers 

containing 7 wt.% AA are characterized by extremely high shear strength (cohesion). 
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The polymerization process was conducted under the following conditions:  

 Addition of the monomer’s mixture with AIBN (AIBN was dissolved in acrylic 

acid) into ethyl acetate (EA) before the starting of polymerization (amount of 

reactor charge):        50 wt.% 

 Dosage time of the rest of monomers with rest AIBN:   2-5 h 

 Time of post-reaction:       5 h 

 Dilution step from 50 to 40 wt.% polymer content:  with isopropanol (i-PA) 

 

After dilution with i-PA, the synthesized solvent-based acrylic PSA were 

characterized by the following parameters (Table 3): 

 

Table 3 Molecular weight, viscosity and glass transition temperature of solvent-borne PSA 

containing different amounts of carboxylic groups (amount of residual monomers < 0.3 wt.%) 

 

AA 

[wt.%] 

BA 

[wt.%] 

2-EHA 

[wt.%] 
wM  

[Da] 

nM  
[Da] n

w

M

M
D 

 

η (RT) 

[Pa·s] 

Tg 

[°C] 

3.0 60.0 37.0 450 000 125 000 3.60 4.6 -39 

3.5 59.5 37.0 470 000 137 000 3.43 5.1 -36 

5.0 58.0 37.0 505 000 165 000 3.06 5.6 -34 

7.0 56.0 37.0 540 000 180 000 3.00 6.2 -31 

 

4.2. Test methods 

 

From synthesized acrylic PSA with different content of carboxylic groups were 

evaluated concentration of free monomers after polymerization process, viscosity at 

RT, number average molecular weight Mn, weight average molecular weight MW, 

polydispersity as MW/Mn, glass transition temperature Tg. From crosslinked acrylic 

pressure-sensitive adhesives, by using of in Table 2 mentioned crosslinking agents, 

were measured tack, peel adhesion and shear strength. 
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4.2.1. Free monomers concentration in basic synthesized acrylic PSA 

 

The concentration of solid materials was found according to DIN EN 12092, the 

residual of monomers was measured with gas chromatograph Unicam 610, J&W DB-

1 column, FID detector and integrator Unicam 4815. 

4.2.2. Viscosity of synthesized basic acrylic PSA 

 

The viscosity of the investigated solvent-borne acrylics pressure-sensitive adhesives 

containing 40 wt.% polymers after dilution process with isopropyl alcohol from 50 to 

40 wt.% after polymerization was determined with a Rheomat RM 189 from 

Rheomatric Scientific, with spindle No 3 at 23°C. 

 

4.2.3. Molecular weight and polydispersity 

 

The molecular weight studies were performed 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 Hewlet Pacard. 

 

4.2.4. Glass transition temperature Tg 

 

Tg is the accepted abbreviation for the glass transition temperature or event. All 

amorphous materials will yield a Tg during heating and Tg is the main characteristic 

transformation temperature of an amorphous material. The Tg of investigated acrylic 

PSA was conducted with a DSC (Differential Scanning Calorimeter), DSC 2010 from 

TA Instruments. 

 

4.2.5. Standardization of relevant parameters 

 

Because PSA systems are so sensitive to temperature, pressure, and rate, these 

characteristics must be standardized in any given test method. The condition favored 

by most laboratories is an environmental temperature of 23°C (room temperature), 

and 50 % relative humidity ± 6 %. 
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Coat weight of PSA 

 

The coating weight (layer thickness) of dry pressure-sensitive adhesives after the 

removal of the organic solvent in dry canal influence essentially their tack, peel 

adhesion and shear strength. The base weight of the adhesive layer covering the 

polyester film was between 30 and 120 g/m2. 

 

Kind of carrier 

 

The tested adhesives must be coated on the same kind of carrier. For tests the 50 μ 

polyester film Hostaphan RN from Hoechst (Germany) was used. 

 

 

Drying terms in drier 

 

The pressure-sensitive adhesive layer must be dry, free from polymerization solvents 

and residual monomers. It is the aim to examine the performance of the tested 

crosslinked adhesives with a constant temperature being high enough. The solvent-

based acrylics PSA crosslinkable with AlACA and Trazidin VN coated on polyester 

film were dried for 10 min at 110°C, and the solvent-based acrylics PSA crosslinked 

thermal using Cymel 303 LF were dried 10 min at 140°C. 

 

Kind of cover material 

 

The kind of covering dehesive material has an important influence on the 

performance of the coated adhesive surface. The dried layer of PSA acrylic was 

covered with dehesive silicone paper 95 g/m² with siliconized grade B6 from 

Laufenberg (Germany). 

 

Conditioning 

 

Before the test, the adhesive-coated strips were stored for 7 days at room 

temperature and 50 % relative humidity. 3 samples were tested and the given value 
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of tack, peel adhesion and shear strength were the arithmetic mean of the achieved 

results. 

 

4.2.6. Tack (Loop tack) as a function of basic PSA composition 

 

The loop in the loop tack test is formed by using a stripe coated by PSA. The stripe 

clamps the test machine with the load cell, which must be sensitive over the sufficient 

range. A loop contacts the substrate by PSA stripe weight. The loop tack value is 

acquired from the pulling force during the detachment of the PSA coated stripe. The 

maximum force required to debone the loop is recorded as the tack value. This test is 

presented in Figure 9. Then the ends were clamped into the jaws of testing machine 

Zwick/Roell Z1.0 leaving the loop hanging vertically downwards. Afterwards the loop 

was let down until stainless steel plate. After the stripe adhered to the plate surface 

on the length of about 25 mm the loop was torn off by changing direction of machine 

movement.  

 

Fig. 9. Measurement of tack by using testing machine Zwick/Roell Z1.0 
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4.2.7. Peel adhesion as a function of basic PSA composition 

 

The peel adhesion test was made according to AFERA 4001. The 25 mm wide 

sample and minimum 175 mm long was placed the adhesive coated facing material 

onto a clean test stainless steel plate, at least 127 mm in contact. The test plate with 

stripe was fixed in the testing machine that the angle of peel was 180° (Figure 10). 

Then the testing machine was recording the force required to remove the sample 

from plate with the speed of 300 mm/min. Peel adhesion is the average result for the 

strips tested in Newtons per 25 mm width from three samples.  

 

 

Fig. 10. Measurement of peel adhesion by using testing machine Zwick/Roell Z1.0 

 

4.2.8. Shear strength as cohesion of basic acrylic PSA  

 

The shear strength is a measure of internal strength of an adhesive. It is based upon 

the value of force required to pull an adhesive stripe from a standard flat surface in 

direction parallel to the surface, to which it has been affixed with a definite pressure, 

according to FINAT-FTM 8, at room temperature, at 70°C and according to SAFT 
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test. Shear strength (cohesion) is measured in minutes or hours required to pull a 

standard area of adhesive coated sheet material from a stainless-steel test panel 

under stress of a constant standard load. Static shear strength is the adhesive's 

ability to maintain its position when shearing forces are applied. The test was 

conducted by applying one end of 25 mm wide adhesive coated stripe to stainless 

steel plate, which area of contact was 25 mm x 25 mm. The steel panel with the 

coated stripe attached was held in a rack, where the panel forms an angle of 

178−180° with the free end tape hanging downwards. The free end was loaded with 

a 1000 g (10 N) weight (Figure 11). The shear strength was the time to separate the 

sample form the test panel on the self-constructed testing machine in the 

International Laboratory of Adhesive and Self-Adhesive Materials.  

The mode of bond failure is described by shear tests with different ways such 

as af (adhesive failure), pcf (partially cohesive failure) and cf (cohesive failure).  

 

 

Fig. 11. Shear strength measurement according to FINAT FTM8 
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4.3. Crosslinking agents 

 

The following experiments were carried out to study the influence of various 

crosslinking agents characterized by different functional group and different 

functionality on the main performance of synthesized solvent-based acrylic PSA, 

such as tack (initial adhesion), peel adhesion (adhesion) and shear strength 

(cohesion). The functional groups of crosslinkers are different reactive with carboxylic 

groups from synthesized acrylic PSA. All investigated purchased crosslinking agents 

were likewise commercial technical grade and were used without further purification 

unless otherwise noted. The are selected from metal chelates, multifunctional 

propylene imines and multifunctional thermal reactive amine resins, exactly 

melamine-formaldehyde-resins. From the available scientific literature is known, that 

a very efficient metal chelate is aluminum acetylacetonate (AlACA) used for the 

crosslinking of acrylic PSA [143] to make PSA tapes with a high technical standard. 

Preferred multifunctionally propylene imines was used tris methylpropane-tris-(N-

methylaziridine) propionate (Trazidin VN), and as thermal reactive crosslinker highly 

methylated melamine resin Cymel 303 LF was used (Figure 12). 

Al

O O

C C

CH
CH3H3C

O

O

C

C

HC
H3C

H3C

O

O
C

C CH
CH3

CH3

 

Aluminum acetylacetonate (AlACA) (RT crosslinking agent, by-product by 

crosslinking: acetyl acetonate) 

CH3 CH2 C CH2 O C

O

(CH2)2 N

CH2

CH CH3

CH2 O C

O

(CH2)2 N

CH2

CH CH3

CH2 O C

O

(CH2)2 N

CH2

CH CH3
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Hexamethoxymethyl melamine (Cymel 303 LF)
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CH3OCH2 CH2OCH3
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Melamine-formaldehyde-resin Cymel 303 LF (thermal crosslinking agents  

10 min 140°C, by-product by crosslinking reaction: methanol)  

 

Fig. 12. Crosslinking agents used by crosslinking process of solvent-based acrylic 

PSA containing different concentration of carboxylic groups 

 

4.4. Theoretical calculations in relation to chemical structure of tested crosslinking  

        agents and investigated synthesized acrylic PSA containing different amount of   

        carboxylic groups 

 

Acrylic acid plays a very important role in the synthesis of polyacrylate pressure-

sensitive adhesives. The lack of carboxyl groups in the polymer chain causes, on the 

one hand, the lack of the appropriate molecular weight of the pressure-sensitive 

adhesive, and on the other hand, the lack of the possibility of crosslinking the 

polymer chains of the adhesive. Most crosslinking reactions of polyacrylate pressure-

sensitive adhesives takes place through the reaction of the carboxyl groups of the 

polymer with the crosslinking compound introduced into the system, whereby the 

crosslinking reaction produces small molecule by-products, removed from the system 

during the sieving of the pressure-sensitive adhesive during the evaporation of the 

organic solvent from the adhesive film at elevated temperature at an elevated 

temperature in drying canal. An example of the role of acrylic acid in the application 

of a pressure-sensitive adhesive depending on the concentration of carboxyl groups 

is presented in Tab. 4. 

 

 

 

 

 



 
52 

 

Table 4 Acrylic acid concentration in relation to carboxylic groups in acrylic self-adhesive 

polymers as a function of their potentially industrially application 

Concentration of acrylic acid [wt.%] Kind of industrially application 

3.0 Removable PSA 

3.5 PSA with excellent balance between 

tack and peel adhesion 

5.0 Typical PSA 

7.0 PSA with very high cohesion 

 

Chemical structure of used crosslinking agents, their functionality, molecular weight 

and theoretical relation between their functionality and molecular weight are 

presented in Fig. 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Molecular weights, chemical structures and functionality of investigated 

crosslinkers 

 

 

Aluminum acetylacetonate (AlACA) 

Trifunctional crosslinker: 1 mol crosslinkers reacts 
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In order to objectively, from the theoretical point of view, taking into account the 

functionality and, in a sense, the reactivity of selected commercial crosslinking 

compounds, to compare their cross-linking "efficiency" of model solvent-borne 

polyacrylate pressure-sensitive adhesives, trifunctional aluminum acetylacetonate 

(AlACA) was selected for research, used primarily for crosslinking of adhesives 

characterized by high shear strength and water-soluble adhesives based on modified 

acrylics. AlACA crosslinked adhesives can be very easily stabilized with isopropyl 

alcohol for up to several months. During the reaction of the carboxyl groups of the 

adhesive with aluminum acetylacetonate, acetylacetone is formed, which additionally 

stabilizes the increase in adhesive viscosity.  

 

Trifunctional propylene imine Trazidin VN provides carboxyl-containing crosslinked 

acrylics adhesives with high shear strength and high self-adhesive performance. No 

by-products are formed between the carboxyl groups of the adhesive and the 

propylene imine groups of the cross-linker during the cross-linking reaction. Acrylics 

solvent-based pressure-sensitive adhesives can also be stabilized with isopropyl 

alcohol, but the maximum pot life can be achieved in the range from 2 to 8 hours. 

After this period, the adhesive gels and is not suitable for coating, and thus for the 

manufacturing of self-adhesive products.  

Six-functional melamine resin, exactly hexamethoxymethyl melamine known as 

Cymel 303 LF, belongs to the so-called thermally reactive crosslinkers. These types 

of crosslinkers react via functional methoxy, ethoxy or butoxy groups with the 

carboxyl groups of the acrylic adhesive at elevated temperatures above 105°C. In 

this particular case, polyacrylate adhesives were cross-linked at 140°C to ensure 

complete crosslinking of the adhesive. Acrylic pressure sensitive adhesives cross-

linked with Cymel 303 LF melamine resin can also be stabilized, even for a period of 

several months, with isopropanol. As a by-product of the crosslinking reaction, methyl 

alcohol is formed. 

Theoretical considerations show that for two moles of propylene imine Trazidin VN 

and two moles of AlACA there is 1 mole of Cymel 303 LF melamine resin. Because in 

the technology of adhesives and self-adhesive materials, in practice, percentages by 

weight (wt.%) And units of weight (mass) of the amounts used in the above-

mentioned tests are used. The cross-linking compounds are generally converted to 
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wt.%, which gives a certain sense and enables a scientific interpretation of the 

"reactivity" of the individual cross-linkers. Thus, 0.20 wt.% AlACA corresponds to 

0.29 wt.% Trazidin VN and 0.12 wt.% Cymel 303 LF (Fig. 14.) 
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Fig. 14. Converting of molar concentrations to weight concentrations of tested cross-

linking agents 

Table 5 shows the conversion of molar concentrations into weight concentrations in a 

wide range of concentrations of the evaluated crosslinking agents in relation to the 

base concentrations of aluminum acetylacetonate (AlACA) from 0.05 wt.% to 0.6 

wt.%, which corresponds to propylene imine Trazidin VN concentrations from 0.07 

wt.% to 0.88 wt.% and the concentration of melamine resin Cymel 303 LF from 0.03 

wt.% to 0.36 wt.%. All concentrations of the crosslinkers tested refer to the polymer 

content (concentration) of the acrylic solvent-based pressure-sensitive adhesives.  
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Table 5 Conversion of molar concentrations into weight concentrations in a wide 

range of concentrations of the evaluated crosslinking agents 

AlACA [wt.%] Trazidin VN [wt.%] Cymel 303 LF [wt.%] 

0.05 cf 0.07 cf or not cf 0.03 cf 

0.10 cf 0.15 0.06 cf 

0.15 cf 0.22 0.09 cf 

0.20 0.29 0.12 cf 

0.25 0.37 0.15 cf 

0.30 0.44 0.18 cf 

0.35 0.51 0.21 cf 

0.40 0.59 0.24 cf 

0.45 0.66 0.27 cf 

0.50 0.73 0.30 cf 

0.60 0.88 0.36 cf 

 

In fact, in industrial practice very rarely is used aluminum acetylacetonate 

concentration above 0.5 wt.%. This is due to the fact that the self-adhesive layers of 

the AlACA crosslinked adhesive with a concentration higher than about 0.5 wt.% can 

be used for peel adhesion and tack of PSA level. The concentration of crosslinking 

agends was marked in red, at which concentration during the shear strength tests, 

the occurrence of a cohesive failure (cf) of crosslinked layers of pressure-sensitive 

adhesives was observed. This type of cohesive break was also observed sometimes 

during the peel adhesion measurement. It is known from technological practice, as 

shown in Table 5, that concentrations of aluminum acetylacetonate (AlACA) below 

0.2 wt.% Do not guarantee obtaining a sufficiently high shear strength at which no 

cohesive failure (cf) occurs. Contrary to AlACA, the use of a concentration of 0.15 

wt.% Trazidin VN in the crosslinking processes of acrylics adhesives allows obtaining 

an acceptable cohesion. It was found that the use of 0.07 wt.% Trazidin VN allows for 

obtaining self-adhesive products with a satisfactory shear strength with lower basis 

weights, thinner layers of adhesive.  

 

As shown in Table 5, the use of the Cymel 303 LF crosslinking agent at all tested 

concentrations leads to a lack of an acceptable degree of crosslinking of the 
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adhesive self-adhesive layer, which is manifested by the presence of a cohesive 

failure (cf). In view of such a state of affairs, where it was formally impossible to move 

from molar concentrations to concentrations by weight, it was decided to increase, as 

in the technology of adhesives and pressure-sensitive materials, the concentration of 

the thermally cross-linking crosslinking compound Cymel 303 LF to practical values 

of 1, 2, 3 and 4 wt. %. 

 

4.5. Influence of crosslinking agents AlACA, Trazidin VN and Cymel 303 LF  

         concentration on viscosity of synthesized acrylic PSA 

 

The viscosity of pressure-sensitive adhesives, especially solvent-borne pressure-

sensitive adhesives, is a very important physicochemical property, mainly related to 

the coating of adhesives containing various crosslinking agents in the adhesive 

composition. Too low as well as too high viscosity of the adhesive may prevent its 

coating on specially coating machines under technological conditions, which in turn 

will make it difficult or even impossible to produce self-adhesive products 

commercially.  

Typically, depending on the method and speed of coating, the viscosity of the ready-

to-use solvent adhesives generally ranges from 1-10 Pas, but is usually a few Pas, 

the viscosity measured at room temperature. Relatively low adhesive viscosity is 

recommended at high coating speeds, in the range of 40-60 m/min, and at its low 

coat weight, up to 45-60 g/m2. Adhesives with higher viscosities are coated more 

slowly, in the upper limit up to 30 m/min, but at higher coat weights, up to 150 g/m2. 

 

It is known that the introduction of various cross-linking compounds into a pressure-

sensitive adhesive system can significantly change its viscosity over time. In this 

study, the influence of the type of crosslinking agents used and its concentration on 

the change of adhesive viscosity was investigated. The use of crosslinking agents 

always increases the viscosity of the crosslinked adhesives. The term of the so-called 

pot-life of adhesive provides us with information about its durability, and thus about 

the possibility of its use in the coating process. Commercial manufacturers of solvent-

borne pressure sensitive adhesives require a minimum pot-life of 6 months. Pot-life, 

also called shell-life, is the maximum time for a self-adhesive adhesive containing a 
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crosslinking agent to be coated for the production of self-adhesive materials and 

products. The Figs. 15-17 show the dependence of the usable viscosity of the 

adhesive pad on the time of its storage.  
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Fig. 15. Viscosity of synthesized acrylic PSA containing 0.6 wt.% AlACA as a 

function of acrylic acid concentration and pot-life 

 

Viscosity measurements of acrylic solvent-based pressure-sensitive adhesives 

containing from 3.0 to 7.0 wt.% of carboxyl groups derived from acrylic acid 

embedded in the adhesive structure showed a significant impact of the concentration 

of carboxyl groups on the viscosity of the tested pressure-sensitive adhesives, 

measured at room temperature. Pot-life studies of synthesized acrylic self-adhesives 

were performed on 0.6 wt.% AlACA as crosslinker. The lower concentrations of 

AlACA did not cause an unfavorable change in the viscosity of the tested 

compositions, which made the tested adhesives suitable for industrial application. 

The highest increase in the viscosity of acrylic adhesive in 24 weeks (approx. 6 

months) was observed for 7.0 wt% acrylic acid. For lower acrylic acid concentrations, 

the increase in viscosity is lower. All tested crosslinked adhesives containing 0.6 

wt.% AlACA are characterized by viscosity, which allows for their trouble-free coating 

on conventional coating machines. 
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Fig. 16. Viscosity of synthesized acrylic PSA containing 0.88 wt.% Trazidin VN as a 

function of acrylic acid concentration and pot-life 

 

When analyzing the effect of the Trazidin VN crossliner on the viscosity of solvent-

based acrylic pressure-sensitive adhesives over time, a very short pot-life of a few 

hours can be seen. Fig. 16 shows the above-mentioned dependencies for 0.88 wt.% 

Trazidin VN, but similar relationships were also observed for all lower concentrations 

of Trazidin VN tested. Due to the unpredictability of the spread of the doctoral 

dissertation, these results were not included in the doctoral dissertation. As can be 

seen in Fig. 16, the pot-life of acrylic pressure sensitive adhesives decreases with 

increasing acrylic acid concentration. This is due to the obvious fact of the rapid 

reaction of the carboxyl groups of the polymer chain of the adhesive with the 

propylene imine groups of the crosslinking agent Trazidin VN. After just 3 hours, the 

adhesive is partially and then fully gelled. Although the viscosity of the adhesive can 

still be measured, it is not suitable for coating. When using an adhesive with 3.0 wt.% 

acrylic acid pot-life, it is extended to about 5 hours, and then the adhesive gels.  

The pot-life of the tested polyacrylate adhesives, ranging from 3 to 5 hours, is not a 

special technological problem related to the coating of this type of adhesives. 

Immediately prior to coating, the acrylic pressure-sensitive adhesive is mixed in a 

specially designed mixer with a weight-defined proportion of the trifunctional 
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propylene imine dissolved in isopropanol. The thus obtained adhesive containing the 

alcoholic crosslinking agent solution is directed to a coater to produce self-adhesive 

materials.  
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Fig. 17. Viscosity of synthesized acrylic PSA containing 4.0 wt.% Cymel 303 LF as a 

function of acrylic acid concentration and pot-life 

 

An interesting dependence of the viscosity of acrylics adhesives on the acrylic acid 

content for 4.0 wt.% of thermally crosslinking amino resin Cymel 303 LF over time is 

presented in Fig. 17. For the first month (4 weeks), the viscosity of the gel remains 

unchanged at 2.5 Pas. After this time, it slightly increases for all tested adhesives, 

with the greatest increase in viscosity for the adhesive with the content of 7.0 wt. 

acrylic acid, and the smallest for adhesive with 3.0 wt.% acrylic acid. The maximum 

increase in viscosity over a period of 6 months from 2.5 Pas to approximately 3.1 Pas 

does not visibly affect its excellent coating performance. As predicted, no gelling 

symptoms were observed in compositions containing 4.0 wt.% Cymel 303 LF.  

