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Abstract
The paper presents the results of research on the impact of the amount of dye on selected commercially silicone pressure-

sensitive adhesives. The effect of dye addition of 0.5-3.0% wt. on useful properties of adhesives was investigated. Increasing the 
dye concentration caused a decrease in cohesion, stickiness and adhesion, and an increase in viscosity over time. Investigating the 
effect of the dye was caused by frequent requirements in industry, where it is required to improve the visibility of joints. It is used, 
for example, for bonding adhesive materials with low surface energy.
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Introduction 
In comparison with non-cross-linked pressure-sensitive 

adhesives (PSA), cross-linked adhesives have greater cohesion 
while reducing adhesion and tack (tack). Physico-mechanical and 
mechanical properties such as stickiness, cohesion and adhesion 
of PSA depend largely on the type and concentration of the 
crosslinking compound used [1-3].

PSAs are used to bond hard-to-stick materials such as glass, 
plastic, wood, metal, paper or leather. They are characterized 
by excellent resistance to aging, both at room and elevated 
temperature, and a constant level of peeling and sticking forces 
(adhesion). PSAs show excellent resistance to the damaging effects 
of oxygen, moisture and light. They have found use in industry as 
removable labels, self-adhesive office cards, tapes and dressings 
used in medicine, protective films, masking tapes and decorative 
films [4-8].

Silicones PSA (Si-PSA) are characterized by chemical inertness 
and weather resistance. They show excellent adhesion to adhesive 
materials with low surface energy and good mechanical properties 
at elevated temperatures. They have found application in the 
production of specialized adhesive tapes. Si-PSA has excellent ion 
barrier properties. They are characterized by low glass transition 
temperature, high flexibility (through connections Si–O–Si in 
backbone), excellent elasticity properties and impermeable 
to water, low intermolecular interactions, low surface tension,  

 
excellent thermal stability and high UV transparency. Si-PSAs 
have great application potential in the aviation, medicine and 
electrical industries. Excellent properties mean that they are often 
used in cases where due to environmental conditions (e.g. high 
temperature amplitude, humidity, sunlight) where tapes based on 
carbon polymers are not sufficient [9-12].

In this paper influence of addition dye on self-adhesives 
properties of commercial silicone adhesives were presented. To 
compared impact on silicone pressure-sensitive adhesives two 
different commercial dye was chosen. Due to the frequent use 
of Si-PSA-based tapes in medicine, the requirement is staining 
(improving visibility), which makes research into the effect of 
colouring additives used compositions a necessary requirement.

Materials and Methods
To measurement influence dye on self-adhesives properties 

of Si-PSA comercial silicone adhesive was used (acronym: 280 
A), which was product of Dow Corning (USA). Dichlorobenzoyl 
peroxide (DClBPO) was used as a crosslinking agent (product of 
Peroxid-Chemie, Germany). Luconyl green 9360 and TC - Green 
8730 products of BASF (Germany) was used as a green dye.

The selected adhesive composition exhibiting very good 
performance properties containing 1% wt. DClBPO (Table 1) [9] 
was added depending on the composition 0.5, 1, 1.5, 2, 2.5 and 
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3% wt. dye and then mixed to obtain a homogeneous consistency. 
Subsequently, composition was coated with coat speed of 5cm/s on 
polyester film and dried for 10min at 110 °C in drying canal. Thus, 
obtained adhesive film was protected with fluoro-siliconized film. 
That prepared self-adhesives tapes were used for further tests, i.e. 
adhesion, tack and cohesion measured. Based properties of silicone 
pressure-sensitive adhesives as peel cohesion, adhesion, and tack 
was measured by using machine designed at the Laboratory for 
Adhesives and Self-Adhesive Materials of the West Pomeranian 
University of Technology Szczecin and Zwick-Roell Z1 machine 
(Germany) according to international standard Federation 
Internationale des Fabricants et Transformateurs dadhesifs et 
thermocollants sur papiers et autres support (FINAT) respectively 
FTM 8, FTM 1 and FTM 9. 

Table 1: Basic properties of PSA 280A with 1 % wt. DClBPO.

Adhesion to steel [N/25mm] 12.4

Cohesion [h] > 72

Tack [N] 12.3

Shrinkage after 42 days [%] 0.7

Viscosity [Pas] 15400

Viscosity of silicone pressures-sensitive adhesives composition 
was determined with a RM 180 rotational viscometer from 
Rheometric Scientific, with spindle No 3 at temperature room. Non-
crosslinked adhesive compositions were tested at an interval 90 
days from receipt of the composition. The value of shrinkage was 

measured using the cross-method according to BASF standards. 
The PVC or PET foil was coated with a Si-PSA layer and cross-linked. 
Then it was applicated on a degreased metal plate and two cuts 
were made at the right angle. The width of the cuts was measured. 
The second measurement was made after storage of the plate for 8 
weeks at 70 °C. The shrinkage is the percentage value of the ratio 
of width of the cuts. Shrinkage greater than 0.5 % is not allowed.

Results and Discussion
The results of the effluent tests for addition Luconyl green 9360 

and TC - Green 8730 are collected in Tables 2 & 3. For all tested dye 
concentrations in pressure-sensitive adhesive 280A crosslinked 
DClBPO with a concentration of 1% wt. an increase in viscosity 
was noted during storage of the adhesive. The adhesive’s viscosity 
increased with increasing dye concentration. The highest viscosity 
was obtained by the adhesive containing 3% wt. dye. Along with 
the increase in the dye content in the adhesive, the adhesion of the 
tested adhesive samples to the steel substrate deteriorated (testing 
on a steel plate) as opposed to the adhesion on silicone paper, 
which improved with increasing dye concentration. The addition 
of dye adversely affected the cohesion of pressure-sensitive 
adhesives. This effect was particularly visible when the dye content 
exceeded 1% wt. for Luconyl green 9360, for TC - Green 8730 0.5 
% wt. greatly reduces cohesion. Increasing the dye content causes 
thermal stabilization of the crosslinked adhesive film. This effect 
can be observed by reducing shrinkage as the amount of dye in the 
adhesive increases.

Table 2: Impact of the additive Luconyl green 9360 on properties of PSA 280A with 1 % wt. DClBPO.

Content of dye [% 
wt.]

Adhesion to steel 
[N/25mm] Tack [N] Cohesion [h] Shrinkage after 42 

days [%] Viscosity [Pas]

0.5 9.9 9.1 > 72 0.5 26700

1 9.5 8.4 > 72 0.4 28650

1.5 9.3 6.5 18.6 0.3 32250

2 8.7 5.8 9.5 0.3 35750

2.5 8.5 4.5 5.9 0.3 38450

3 8.3 2.8 4.5 0.3 40250