 

Summarizing the research and studies on influence of crosslinking agent kind and 

concentration on viscosity of investigated crosslinkable solvent based acrylic 

pressure-sensitive adhesives (PSA) significant differences can be noticed between 

the classic aluminum acetylacetonate (AlACA), the reactive propelene imine (Trazidin 
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VN) and the thermally reactive amino resin (Cymel 303 LF). In the case of cross-

linking of acrylic adhesives containing in their structure carboxyl groups derived from 

the acrylic chain incorporated into the chain, the relatively excellent stability of such 

an AlACA-containing system can be noted. A by-product of the crosslinking reaction 

in the drying channel at 110°C is here acetylacetone with a boiling point of 140°C, 

which does not separate during the aging of the adhesive, and therefore probably 

does not contribute to a relatively rapid increase in viscosity.  

By the using of crosslinking agents containing propylene imine groups Trazidin VN, 

the instability of propylene imine groups in the presence of carboxyl groups derived 

from acrylic acid was used. This reaction takes place relatively quickly, which limits 

the stickiness of the adhesive to a few hours. In this type of cross-linking reaction, no 

by-product is formed that must be removed from the system, which in my opinion 

certainly does not slow down the course of the crosslinking reaction. Although such a 

system can be stabilized with aliphatic or aromatic amines for up to several days, 

then there is a problem with the removal of toxic amines from the adhesive. There is 

also no such need from a technological point of view.  

In the case of using a thermally crosslinking amino resin Cymel 303 LF as a by-

product, methyl alcohol is formed in the reaction with the carboxyl groups of the 

adhesive, which leaves the adhesive composition in the drying channel. Synthesized 

polyacrylate adhesives containing up to 4.0 wt.% are crosslinked at a temperature of 

140°C. The crosslinking temperature can be lowered by incorporating strong acid 

catalyst. In order to obtain a crosslinking effect, the amino resins need only week 

catalyzing. In most cases a low acid value of the base resins already sufficient, and 

the reactivity of the alkoxy alkyl groups is relevant for the crosslinking speed. The 

temperature/dwell time profile of crosslinking reaction will also be improved by 

addition strong acid catalyst such as p-toluene sulphonic acid or dodecylbenzene 

sulphonic acid into the pressure-sensitive formulation.  

Taking into account the comparative tests of three different crosslinking agents, it 

was decided not to use catalytic support in this case, considering the temperature of 

140°C to be the appropriate and sufficient crosslinking temperature. Comparative 

studies of the tested polyacrylate adhesives forced me, as already mentioned, to 

significantly increase the concentration of the Cymel 303 LF crosslinking agent from 

0.36 wt.% to 1-4 wt.% in order to obtain adequately comparative results. 
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4.6. Influence of crosslinking agents AlACA, Trazidin VN and Cymel 303 LF  

           concentration on tack of synthesized acrylic PSA 

 

All three of the above-discussed crosslinkers, i.e. aluminium acetylacetonate 

(AlACA), propylene imine Trazidin VN and thermal reactive amine resin Cymel 303 

LF, were used to study their effect, at precisely defined concentrations, on the tack of 

acrylic pressure-sensitive adhesives with different acrylic acid content in the 

monomer mixture. 

 

4.6.1. Effect of crosslinking agent aluminium acetylacetonate (AlACA) on the tack of  

          synthesized acrylic PSA 

 

The self-adhesive term is also known as initial adhesion or tack while touching tack. It 

is spectacular that it means measuring the force of detachment from specific 

substrates, most often steel according to specific international standards, with a 

contact time equal to zero seconds with the tested substrate. 

 

A tack of self-adhesive acrylics depending on the concentration of the AlACA cross-

linking agents in the ranged of 0.2 and 0.6 wt.% according to polymer content und for 

the adhesive coat weight between 30 and 120 g/m² is shown in Figs. 18-21. Tack 

measured for PSA layer with coat weight 45, 75, and 105 g/m² are only included in 

the relevant tables at the end of the doctoral dissertation. 
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Fig. 18. Tack of acrylic PSA containing between 3.0 and 7.0 wt.% acrylic acid as a 

function of concentration of AlACA between 0.2 and 0.6 wt.% for layers with coat 

weight of 30 g/m²  
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Fig. 19. Tack of acrylic PSA containing between 3.0 and 7.0 wt.% acrylic acid as a 

function of concentration of AlACA between 0.2 and 0.6 wt.% for layers with coat 

weight of 60 g/m² 
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Fig. 20. Tack of acrylic PSA containing between 3.0 and 7.0 wt.% acrylic acid as a 

function of concentration of AlACA between 0.2 and 0.6 wt.% for layers with coat 

weight of 90 g/m² 
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Fig. 21. Tack of acrylic PSA containing between 3.0 and 7.0 wt.% acrylic acid as a 

function of concentration of AlACA between 0.2 and 0.6 wt.% for layers with coat 

weight of 120 g/m² 

 

As presented in Figs. 18-21, the adhesive acrylic tack increases with increasing coat 

weight of adhesive layers and decreases with increasing concentration of the 

crosslinking agent of aluminum acetylacetonate (AlACA). For example, the tack of a 



 
64 

 

coat weight 30 g/m² (Fig. 18) for adhesive containing 3.0 wt.% acrylic acid decreases 

from 17.5 N to 9 N for for adhesive containing 7.0 wt.% acrylic acid. This is due to the 

increase in the degree of cross-linking of the adhesive, directly related to the 

increased content of the carbohydrate groups, which logically increases the 

possibility of greater reaction of the carboxyl groups with the acetyl acetone groups of 

AlACA.  

One method of increasing the tack of pressure-sensitive adhesive layers is the 

increased amount of adhesive applied to the appropriate carrier during the coating 

process. For example, a 30 g/m² adhesive tack for an adhesive containing 3.0 wt.% 

acrylic acid, crosslinked with 0.2 wt.% AlACA increases tack from 17.5 N (Fig. 18) to 

31.5 N (Fig. 21) for an adhesive with a basis weight of 120 g/m² crosslinked with the 

same amount of AlACA. Theoretically, with solvent-based adhesives, it can even 

increase the tack by increasing the coat weight of the adhesive to 140 g/m², but this 

is associated with a reduction in the speed of adhesive coating and higher material 

costs, which significantly increases the cost of the final self-adhesive product. The 

participation of the so-called the glass transition temperature Tg of the adhesive, 

which increases with increasing concentration of acrylic acid in the adhesive 

structure, which also reduces the adhesive properties of the adhesive, such as tack 

and adhesion. The study measures the Tg of only the base standard adhesives with 

concentrations from 3.0 to 7.0 wt.% acrylic acid. Measurement of Tg in all studies of 

adhesive compositions would be beyond the original intention of the doctoral 

dissertation.  

Tack acrylic pressure-sensitive adhesives is the result of, among others, such 

components as the type of acrylic adhesive, the content of carboxyl groups in it 

derived mainly from acrylic acid, the so-called "hard" monomers with a relatively 

unfavorable Tg, such as methyl acrylate, as well as the coat weight adhesive layer, 

and to a significant extent on the year and concentration of crosslinking agents. The 

drying of the adhesive in drying canal and the way it is applied in the production of 

self-adhesive materials plays a secondary role here. 
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4.6.2. Effect of crosslinking agent propylene imine Trazidin VN on the tack of  

          synthesized acrylic PSA 

 

In Fig. 22 on the left side is presented the tack measurement of the adhesive tape. 

You can see the tested self-adhesive tape placed in the jaws of the testing machine. 

On the right side of Fig. 22 is an exemplary tray measurement chart for adhesive 

tapes whose acrylic adhesive has been cross-linked with propylene imine Trazidin 

VN with concentrations of 0.29, 0.37 and 0.44 wt.%.  

 

Fig. 22. Measurement of PSA tack and adequate measurement charts 

 

Tack values measured for PSA layer with coat weight 45, 75, and 105 g/m² 

crosslinked with the concentrations of propylene imine Trazidin VN presented in 

Table 5. are only included in the appropriate tables, similarly to AlACA, at the end of 

the doctoral dissertation. Investigated concentrations of Trazidin VN were 

respectively between 0.07 and 0.88 wt.% according to polymer content. Investigated 

Trazidin VN concentrations of 0.07 wt.% may lead from time to time, depending on 

the carboxyl content of acrylic acid, to the formation or absence of adhesive failure in 

the adhesive test. The influences of diverse concentration of Trazidin VN on tack of 

investigated acrylic PSA are presented in Figs. 23-26. 
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Fig. 23. Effect of propylene imine Trazidin VN concentration on the tack by 30 g/m² 

PSA layer coat weight 
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Fig. 24. Effect of propylene imine Trazidin VN concentration on the tack by 60 g/m² 

PSA layer coat weight 
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Fig. 25. Effect of propylene imine Trazidin VN concentration on the tack by 90 g/m² 

PSA layer coat weight 
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Fig. 26. Effect of propylene imine Trazidin VN concentration on the tack by 120 g/m² 

PSA layer coat weight 
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4.6.3. Comparison of the effect of aluminum acetyl acetonate AlACA and propylene 

imine Trazidin VN on Tack of synthesized acrylic pressure-sensitive adhesive 

 

As in the case of aluminum acetylacetonate (AlACA), the highest tack values were 

obtained using the lowest technologically acceptable concentrations of 0.07 wt.% or 

0.15 wt.% propylene imine Trazidin VN and for self-adhesive adhesives containing 

3.0 wt.% acrylic acid in their structure and for acrylic PSA layers with coating weight 

of 120 g/m² (Figs. 23-26). By comparing the adequate concentrations used in the 

doctoral dissertation AlACA and Trazidin VN in relation to the obtained tack values, it 

can be concluded that from the technological point of view, propylene imine Trazidin 

VN should be a more attractive cross-linking agent than AlACA metal chelate. Thus, 

with 14.5 N 0.07 wt.% Trazidin VN for coat weight 30 g / m² tack reaches a maximum 

of 29.5 N for PSA layer crosslinked 0.07 wt.% PSA for coat weight 120 g/m² for PSA 

containing 3.0 wt.% acrylic acid. In order to compare a tack of acrylic crosslinked self-

adhesive adhesives AlACA and Trazidin VN with the same adhesive coat weight of 

self-adhesive layers, the dependence of tack on the concentration of acrylic acid 

represented by the concentration of carboxyl groups from 3.0 to 7.0 wt.% in the 

tested acrylic pressure-sensitive adhesives shown in Fig. 27-30 for example, 

adhesive layers with coat weight of 60 g/m². 
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Fig. 27. Comparison of effect of AlACA and Trazidin VN concentration on the tack of 

acrylic PSA versus concentration of carboxylic groups from acrylic acid of 3.0 wt.%. 
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Fig. 28. Comparison of effect of AlACA and Trazidin VN concentration on the tack of 

acrylic PSA versus concentration of carboxylic groups from acrylic acid of 3.5 wt.%. 

 

10

0

5

10

15

20

25

0.60/0.88

0.50/0.72
0.45/0.65

0.40/0.58

0.35/0.51
0.30/0.44

0.25/0.37
0.20/0.29

0.15/0.22

T
a
c
k
 [
N

/2
.5

 c
m

]

Concentration of  crosslinker [wt%]

 AlACA

 Trazidin VN

0.10/0.15

[AA] = 5.0 wt%

 

Fig. 29. Comparison of effect of AlACA and Trazidin VN concentration on the tack of 

acrylic PSA versus concentration of carboxylic groups from acrylic acid of 5.0 wt.%. 
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Fig. 30. Comparison of effect of AlACA and Trazidin VN concentration on the tack of 

acrylic PSA versus concentration of carboxylic groups from acrylic acid of 7.0 wt.%. 

 

As can be seen in Fig. 27, comparing the tack of acrylic pressure-sensitive adhesives 

containing 3.0 wt.% acrylic acid in the composition, crosslinking with the lowest 

concentrations of crosslinking agents tested, in this particular case with 0.05 wt.% 

and 0.10 wt.% aluminum acetylacetonate and 0.07 wt.% and 0.1 wt.% propylene 

imine Trazidin VN clearly visible more effective crosslinking when using Trazidin VN. 

This manifests itself in the occurrence of cohesive failure when applied to AlACA 

crosslinking. In the case of using Trazidin VN, this negative phenomenon is not 

observed. This is clearly due to the superiority of the crosslinking speed of Trazidin 

VN compared to AlACA, which is obvious from the faster reaction of Trazidin VN 

propylene imine groups than acetylacetonate groups with acrylic acid carboxylic 

groups incorporated in the backbone of acrylic polymer. 

 

Increasing the concentration of carboxylic groups from 3.0 to 3.5 wt.% leads to an 

improvement in the quality of acrylic adhesive, which is manifested in the 

disappearance of cohesion failure (Fig. 28). As already mentioned, acrylic pressure-

sensitive adhesives with a relatively low acrylic acid content are suitable, of course, 

after modification, for the production removable and repositionable self-adhesive 
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materials. For the production of high-quality self-adhesive products in form of high-

quality tapes, characterized by high or very high shear strength, solvent-based acrylic 

pressure-sensitive adhesives with at least 5.0 wt.% acrylic acid in the structure are 

usually used. 

 

Analyzing Figs. 27-30, the advantage of crosslinking agent Trazidin VN over AlCA is 

clearly visible. This effect is especially pronounced for acrylic PSA containing 5.0 

wt.% and 7.0 wt.% acrylic acid. Lower tack was observed for all acrylic pressure-

sensitive adhesives tested for Trazidin VN crosslinker than when aluminum 

acetylacetonate (AlACA) was used for crosslinking processes. More crosslinked 

adhesives are more compatible in their more crosslinked structure, resulting in a 

reduction in its self-adhesive properties, particularly those associated with the surface 

of the PSA layers, i.e., tack. 

 

4.6.4. Effect of thermal crosslinking agent amine resin Cymel LF on the tack of  

          synthesized acrylic PSA 
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Fig. 31. Effect of thermal reacted amine resin Cymel 303 LF concentration on the 

tack of PSA layer coat weight between 30 g/m² and 120 g/m² 
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In Fig. 31 the effect of the concentration of thermally reactive amine resin Cymel 303 

LF with a concentration of 1, 2, 3, and 4.0 wt.%, respectively according to polymer 

content, influence of coat weight of 30, 60, 90 and 120 g/m² on tack is shown of 

acrylic pressure-sensitive adhesives synthesized with different concentration of 

acrylic acid, de facto concentration of carboxylic groups. 

 

As mentioned earlier, when selecting the thermally reactive amine resin Cymel 303 

LF, it was necessary to consider a higher than adequately molar conversion 

concentration, which was too low and led to cohesive failure already in the tack test. 

For this reason, it was decided to consider a concentration of Cymel 303 LF much 

higher than justified theoretically, ranging from 1.0 to 4.0 wt.% in all studies. 

 

In Fig. 31 there is a clear increase in tack of crosslinked thermal acrylic pressure-

sensitive with increasing coat weight investigated PSA layers. On the other hand, an 

increase in the concentration of Cymel 303 LF causes, understandably, a decrease in 

the tack of PSA, and this for all acrylic acid concentrations. Of course, increasing the 

concentration of acrylic acid from 3.0 to 7.0 wt.%, also reduces the tack level of the 

synthesized pressure-sensitive adhesives based on acrylics. Increasing the 

concentration of carboxyl groups causes an increase in the degree of crosslinking, 

and thus a reduction of the PSA tack. 

 

4.7. Influence of crosslinking agents AlACA, Trazidin VN and Cymel 303 LF  

           concentration on peel adhesion of synthesized acrylic PSA 

 

Peel adhesion, the term known in physic-chemical phenomena as adhesion, is a 

multidimensional concept, depending on many factors, with only mentioning the type 

of base adhesive, the type and concentration of crosslinking agents, the type of 

substrate being tested and, of course, the concentration of acrylic acid (carboxyl 

groups) incorporated into the polymer structure during the polymerization reaction. 

The time factor comes into play here in proving tack. As long as the PSA tack is 

independent of time contact with the substrate. The contact of the pressure sensitive 

adhesive with the substrate during tack measurement is considered to be zero 

seconds. Peel adhesion of PSA layers depends to a large extent on the contact time 
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with the substrate. With particularly polar substrates, peel adhesion self-adhesive 

layers increase even within a few weeks. Therefore, an important element of the peel 

adhesion measurement process is to provide the time after which it is measured. In 

the doctoral dissertation, peel adhesion was measured according to of the aforesaid 

standard AFERA 4001 immediately, i.e. within two minutes of removing the 

siliconized paper from the pressure-sensitive adhesive layer. 

 

4.7.1. Influence of crosslinking agents aluminum acetylacetonate (AlACA) 

concentration on peel adhesion of synthesized acrylic PSA 

 

The evaluation of peel adhesion of PSA layers is shown in Fig. 32. The left side of 

Fig. 32 shows the measurement of peel adhesion on a steel plate at a 180° angle 

after placing the adhesive layer in the jaws of a testing machine according to the 

international standard AFERA 4001. Fig. 32 shows a graph of the adhesion 

measurement during the peeling of the self-adhesive from the steel plate too without 

signs of cohesive failure. 

 

Fig. 32. Evaluation of peel adhesion of pressure-sensitive layers 
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Figs. 33-36 show peel adhesion results of with AlACA crosslinked acrylic pressure-

sensitive layers for 30, 60, 90 and 120 g/m² coat weight and for 3.0; 3.5; 5.0 and 7.0 

wt:% versus aluminium acetyl acetonate (AlACA). 
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Fig. 33. Peel adhesion of crosslinked PSA 30 g/m² thick layers versus AlACA 

concentration 
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Fig. 34. Peel adhesion of crosslinked PSA 60 g/m² thick layers versus AlACA 

concentration 
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Fig. 35. Peel adhesion of crosslinked PSA 90 g/m² thick layers versus AlACA 

concentration 
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Fig. 36. Peel adhesion of crosslinked PSA 120 g/m² thick layers versus AlACA 

concentration 
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In Figs. 33-34 it is clear that for coat weight 30 g/m² and 60 g/m² thick layers, 

respectively, the use of acrylic pressure-sensitive adhesives crosslinker aluminum 

acetyl acetonate (AlACA) with a concentration of 0.2 wt.% and 0.25 wt.% for cross-

linking does not guarantee for an adhesive containing 3.0 wt.% acrylic acid in its 

structure, ideal peel adhesion without the occurrence of adhesive failure during the 

measurement consisting in removing the self-adhesive layers from the steel plate. In 

both discussed cases, the occurrence of cohesion failure (cf) was observed. It was 

caused in this case by a relatively low concentration of acrylic acid, amounting to 3.0 

wt.%. As the coat weight of self-adhesive layers cohesive failure increases, these 

areas especially for acrylic PSA containing 3.0 wt.% acrylic acid (Figs. 35-36). In fact, 

only for acrylic pressure-sensitive adhesives containing 3.0 wt.% acrylic acid, with 

coat weight 90 and 120 g/m² thick layers, only 0.6 wt.% AlACA concentration will 

ensure proper crosslinking acrylic PSA using AlACA as crosslinking agent.  

The peel adhesion for acrylic PSA values increased with increasing coat weight of 

adhesive layers. For example, peel adhesion of 30 g/m² coat weight for adhesive 

layer containing 5.0 wt. acrylic acid crosslinked with 0.30 wt.% AlACA from 9.2 N 

increases to 15 N for coat weight 90 g / m² and further to 17 N for adhesive layers 

coat weight 120 g/m². For example, peel adhesion of acrylic PSA containing 7.0 wt.% 

acrylic acid is for 30 g/m² coat weight layer crosslinked with 0.6 wt.% AlACA ca. 4.2 

N. This value increases to 5.3 N for coat weight layers 60 g/m², to 7.5 N for coat 

weight layers 90 g/m² to reach 8.9 N for a self-adhesive acrylic layer with a weight of 

120 g/m².  

In many cases of peel adhesion measurement, cohesive failure (cf) and relatively 

less frequently partially cohesive failure (pcf) are observed, which proves that 

adhesive layers are not sufficiently crosslinked. If, during comparative tests, e.g. peel 

adhesion of crosslinked adhesive layers, we deal with cohesive failure (cf), the peel 

adhesion values obtained as a result of this type of test, the values of the results of 

these tests are incomparable to each other. The advantage of this type of research is 

that the results of the tests of the properties of the adhesive layer, with cohesive 

failures, are useless and very critical for technologists, which does not lead to 

unnecessary complaints. 

 

 



 
77 

 

4.7.2. Influence of crosslinking agent propylene imine Trazidin VN concentration on 

peel adhesion of synthesized acrylic PSA 

 

Peel adhesion acrylic PSA crosslinked propylene imine with concentrations from 0.07 

wt.% to 0.88 wt.% for adhesive layers with coat weight between 30 and 120 g/m² was 

determined (Figs. 37-40). 
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Fig. 37. Effect of propylene imine Trazidin VN on the peel adhesion (30 g/m²) 
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Fig.38. Effect of propylene imine Trazidin VN on the peel adhesion (60 g/m²) 
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Fig. 39. Effect of propylene imine Trazidin VN on the peel adhesion (90 g/m²) 
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Fig. 40. Effect of propylene imine Trazidin VN on the peel adhesion (120 g/m²) 

 

Measuring peel adhesion of self-adhesive acrylic layers crosslinked using the lowest 

concentrations of propyleme imine Trazidin VN of 0.07 wt.% and 0.15 wt.% can be 

observed in all of the tested self-adhesive tapes when peeling off the steel plate, 

cohesive failure (cf). The formation of cohesive failure is very easy to explain, as it 
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concerns an insufficiently crosslinked pressure-sensitive adhesive, the internal bond 

of which, very often called cohesion, is insufficient to overcome the strength of 

adhesion to the carrier on which the adhesive is coated and the adhesion of the 

adhesive to high-energy steel. Under these types of measurement conditions, the 

adhesive joint cracks, leading to a part of the adhesive remaining on the carrier and 

some on the measuring steel plate. 

Cohesive failure (cf) was observed in all graphs (Figs. 37-40) where peel adhesion of 

PSA layers crosslinked with 0.15 wt.% Trazidin VN is higher than with 0.07 wt.% 

propylene imine crosslinked layers. For layers with coat weight of 120 g/m² (Fig. 40), 

the above-described phenomenon was observed even for a concentration of Trazidin 

VN equal to 0.22 wt.%. Of course, as the concentration of propylene and imine 

increases, the peel adhesion of the crosslinked self-adhesive layers decreases. The 

decrease in peel adhesion of cross-linked self-adhesive inform of one-sided tapes is 

favored by an increase in the concentration of acrylic acid in pressure-sensitive 

adhesive. The most important thing in this particular case is to achieve the right 

balance between the tray and peel adhesion for individual self-adhesive 

compositions. Of course, one should not forget about the highest application property 

of pressure-sensitive adhesive, i.e. its cohesion. 

 

4.7.3. Comparison of the effect of aluminum acetyl acetonate AlACA and propylene 

imine Trazidin VN on peel adhesion of synthesized acrylic pressure-sensitive 

adhesives 

 

As in the case of tack, it was decided to compare the effect of propylene imine 

Trazidin VN in comparison with aluminum acetyl acetonate (AlACA) on peel adhesion 

pressure-sensitive adhesives (PSA). This comparison was made at slightly higher 

concentrations of AlACA and Trazidin VN, because as can be seen in Figs. 41-43, 

crosslinked adhesives below 0.2 wt.% AlACA and below 0.15 wt.% Trazidin VN show 

peel adhesion cohesive failure (cf) during the measurement, which it distorts the 

comparability of the results obtained. Further research on acrylic adhesives was also 

abandoned, because too low concentration of 3.0 wt.% acrylic acid caused cohesive 

failure (cf) during peel adhesion tests. Further research in this direction is carried out 

for acrylic PSA containing 3.5: 5.0 and 7.0 wt.% acrylic acid. 
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Fig. 41. Peel adhesion of PSA layers with 60 g/m² coat weight as a function of AlACA 

and Trazidin VN concentration 
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Fig. 42. Peel adhesion of PSA layers with 60 g/m² coat weight as a function of AlACA 

and Trazidin VN concentration 

 



 
81 

 

 

10

0

2

4

6

8

10

12

14

16

0.60/0.88

0.50/0.72
0.45/0.65

0.40/0.58

0.35/0.51
0.30/0.44

0.25/0.37
0.20/0.29

0.15/0.22

P
e

e
l 
a

d
h

e
s
io

n
 [

N
/2

.5
 c

m
]

Concentration of  crosslinker [wt%]

 AlACA

 Trazidin VN

0.10/0.15

[AA] = 7.0 wt%

cf area

 

 

Fig. 43. Peel adhesion of PSA layers with 60 g/m² coat weight as a function of AlACA 

and Trazidin VN concentration 

 

As can be seen from Figs. 41-43 propylene imine Trazidin VN crosslinked acrylic 

pressure-sensitive adhesives are characterized by lower peel adhesion values than 

the same crosslinked adhesives with adequate concentrations of aluminum acetyl 

acetonate (AlACA). This applies to the concentrations of the used crosslining agents 

outside the unfavorable area of cohesive failure (cf). This phenomenon is observed 

for all tested self-adhesive adhesives differing in the concentration of acrylic acid, and 

with the increase in acrylic acid concentration, the difference between peel adhesion 

between the values obtained for AlACA compared to the values for Trazidin VN 

increases slightly. The reduction of the peel adhesion value for Trazidin VN cross-

linked adhesives clearly shows the greater reactivity of propylene imine. 

Technologically, it allows to reduce the concentration of the more reactive 

crosslinking agent in order to obtain the same peel adhesion values as in the case of 

metal chelate AlACA. 
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4.7.4. Influence of crosslinking agent amine resin Cymel 303 LF concentration on 

peel adhesion of synthesized acrylic PSA 

 

The influence of thermally crosslinking Cymel 303 LF amino resin used for cross-

linking acrylic pressure-sensitive adhesives 10 min at 140°C on peel adhesion 

according to the international standard AFERA 4001 (Fig. 44). Due to the fact that the 

adhesive containing 3.0 wt.% acrylic acid showed cohesive failure (cf) or partially 

cohesive failure (pcf), peel adhesion tests were performed for the other three 

adhesives with a content of 3.5; 5.0 and 7.0 wt.% acrylic acid. 
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Fig. 44. Influence of crosslinker Cymel 303 LF concentration for acrylic PSA with  

different coat weight and containing different acrylic acid concentration 

 

Analyzing the obtained peel adhesion results (Fig. 44), one can see an obvious 

increase in adhesion with increasing coat weight adhesive layers, while for higher 

coat weight 90 g/m² and 120 g/m² there is Cymel 303 for 1.0 wt.% and 2.0 wt.% for 

lower concentrations responsible for cohesive failure (cf). Increasing the 

concentration of acrylic acid in the compositions of polyacrylate pressure-sensitive 
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adhesives to 7.0 wt.% increases the internal strength of the adhesive, and thus no 

cohesive failure (cf). More information on the suitability of thermally crosslinking 

amine resins can be obtained from the study of the cohesion of crosslinked acrylic 

pressure-sensitive adhesives. 

 

4.7.5. The appearance of steel plates after the peel adhesion test of acrylic self- 

           adhesive adhesives 

 

The appearance of the surface of the steel plates used for the peel adhesion of 

acrylic pressure-sensitive adhesives test depends largely on the type of the tested 

adhesive, the content of acrylic acid in the acrylate mixtures used for the synthesis of 

adhesives, the coat weight of the coated adhesive and the type and concentration of 

the crosslining agents used for crosslinking. Many such relationships have already 

been discussed in tack and peel adhesion measurements, focusing mainly on the 

values of the measured properties during the performed measurements. Nothing was 

mentioned about the surface appearance of the steel measuring plates used during 

tack and peel adhesion tests. 

 

Fig. 45 shows traces of various self-adhesive tapes with a standard width of 2.5 cm 

after their separation from the steel plate during the peel adhesion measurement. 

Thus, the trace on the steel plate marked with the number 1 reveals the remains of 

the insufficiently crosslinked layer of pressure-sensitive adhesive in all its glory. This 

type of adhesive is not suitable for technological applications because it proves its 

low, unacceptable shear strength (cohesion). The marks on the steel plate marked 

with numbers 2, 3 and 5 show the partial traces of non-crosslinked adhesive during 

the peel adhesion test of the single-sided adhesive tape. In these three cases, you 

can also see places on the steel plate where there is no sufficiently crosslinked 

pressure-sensitive adhesive. This type of self-adhesive adhesive is suitable for 

bonding, in the form of double-sided self-adhesive tapes, less energetic substrates 

than steel, e.g. for medium-energy plastics such as polycarbonate or polystyrene. 

The place on the steel plate marked with the number 4, created after tearing off one 

of the tested self-adhesive tapes, proves the high quality of this tape, especially with 

high cohesion and a perfect balance between peel adhesion (adhesion) and shear 
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strength (cohesion) used for the production of this tape of self-adhesive adhesive . 

On the second steel plate, on the right of Fig. 45, you can see very slight traces, not 

essentially of adhesive, but of low molecular weight substances released from the 

adhesive layer in the form of oligomers and glue modifying substances, if such a 

modification has been made. These marks are not sticky and look like shadows left 

on the steel plate by self-adhesive tapes peeled off it. In the professional literature, 

this type of surface phenomena is called shadow, hence the term shadow (sh). 

 

Fig. 45. The appearance of steel plates after the peel adhesion test of selected  

acrylic self-adhesives 

 

Most often when determining peel adhesion high-quality self-adhesive products, such 

as over 95 % in the technology of adhesives and self-adhesive materials, the 

measuring steel plates remain clean and do not contain traces of adhesive on the 

glued surface, classified as cohesive failure (cf) or partially cohesive failure (pcf). 

Shadows on a steel plate are characteristic for modified adhesives with resins, 

plasticizers or other low-molecular substances. 
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4.8. Influence of crosslinking agents AlACA, Trazidin VN and Cymel 303 LF  

           concentration on shear strength of synthesized acrylic PSA  

 

Shear strength (cohesion) of acrylic self-adhesives is their most important property, 

decisive in practice for the use of this type of adhesives for the production of high-

quality self-adhesive materials, such as montage tapes, splicing tapes, sign and 

marking films, self-adhesive labels, protective films and a wide range of medical self-

adhesive plasters and dressings.  

 

Fig. 46. Apparatus for measuring cohesion at 20°C on the basis of a dryer converted 

for measurements 

 

Typical equipment, used in many laboratories for shear strength measurements 

according to the FINAT method, includes 12 measuring stations. Due to the 

increasingly frequent failures of this type of device, it was decided to rebuild the dryer 

into 20 instead of the previous 12 measuring stations (Fig. 46).  

 

While polymers with self-adhesive properties are characterized by high tack and high 

adhesion to various substrates, when it comes to cohesion, the matter here is not so 
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obvious. In order to achieve high cohesion, which is the basis of the technology of 

pressure-sensitive adhesives and self-adhesive materials, such a self-adhesive 

polymer must be cross-linked using physical and chemical methods of crosslinking. 

While physical methods allow for acceptable crosslinking for adhesives used mostly 

at room temperature, only "brutal" chemical crosslinking with the use of specialized 

crosslinking agents allows for obtaining high to very high cohesion of acrylics (shear 

strength) aimed at obtaining self-adhesive products, the adhesive layer of which 

obtains resistance thermal range of 140-160°C. Crosslinking of the acrylics-based 

pressure-sensitive adhesives discussed in the doctoral dissertation occurs most often 

through the use of the reactivity of carboxyl groups of acrylic acid fixed in the main 

polymer chain. There are also other cross-linking methods using hydroxyl groups or, 

in the case of photoreactive polymers, broadly understood UV technologies. 

 

In Fig. 47 shows the method of visualization of the obtained shear strength results for 

20 measuring stations by means of a specially developed measurement in the form 

of slopes over which the fall off times of the suspended, loaded with a weight of 1 kg 

(approx. 10 N) of adhesive adhesives from steel plates are given. This program used 

both at 23°C (room temperature), at 70°C and in the SAFT test, has significantly 

improved in the meantime.  

 

Fig. 47. Visual evaluation of shear strength (cohesion) using special programm 
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4.8.1. Influence of crosslinking agent AlACA concentration at 20° and 70°C on shear  

          strength of synthesized acrylic PSA  

 

The effect of the concentration of crosslinking agent AlACA and coat weight adhesive 

layers on shear strength at 20°C for acrylic PSA subjects varying in acrylic acid 

concentration from 3.0 to 7.0 wt.% is presented in Figs. 48-51. 
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Fig. 48. Shear strength at 20°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 3.0 wt.% acrylic acid 

 

As the concentration of AlACA increases, the shear strength of the tested adhesive 

based on 3.0 wt.% acrylic acid increases (Fig. 48). This phenomenon is similar for 

coat weight of adhesive layer for 30-90 g/m². For low AlACA concentrations down to 

0.25 wt.%, cohesive failure (cf) will occur for all coat weights. For AlACA 

concentrations from 0.3 wt.% AlACA maximum shear strength of 168 h (7 days) 

observed. The exception here is shear strength for adhesive layers for coat weight of 

120 g/m², where cohesive failure (cf) is observed at almost all AlACA concentrations, 

which means that the acrylic polymers concentration of 3.0 wt.% is too low and not 

allows you to achieve an acceptable cohesion. For the 120 g/m² adhesive layer, an 

AlACA concentration above 0.45 wt.% Leads to a significant increase in cohesion, 

while at 0.6 wt.% of AlACA, the adhesive crosslinks, which causes the adhesive 
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layers to decline faster than the steel plate with the appearance of adhesive failure 

(af), which makes the actual cohesion measurement impossible. 
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Fig. 49. Shear strength at 20°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 3.5 wt.% acrylic acid 

 

The increase in the concentration of acrylic acid from 3.0 to 3.5 wt.% Introduces 

some changes in the course of cohesion in the tested self-adhesive adhesives. The 

shear strength dependence for adhesive layers with coat weight from 30 to 90 g / m² 

is flattened, which means that already at 0.2 wt.% AlACA the maximum shera 

strength of 168 h (7 days) is reached. In the case of adhesive layer with 120 g / m² 

coat weight, the maximum shear strength was observed only for 0.5 wt.% AlACA.  

The combination of the AlACA crosslinking agent concentration of 0.6 wt.% and the 

thickness of the self-adhesive layer of 120 g/m², as in Fig. 48 was shown, did not 

cause the crosslinking of the adhesive layer, and thus ensured good adhesion to the 

steel plate, which resulted in the possibility of measuring the real shear strength of 

the tested adhesive sample. 
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Fig. 50. Shear strength at 20°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 5.0 wt.% acrylic acid 

 

An increase in the concentration of acrylic acid from 3.5 wt.% to 5.0 wt.% in this 

particular case only positively influences the shear strength for 120 g/m² thick 

adhesive layers. The cohesive failure (cf) effect of about 0.4 wt.% AlACA (Fig. 49) 

shifted towards lower AlACA concentrations to 0.35 wt.% (Fig. 50), which means less 

crosslinking agent AlACA amount to achieve the highest cohesion 168 hours (7 

days). Below this concentration, the adhesive layers of the adhesive show a greater 

cohesive failure (cf).  

 

A further increase in the concentration of acrylic acid in the pressure-sensitive 

adhesive to 7.0 wt.%, which of course manifests itself in an increase in crosslinking 

carboxyl groups, causes a further, more significant flattening of the "crosslink curve" 

as a function of shear strength of a AlACA concentration. In Fig. 51, a very large 

increase in the adhesive cohesion of all acrylic PSA tested at 20°C was observed up 

to the maximum of the shear strength value at a relatively low concentration of 

AlACA, 0.25 wt.%. 
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Fig. 51. Shear strength at 20°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 7.0 wt.% acrylic acid 

 

Increasing the concentration of acrylic acid at the same concentration of the 

crosslinking agent AlACA causes a greater probability of reacting the carboxyl groups 

of acrylic acid with the acetylacetone groups of AlACA, which on the other hand may 

be associated with a reduction in the concentration of these groups, and thus, a 

reduction in the amount (concentration) of AlACA, necessary to obtain the maximum 

effect, measurable in these conditions, shear strength (cohesion). The appropriate 

selection of acrylic acid concentration for the optimal concentration of crosslinking 

agents for many pressure-sensitive adhesives is often an ungrateful, but necessary 

technological challenge. 

 

The determination of shear strength (cohesion) is one of the fundamental studies of 

the properties of adhesives and self-adhesive materials based on these adhesives. 

And while for many self-adhesive polymers, such as synthetic rubbers, it is sufficient 

to determine their cohesion at room temperature, for many other self-adhesive 

adhesives this option is not sufficient. As far as it is known that testing rubbers at an 

elevated temperature of 70°C does not make sense, because there are no high value 

crosslining agents for them, which means that their use at elevated temperatures is 

not recommended, in the case of acrylic self-adhesive, determining their shear 
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strength at 70°C, and often even at higher temperatures, it is a very important 

element of research and development in this field. Many international standards, 

such as FINAT FTM 8, are almost always used for shear strength testing of cross-

linked acrylic pressure-sensitive adhesives at 70°C (Figs. 52-55). 
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Fig. 52. Shear strength at 70°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 3.0 wt.% acrylic acid 

 

As already mentioned, in the earlier fragment of the doctoral dissertation, testing the 

properties of pressure-sensitive adhesives synthesized in the presence of 3.0 wt.% 

acrylic acid, especially those demanding ones, e.g. at higher temperatures, results in 

obtaining the properties characterized by the presence of cohesive failure (cf), which 

can be seen well in Fig. 52. Only at the maximum tested concentration of AlACA 0.6 

wt.% for an adhesive with an acrylic acid concentration of 3.0 wt.%, all tested 

adhesive with all coat weight showed a maximum adhesion of 168 h (7 days).  

 

Increasing the concentration of acrylic acid from 3.0 to 3.5 wt.% increases the shear 

strength adhesive layers for 30 and 60 g/m² coat weigth, at a concentration of 0.25 to 

0.3 wt.%, respectively. For these AlACA concentrations, a maximum cohesion of 168 

h (7 days) was measured. For the remaining self-adhesive layers with coat weight 90 

and 120 g/m² shear strength measured at 70°C does not reach maximum cohesion 

values only at a concentration of 0.5 wt.% AlACA (Fig. 53). 
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Fig. 53. Shear strength at 70°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 3.5 wt.% acrylic acid 

 

Fig. 54. Presented shear strength at 70°C for coat weight of acrylic pressure-

sensitive adhesives containing 5.0 wt.% acrylic acid and crosslinked using AlACA.  

0,1 0,2 0,3 0,4 0,5 0,6
0

20

40

60

80

100

120

140

160

180

cf

cf

cf

cf

cf

S
h

e
a

r 
s
tr

e
n

g
th

 a
t 

7
0

°C
 [

h
]

Concentration of crosslinking agent AlACA [wt.%]

   30 g/m2

   60 g/m2

  90 g/m2

 120 g/m2

[AA] = 5.0 wt.%

cf

 

Fig. 54. Shear strength at 70°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 5.0 wt.% acrylic acid 
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As can be seen in Fig. 54, an increase in the acrylic acid concentration from 3.5 to 

5.0 wt.% has a very positive effect on increasing the shear strength of the pressure-

sensitive acrylic tested from 0.2 to 0.25 wt.% AlACA, the maximum cohesion values 

are achieved for almost all adhesive layer coat weights, except 120 g/m² thick 

adhesive layers. It is assumed that another increase in acrylic acid concentration will 

eliminate this inconvenience. 
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Fig. 55. Shear strength at 70°C versus concentration of AlACA and coat weight for 

acrylic PSA containing 7.0 wt.% acrylic acid 

 

And as it was assumed that increasing the concentration of acrylic acid to 7.0 wt.% 

would allow for achieving the maximum value of shear strength at 70°C, it proved to 

be successful. For the self-adhesive layer of 120 g/m², 0.25 wt.% AlACA was needed 

for this purpose, and for the remaining lower coat weights, a maximum cohesion 

value of 168 h (7 days) was already obtained for 0.2 wt.% AlACA (Fig. 55). 

 

4.8.2. Influence of crosslinking agent Trazidin VN concentration at 20° and 70°C on  

          shear strength of synthesized acrylic PSA 

 

Due to the problems with the common cohesive failure (cf) for the adhesive 

containing 3.0 wt.% acrylic acid, it was decided to study the effect of the Trazidin VN 
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crosslinking agents on shear strength at 20°C and 70°C to present for adhesives 

synthesized with 3.5, 5.0 and 7.0 wt.% acrylic acid. 
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Fig. 56. Shear strength at 20°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 3.5 wt.% acrylic acid 

 

When examining the shear strength of adhesive layer at 20°C as a function of 

Trazidin VN concentration between 0.15 and 0.88 wt.% for acrylic PSA containing 3.5 

wt.%, it can be seeing a clear division into two types of adhesive layers depending on 

the coat weight. The first group are adhesive layers 30 and 60 g/m² thick for which 

the shear strength increases with the increasing concentration of Trazidin VN, 

reaching the maximum value of the cohesion of 168 h (7 days). For this group of 

adhesive layers, a concentration of Trazidin VN of 0.25 and 0.3 wt.% is sufficient to 

achieve maximum cohesion. For self-adhesive layers of 90 and 120 g/m² crosslinked 

above 0.25 wt.%, Trazidin VN reduces the adhesion of the pressure-sensitive 

adhesive surfaces, which causes adhesive failure (af) during the measurement (Fig. 

56). The presence of adhesive failure (af) during the measurement leads to the 

detachment of the adhesive layer from the steel plate, thus preventing the correct 

measurement of shear strength. 

 

Also, it is complicated to explain the results of the shear strength tested at 20°C 

shown in Fig. 57. Trazidin VN concentration increases for adhesives based on 5.0 
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wt.% acrylic acid for the individual coat weight of self-adhesive layers. For coat 

weight 30 g/m², with increasing concentration of Trazidin VN, the shear strength 

increases, reaching the maximum cohesion above 0.4 wt.%. For self-adhesive layers 

of 60 g/m² coat weight, the maximum value of cohesion has already been achieved 

for 0.20 wt.% Trazidin VN. Over 0.6 wt.% Trazidin VN adhesive layers are cross-

linked, which means that the tested self-adhesive tapes loaded with 10 N fall off the 

steel plate during the shear strength measurement, thus not reflecting the true value 

of cohesion. Cross-linked adhesives cannot be applied technologically, because the 

reduced adhesion of the adhesive layer may cause it to fall off the adhesive joint, 

which of course leads to a complaint. For self-adhesive layers with coat weight 90 

and 120 g/m², the addition of Trazidin VN already at a concentration of 0.2 wt.% 

ensures maximum cohesion (Fig. 57). Any further addition of the crosslinking agent 

Trazidin VN deteriorates the adhesion of the adhesive films, which, falling off the 

steel plate in the presence of adhesive failure (af), make it impossible to actually 

measure the cohesion. On the other hand, a low concentration of Trazidin VN 

ensuring excellent cohesion is very beneficial in the technology of adhesives and 

self-adhesive materials, because the low concentration of Trazidin VN also ensures 

high tack and high peel adhesion. 
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Fig. 57. Shear strength at 20°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 5.0 wt.% acrylic acid 
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For self-adhesive adhesives containing 7.0 wt.% acrylic acid for all tested 30-120 

g/m² thick layers, a low concentration of Trazidin VN of 0.15 wt.% is sufficient to 

achieve maximum cohesion (Fig. 58). From a technological point of view, this is very 

good information because low crosslinked, high-cohesion adhesive films are 

characterized by high self-adhesive properties in the form of tack and peel adhesion. 

Regardless of the thickness of the adhesive film, each additive of Trazidin VN is 

superfluous, as the deterioration of the adhesion to the steel plate deteriorates the 

application properties of this type of self-adhesive product. 
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Fig. 58. Shear strength at 20°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 7.0 wt.% acrylic acid 

 

Evaluation of shear strength at elevated temperatures is extremely important in all 

kinds of applications where the adhesive joint is exposed to unfavorable thermal 

conditions, mainly in the automotive industry. According to many similar international 

standards, shear strength is usually tested at 70°C. In the case of acrylic pressure-

sensitive adhesives, the thermal resistance measured at 70°C is, in a sense, an 

indicator of the behavior of the crosslinked pressure-sensitive adhesive under 

unusual temperature conditions. Shear strength at elevated temperatures, usually 

measured at 70°C, depends to a large extent on the type of adhesive, type and 

concentration of crosslinking agent and its degree of crosslinking. 
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Fig. 59. Shear strength at 70°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 3.5 wt.% acrylic acid 

 

For acrylic PSA with a concentration of 3.5 wt.% of acrylic acid crosslinked with 

Trazidin VN, it was observed for all adhesive layers with a thickness from 30 to 90 

g/m², which is obvious, the increase in shear strength (cohesion) evaluated at 70°C, 

achieving maximum shear strength 168 h (7 days) already for 0.2 wt.%. Only for self-

adhesive layers with coat weight 120 g/m², the use of 0.35 wt.% Trazidin VN is 

required to achieve the maximum measured cohesion (Fig. 59). 

 

Acrylic pressure-sensitive adhesives containing 5.0 wt.% acrylic acid in their structure 

(Fig. 60) behave somewhat strangely. For adhesive layers with 60 g/m², only 0.2 wt% 

of Trazidin VN is required. For coat weights 30, 90 and 120 g/m² with concentrations 

of Trazidin VN below 0.45 wt.%, adhesive failure (af) was observed. The use of 

Trazidin VN for crosslinking with a concentration above 0.5 wt.% ensures maximum 

cohesion for all adhesive layers. Such discrepancies may also result from the fact 

that propylene imine Trazidin VN acts as a primer, additionally improving adhesion to 

the steel plate, which excludes, for higher concentrations, the formation of 

unfavorable adhesive failure (af) and allows the actual shear strength to be 

measured. 
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Fig. 60. Shear strength at 70°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 5.0 wt.% acrylic acid 
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Fig. 61. Shear strength at 70°C versus concentration of Trazidin VN and coat weight 

for acrylic PSA containing 7.0 wt.% acrylic acid 

 

As shown in Fig. 61, the fastest, already at a concentration of 0.15 wt.% Trazidin VN, 

adhesive layers with 30 g/m² coat weight achieve the highest cohesion of 168 h (7 

days) for a pressure-sensitive adhesive with 7.0 wt% acrylic acid in its structure. For 

adhesive layers with 60 g/m² coat weight, maximum cohesion was achieved after 
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crosslinking acrylic PSA with 0.30 wt.% Trazidin VN. 0.45 wt.% Trazidin VN 

guarantees maximum cohesion for coat weight layers 90 g/m², and for layers with 

coat weight 120 g/m² you need 0.50 wt.% Trazidin VN. 

 

4.8.3. Influence of crosslinking agent Cymel 303 LF concentration at 20° and 70°C on  

          shear strength of synthesized acrylic PSA 

 

Thermal reactive crosslinking agents belong to the crosslinkers which react at 

elevated temperatures, usually above 105-110°C, with the carboxyl or hydroxyl 

groups of the polymer. In the case of acrylic copolymers, cheap and easily available 

amine resins are usually used as thermal reactive crosslinkers for crosslinking, in this 

group mostly melamine-formaldehyde resins. The amine resin Cymel 303 LF was 

used in the doctoral dissertation. Acrylic PSA containing Cymel 303 LF was cross-

linked for 10 minutes at 140 ° C. 
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Fig. 62. Shear strength at 20°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 3.5 wt.% acrylic acid 

 

For self-adhesive adhesives containing 3.5 wt.% acrylic acid, the shear strength PSA 

layers increase as the concentration of the thermally crosslinking amino resin Cymel 

303 LF increases (Fig. 62). The greatest increase in shear strength was recorded for 
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PSA layers with coat weight 60 g/m², then for coat weight 30 g/m², for coat weight 90 

g/m², and the slowest increase in shear strength was observed for layers with coat 

weight 120 g/m². Cohesive failure (cf) was observed at both Cymel 303 LF 1.0 wt.% 

and 3.0 wt.% concentrations. Only increasing the concentration of Cymel 303 LF to 

4.0 wt.% results in acceptable cohesion of 168 h (7 days). 
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Fig. 63. Shear strength at 20°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 5.0 wt.% acrylic acid 

 

A similar pattern of the "crosslinking curves" as in Fig. 62 is seen in the 

corresponding curves shown in Fig. 63, this time for acrylic adhesive containing 5.0 

wt.% acrylic acid. Only crosslinking acrylic pressure-sensitive adhesives with 4.0 

wt.% Cymel 303 LF enables acrylic layers with all coat weight between 30 and 120 

g/m² with extremely high shear strength of 168 h (72 days). 

 

The use of acrylic pressure-sensitive adhesive (PSA) containing 7.0 wt.% acrylic acid 

for crosslinking reactions allows for an overall increase in shear strength for all 

adhesive layers tested. With different coat weight, for example, for 30 and 60 g/m² 

thick adhesive layers, maximum cohesion is already achieved at 1.0 wt.% crosslinker 

concentration. For adhesive layers, the maximum cohesion was obtained for a 

crosslinked adhesive of 4 wt.% Cymel 303 LF. The crosslinked self-adhesive layer of 

120 g/m² showed an adhesive failure (af) for 4 wt% of Cymel 303 LF (Fig. 64). 
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Fig. 64. Shear strength at 20°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 7.0 wt.% acrylic acid 
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Fig. 65. Shear strength at 70°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 3.5 wt.% acrylic acid 
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The "crosslinking curves" measured at 70°C have a slightly different course. In Fig. 

65, these curves for coat weight 30 and 60 g/m² overlap, with already 2.0 wt.% of 

thermally crosslinking amine resin Cymel 303 LF achieved the maximum shear 

strength of 168 h (72 days). Apparently 3.5 wt.% acrylic acid supplies enough 

carboxyl groups for the crosslinking reaction. Problems with achieving proper 

cohesion begin with PSA layers with 90 and 120 g/m² coat weight. 2.0 wt.% Cymel 

303 LF is not enough to observe an increase in cohesion. Cohesive failure (cf) was 

observed with these PSA layers. It is similar with 3.0 wt.% Cymel 303 LF. Only 

increasing the concentration of thermally crosslinking agent to 4.0 wt.% allows to 

obtain the maximum measured value of shear strength. 

 

A very similar cohesion growth pattern as in Fig. 65 for acrylic PSA with 3.5 wt.% 

acrylic acid was recorded for acrylic PSA with 5.0 wt.% acrylic acid (Fig. 66). Here, 

the increase in the number of carboxyl groups of the glue did not translate into the 

increase in shear strength, also for adhesive layers with higher coat weights. 
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Fig. 66. Shear strength at 70°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 5.0 wt.% acrylic acid 
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Fig. 67. Shear strength at 70°C versus concentration of Cymel 303 LF and coat 

weight for acrylic PSA containing 7.0 wt.% acrylic acid 

 

Increasing the number of carboxyl groups in the adhesive by increasing the 

concentration of acrylic acid in the starting mixture of polymerized monomers 

increased the shear strength acrylic PSA, but not so much that for all combinations of 

coat weight of adhesive layers and Cymel 303 LF concentrations, the maximum 

cohesion was obtained (Fig. 67). Although for coat weight 90 and 120 g/m² it was 

possible to obtain the maximum cohesion for the concentration of Cymel 303 LF for 

the concentration of 3.0 wt.%, But for the concentration of 2.0 wt.% Cymel 303 LF the 

maximum shear strength applied only to adhesive layers with 30 and 60 g/m² coat 

weight. Although the concentration of thermally reactive with carboxyl groups of the 

adhesive Cymel 303 LF crosslinker could be increased, it would be part of the 

technological profitability of such a procedure. 

 

4.8.4. Influence of crosslinking agents AlACA, concentration on shear strength of  

           synthesized acrylic PSA according to SAFT test 

 

The Shear Adhesion Failure Temperature (SAFT) test is one of the most important, 

and perhaps even the most important, test for the internal strength of an adhesive 

joint, i.e. the acrylic pressure-sensitive adhesives used in the adhesive joint. Shear 
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strength adhesive layers are tested under a constant load, usually 10 N, and at a 

temperature changing during the test, usually from 20°C to 220°C over a period of 

about two hours. As the dynamic start temperature during the measurement, room 

temperature (about 20-23°C) is used, and as the end temperature of the 

measurement even temperatures up to 240-250°C, depending on the design adapted 

to this type of laboratory dryer test. The temperature and time at which these 

recorded parameters drop from the steel plate under test are measured. However, 

the most important measurement result is the temperature at which the tested 

adhesive film is peeled off. For the tested PSA layers, both cohesive failure (cf) and 

adhesive failure (af) can be observed. However, many PSAs pass this test and no 

separation of the adhesive layers on the steel plate will be observed. The results of 

the SAFT test depend on many factors, but mainly on the variability and 

concentration of crosslinking agents as well as the coat weight thickness of the 

pressure-sensitive adhesives tested 

 

SAFT test results for acrylic PSA for AlACA crosslinker 0.15 to 0.6 wt.% for coat 

weight 30 to 120 g/m² for acrylic PSA containing 3.0 to 7.0 wt.% acrylic acid is shown 

in Figs. 68-71. 
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Fig. 68. Temperature of load fall as a function of AlACA and AA concentration for 

adhesive layer with 30 g/m² coat weight 
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As can be seen in Fig. 68 for adhesive layers with 30 g/m² coat weight, the highest 

values of cohesion, measured as temperature of load fall, for the same concentration 

of crosslinking agents AlACA were obtained for acrylic pressure-sensitive adhesives 

synthesized in the presence of 7.0 wt.% acrylic acid. Already at an AlACA 

concentration of 0.3 wt.%, the adhesive layer was sufficiently crosslinked that it did 

not fall off the steel plate at 220°C. This was also the case for the higher AlACA 

concentrations, but for 0.5 and 0.6 wt.% AlACA the adhesive layer was overloaded 

and showed adhesive failure (af) of the steel plate. Similar crosslinking phenomena 

were observed for the lower concentrations of acrylic acid 5.0 and 3.5 wt.%. Only for 

acrylic PSA containing 3.0 wt.% acrylic acid, adhesive failure (af) was not provided. 

This can be explained by the fact that for PSA with 3.0 wt.% acrylic acid, all PSA 

carboxyl groups had already reacted with reactive AlACA groups and a further 

increase in the AlACA concentration had no effect on the cohesion with respect to 

the measurement temperature. 
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Fig. 69. Temperature of load fall as a function of AlACA and AA concentration for 

adhesive layer with 60 g/m² coat weight 

 

For self-adhesive layers with 60 g/m² coat weight, the course of SAFT curves is very 

similar for acrylic PSA with 3.5, 5.0 and 7.0 wt.% acrylic acid (Fig. 69). The only 

exception is the curve for acrylic PSA containing 3.0 wt.% acrylic acid, where even at 

the maximum concentration of crosslinking agent AlACA of 0.6 wt.%, the maximum 
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temperature of 220°C was not reached. The test adhesive layer with a coat weigh of 

60 g/m² reached a temperature of around 208°C and then fell off the steel measuring 

plate showing too low cohesion (cf). 

In the case of acrylic PSA for adhesive layers with coat weight 90 g/m² only for acrylic 

PSA containing 7.0 wt. acrylic acid has a maximum cohesion value of 220°C for 0.45 

and 0.5 wt.% crosslinker AlACA (Fig. 70). A further increase in the AlACA 

concentration to 0.6 wt.% leads to a cross-over of acrylic PSA and hence a decrease 

in the adhesive layer at 160°C of the steel plate in the presence of adhesive failure 

(af). For acrylic PSA containing 5.0 wt.% acrylic acid, a maximum cohesion of about 

195°C was observed for 0.45 wt.% AlACA. For acrylic PSA containing 3.5 wt.% 

acrylic acid, the highest cohesion according to the SAFT method was observed for 

adhesive crosslinked 0.5 wt.% AlACA within 190°C. Only for the adhesive with 3.0 

wt.% acrylic acid no crosslinking reaction was observed. The maximum temperature 

for the highest cohesion in this case was slightly below 200°C for the adhesive 

crosslinked with the maximum concentration of AlACA, accompanied by cohesive 

failure (cf). 
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Fig. 70. Temperature of load fall as a function of AlACA and AA concentration for 

adhesive layer with 90 g/m² coat weight 
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Increasing the coat weight to 120 g/m² lowers the temperature cohesion of this type 

of adhesive layers to about 120°C for acrylic PSA containing 3.0 wt.% acrylic acid 

and crosslinking maximum dose of 0.6 wt.% AlACA crosslinker. This proves that 3.0 

wt.% of carboxyl groups are not enough to spatially corrode a structure that is 

resistant to elevated temperatures. As shown in Fig. 71, none of the tested adhesives 

with a different concentration of carboxyl groups achieved the maximum cohesion 

during the SAFT test of 220°C. This was due to the acrylic PSA cross-strain and for 

AlACA concentrations already above 0.4 wt.%. It can be hypothesized here that for 

thick adhesive layers above 120 g/m² it is not possible to achieve the maximum shear 

strength in many cases, regardless of the combination of the AlACA crosslinker 

concentration and an increase in the concentration of carboxyl groups (acrylic acid). 

From a technological point of view, it should be considered whether, when using 

AlACA in the crosslinking process, it is necessary to produce self-adhesive products 

with such a thick adhesive layer. 
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Fig. 71. Temperature of load fall as a function of AlACA and AA concentration for 

adhesive layer with 120 g/m² coat weight 
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4.8.5. Influence of crosslinking agents Trazidin VN concentration on shear strength of  

          synthesized acrylic PSA according to SAFT test 

 

Propylene imine Trazidin VN is a more reactive crosslinker than aluminum acetyl 

acetonate AlACA. Both crosslinking agents react with the carboxyl groups introduced 

into the acrylic PSA structure during the acrylic acid polymerization. While no by-

products are formed when using Trazidin VN, when using AlACA, acetyl acetone is 

released as a by-product. 

The curves presented in Fig. 72 showing the temperature of load fall as a function of 

Trazidin VN concentration for acrylic PSA containing acrylic acid in amounts between 

3.0 and 7.0 wt.% and adhesive layers with coat weight 30 g/m² show that practically 

all tested compositions reach the expected thermal resistance of the order of 220°C 

and for Trazidin VN concentrations from 0.29 to 0.37 wt.%. 
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Fig. 72. Temperature of load fall as a function of Trazidin VN and AA concentration 

for adhesive layer with 30 g/m² coat weight 

 

The course of the curves in the SAFT cohesion test method shown in Fig. 73 is very 

similar to the course of Fig. 72. It can be seen here that increasing the thickness of 

the adhesive layers from 30 to 60 g/m² plays no practical role here. 
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Fig. 73. Temperature of load fall as a function of Trazidin VN and AA concentration 

for adhesive layer with 60 g/m² coat weight 
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Fig. 74. Temperature of load fall as a function of Trazidin VN and AA concentration 

for adhesive layer with 90 g/m² coat weight 

 

A further increase in the coat weight to 90 g/m² changes only that to achieve the 

maximum temperature resistance of 220°C, a higher concentration of Trazidin VN 

crosslinker of 0.29 wt.% for acrylic PSA with 3.5 wt. % acrylic acid to 0.51 wt.% for 

acrylic pressure-sensitive adhesive containing 7.0 wt.% acrylic acid (Fig. 74). 
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It is somewhat complicated to explain the course of the temperature curves related to 

the SAFT test on the results obtained for acrylic pressure-sensitive adhesives layers 

containing diverse amounts acrylic acid with 120 g/m² coat weight (Fig. 75). For 

acrylic PSA with 3.0 wt.% acrylic acid there is no problem reaching 220°C for 

Trazidin VN 0.66 wt.%. Below this concentration of Trazidin VN, the results achieved 

lie below 220°C. For acrylic PSA layers with 3.5 and 5.0 wt. acrylic acid above 0.37 

wt.% Trazidin VN crosslinker, the thermal resistance drops to a minimum of around 

70°C, while there is an adhesive failure (af) not marked in Fig. 75, in order to achieve 

the maximum value for the maximum tested concentration of Trazidin VN 0.88 wt.% 

temperature cohesion of 220°C. A similar, but more gentle, course of the temperature 

silence in the SAFT test was observed for the adhesive layer containing 7.0 wt. 

acrylic acid, where a concentration of 0.59 wt.% Trazidin VN was enough to reach 

220°C. This can be explained by the fact that Trazidin VN does not only function as a 

crossliner, but also as an adhesion promoter to polar surfaces and such is the steel 

plate to which the adhesive layer is glued. The unreacted propylene imine of the 

Trazidin VN groups improves the adhesion to the steel plate sufficiently that thermal 

resistance is observed at 220°C without adhesive failure (af).  
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Fig. 75. Temperature of load fall as a function of Trazidin VN and AA concentration 

for adhesive layer with 120 g/m² coat weight 
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4.8.6. Influence of crosslinking agents Cymel 303 LF concentration on shear strength  

          of synthesized acrylic PSA according to SAFT test 

 

When used for acrylic PSA crosslinking with thermally crosslinkers 10 min at 140°C 

Cymel 303 LF amino resin, a logical effect of the Cymel 303 LF crosslinker 

concentration on the ability to achieve a cohesion of up to 220°C for adhesive layers 

with coat weight 30 g/m² was observed. For PSA with 3.0 wt.% acrylic acid, reaching 

220°C required a Cymel 303 LF amino resin concentration of about 4.0 wt.%. For 

acrylic PSA containing 7.0 wt.% acrylic acid was 2.0 wt.% Cymel 303 LF (Fig. 76), 

and for 5.0 wt.% acrylic acid and 3.5 wt.% acrylic acid 3.0 wt.% crosslinking agent 

Cymel 303 LF. 
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Fig. 76. Temperature of load fall as a function of Cymel 303 and AA concentration for 

adhesive layer with 30 g/m² coat weight 

 

Fig. 77 describes a SAFT test run for a 60 g/m² adhesive layer. The course of the 

curves is like Fig. 76, but for adhesive layers with 7.0 and 5.0 wt.% acrylic acid, the 

maximum temperature resistance is already obtained for 2.0 wt.% of Cymel 303 LF 

thermally crosslinking amine resin. For adhesive containing 3.0 and 3.5 wt.% acrylic 

acid to reach 220°C requires 4.0 wt.% Cymel 303 LF. 
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Fig. 77. Temperature of load fall as a function of Cymel 303 and AA concentration for 

adhesive layer with 60 g/m² coat weight 
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Fig. 78. Temperature of load fall as a function of Cymel 303 and AA concentration for 

adhesive layer with 90 g/m² coat weight 

 

For adhesive layers with coat weight 90 g/m² for acrylic PSA with 3.0, 5.0 and 7.0 

wt.% acrylic acid with increasing Cymel 303 LF concentration increases the shear 

strength measured as temperature of load fall to 220°C. For adhesive layers with 3.0 

wt.% and 5.0 wt.% acrylic acid, 4.0 wt.% Cymel 303 LF is needed to reach this 
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maximum temperature, for adhesive layers with 7.0 wt.% acrylic acid 220°C, after 

crosslinking 2.0 wt.% Cymel 303 LF (Fig. 78). Adhesive failure (af) is difficult to 

explain for adhesive layers containing 3.5 wt.% carboxylic groups. 
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Fig. 79. Temperature of load fall as a function of Cymel 303 and AA concentration for 

adhesive layer with 120 g/m² coat weight 

 

Analyzing the SAFT temperature diagrams for the acrylic PSA tested for adhesive 

layers with coat weight 120 g/m², very interesting phenomena related to adhesive 

cross-straining during the measurement can be noticed. For acrylic PSA with the 

lowest concentration of carboxyl groups, the highest cohesion was achieved for 3.0 

wt.% Cymel 303 LF of 90°C with adhesive failure (af). Increasing the concentration of 

Cymel 303 LF to 4.0 wt.% lowered the temperature at which the adhesive layer broke 

from the steel plate to 75°C also with adhesive failure (af). A similar course was 

observed for acrylic PSA with 3.5 wt.% acrylic acid. The maximum temperature in this 

case is 110°C for 2.0 wt.% Cymel 303 LF. Above this concentration, the temperature 

resistance decreased, and adhesive failure (af) manifested itself (Fig. 79). For acrylic 

PSA from 5.0 wt. acrylic acid maximum temperature is around 150°C, which is 

accompanied by adhesive failure (af) at the Cymel 303 LF 3.0 wt.% crosslinker 

concentration. Increasing the concentration of Cymel 303 LF to 4.0 wt.% lowers the 

maximum measurement temperature. Only for adhesive layers with 7.0 wt% 

carboxylic groups, the maximum temperature of the cohesive strength increases 
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proportionally to the increase in the concentration of Cymel 303 LF, reaching a 

maximum temperature of 220°C already at 3.0 wt.% Cymel 303 LF. In thick layers of 

adhesive layers, such as coat weight of 120 g/m², it is possible to migrate the slower 

reacting thermal crosslinkers towards the adhesive layers being adhesive to the steel 

plate. For adhesive layers with coat weight at large, but technologically justified, 

concentrations of Cymel 303 LF, it reacts faster with e.g. 3, 3.5 or 5.0 wt.% of 

carboxylic groups than with 7.0 wt.% of these groups. This effect causes the cross-

linking of the adhesive layer in the vicinity of the steel plate, the formation of adhesive 

failure (af), which results in the unwanted effect of the adhesive layer falling off the 

steel plate during the measurement. 

 

4.9. Pictures of selected cohesive failures of adhesive joints observed during the 

shear strength tests 

 

Pictures of selected cohesive failures of adhesive joints observed during the tests are 

very interesting and very significant registered cracks of cohesive pressure sensitive 

adhesives, often invisible to scientists but extremely interesting from a technological 

and application point of view. By analyzing the cohesive breakthroughs of pressure-

sensitive adhesives, it is often possible to understand the nature and behavior of 

adhesive bonds during comprehensive testing (Fig. 80). 

 

 

Fig. 80. Cohesive-adhesive break throughs of the HR 7 self-adhesive at 20°C after 

measuring the separation of the one-sided adhesive tape from the steel plate 
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In Fig. 80 presented here is the appearance of the steel plates after detaching them 

after measuring the cohesion at 20°C of the tested cross-linked adhesive layers 

Trazidin VN crosslinker with a concentration of 0.07 and 0.15 wt.% For adhesive 

layers with coat weight 60 g/m². On the left side of the photo, you can see traces of 

not completely cross-linked HR 7 adhesive with Trazidin VN with a concentration of 

0.07 wt.%. On the right side of the photo there are no traces of adhesive on the table 

plate, which proves the complete crosslinking of the adhesive, increasing the 

concentration of Trazidin VN to 0.15 wt.%. 

 

 

 

Fig. 81. Cohesive-adhesive break throughs of the HR 7 self-adhesive at 20°C after 

measuring the separation of the one-sided adhesive tape from the steel plate 

 

In Fig. 81 are shown cohesive-adhesive break throughs of the HR 7 self-adhesive 

containing 7.0 wt.% acrylic acid at 20°C after measuring the separation of the one-

sided adhesive tape from the steel plate for adhesive layers 30 and 60 g/m² 

crosslinked with 0.44 wt.% Trazidin VN and 0.6 wt.% aluminum acetyl acetonate 

(AlACA). 0.44 wt.% Trazidin VN corresponds to a molar amount of 0.6 wt.% AlACA, 

so purely theoretically, the crosslinking of the self-adhesive film should be very 

similar, but it does not result from the appearance of the steel plate from which, after 

measurement at 20°C, one-sided self-adhesive tape with the adhesive coated on the 
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polyester carrier was torn off polyester. As can be seen from the appearance of the 

steel plate, the use of 0.44 wt.% Trazidin VN as a crosslinking agent resulted in 

complete crosslinking of the HR7 adhesive. Unlike Trazidin VN, the use of AlACA did 

not lead to complete crosslinking of the HR7 adhesive. Comparing coat weight 30 

g/m² and 60 g/m², you can see optically better crosslinking for coat weight 30 g/m². 

 

 

Fig. 82. The appearance of the steel plate when testing at 20°C a one-sided self-

adhesive tape with HR7 adhesive cross-linked with different concentrations of the 

thermally reactive amino resin Cymel 303 LF 

 

The left steel plate shows a clear slide of the adhesive tape after the cohesion 

measurement at 20°C. A bed of more than 5 mm indicates insufficient crosslinking of 

the pressure-sensitive adhesive layer and de facto eliminates such tape from the 

application process. Increasing the concentration of the Cymel 303 LF crossliker from 

1.0 wt.% to 3.0 wt.% reduces the slip of the adhesive tape to about 1 mm, which can 

be seen on the central steel plate, which does not exclude the use of this type of 

adhesive tape in practice. Increasing the concentration of Cymel 303 LF to 4.0 wt.% 
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Eliminates slippage completely. The adhesive tape does not slide vertically over the 

steel plate. 

 

In Fig. 83 shows the sliding of single-sided pressure-sensitive tapes on a steel plate 

during the cohesion test at 70°C. In all three tested tapes, a slip was observed on the 

steel plates, but the slip decreased with increasing concentration of the crosslinking 

agent Cymel 303 LF. Although Cymel 303 LF is used very willingly for crosslinking of 

self-adhesive acrylics, its effectiveness is much lower compared to AlACA and 

Trazidin VN. 

 

 

 

Fig. 83. The appearance of the steel plate when testing at 70°C a one-sided self-

adhesive tape with HR7 adhesive cross-linked with different concentrations of the 

thermally reactive amino resin Cymel 303 LF 

 

In Fig. 84 shown the appearance of AlACA crosslinked self-adhesive tapes during 

cohesion measurement at 70°C in a dryer rebuilt for this purpose. The left picture of 

the dryer interior shows a cohesive failure (cf) of the 120 g/m² HR5 based adhesive 

film with a thickness of 0.3 wt.% AlACA on the left. The picture shows crosslinked 

0.35 wt.% AlACA adhesive film, which has not yet come off the steel plate, but shows 
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traces of cohesive failure (cf) directly under the polyester film. The right picture shows 

the same adhesive film and on the right side the crosslinked adhesive film 0.40 wt.% 

AlACA, which shows the newly formed cohesive failure (cf) bulbs. In this case, the 

addition of 0.05 wt.% AlACA significantly increases the cohesion of the adhesive film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      0.30/120 AlACA   0.35/120 AlACA     0.35/120 AlACA   0.40/120 AlACA 

 

Fig. 84. The appearance of AlACA crosslinked self-adhesive tapes during cohesion 

measurement at 70°C in a dryer rebuilt for this purpose 

 

As shown in the left photo, you can see the slowly emerging cohesion failure (cf) 

"stubs" in a crosslinked adhesive layer with a thickness of 120 g/m² on a steel plate. 

The right picture shows the differences in the appearance of the crosslinked adhesive 

joint 3.0 and 4.0 wt.% Cymel 303 LF (Fig. 85). During the cohesion test, the sliding of 

the crosslinked Cymel 303 self-adhesive layers of adhesive is clearly visible. When 

testing the cohesion of Cymel 303 LF crosslinked adhesive layers, no or almost no 

cohesive failure typical of Trazidin VN is visible, or more so when using AlACA as 

crosslinking agent. 
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Fig. 85. The appearance of HR7 self-adhesive layers crosslinked with 0.3 wt.% 

AlACA and 3.0 and 4.0 wt.% Cymel 303 LF after cohesion measurement at 70°C 

 

th  

        cf                     cf   cf 

  Cymel 303 LF      AlACA        Trazidin VN 

 

Fig. 86. The direct comparison of cohesive failures (cf) in Cymel 303 LF, AlACA and 

Trazidin VN crosslinked adhesives during the shear strength test 

 

In Fig. 86, the cohesive failure (cf) observed during shear strength studies of 

crosslinked crosslinking agents’ self-adhesive layers using thermal crosslinkers 

Cymel 303 LF, aluminum acetyl acetonate AlACA and propylene imine Trazidin VN. 

In the presented photos of individual cohesive breaks cohesive failure (cf) one can 

clearly see the differences determining the way of interpreting the cohesive breaks 

occurring in the technology of self-adhesive materials. When Cymel 303 is used as a 

crosslinking compound, cohesive failure (cf) spreads evenly over the entire contact 
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surface of the adhesive with the steel plate. In the case of using AlACA as a cross-

linking agent, parallel depressions of the crosslinked adhesive can be seen in the 

cohesive breakthrough, resisting the force which this resistance causes. For the 

Trazidin VN crosslinking compound, which turned out to be the most reactive 

crosslinkers, the lines of tension between the Trazidin VN crosslinked polymer chains 

appeared at an angle of 45 degrees. Perhaps this is an indicator for further research 

on the dependence of crosslinking compounds on their appearance of cohesive 

breakthroughs (cf) observed during the shear strength self-adhesive layers research. 

 

5. FINDING OF EXPERIMENTS AND DISCUSSION 

 

Three crosslinking agents used in the widely understood technology of adhesives 

and self-adhesive materials for crosslinking of selected solvent-based acrylic 

pressure-sensitive adhesives (PSA) with different acrylic acid content from 3.0 to 7.0 

wt.% were tested and compared. Solvent-borne acrylic PSA with less than 3.0 wt.% 

acrylic acid are in fact very rarely used in practice, mainly to produce self-adhesive 

tapes that are easily detachable from adhesive substrates and reusable self-

adhesive tapes. The use of acrylic PSA with more than 7.0 wt.% in its structure 

mainly concerns self-adhesive polymers used in products based on UV technology. It 

should be remembered that an increase in the concentration of acrylic acid adversely 

affects the adhesive properties. This is because acrylic acid as a homopolymer has a 

high glass transition temperature Tg = 106°C. Acrylic acid, and in fact its carboxyl 

groups, are the most important element of the crosslinking technology of classic 

acrylic pressure-sensitive adhesives. The research was carried out for adhesive films 

with a coat weight of 30 to 120 g/m² presented in detail in the tables included in the 

thesis, however, for greater clarity of the research, only standard coat weight 30, 60, 

90 and 120 g/m² were considered in the graphs and photographs included in the 

doctoral dissertation. Three commercially applicable crosslinking agents that react 

with carboxyl groups were used for the comprehensive testing of synthesized acrylic 

pressure-sensitive adhesives, concerning the properties of self-adhesive adhesive 

films, such as tack and peel adhesion, as well as for testing the strength of internal 

cohesion. They were trifunctional metal chelate aluminum acetylacetonate (AlACA), 

trifunctional propylene imine trazidin VN (Trazidin VN) and highly methylated six 
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functional melamine resin Cymel 303 (Cymel 303 LF), where AlACA and Trazidin VN 

were room temperature crosslinkers and Cymel 303 LF is thermal crosslinker. 

Although in the technology of adhesives and self-adhesive materials only weight 

concentrations (wt.%) are used, in the doctoral thesis it was decided, however, when 

comparing the "reactivity" (effectiveness) of the tested crosslining agents, also 

including wt.%, but after considering the molecular weight of crosslining agents and 

their functionality. 

 

From the in this dissertation evaluation of the above conducted research and 

development trials, it can be concluded that: 

 

1. The properties of non-crosslinked solvent-based acrylic pressure-sensitive 

adhesives with similar compositions depend mainly on the concentration of 

acrylic acid, the carboxyl groups of which take an active part in the 

crosslinking process. 

 

2. Another very important element determining the properties of crosslinked 

pressure-sensitive adhesives in the form of adhesive films is the type and 

concentration of crosslinking agents used in the crosslinking process. 

 

3. The presented results of tack, peel adhesion and shear strength studies for 

aluminum acetylacetonate (AlACA) as a crosslinking agent for acrylic PSA 

crosslinking clearly justify this crosslinking agent in water-soluble adhesive 

tapes in the paper industry and in double-sided self-adhesive mounting tapes 

used in the furniture industry. 

 

4. Very high tack, high peel adhesion and excellent shear strength were 

achieved for propylene imine Trazidin VN network adhesive adhesives. In 

terms of wt.% concentration, Trazidin VN is a more effective crosslinking agent 

than aluminum acetylacetonate AlACA. 

 

5. Cymel 303 LF amino resin, despite its six-functionality and relatively high 

concentration from 1.0 to 4.0 wt.%, turned out to be the weakest crosslinking 
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agents in the tested acrylic PSA containing acrylic acid concentration between 

3.0 and 7.0 wt.%. A particular disadvantage in this case was the shear 

strength, measured both at 20°C, 70°C and by the SAFT test. Despite these 

drawbacks, it is used for cross-linking of adhesive in self-adhesive protective 

films. 

6. Differences in the reactivity of individual crosslinking agents can be assessed 

prior to thorough testing by observing the pot-life of pressure-sensitive 

adhesives containing the tested crosslinkers. The shorter the pot-life acrylic 

pressure-sensitive adhesive is, the more reactive the crosslinking agent it 

contains. 

7. Theoretical deliberations and comparisons of the molar concentrations of the 

tested crosslinking compounds were not reflected in the weight concentrations 

(wt.%), which are used primarily in the technology of adhesives and self-

adhesive materials. This means that each crosslinker must be tested in 

synthesized adhesives that do not contain a crosslinker. 

8. As for tack and peel adhesion of acrylic pressure-sensitive adhesives 

crosslinked with three investigated crosslinking agents, the highest tack and 

peel adhesion were achieved for aluminum acetylacetonate AlACA. Tack and 

peel adhesion of propylene imine Trazidin VN crosslinked adhesives were 

slightly lower, and the lowest tray value and peel adhesion, often with 

cohesive failure (cf), was observed for acrylic PSA crosslinked with Cymel 303 

LF amine resin. This is because Trazidin VN is a more reactive crosslinking 

compound than AlACA, which reduces self-adhesive properties such as tack 

and peel adhesion, crosslinked self-adhesive layers. 

9. The appearance of the steel plate on which we test the peel adhesion of 

crosslinked self-adhesive acrylics with AlACA, Trazidin VN and Cymel 303 LF 

is very interesting. In the case of well-crosslinked self-adhesive adhesive, no 

adhesive traces are observed when measuring the detachment of the 

adhesive film from the steel plate. This is most common when evaluating the 

AlACA and Trazidin VN crosslinking adhesives, even at low concentrations of 

these crosslinkers. Cymel 303 LF crosslinked self-adhesive layers, even at 

relatively high concentrations of crosslinker, leave traces of adhesive on the 
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steel plate during the peel adhesion test. Observation of the steel plate surface 

may also indicate very high or low reactivity of cross-linking agents. 

10. As for shear strength self-adhesive crosslinked layers, the highest cohesion at 

20°C was observed for Trazidin VN and AlACA for all synthesized adhesives 

with different content of carboxyl groups derived from acrylic acid. The 

cohesion of most adhesives was at least 168 h (1 week). In the case of using 

the Cymel 303 LF thermal crosslinker, these values are relatively lower. 

11. The same applies to the shear strength test at 70°C, at which the use of 

Trazidin VN and AlACA resulted in, depending on the concentration of cross-

linking compounds and the thickness of the crosslinked adhesive layer, 

cohesion values higher than those required by the relevant standards, i.e. over 

72 h (3 days). This type of cohesion value can also be obtained by using the 

highest tested Cymel 303 LF amount with a concentration of 4.0 wt.%. The 

most effective crosslinkers at 70°C are you without a doubt Trazidin VN. 

12. It can be assumed that the exceptional reactivity and crosslinking efficiency of 

pressure-sensitive adhesives is related to the fact that during crosslinking of 

the Trazidin VN adhesive, no crosslinking by-products are formed, which does 

not require the permanent removal of by-products from the crosslinked layer of 

pressure-sensitive adhesive, which is the case with AlACA, where the 

acetylacetone by-product is formed, the boiling point of which is 140°C, and its 

removal requires a lot of energy. When Cymel 303 LF is used for crosslinking, 

a relatively large amount of methanol is formed as a by-product due to its hex 

functionality, which must be removed from the crosslinked pressure-sensitive 

adhesive layer together with the polymerization medium ethyl acetate during 

the drying of the solvent-based adhesive. 

13. The SAFT test, which enables the simultaneous measurement of the 

increasing temperature in the range of 20-220°C and the time after which the 

adhesive tape in the form of an adhesive film, loaded with 10 N, falls off from 

the steel plate used for measurements, is the most demanding test for 

measuring cohesion at elevated temperatures. From the tested crosslinking 

agents, the highest values in the form of a maximum temperature of 220°C, at 

which no detachment of the adhesive tape from the steel plate has been 

observed yet, were obtained not necessarily for the maximum concentrations 
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of Trazidin VN and AlACA. To obtain a satisfactory SAFT test result, the 

maximum concentration of Cymel 303 LF is not required. 

14. The uncontrolled increase in the concentration of the crosslinking compounds 

tested may lead to the crosslinking of the adhesive layer, which manifests 

itself in the formation of adhesive failure (af). This results in the inability to 

determine the exact cohesion, because due to the decrease in adhesion to the 

steel plate, the tested adhesive tape will detach from the steel plate before the 

shear strength measurement. 

15. Many self-adhesive properties (tack, peel adhesion) and strength (cohesion) of 

adhesive layers in form of one-sided tapes, and the possibility of optimizing 

the above-mentioned properties is determined by the matching of the 

concentration of carboxyl groups, in fact the concentration of acrylic acid in the 

tested self-adhesive compositions based on acrylics. 

16. Further essential elements for optimizing the properties of the adhesive layers 

are the type and concentration of crosslinking agents as well as the coat 

weight of investigated adhesive layers. 

17. When analyzing the effect of the coat weight of the pressure-sensitive 

adhesive of the tested samples on the properties of self-adhesive products, 

some anomalies were observed for the so-called thick self-adhesive layers. 

These are adhesive layers with coat weight 120 g/m² obtained on the basis of 

cross-linked solvent-based acrylic pressure-sensitive adhesives. Due to the 

need to evaporate the solvent in the drying channel where the process of 

evaporation of the polymerization medium of ethyl acetate and the process of 

crosslinking of the adhesive layers takes place, the increase in coat weight 

above 120 g/m² leads to a slowing down of the coating speed, even from 

several dozen m/min to several m/min and to leaving the ethyl acetate 

evaporation not completely of the crosslinked pressure-sensitive adhesive 

layers, which results in an "optical contamination" of the pressure-sensitive 

adhesive layer. 

18. The solution to this problem is that instead of a one-time coating process with 

coat weight 120 g/m², two coats of 60 g/m² or two coats are applied, first with 

coat weight 90 g/m², then a second coat with coat weight 30 g/m², and then 
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both self-adhesive layers are laminated to form a self-adhesive tape with a 

coat weight of 120 g/m². 

19. Based on the observations of the photographed cohesive "breakthroughs" of 

the tested adhesive tapes on a steel plate, it is possible to determine the type 

of crosslinking compound used, and with a little precise interpretation it is 

possible to determine how to eliminate the inconvenience caused by cohesive 

cracking. 

 

6. TABLES CONTAINING ALL RESULTS, PARTIALLY NOT INCLUDED IN THE 

WORK 

 

The tables contain all the results of tack, peel adhesion, shear strength at 20°C and 

70°C, and SAFT of synthesized acrylic pressure-sensitive adhesives crosslinked with 

different amount of AlACA, Trazidin VN and Cymel 3030 LF and with different coat 

weight of self-adhesive layers from 30 up to 120 g/m². 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/2.5 cm] according to AFERA 4015 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf 24.6 cf 20.4 18.4 17.4 14.1 13.5 13.3 13.0 11.9 11.6 10.3 

45 cf cf 24.8 cf 21.8 18.8 16.8 15.5 14.6 13.3 12.3 11.9 10.8 

60 cf cf 26.3 cf 25.2 cf 19.7 18.4 17.1 15.5 13.9 12.8 12.2 11.1 

75 cf cf cf cf 25.3 22.8 21.1 18.2 15.4 13.7 12.6 12.0 

90 cf cf cf cf 28.5 28.0 24.4 21.0 18.2 15.6 14.4 13.1 

105 cf cf cf cf 30.3 29.0 25.3 22.3 20.1 18.3 17.1 13.6 

120 cf cf cf cf 31.6 30.7 26.0 24.1 23.0 21.9 21.2 15.1 

 

Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30    26.6 cf 16.6 pcf 15.1 pcf 11.5 10.1   9.2   6.7   6.3   5.4 

45    27.3 cf 21.0 pcf 18.0 pcf 12.0 10.7 10.0   7.5   6.5   5.7 

60    34.1 cf 30.5 cf 19.8 pcf 16.6 14.0 10.9   9.1   6.9   6.0 

75    37.0 cf 31.8 cf 21.2 cf 20.3pcf 19.5 pcf 18.6 pcf 19.7 13.7 12.6 

90    40.4 cf 34.1 cf 24.4 cf 42.2 cf 44.4 cf 46.8 cf 49.2 cf 50.0 cf 15.1 

105    41.8 cf 37.2 cf 26.1 cf 29.3 cf 46.1 cf 47.1 cf 49.2 cf 50.6 cf 16.0 

120    44.0 cf 39.3 cf 28.3 cf 30.7 cf 47.1 cf 48.0 cf 49.4 cf 51.2 cf 17.1 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30    14h13mcf  116 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45    10h12mcf 83h 2mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60    8h18m cf 70h 1m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75    7h 11mcf 46h 5mcf 151 h cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90    6h34mcf 28h 10mcf 71h14mcf 156 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105    5h18mcf 19h 25mcf 36h41mcf 96 h 144 h 154 h > 168 h > 168 h > 168 h 

120    4h16mcf 7h16mcf 11h24mcf 15h44mcf 26h16mcf 33h18mcf 96 h 149 h 2h48maf 

 

 

 

Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30    1h10mcf 2h34mcf 29h56mcf 51h37mcf 73h6mcf 88h1mcf 99h18mcf 124h5mcf > 168 h 

45    46m cf 1h28mcf 17h32m cf 37h41mcf 44h14mcf 53h11mcf 79h16mcf 86h41mcf > 168 h 

60    26m17mcf 53m cf 1h 3m cf 14h 23mcf 17h12mcf 21h11m cf 23h42mcf 27h55mcf > 168 h 

75    14m cf 30m cf 49m cf 10 h cf 12h 43mcf 17h19mcf 20h18cf 21h44mcf > 168 h 

90    10m cf 17m cf 27m cf 51m cf 2h45m cf 12h 51mcf 16h36m cf 17h15mcf > 168 h 

105    7m cf 12m cf 22m cf 43m cf 1h30m cf 6h 41mcf 8h 41mcf 11h24mcf > 168 h 

120    3m cf 10m cf 20m cf 38m cf 46m cf 1h10m cf 4h45m cf 6h13mcf > 168 h 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30  

 

 

  93°C 

36 min 

cf 

97°C 

38 min 

cf 

108°C 

45 min 

cf 

138°C 

59 min 

cf 

156°C 

1h 6 min  

pcf 

> 220°C 

> 2 h 

> 220°C 

> 2 h 

> 220°C 

> 2 h 

> 220°C 

> 2 h 

45  

 

 

  89°C 

34 min 

cf 

94°C 

36 min 

cf 

102°C 

42 min 

cf 

136°C 

57 min 

cf 

145°C 

1 h 2 min 

cf 

180°C 

1 h 20 min 

cf 

200°C 

1 h 35 min 

cf 

206°C 

1 h 47 min 

cf 

212°C 

1 h 59 min 

cf 

60    79°C 

30 min 

cf 

87°C 

34 min 

cf 

94°C 

37 min 

cf 

130°C 

55 min 

cf 

140°C 

58 min 

cf 

176°C 

1 h 16 min 

cf 

196°C 

1 h 27 min 

cf 

197°C 

1 h 28 min 

cf 

207°C 

1 h 40 min 

cf 

75  

 

 

  71°C 

26 min 

cf 

83°C 

32 min 

cf 

88°C 

34 min 

pcf 

120°C 

50 min 

cf 

130°C 

54 min 

cf 

153°C 

1 h 1 min 

cf 

180°C 

1 h 11 min 

cf 

195°C 

1 h 26 min 

cf 

200°C 

1 h 34 min 

cf 

90    60°C 

21 min 

cf 

78°C 

30 min 

cf 

81°C 

32 min 

cf/paf  

114°C 

44 min 

cf 

122°C 

50 min 

cf 

140°C 

58 min 

cf 

160°C 

1 h 13 min 

cf  

193°C 

1 h 25 min 

cf 

196°C 

1 h 28 min 

cf 

105  

 

 

  53°C 

17 min 

cf 

73°C 

26 min 

cf 

75°C 

28 min 

cf/paf 

104°C 

40 min 

cf 

115°C 

45 min 

cf 

120°C 

46 min 

cf 

135°C 

48 min 

cf 

150°C 

58 min 

cf 

165^C 

1 h 15 min 

cf 

120  

 

 

  44°C 

11 min 

cf 

52°C 

16 min 

cf 

62°C 

21 min 

af 

76°C 

27 min 

cf 

94°C 

30 min 

cf 

100°C 

36 min 

cf 

110°C 

42 min 

cf 

120°C 

48 min 

cf 

126°C 

51 min 

cf 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/25 cm] according to AFERA 4015 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30  14.5 13.7 13.0 12.7 12.3 10.8   8.8   8.3   7.5   7.0   6.4 

45  19.3 17.1 15.1 14.2 13.4 11.5 10.7   9.5   8.8   8.2   7.0 

60  24.2 18.5 17.0 15.8 14.8 13.4 12.0 11.4 10.4   9.1   8.3 

75  24.5 19.7 18.2 16.7 15.5 14.6 13.0 12.0 11.2 10.1   9.0 

90  26.3 20.6 18.8 17.9 16.6 16.0 13.8 12.8 12.3 12.1 10.9 

105  27.7 21.7 19.4 18.6 17.4 16.7 14.8 13.6 13.0 12.1 10.9 

120  29.4 26.8 21.2 20.3 18.7 17.8 17.0 15.3 13.7 13.0 12.1 

 

 

 

 

Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30  29.7 cf 11.1 10.4   8.7   6.9   6.3   5.1   4.5   4.0   3.6   2.7 

45  30.0 cf 13.6 12.1   9.6   8.5   7.7   6.8   6.0   5.2   4.7   3.6 

60  28.7 cf 17.2 16.0 10.2   9.9   9.7   8.5   8.2   7.5 7.0   5.7 

75  31.0 cf 18.0 16.8 11.9 10.8 10.3   9.4   8.8   8.0   7.7   6.4 

90  32.3 cf 18.9 17.4 13.4 11.9 10.8 10.1   9.0   8.4   8.1   7.0 

105  34.7 cf 21.6 18.1 14.3 12.7  11.5 10.8   9.8   9.1   8.5   7.7 

120  37.9 cf 23.5 19.0 16.1 14.3 12.2 11.6 10.7   9.9   9.0   6.5 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 2h14m cf 8 h cf 19h 33m af 36h 21m af > 168 h > 168 h > 168 h 11h16m af 2h 2m af 49 min af 31 min af 

45 cf 1h34m cf 10 h af 12h45m af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf 1h10m cf 21h14m af 9h 8m af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf 48 min cf 60h 8m af 5h 14m af > 168 h 88h16m af 71h18m af 56h43m af 41h 2m af 30h31m af 24h18m af 21h20m af 

90 cf 37 min cf > 168 h 2h 45m af > 168 h 30h16m af 28h19m af 21h20m af 17h16m af 11h53m af 10h 6m af 8h 18 m af 

105 cf 30 min cf > 168 h 1h 3m af 41h 34m af 23h10m af 21h48m af 17h 4m af 12h12m af 9h 9m af 7h 13m af 5h 15m af 

120 cf 17 min cf > 168 h 34 min af 33h 16m af 19h39m af 16h 3m af 10h33m af 9h 1m af 7h 50m af 4h 14m af 3h 33m af 

 

 

 

 

Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 14 min cf 1h 10m sh 5h 1min sh > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf 13 min cf 1h 23m sh > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf 12 min cf 2h3msh/pcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf 8 min cf 3h9msh/pcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90 cf 6 min cf 4h45mcf/pcf 58 min af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf 5 min cf 5h10mcf/pcf 1h 39m af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

120 cf 3 min cf 6h16maf/pcf 3h 4m af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

sh-shadow (shadow on the steel plate) 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with propylene imine Trazidin VN (TrVN)) 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30  54°C 

19 min 

cf 

88°C 

34 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

45  

 

 

50°C 

16 min 

cf 

60°C 

23 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

60  

 

 

41°C 

12 min 

cf 

48°C 

16 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

75  

 

 

35°C 

10 min 

cf 

40°C 

13 min 

cf 

200°C 

1h 40 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

90  

 

 

29°C 

6 min 

cf 

33°C 

10 min 

cf 

188°C 

1h 33 min 

cf 

198°C 

1h 29 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

105  

 

 

22°C 

5 min 

cf 

29°C 

8 min 

cf 

172°C 

1h 19 min 

cf 

182°C 

1h 21 min 

af 

194°C 

1h 28 min 

af 

205°C 

1h 35 min 

af 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

120  

 

 

21°C 

4 min 

cf 

26°C 

6 min 

cf 

161°C 

1h 12 min 

cf 

170°C 

1h 15 min 

af 

180°C 

1h 21 min 

af 

188°C 

1h 26 min 

af 

195°C 

1h 31 min 

af 

210°C 

1h 40 min 

af 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 20°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 10.9 10.3   9.4   8.8 18.8 13.4   9.2   7.0 3h16m cf 16h16m cf 29 h cf > 168 h 

45 14.7 14.0 11.8 10.0 22.5 17.8 11.7   8.4 1h44m cf 9h14m cf 22h17m cf > 168 h 

60 19.3 16.2 14.7 12.1 29.6 cf 27.9 cf 13.0   9.9 1h13m cf 8h cf 11h46m cf > 168 h 

75 25.0 19.1 17.0 14.9 36.3 cf 28.1 cf 28.6 cf 11.3 59 min cf 2h 11m cf 7h 7m cf > 168 h 

90 29.8 23.0 20.5 17.1 38.4 cf 33.0 cf 36.3 cf 14.0 41 min cf 1h 18m cf 5h19m cf > 168 h 

105 33.6 27.7 23.6 18.8 37.9 cf 34.1 cf 33.1 cf 16.5 27 min cf 1h 1min cf 2h15m cf > 168 h 

120 38.2 30.1 26.4 23.0 40.1 cf 32.8 cf 37.6 cf 46.5 cf 14 min cf 53 min cf 1h35m cf > 168 h 

 

 

 

 

Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

SAFT test in temperatures area from 20 to 240°C [temperature-time/6.25 cm²] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 70°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 10.9 10.3   9.4   8.8 18.8 13.4   9.2   7.0 15 min cf 1h 1min cf 2h26m cf > 168 h 

45 14.7 14.0 11.8 10.0 22.5 17.8 11.7   8.4 12 min cf 56 min cf 1h 33m cf > 168 h 

60 19.3 16.2 14.7 12.1 29.6 cf 27.9 cf 13.0   9.9 11 min cf 49 min cf 1h 10m cf > 168 h 

75 25.0 19.1 17.0 14.9 36.3 cf 28.1 cf 28.6 cf 11.3 10 min cf 40 min cf 1h af 3h11mincf 

90 29.8 23.0 20.5 17.1 38.4 cf 33.0 cf 36.3 cf 14.0   9 mni cf 36 min cf 53 min af 2h2min cf 

105 33.6 27.7 23.6 18.8 37.9 cf 34.1 cf 33.1 cf 16.5   6 min af 28 min cf 46 min cf 1h16mincf 

120 38.2 30.1 26.4 23.0 40.1 cf 32.8 cf 37.6 cf 46.5 cf   4 min cf 17 min cf 33 min af 44 min cf 
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Acrylic PSA containing 3.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with amine resin Cymel 303 LF (C-303)) 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA 

[g/m²] 

Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] SAFT test in temperatures area from 20 to 220°C 

[temperature-time/6.25 cm²] 

 1 2 3 4 1 2 3 4 1 2 3 4 

30 10.9 10.3   9.4   8.8 18.8 13.4   9.2   7.0 96°C 

39 min 

cf 

146°C 

1h 3 min 

cf 

196°C 

1h 25 min 

cf 

> 220°C 

> 2h 

45 14.7 14.0 11.8 10.0 22.5 17.8 11.7   8.4 88°C 

34 min 

cf 

130°C 

56 min 

cf 

184°C 

80 min 

cf 

> 220°C 

> 2h 

60 19.3 16.2 14.7 12.1 29.6 cf 27.9 cf 13.0   9.9 80°C 

32 min 

cf 

120°C 

51 min 

cf 

204°C 

1h 32 min 

af 

> 220°C 

> 2h 

75 25.0 19.1 17.0 14.9 36.3 cf 28.1 cf 28.6 cf 11.3 70°C 

27 min 

cf 

106°C 

42 min 

cf 

166°C 

1h 12 min 

af 

> 220°C 

> 2h 

90 29.8 23.0 20.5 17.1 38.4 cf 33.0 cf 36.3 cf 14.0 62°C 

23 min 

cf 

88°C 

31 min 

cf 

144°C 

1h 1 min 

af 

> 220°C 

> 2h 

105 33.6 27.7 23.6 18.8 37.9 cf 34.1 cf 33.1 cf 16.5 55°C 

18 min 

cf 

66°C 

24 min 

cf 

120°C 

52 min 

af 

100°C 

41 min 

af 

120 38.2 30.1 26.4 23.0 40.1 cf 32.8 cf 37.6 cf 46.5 cf 43 °C 

12 min 

cf 

58°C 

19 min 

cf 

94°C 

37 min 

af 

78°C 

29 min 

af 

 

 

 

 

 

 



 
134 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Tack [N/2.5 cm] according to AFERA 4015 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf 21.9 19.2 18.0 16.8 13.8 13.1  12.7  12.6 11.7 11.2 10.0 

45 cf 23.3 cf 21.3 19.9 18.3 16.4 15.2 14.3 13.0 12.0 11.3 10.5 

60 cf cf 24.6 22.6 19.4 18.1 16.7 15.2 13.4 12.4 11.6 10.7 

75 cf cf 25.5 cf 25.3 24.9 22.5 20.4 17.8 15.1 13.3 12.7 11.6 

90 cf cf cf 28.3 27.7 27.5 23.6 20.7 17.4 15.0 14.2 12.7 

105 cf cf cf 30.4 29.1 28.4 24.6 21.7 19.5 17.7 16.9 13.3 

120 cf cf cf 36.0 31.0 29.7 25.5 23.4 22.5 20.9 20.3 14.8 

 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 17.7 pcf 15.1 13.7 10.8   9.5   7.2   6.1   5.7   4.8 

45 cf cf cf 20.0 cf 16.3 14.2 11.0   9.8   7.4   6.6   6.0   5.1 

60 cf cf cf 33.0 cf 17.7 15.1 12.1 10.4    8.4   7.3   6.5   5.3 

75 cf cf cf 36.1 cf 18.2 16.6 13.7 12.1   9.8   8.6   7.7   6.4 

90 cf cf cf 39.7 cf 19.6 18.0 16.2 14.4 12.7 11.6 10.4   8.8 

105 cf cf cf 41.0 cf 20.7 19.1 17.3 15.9 13.4 12.2 10.6   9.1 

120 cf cf cf 42.8 cf 22.3 21.0 19.2 18.1 14.8 13.0 11.1 10.4 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 22h 1m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf cf cf 13h 10mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf cf cf 9h 25m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf cf cf 9h 1 m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90 cf cf cf 8h 47m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf cf cf 8h 19 m cf 28h 40mcf 88h 14mcf 142h 6mcf > 168 h > 168 h > 168 h > 168 h > 168 h 

120 cf cf cf 8h 17m cf 9h 14m cf 17h 28mcf 27h 21mcf 37h58mcf 66h15mcf > 168 h2 > 168 h1,5 1h30m af 

 

 

 

 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 1h 57m cf 3h 45m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf cf cf 1h 4m cf 2h 10m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf cf cf 1h 1m cf 1h 24m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf cf cf 36 m cf 48 m cf 24h 12mcf 49h13m cf 78h34m cf > 168 h > 168 h > 168 h > 168 h 

90 cf cf cf 15 m cf 19 m cf 30 m cf 54 m cf 3h 3m cf 28h1m cf > 168 h3.5 > 168 h2 > 168 h0.5 

105 cf cf cf 11 m cf 14 m cf 26 m cf 48 m cf 1h 46m cf 13h 16mcf > 168 h3.5 > 168 h2 > 168 h1 

120 cf cf cf 9 m cf 11 m cf 23 m cf 44 m cf 1h cf 1h 18m cf > 168 h3.5 > 168 h2 > 168 h1,2 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

 

30 

   96°C 

40 min 

cf 

104°C 

42 min 

cf 

110°C 

44 min 

cf 

142°C 

1h 1 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

88°C 

34 min 

af 

 

45 

   92°C 

36 min 

cf 

102°C 

41 min 

cf 

104°C 

42 min 

cf 

140°C 

1h 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

 

60 

   83°C 

31 min 

cf 

100°C 

39 min 

cf  

100°C 

40 min 

cf 

137°C 

58 min 

cf 

190°C 

1h 25 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

171°C 

1h 15 min  

af 

 

75 

   75°C 

28 min 

cf 

96°C 

36 min 

cf 

98°C 

38 min 

cf 

135°C 

56 min 

cf 

181°C 

1h 21 min  

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

160°C 

1h 10 min 

af 

 

90 

   67°C 

23 min 

cf 

92°C 

35 min 

cf  

94°C 

37 min 

cf  

133°C 

55 min 

cf 

153°C 

1h 6 min  

cf 

166°C 

1h 13 min 

cf 

170°C 

1h 16 min  

cf 

188°C 1h 

24 min 

cf/paf 

151°C 

1h 6 min 

af 

 

105 

   56°C 

19 min 

cf 

88°C 

31 min  

cf 

90°C 

34 min 

cf 

131°C 

53 min 

cf 

139°C 

59 min 

cf 

160°C 

1h 10 min 

cf 

164°C 

1h 12 min  

cf/paf 

116°C 

48 min 

af 

95°C 

38 min 

af 

 

120 

   46°C 

14 min 

cf 

81°C 

28 min 

cf 

84°C 

32 min 

cf 

121°C 

50 min 

cf 

128°C 

54 min 

cf 

154°C 

1h 6 min  

cf 

159°C 

1h 9 min 

cf  

85°C 

33 min 

af 

84°C 

31 min 

af  
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Tack [N/25 cm] according to AFERA 4015 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 14.2 13.1 12.6 12.4 11.8   9.5    8.2    7.8   7.1   6.5   5.3 

45 cf 18.9 16.0 14.2 13.5 12.3 10.9   9.6   8.7   8.3   7.7   6.6 

60 cf 23.5 18.3 16.7 14.6 13.7 12.7 10.9   9.9   9.2   8.5   7.8 

75 cf 24.1 19.1 17.0 16.2 14.2 13.8 11.4 10.8 10.1   9.0   8.2 

90 cf 25.7 20.2 18.4 17.2 15.5 15.2 12.5 11.6 10.8   9.3   8.7 

105 cf 27.0 21.1 19.0 18.0 16.2 15.8 13.4 12.5 11.9 10.6   9.8 

120 cf 28.8 25.7 19.7 19.1 17.8 16.7 15.2 14.0 12.5 11.3 10.4 

 

 

 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 30.8 cf 10.3   9.9   8.1   6.1   5.4   4.0   3.6   3.3   2.7   2.3 

45 cf 31.3 cf 12.8 11.1   9.0   7.9   6.8   5.7     5.0   4.8   4.3   3.1 

60 cf 31.7 cf 16.0 14.1   9.8   9.7   9.5   7.7   6.5   6.2   5.6   4.8 

75 cf 33.0 cf 16.5 14.9 10.2 10.0   9.7   8.4   7-3   6.8   6.0   5.3 

90 cf 35.5 cf 17.4 15.6 12.3 10.6   9.9   9.0   8.0   7.1   6.3   5.9 

105 cf 40.1 cf 20.7 15.8 13.0 11.3 10.4   9.2   8.5   7.4   6.6   6.1 

120 cf 44.0 cf 22.3 17.2 14.5 12.8 10.7 10.1   8.8   7.8   7.0   6.3 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 3h 55m cf 18h 59mcf 120h18maf > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

45 cf 3h 10m cf 27h 34maf 68h 51m af > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

60 cf 2h 57m cf 63h 4m sh 27h23maf > 168 h > 168 h > 168h > 168h > 168h > 168h > 168h > 168h 

75 cf 2h 32m cf > 168h2mm 26h28maf > 168h 101h af 79h 5maf 61h12maf 48h43maf 36h56maf 30h3maf 15h 21maf 

90 cf 2h 11m cf  > 168h2mm 21h18m af 54h54m af 41h 34maf 30h 10maf 28h4m af 21h 11maf 18h 23maf 12h 45maf 8h 17m af 

105 cf 1h 51 m cf > 168h3mm 20h30maf 46h 10maf 33h 17maf 25h 1m af 20h 56maf 16h 27maf 12h 12maf 10h 40maf 5h 24m af 

120 cf 1h33mincf > 168h4mm 18h 50maf 41h 41maf 29h 21maf 19h 36maf 12h 7maf 10h 27maf 9h 19maf 6h 33maf 3h10minaf 

 

 

 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 19 min cf 1h 40m sh > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

45 cf 18 min cf 1h 45m sh > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

60 cf 17 min cf 2h35mshpcf > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

75 cf 10 min cf 5h4maf/pcf > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

90 cf 7 min cf 6h50maf/pcf 1h10m af  > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

105 cf 6 min cf 7h5maf/pcf 2h 43m af > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 

120 cf 5 min cf 7h35maf/pcf 3h43minaf > 168h > 168h > 168h > 168h > 168h > 168h > 168h > 168h 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

 

30 

 60°C 

22 min 

cf 

96°C 

37 nin 

af/shadow 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

45 

 54°C 

19 min 

cf 

68°C 

26 min 

af/shadow 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

60 

 43°C 

14 min 

cf 

50°C 

17 min 

af/shadow 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

75 

 38°C 

11 min 

cf 

46°C 

15 min 

af/shadow 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

90 

 30°C 

7 min 

cf 

41°C 

13 min 

af  

200°C 

1h 31 min 

af  

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

105 

 24°C 

6 min 

cf 

33°C 

10 min 

af 

119°C 

48 min 

af 

126°C 

53 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

120 

 23°C 

5 min 

cf 

30°C 

7 min 

af 

117°C 

46 min 

af 

121°C 

50 min 

af 

130°C 

55 min 

af 

119C 

50 min 

af 

105°C 

41 min 

af 

89°C 

36 min 

af 

 

76°C 

29 min 

af 

62°C 

23 min 

af 

> 220°C 

> 2h 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 20°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 10.2 10.0   8.3   7.2 18.0 10.6   6.5   5.6 3h 29m cf 23h 49mcf 41h 48mcf > 168 h 

45 13.9 12.7 10.1   8.5 21.0 12.2   8.2   6.3 2h 1m cf 16h 4m cf > 168 h > 168 h 

60 18.1 15.9 13.1 10.4 24.7 14.7   9.8   7.5 1h 33m cf 6h 54m cf > 168 h > 168 h 

75 23.3 18.0 16.2 12.7 38.8 cf 16.0 11.9   8.8 1h 11m cf 5h 10m cf > 168 h > 168 h 

90 28.6 21.9 19.8 14.3 42.0 cf 18.1 13.1 10.3 49 m cf 4h 4m cf 115h15mcf > 168 h 

105 32.2 23.6 20.9 16.0 43.1 cf 20.9 16.0 13.8 33 m cf 3h 10 m cf 90h cf > 168 h 

120 36.8 26.9 23.3 19.1 42.8 cf 24.4 19.4 16.0 20m cf 2h 16m cf 43h 3m cf > 168 h 

 

 

 

Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

SAFT test in temperatures area from 20 to 240°C [temperature-time/6.25 cm²] 

14.9of 

PSA 

Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 70°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 10.2 10.0   8.3   7.2 18.0 10.6   6.5   5.6 15 min cf 1h 33m cf > 168 h > 168 h 

45 13.9 12.7 10.1   8.5 21.0 12.2   8.2   6.3 13 m cf 1h 6m  cf > 168 h > 168 h 

60 18.1 15.9 13.1 10.4 24.7 14.7   9.8   7.5 12 m cf 35 m cf 45 m cf 5h 11m cf 

75 23.3 18.0 16.2 12.7 38.8 cf 16.0 11.9   8.8 11 m cf 31m cf 38 m cf 4h 6m cf 

90 28.6 21.9 19.8 14.3 42.0 cf 18.1 13.1 10.3 10 m cf 26m cf 29 m cf 3h 12m cf 

105 32.2 23.6 20.9 16.0 43.1 cf 20.9 16.0 13.8 8 m cf 23m cf 19 m cf 1h 45m cf 

120 36.8 26.9 23.3 19.1 42.8 cf 24.4 19.4 16.0 6 m cf 11m cf 7 min cf 52 min cf 
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Acrylic PSA containing 3.5 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with amine resin Cymel 303 LF (C-303)) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

14.9of 

PSA 

Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] SAFT test in temperatures area from 20 to 220°C 

[temperature-time/6.25 cm²] 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

 

30 

10.2 10.0   8.3   7.2 18.0 10.6   6.5   5.6 124°C 

52 min 

cf 

>220°C 

> 2h 

 

>220°C 

> 2h 

 

>220°C 

> 2h 

 

 

45 

13.9 12.7 10.1   8.5 21.0 12.2   8.2   6.3 139°C 

59 min 

cf 

>220°C 

> 2h 

 

>220°C 

> 2h 

 

>220°C 

> 2h 

 

 

60 

18.1 15.9 13.1 10.4 24.7 14.7   9.8   7.5 135°C 

57 min 

cf 

180°C 

1h 22 min 

cf 

>220°C 

> 2h 

 

>220°C 

> 2h 

 

 

75 

23.3 18.0 16.2 12.7 38.8 cf 16.0 11.9   8.8 128°C 

54 min 

cf 

166°C 

1h 13 min 

cf 

156°C 

1h 8 min 

af 

>220°C 

> 2h 

 

 

90 

28.6 21.9 19.8 14.3 42.0 cf 18.1 13.1 10.3 121°C 

50 min 

cf 

149°C 

1h 5 min 

cf 

131°C 

56 min 

af 

122°C 

51 min 

af 

 

105 

32.2 23.6 20.9 16.0 43.1 cf 20.9 16.0 13.8 110°C 

45 min 

cf 

124°C 

52 min 

cf 

121°C 

51 min 

af 

114°C 

47 min 

af 

 

120 

36.8 26.9 23.3 19.1 42.8 cf 24.4 19.4 16.0 96°C 

38 min 

cf 

110°C 

45 min 

cf 

104°C 

42 min 

af 

90°C 

35 min 

af 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/2.5 cm] according to AFERA 4015 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf 20.1 18.0 14.0 12.7   8.8   8.6   8.0   7.6   7.3   6.9   7.0 

45 cf cf 20.6 15.3 14.1 13.5 13.0 11.7 10.3   9.4   8.8   8.0 

60 cf cf 23.1 18.3 17.5 16.6 15.7 13.7 12.6 11.6 10.7   9.5 

75 cf cf 24.2 18.9 22.7 18.3 16.9 15.2 13.8 13.2 11.8 10.7 

90 cf cf 25,6 23.6 23.0 19.1 17.9 16.5 15.7 14.8 13.2 12.0 

105 cf cf cf 25.1 26.2 22.7 19.6 18.1 16.9 15.7 15.0 13.1 

120 cf cf cf 29.7 27.0 24.3 21.3 20.3 19.0 18.4 17.7 14.0 

 

 

Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf 14.3 pcf 12.8 11.8 10.3   9.7   8.0   7.0   6.0   5.2   4.6 

45 cf cf cf 15.9 13.7 11.8 10.3   8.9   7.3   6.4   5.6   5.0 

60 cf cf cf 18.7 15.5 13.2 11.2   9.9   8.0   7.0   6.0   5.1 

75 cf cf cf 20.2 16.9 15.0 13.2 11.2   8.7   8.0   7.1   5.9 

90 cf cf cf 28.1 pcf 18.8 16.1 14.5 12.3 10.9   9.3   8.3   6.9 

105 cf cf cf 30.2 pcf 19.6 18.3 15.6 14.0 12.3 10.9   9.5   7.7 

120 cf cf cf 34.6 pcf 21.8 19.4 16.8 15.3 13.4 12.3 10.3   8.8 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 37h 3m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf cf cf 50h 24mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf cf cf 19h 23mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf cf cf 12h 34mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90 cf cf cf 10h 6m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf cf cf 9h 34m cf 48h 30mcf 144h 7mcf 220h 46mi > 168 h > 168 h > 168 h > 168 h > 168 h 

120 cf cf cf 9h 1m cf 18h 16mcf 24h 18mcf 127h28m > 168 h > 168 h > 168 h > 168 h 1h af 

 

 

 

Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 5h 46m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf cf cf 4h 11m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf cf cf 3h 4m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf cf cf 2h 16m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90 cf cf cf 1h 33m cf 120h 16m 161h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf cf cf 1h 5m cf 36h 12m 70h 45m 98h 21m 144h 7m > 168 h > 168 h > 168 h > 168 h 

120 cf cf cf 49 m cf 10h 14m 31h 6m 49h 47m 63h 33m 110h > 168 h > 168 h > 168 h 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30  

 

 

  98°C 

39 min 

cf 

129°C 

54 min 

cf 

137°C 

59 min 

cf 

184°C 

1h 20 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

80°C 

31 min 

af 

45  

 

 

  95°C 

38 min 

cf 

127°C 

53 min 

cf 

134°C 

57 min 

cf 

171°C 

1h 14 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

60  

 

 

  91°C 

36 min 

cf 

124°C 

51 min 

cf 

130°C 

55 min 

cf 

156°C 

1h 7 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 
> 220°C 

> 2h 
> 220°C 

> 2h 
150°C 

1h 7 min 

af 

75  

 

 

  85°C 

33 min 

cf 

120°C 

49 min 

cf 

125°C 

51 min 

cf 

140°C 

1h 

cf 

188°C 

1h 24 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 
> 220°C 

> 2h 
192°C 

1h 26 min 

af 

90  

 

 

  77°C 

29 min 

cf 

114°C 

46 min 

cf 

118° 

49 min 

cf 

131°C 

54 min 

cf 

160°C 

1h 10 min 

cf 

205°C 

1h 33 min 

af 

200°C 

1h 30 min 

af  

178°C 

1h 19 min 

af 

164°C 

1h 12 min 

af 

105  

 

 

  67°C 

24 min 

cf 

107°C 

44 min 

cf 

110°C 

45 min 

cf 

122°C 

50 min 

cf 

142°C 

1h 1min 

cf 

179°C 

1h 19 min 

cf 

191°C 

1h 26 min 

af/pcf 

167°C 

1h 14 min 

af 

122°C 

51 min  

af 

120  

 

 

  55°C 

18 min 

cf 

96°C 

38 min 

cf 

105°C 

41 min 

cf 

112°C 

46 min 

cf 

146°C 

1h 02 min 

cf 

163°C 

1h 11 min 

cf 

177°C 

1h 18 min 

af/pcf  

154°C 

1h 7 min 

af 

110°C 

45 min 

af 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/25 cm] according to AFERA 4015 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 13.5 12.0 10.5 10.0   9.3   8.8   8.0   7.2   6.7   6.1   5.0 

45 cf 15.6 14.7 13.3 12.4 11.4 10.1   9.2   8.1   7.4   7.0   6.0 

60 cf 18.8 17.0 14.2 13.6 12.9 12.1 10.2   9.3   8.5   7.8   6.9 

75 cf 20.5 18.2 16.1 15.0 13.1 12.7 10.9 10.1   9.4   8.5   8.0 

90 cf 22.8 19.3 17.0 16.1 14.0 13.4 11.6 11.0 10.1   9.0   8.3 

105 cf 24.1 20.0 18.1 17.3 15.6 14.1 12.7 11.8 10.8 10.1   9.2 

120 cf 26.0 22.3 19.4 18.1 17.2 16.0 14.2 13.0 11.7 11.0 10.0 

 

 

 

Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 14.3   9.3   8.5   7.7   5.4   5.0   3.6   3.3   3.1   2.3 1.9 

45 cf 16.6 12.1 10.9   8.2   6.5   6.1   4.9   4.1   3.5   3.0   2.5 

60 cf 27.7 13.5 13.0   9.6   8.8   7.7   6.1   5.6   5.3   5.1   4.2 

75 cf 30.1 15.2 13.7 10.1   9.3   8.7   7.3   6.7   6.0   4.9   4.4 

90 cf 31.7 cf 16.4 14.5 11.9 10.1   9.1   8.5   7.0   6.1   5.2   4.8 

105 cf 34.2 cf 17.8 15.6 12.5 11.6   9.7   8.8   7.7   6.6   6.5   5.5 

120 cf 37.7 cf 21.1 16.3 13.6 11.7 10.1   9.8   8.1   7.0   6.5   5.9 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 9h 10m cf 68h 26m 106h 33m 115h50m > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf 8h 6m cf 110h 31m 150h 17m > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf 6h 38m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 141h 6maf 103h13maf 75h3maf 

75 cf 4h 16m cf > 168 h > 168 h > 168 h > 168 h 110h14maf 93h 18maf 80h 28maf 50h 50maf 44h 41maf 26h 11af 

90 cf 3h 10m cf > 168 h > 168 h 83h 16maf 70h 31maf 68h 50maf 67h 37maf 63h 2maf 33h 30maf 26h20maf 18h16maf 

105 cf 2h 36m cf > 168 h > 168 h 51h 47maf 46h 18maf 40h 14maf 36h 4maf 21h 38maf 16h 15maf 13h 6maf 9h 19maf 

120 cf 1h 52m cf > 168 h > 168 h 44h 10maf 38h 46maf 26h 11maf 21h 8maf 15h 17maf 12h 31maf 9h 6maf 6h 36maf 

 

 

 

 

 

Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 30 m cf 10h 16maf 11h 6maf 4h 20maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf 23 m cf 20h 21maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
60 cf 17 m cf 35h25m/paf/cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf 15 m cf 30h7mpcf/af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
90 cf 13 m cf 34h 21mpaf/cf 6h 16af 49h 6maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf 12 m cf 49h16maf/pcf 16h 33maf 59h 2maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
120 cf 11 m cf 60h 20mpcf/af 30h 48maf 77h 50maf 112h 8maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.58 0.65 0.72 0.88 

30  

 

 

73°C 

28 min 

cf 

102°C 

42 min 

cf 

114°C 

48 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

45  

 

 

60°C 

19 min 

cf 

72°C 

25 min 

cf 

108°C 

44 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

60  

 

 

46°C 

14 min 

55°C 

18 min 

cf 

92°C 

36 min 

cf 

105°C 

44 min 

af 

125°C 

56 min 

af 

137°C 

1h 3 min 

af 

152°C 

1h 9 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

75  

 

 

40°C 

10 min 

cf 

50°C 

16 min 

cf 

78°C 

28 min 

cf 

96°C 

38 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

90  

 

 

32 min 

7 min 

cf 

46°C 

13 min  

cf 

84°C 

32 min 

af  

124°C 

52 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

105  

 

 

28°C 

4 min 

cf 

42°C 

11 min 

cf 

66°c 

23 min 

cf 

114°C 

46 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

120  

 

 

26°C 

2 min 

cf 

38°C 

9 min 

cf 

52°C 

18 min 

cf 

90°C 

35 min 

cf 

105°C 

43 min 

af 

118°C 

49 min 

af 

99°C 

42 min 

af 

86°C 

34 min 

af 

72°C 

27 min 

af 

58°C 

22 min 

af 

> 220°C 

> 2h 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 20°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 13.0 11.3 10.1   8.8 20.0 12.1 11.5 10.0 4h 59m cf 41h 48mcf 120h cf > 168h 

45 15.5 14.3 12.7 10.1 22.1 13.8 12.0 11.1 8h 11mcf 72h 4m cf > 168h > 168h 

60 19.6 17.0 14.6 12.0 26.0 17.9 13.8 12.8 10h 34mcf 105h 7mcf  > 168h > 168h 

75 27.9 20.4 18.6 14.0 31.0 19.3 15.0 13.6 9h 23mcf 88h cf > 168h > 168h 

90 31.1 24.7 20.9 15.9 33.2 20.7 16.0 15.3 7h 27m cf 58h 57mcf 98h 34mcf > 168h 

105 33.1 28.7 24.1 17.3 39.8 cf 22.0 18.1 16.6 5h 23m cf 45h 11mcf 66h 7m cf > 168h 

120 37.3 31.8 26.6 19.9 40,7 cf 27.1 20.0 18.4 3h 34m cf 23h 8m cf 18h 47mcf > 168h 

 

 

 

 

Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

SAFT test in temperatures area from 20 to 240°C [temperature-time/6.25 cm²] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 70°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 13.0 11.3 10.1   8.8 20.0 12.1 11.5 10.0 1h 33m cf > 168h > 168h > 168h 

45 15.5 14.3 12.7 10.1 22.1 13.8 12.0 11.1 1h 45m cf > 168h > 168h > 168h 

60 19.6 17.0 14.6 12.0 26.0 17.9 13.8 12.8 2h 5m cf > 168h > 168h > 168h 

75 27.9 20.4 18.6 14.0 31.0 19.3 15.0 13.6 1h 38m cf 72h 10mcf > 168h > 168h 

90 31.1 24.7 20.9 15.9 33.2 20.7 16.0 15.3 1h 23m cf 20h 32mcf > 168h > 168h 

105 33.1 28.7 24.1 17.3 39.8 cf 22.0 18.1 16.6 1h cf 5h 34m cf 110h cf > 168h 

120 37.3 31.8 26.6 19.9 40,7 cf 27.1 20.0 18.4 41m cf 1h 55m cf 33h 12mcf > 168h 
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Acrylic PSA containing 5.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with amine resin Cymel 303 LF (C-303)) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA 

[g/m²] 

Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] SAFT test in temperatures area from 20 to 220°C 

[temperature-time/6.25 cm²] 

 1 2 3 4 1 2 3 4 1 2 3 4 

 

30 

 

13.0 

 

11.3 

 

10.1 

 

  8.8 

 

20.0 

 

12.1 

 

11.5 

 

10.0 

130°C 

55 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

45 

 

15.5 

 

14.3 

 

12.7 

 

10.1 

 

22.1 

 

13.8 

 

12.0 

 

11.1 

144°C 

1h 2 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

60 

 

19.6 

 

17.0 

 

14.6 

 

12.0 

 

26.0 

 

17.9 

 

13.8 

 

12.8 

140°C 

1h 8 min 

cf 

217°C 

1h 37 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

75 

 

27.9 

 

20.4 

 

18.6 

 

14.0 

 

31.0 

 

19.3 

 

15.0 

 

13.6 

132°C 

56 min 

cf 

186°C 

1h 23 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

90 

 

31.1 

 

24.7 

 

20.9 

 

15.9 

 

33.2 

 

20.7 

 

16.0 

 

15.3 

126°C 

53 min 

cf 

156°C 

1h 8 min 

cf 

184°C 

1h 20 min 

af 

> 220°C 

> 2h 

 

 

105 

 

33.1 

 

28.7 

 

24.1 

 

17.3 

 

39.8 cf 

 

22.0 

 

18.1 

 

16.6 

120°C 

50 min 

cf 

146°C 

1h 3 min 

170°C 

1h 15 min 

af 

164°C 

1h 10 min 

af 

 

120 

 

37.3 

 

31.8 

 

26.6 

 

19.9 

 

40,7 cf 

 

27.1 

 

20.0 

 

18.4 

104°C 

42 min 

cf 

122°C 

49 min 

cf 

150°C 

1h 5 min 

af 

120°C 

52 min 

af 

 

 

 

 

 

 



 
150 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/2.5 cm] according to AFERA 4015 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf 17.9 16.6 13.0 9.0 8.1 7.7 7.4 7.0 6.7 6.3 6.0 

45 cf 20.1 cf 18.2 14.7 11.1 10.3 9.9 9.0 8.7 8.2 7.6 7.3 

60 cf cf 19.3 15.9 14.3 12.9 11.7 11.1 10.3 9.5 9.0 8.3 

75 cf cf 21.9 16.2 15.0 13.1 12.0 11.6 11.3 11.0 10.2 9.6 

90 cf cf 22.0 cf 17.0 15.7 15.1 14.4 14.0 13.7 13.3 12.6 10.4 

105 cf cf cf 18.3 17.1 16.4 15.3 15.0 14.6 14.2 13.0 11.2 

120 cf cf cf 19.8 18.6 17.8 16.2 15.7 15.0 14.7 13.5 11.8 

 

 

 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30 cf cf cf 12.4 11.3 8.6 9.0 7.6 6.6 5.6 4.8 4.3 

45 cf cf cf 14.3 13.0 11.2 9.8 8.5 7.0 6.0 5.1 4.6 

60 cf cf cf 16.5 15.2 13.0 11.0 9.4 7.7 6.7 5.8 4.8 

75 cf cf cf 16.6 16.4 14.4 12.8 11.0 8.4 7.5 6.7 5.5 

90 cf cf cf 17.0 16.6 15.8 14.0 12.0 10.3 9.0 7.9 6.3 

105 cf cf cf 17.3 17.0 16.6 15.1 13.5 12.0 10.1 9.1 7.2 

120 cf cf cf 17.6 17.3 16.9 15.4 14.6 13.0 12.0 9.7 8.3 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

20 cf cf cf 1h 45m cf 34h 32mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

30 cf cf cf 4h 3m cf 70h 39min > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf cf cf 8h 16m cf 73h 46mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf cf cf 14h 19mcf 75h 46min > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

75 cf cf cf 16h 7m cf 134h34mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

90 cf cf cf 18h 17mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf cf cf 21h 10mcf 152 h cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

120 cf cf cf 24h 15mcf 110h 16cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

 

 

 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with aluminum acetyl acetonate (AlACA) 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

20 cf cf cf 9h 16m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
30 cf cf cf 8h 17m cf  > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
45 cf cf cf 7h 10m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
60 cf cf cf 6h 18m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
75 cf cf cf 4h 6m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
90 cf cf cf 3h 40m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf cf cf 3h cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
120 cf cf cf 2h 19m cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with aluminum acetyl acetonate (AlACA) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker AlACA [wt.%] 

[g/m²] 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6 

30  

 

 

  112°C 

47 min 

cf 

142°C 

1h 1 min 

cf 

170°C 

1h 16 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

134°C 

57 min 

af 

74°C 

27 min 

af 

45  

 

 

  106°C 

45 min 

cf 

138°C 

59 min 

cf 

156°C 

1h 8 min 

cf 

192°C 

1h 26 min 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

88°C 

34 min 

af 

60  

 

 

  100°C 

40 min 

cf 

128°C 

54 min 

cf 

133°C 

58 min 

cf 

170°C 

1h 15 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

100°C 

40 min 

af 

75  

 

 

  94°C 

36 min 

cf 

124°C 

52 min 

cf 

130°C 

55 min 

cf 

156°C 

1h 8 min 

cf 

195°C 

1h 28 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

> 220°C 

> 2h 

90  

 

 

  90°C 

34 min 

cf 

118°C 

48 min 

cf 

122°C 

51 min 

cf  

148°C 

1h 4 min 

cf 

176°C 

1h 18 min 

cf 

202°C 

1h 30 min 

cf 

> 220°C 

> 2h 

> 220°C 

> 2h 

146°C 

1h 3 min 

af 

105  

 

 

  78°C 

29 min 

cf 

110°C 

45 min 

cf 

116°C 

48 min 

cf 

134°C 

57 min 

cf 

169°C 

1h 15 min 

cf 

176 

1h 18 min 

cf 

183°C 

1h 22 min 

af 

152°C 

1h 6 min 

af 

120°C 

50 min 

af 

120  

 

 

  66°C 

23 min 

cf 

100°C 

40 min 

cf 

108°C 

44 min 

cf 

120°C 

50 min 

cf 

136°C 

57 min 

cf 

130°C 

55 min 

af 

120°C 

50 min 

af  

112°C 

46 min 

af 

86°C 

33 min 

af  
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Tack [N/25 cm] according to AFERA 4015 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Tack [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 11.5 11.1 10.3 9.5 9.0 8.3 7.1 6.6 6.2 5.1 4.2 

45 cf 14.0 13.5 12.8 12.0 10.5 9.9 8.8 7.4 6.9 5.8 5.3 

60 cf 16.5 15.7 13.1 12.3 11.0 10.3 9.5 8.8 8.0 7.5 6.4 

75 cf 17.2 16.3 15.7 14.6 12.0 11.4 10.4 9.5 8.9 8.0 7.3 

90 cf 18.4 17.7 16.3 15.5 13.0 12.0 11.1 10.4 9.4 8.6 7.8 

105 cf 19.1 18.2 17.4 16.4 15.1 13.2 12.3 11.1 10.2 9.2 8.5 

120 cf 19.4 19.0 18.3 17.3 16.4 15.5 13.5 12.4 11.0 10.3 9.7 

 

 

 

 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Peel adhesion [N/2.5 cm] according to AFERA 4001 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Peel adhesion [N/2.5 cm] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 14.0 8.6 8.1 7.2 4.9 4.6 3.3 3.1 2.9 2.1 1.7 

45 cf 15.1 11.2 10.0 7.6 5.8 5.1 4.2 3.6 3.2 2.5 2.2 

60 cf 19.7 13.0 12.2 8.4 7.9 7.2 5.6 5.1 4.7 4.3 3.7 

75 cf 23.1 14.4 13.2 9.5 8.4 7.9 6.7 6.2 5.0 4.5 4.1 

90 cf 26.0 15.9 14.0 11.1 9.3 8.6 8.0 6.7 5.9 4.9 4.6 

105 cf 28.1 16.4 14.6 11.9 10.1 9.2 7.6 7.0 6.1 5.7 5.1 

120 cf 30.6 19.7 15.2 12.8 11.4 9.6 9.1 7.5 6.4 6.0 5.5 

af-adhesion failure (PSA has been separated from PET film and stay on the steel plate); measured was the adhesion from PSA to FET film 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 20°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 20°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 152h 6mcf > 168 h > 168 h 118h18maf 104h16maf 96h af 78h 19maf 61h 24maf 24h 6m af 3h 20m af 1h 44m af 

45 cf 92h 10mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

60 cf 11h 33mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 152h30maf 

75 cf 7h14m cf > 168 h > 168 h > 168 h 141h af 131h 3maf 110h af 99h 5m af 87h 10maf 59h 24maf 51h af 

90 cf 5h 33m cf > 168 h > 168 h > 168 h 130h af 113h12maf 99h 7m af 71h 13maf 60h 8m af 51h 56maf 43h 33maf 

105 cf 3h 16m cf > 168 h > 168 h 131h af 106h 2m af 81h 23maf 67h 19maf 53h 33maf 41h 6m af 33h 41maf 20h af 

120 cf 59 m cf > 168 h 64h 32maf 36h 37maf 30h 31maf 22 h af 19h 5m af 13h 12maf 9h 50m af 7h 17m af 4 h 59m af 

 

 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: Shear strength [Time/6.25 cm²] at 70°C according to FINAT FTM 8 

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

Shear strength at 70°C [Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30 cf 75h 14min > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

45 cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
60 cf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
75 cf 21h 12mcf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
90 cf 8h 44m cf 44 h 23maf 61 h 6m af 118h af > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 

105 cf 1h 27m cf 21h 25m af 33h 19maf 96h af 133h 9maf > 168 h > 168 h > 168 h > 168 h > 168 h > 168 h 
120 cf 40 m cf 2h 3min aF 16h 51maf 51h 22maf 107h 4maf 153 af > 168 h > 168 h > 168 h > 168 h > 168 h 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with propylene imine Trazidin VN (TrVN)) 

 

Coat 

weight 

SAFT test in temperatures area from 20 to 220°C [Temperature-Time/6.25 cm²] 

of PSA Concentration of crosslinker Trazidin VN (TrVN)) [wt.%] 

[g/m²] 0 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.88 

30  

 

 

75°C 

29 min 

cf 

106°C 

44 min 

cf 

186°C 

1h 23 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

45  

 

 

65°C 

22 min 

cf 

76°C 

27 min 

cf 

171°C 

1h 16 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

60  

 

 

49°C 

14.5 min 

cf 

63°C 

22 min 

cf 

160°C 

1h 10 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

75  

 

 

45°C 

13 min 

cf 

56°C 

19 min 

cf 

152°C 

1h 6min 

cf 

190°C 

1h 25 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

90  

 

 

40°C 

11 min 

cf 

50°C 

16 min 

cf 

144°C 

1h 2 min 

cf 

178°C 

1h 19 min 

af 

200°C 

1h 30 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

105  

 

 

37°C 

9 min 

cf 

46°C 

13 min 

cf 

130°C 

54 min 

cf 

164°C 

1h 12 min 

af 

181°C 

1h 20 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

120  

 

 

35°C 

7 min 

cf 

40°C 

11 min 

cf 

114°C 

45 min 

cf 

158°C 

1h 9 min 

af 

172°C 

1h 16 min 

af 

160°C 

1h 10 min 

af 

146°C 

1h 3 min 

af 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 20°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 13.5 10.7 9.8 7.0 11.6 11.4 11.3 10.3 > 168 h > 168 h > 168 h > 168 h 

45 16.6 15.1 10.3 8.1 15.3 14.1 12.7 11.3 > 168 h > 168 h > 168 h > 168 h 

60 21.0 18.2 10.5 9.0 16.7 14.6 13.5 11.6 > 168 h > 168 h > 168 h > 168 h 

75 28.8 21.6 10.8 9.3 18.9 15.7 13.9 12.1 96h 23mcf 131h 2mcf > 168 h > 168 h 

90 32.4 26.3 11.1 9.7 20.3 17.3 14.3 12.6 76h cf 101h6mcf > 168 h > 168 h 

105 34.0 30.1 12.0 10.2 21.9 18.4 14.5 13.1 30h 21mcf 63h 54mcf > 168 h > 168 h 

120 36.3 33.9 12.8 11.1 23.7 19.5 14.8 13.6 11h 47mcf 38h 10mcf > 168 h 138h 7maf 

 

 

 

 

Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: tack, peel adhesion and shear strength according to AFERA and FINAT test methods 

(crosslinked with amine resin Cymel 303 LF (C-303) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

SAFT test in temperatures area from 20 to 240°C [temperature-time/6.25 cm²] 

of PSA Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] Shear strength [time/6.25 cm²] at 70°C 

[g/m²] 1 2 3 4 1 2 3 4 1 2 3 4 

30 13.5 10.7 10.1 7.0 11.6 11.4 11.3 10.3 > 168 h > 168 h > 168 h > 168 h 

45 16.6 15.1 10.3 8.1 15.3 14.1 12.7 11.3 > 168 h > 168 h > 168 h > 168 h 

60 21.0 18.2 10.5 9.0 16.7 14.6 13.5 11.6 > 168 h > 168 h > 168 h > 168 h 
75 28.8 21.6 10.8 9.3 18.9 15.7 13.9 12.1 > 168 h > 168 h > 168 h > 168 h 

90 32.4 26.3 11.1 9.7 20.3 17.3 14.3 12.6 112h cf > 168 h > 168 h > 168 h 

105 34.0 30.1 12.0 10.2 21.9 18.4 14.5 13.1 64h 29mcf 147h 4mcf > 168 h > 168 h 

120 36.3 33.9 12.8 11.1 23.7 19.5 14.8 13.6 32h 14mcf 101h cf > 168 h > 168 h 
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Acrylic PSA containing 7.0 wt.% acrylic acid incorporated into polymer chain: SAFT test [Time/6.25 cm²] with rise temperature between 20 and 220°C  

(crosslinked with amine resin Cymel 303 LF (C-303)) 

 

Coat 

weight 

Concentration of amine resin Cymel 303 LF (C-303) [wt.%] 

of PSA 

[g/m²] 

Tack [N/2.5 cm] Peel adhesion [N/2.5 cm] SAFT test in temperatures area from 20 to 220°C 

[temperature-time/6.25 cm²] 

 1 2 3 4 1 2 3 4 1 2 3 4 

 

30 

 

13.5 

 

10.7 

 

10.1 

 

7.0 

 

11.6 

 

11.4 

 

11.3 

 

10.3 

164°C 

1h 12 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

45 

 

16.6 

 

15.1 

 

10.3 

 

8.1 

 

15.3 

 

14.1 

 

12.7 

 

11.3 

158°C 

1h 9 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

60 

 

21.0 

 

18.2 

 

10.5 

 

9.0 

 

16.7 

 

14.6 

 

13.5 

 

11.6 

150°C 

1h 3 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

75 

 

28.8 

 

21.6 

 

10.8 

 

9.3 

 

18.9 

 

15.7 

 

13.9 

 

12.1 

142°C 

1h 1 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

90 

 

32.4 

 

26.3 

 

11.1 

 

9.7 

 

20.3 

 

17.3 

 

14.3 

 

12.6 

134°C 

56 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

105 

 

34.0 

 

30.1 

 

12.0 

 

10.2 

 

21.9 

 

18.4 

 

14.5 

 

13.1 

124°C 

51 min 

cf 

202°C 

1h 31 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

120 

 

36.3 

 

33.9 

 

12.8 

 

11.1 

 

23.7 

 

19.5 

 

14.8 

 

13.6 

110°C 

44 min 

cf 

177°C 

1h 19 min 

cf 

> 220°C 

> 2h 

 

> 220°C 

> 2h 

 

 

 



7. GENERAL CONCLUSIONS, OUTLOOK AND RECOMMENDATION FOR 

FUTURE DEVELOPMENTS 

 

Self-adhesive materials and products based largely on polymers are a very 

important technological element in many industrial sectors. These undoubtedly 

include the automotive, aviation, shipbuilding, furniture, construction, paper, and 

medical industries. In the above-mentioned branches, self-adhesive materials are 

used in the form of one-sided, double-sided, and carrier-free (transfer) self-

adhesive tapes with various properties, ranging from mounting tapes, splicing 

tapes, insulating tapes, removable products, and ending with unique medical 

devices in the form of bandages, plasters and self-adhesive bioelectrodes. All 

self-adhesive materials of this type are based on self-adhesive polymers, mostly 

acrylics. The most important component of self-adhesive materials is self-

adhesive adhesive, which means that the decisive parameter when applying the 

adhesive is its adhesive properties (tack, peel adhesion) and shear strength. 

The type of pressure-sensitive adhesive determines its commercial application. 

Tack known as initial adhesion is important for self-adhesive products with high 

initial adhesion. Peel adhesion known as adhesion is significant for mounting 

tapes for joining the same or different materials to achieve a permanent adhesive 

bond. The most important property of a pressure-sensitive adhesive is its internal 

strength, commonly known as cohesion. Pressure-sensitive adhesives with low 

unacceptable cohesion cannot be used in the technology of adhesives and self-

adhesive materials, as this leads to a lack of strength of the adhesive joint, which 

leads to costly complaints.  

The study of the cohesion of self-adhesive adhesives is one of the fundamental 

elements of the technology of pressure-sensitive adhesives. The cohesion of 

pressure-sensitive adhesives is related to many physicochemical properties, such 

as the molecular weight of polymers or their cross-linking process. The non-

crosslinked polymer is not suitable for industrial use. 

At this point, the chemistry of the crosslinking process and the crosslinking 

compounds is the most important. It can be said that the chemistry and synthesis 

of crosslinking compounds determine the technological development of 

adhesives and self-adhesive materials. An extremely important issue is the use of 

appropriate crosslinking agents, which is related to the optimization of their cross-
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linking reactions and determining the relationship between the type and 

concentration of crosslinking agents and the obtained cohesion results. The 

results of the cohesion of crosslinked pressure-sensitive adhesives, obtained as a 

result of the reaction of the carboxyl groups of the polymer with the functional 

groups of crosslinking agents, are very important properties of acrylic pressure-

sensitive adhesives.  

The development of a new technology to produce adhesives and self-adhesive 

materials is closely related to the possibility of their use in very often innovative 

self-adhesive products. Desired properties of self-adhesive products and the 

related use of a wide range of crosslinking agents provide great opportunities for 

scientists and technologists.  

My point of view is that the future of chemistry and crosslinking technology lies in 

the application of UV technology to these processes. UV technology using 

photoreactive crosslinking compounds has many advantages and few 

disadvantages compared to classical crosslinking methods. Classic crosslinking 

methods use typical crosslinking compounds, such as metal chelates, 

isocyanates, propylene imines and thermal reactive melamine resins. Innovative 

crosslinking methods related to UV technology use multifunctional (meth) 

acrylates and photoreactive urethane-(meth)acrylates as crosslinking agents. 
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SUMMARY 

 

Acrylic pressure-sensitive adhesives in the form of self-adhesive materials such as 

single-sided, double-sided and transfer adhesive tapes are used in many industries, 

such as the automotive, aerospace, construction and medical materials industries, 

among others. Solvent-based self-adhesive acrylic adhesives should have very good 

self-adhesive properties (tack, adhesion) and excellent internal strength of the 

adhesive joint (cohesion). All three main properties mentioned above (tack, adhesion, 

cohesion) should be considered together, although the most important property is 

cohesion. Its lack or inadequate cohesion leads to costly complaints, including 

deletion of the considered self-adhesive products from the portfolio. The 

cohesiveness of solvent-borne pressure-sensitive adhesives can be increased in 

many ways. Crosslinking agends used in the technology of self-adhesive acrylics are 

typical metal chelates such as aluminum acetylacetonate (AlACA), commercial 

propylene imine such as Trazidin VN and crosslinking agents that crosslink at 

elevated temperatures, usually at 140°C, such as e.g. the Cymel 303 LF amino resin. 

Although in the technology of adhesives and self-adhesive materials, percentages by 

weight (wt.%) are used when preparing appropriate adhesive compositions, but it 

was decided in the doctoral thesis to calculate the used crosslinking agents in their 

molar concentrations, considering the conversion of adequate molar concentrations 

into percentages used in practice. For the tray, adhesion and cohesion tests, four 

solvent-based acrylic adhesives were synthesized, differing mainly in the 

concentration of acrylic acid in individual combinations, which is reflected in the 

concentration of carboxyl groups in the finished acrylate copolymer, which react to 

carboxylic groups by re-linking the re-linking agents to the re-linking test groups. The 

synthesized polyacrylate adhesives had 3; 3.5; 5.0 and 7.0 wt.% acrylic acid.  

Various combinations of crosslinking compounds AlACA, Trazidin VN and Cymel 303 

LF with adequate weight concentrations corresponding to the molar ratios of 

individual crosslinking agents for acrylic PSA with different concentration of acrylic 

acid carboxyl groups for various coat weight on their tack, peel adhesion, shear 

strength and SAFT tests were tested. 

Analyzing all the obtained results of the properties of the tested pressure-sensitive 

adhesives, especially cohesion, containing selected crosslinking agents, it can be 
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concluded that the most effective crosslinker is propylene imine Trazidin VN. The 

drawback of using Trazidin VN is the pot-time of such a composition within a few 

hours. Technologically, this type of drawback can be eliminated by dosing the cross-

linking compound to the adhesive directly before its coating. When using Trazidin VN, 

no by-products are formed during the cross-linking process. The second also 

effective crosslinker is AlACA, with the use of which there is no problem with its 

storage, and the properties of the adhesive, especially cohesion, remain impeccable. 

The least effective crosslinker, despite increasing its concentration, turned out to be 

Cymel 303 LF melamine resin, which produces methanol as a by-product of the 

crosslinking process. 
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STRESZCZENIE 

 

Kleje samoprzylepne bazują na polimerach charakteryzujących się lepnością 

(tackiem) oraz adhezją już w temperaturze pokojowej. Na kleje samoprzylepne 

nadają się polimery o budowie amorficznej (nieuporządkowanej) oraz o temperaturze 

zeszklenia niższej niż -35°C. Jeżeli chodzi o sposób polimeryzacji, to rozróżniamy 

kleje rozpuszczalnikowe, dyspersje wodne oraz kleje bezrozpuszczalnikowe. Jeżeli 

chodzi o bazę polimerową, to znane są kleje samoprzylepne na bazie akrylanów, 

naturalnych oraz syntetycznych kauczuków, silikonów, poliuretanów, poliestrów, 

kopolimerów etylenu i octanu winylu (EVA) oraz polieterów.  

Do najważniejszych właściwości klejów samoprzylepnych, mających swoje 

odzwierciedlenie w technologii klejów i materiałów samoprzylepnych, należą tack 

(lepność, kleistość), adhezja (przyczepność), kohezja (wytrzymałość) oraz skurcz, 

przy czym skurcz dotyczy przede wszystkim materiałów samoprzylepnych opartych 

na foliach PVC. 

Jednym z najistotniejszych czynników decydujących o właściwościach aplikacyjnych 

kleju jest dobór odpowiednich związków sieciujących. Nieusieciowane kleje 

samoprzylepne nie nadają się do wytwarzania wysokowartościowych materiałów 

samoprzylepnych, ich kohezja czyli mechaniczna wytrzymałość spoiny klejowej 

wynosi zero. Występujące bardzo często w klejach wiązanie wodorowe odgrywa 

pewną rolę w kohezji klejów, ale tylko w temperaturze pokojowej, co jest 

niewystarczające. W celu otrzymania dużej kohezji, wysokiej odporności termicznej 

często nawet do 220°C, niezbędne jest zastosowanie związków sieciujących, 

reagujących głównie z grupami karboksylowymi pochodzącymi od kwasu 

akrylowego, wbudowanego w łańcuch polimeru podczas procesu polimeryzacji. 

Kohezja klejów samoprzylepnych jest najważniejszą właściwością klejów, decydującą 

o ich komercyjnym zastosowaniu. 

Najważniejszymi związkami sieciujacymi stosowanymi w praktyce w technologii 

klejów i materiałów samoprzylepnych są monomery o zdolnościach sieciujących, 

chelaty metali, multifunkcyjne propylenoiminy oraz żywice aminowe. Obecnie coraz 

częściej do sieciowania klejów samoprzylepnych stosuje się technologię UV, gdzie 

główną rolę odgrywają fotoreaktywne monomery, oligomery oraz nienasycone 

fotoinicjatory.  
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Do badania właściwości klejów i materiałów samoprzylepnych opracowano wiele 

międzynarodowych uznanych metod. W pracy doktorskiej do badań właściwości 

usieciowanych warstw samoprzylepnych klejów zastosowano następujące metody 

badawcze: AFERA 4015 do pomiaru tacku, AFERA 4001 do pomiaru adhezji, FINAT 

FTM 8 do pomiaru kohezji w 20°C oraz w 70°C. Najważniejszym badaniem kohezji 

kleju samoprzylepnego w warunkach dynamicznych trwającym przez 2 godziny od 

temperatury pokojowej do 220-225°C jest test SAFT (Shear Adhesive Failure 

Temperature). Test ten umożliwia określenie temperatury oraz pomiar czasu, przy 

którym następuje oderwanie badanego materiału samoprzylepnego w postaci 

jednostronnej taśmy samoprzylepnej od płytki stalowej stosowanej do pomiaru.  

Celem niniejszej rozprawy doktorskiej było zbadanie, w jakim stopniu jest możliwe na 

podstawie teoretycznych rozważań, opracowanie technologicznych zależności 

stężenia wybranych związków sieciujących do praktycznego zastosowania w 

procesie sieciowania klejów służących do wytwarzania komercyjnych produktów 

samoprzylepnych.  

Przedstawiony aktualny stan wiedzy i techniki dotyczący badań i technologii w 

obszarze klejów i materiałów samoprzylepnych jest bardzo obszerny. Nie znaleziono 

w nim jednak tematyki związanych sensu stricto bezpośrednio z tematyką pracy 

doktorskiej.  

W celu przeprowadzenia założonych w pracy doktorskiej badań, zsyntetyzowano 

cztery kleje samoprzylepne na bazie akrylanu butylu, akrylanu 2-etyloheksylu oraz 

kwasu akrylowego. Kompozycje zawierały odpowiednio 3.0-3.5-5.0 oraz 7.0 % wag. 

kwasu akrylowego, którego grupy karboksylowe biorą czynny udział w sieciowaniu 

kleju samoprzylepnego. Badania przeprowadzono dla gramatur kleju od 30 g/m² do 

120 g/m². Na wykresach przedstawiono wyniki badań dla gramatur 30, 60, 90 oraz 

120 g/m², w tabelach zamieszczono wyniki badań dla wszystkich gramatur kleju. Ww. 

gramatury klejów odpowiadują ilościom kleju na komercyjnych taśmach 

samoprzylepnych. Jako związki sieciujące zastosowano trifunkcyjny acetyloacetonian 

glinu (AlACA) o stężeniu od 0,05 do 0,60 % wag., następnie trifunkcyjną 

propylenoiminę Trazidin VN o stężeniu od 0,07 do 0,88 % wag., a w końcu 

sześciofunkcyjną żywicę aminową Cymel 303 LF o stężeniu od 1,0 do 4,0 % wag. w 

odniesieniu do masy polimeru. O ile stężenia AlACA oraz Trazidin VN odpowiadają 

stosunkom molowych obywóch związków sieciujących, to zastosowane stężenia 
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Cymel 303 zostały wymuszone przez właściwości usieciowanych klejów 

samoprzylepnych, przy których nie powinny wystąpić pęknięcia kohezyjne.  

Zsyntetyzowane poliakrylanowe kleje samoprzylepne przebadano pod kątem 

zawartości nieprzereagowanych monomerów, lepkości, mas cząsteczkowych MW, 

Mn, polidyspersyjności D oraz temperatury zeszklenia Tg. Do otrzymanych klejów 

dodano badane w pracy doktorskiej związki sieciujące. Tak otrzymane kompozycje 

powlekano o odpowiednich gramaturach na folii poliestrowej o grubości 50 µ, 

suszono w suszarce laboratoryjnej 10 min 110°C (w przypadku związku sieciującego 

Cymel 303 LF klej suszono 10 min w 140°C, sieciując jednocześnie warstwę kleju 

samoprzylepnego). Zbadano w czasie wpływ rodzaju oraz stężenia badanych 

związków sieciujących na lepkość rozpuszczalnikowych klejów samoprzylepnych.  

Usieciowane w ten sposób jednostronne taśmy pocięto na paski o szerokości 2,5 cm, 

niezbędne do przeprowadzenia dalszych badań.  

Wg normy AFERA 4015 zbadano tack poliakrylanowych klejów samoprzylepnych, a 

wg normy AFERA 4001 adhezję przy odrywaniu. Otrzymane wyniki obydwóch 

pomiarów wykazały wprawdzie wyższy tack oraz wyższą adhezję w przypadku 

AlACA niż Trazidin VN przy adekwatnym porównaniu stężeń obydwóch związków 

sieciujących. W przypadku zastosowania Trazidin VN można jeszcze obniżyć jego 

stężenie, co umożliwia uzyskanie wyższego tacku oraz wyższej adhezji. Wprawdzie 

dla niektórych próbek sieciowanych Cymel 303 LF uzyskano relatywnie wysokie 

wartosci tacku oraz adhezji, ale towarzyszyło temu przeważnie pęknięcie kohezyjne. 

Dla niektórych taśm samoprzylepnych, szczególnie dla niskich stężeń badanych 

związków sieciujących, zaobserwowano przy badaniach tacku, a szczególnie adhezji, 

ślady kleju na badanych płytkach stalowych. Były to przeważnie częściowe albo 

całkowite pęknięcia usieciowanego kleju, świadczące o jego jeszcze nieodpowiedniej 

kohezji.  

Najbardziej interesujące badania z punktu widzenia pracy doktorskiej oraz ich 

możliwości technologicznego zastosowania dotyczyły kohezji badanej w 20°C, 70°C, 

a szczególnie badania kohezji w teście SAFT. Z badanych związków sieciujących 

najwyższą kohezję uzyskano dla Trazidin VN oraz AlACA. Kleje sieciowane Cymel 

303 LF wykazywały generalnie dużo niższą kohezję, niekiedy bardzo podobną, ale 

dla dużo wyższych stężeń, bo około 3-4 % wag. Uwzględniając szczególnie test 

SAFT, otrzymane wyniki kohezji świadczą o fenomenalnej reaktywności Trazidin VN i 
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nieco mniejszej reaktywności AlACA. Reaktywność Cymel 303 LF jest dużo niższa 

od dwóch wcześniej wymienionych związków sieciujących. W pracy doktorskiej 

przebadano również wpływ stężenia kwasu akrylowego (zawartość grup 

karboksylowych) oraz wpływ gramatury poliakrylanowego kleju samoprzylepnego na 

jego ww właściwości. W końcowym fragmencie pracy przedstawiono interesujące 

zdjęcia dotyczące przełomów kohezyjnych klejów samoprzylepnych o różnych 

gramaturach, różnej koncentracji kwasu akrylowego w polimerze, sieciowanych 

trzema różnymi związkami sieciującymi o różnym ich stężeniu w stosunku do masy 

polimeru. Na przedstawionych zdjęciach widać wyraźnie różnice w przełomach 

kohezyjnych, świadczących o różnicach w, zastosowanych do sieciowania klejów, 

badanych związkach sieciujących.  

Otrzymane w ramach niniejszej rozprawy wyniki badań wpływu trzech komercyjnie 

stosowanych związków sieciujących na usieciowane kleje samoprzylepne można z 

powodzeniem wykorzystać w technologii klejów i materialów samoprzylepnych do 

produkcji materiałów samoprzylepnych o unikalnych właściwościach, bardzo 

wysokim tacku, bardzo wysokiej adhezji oraz ekstremalnie wysokiej kohezji.  


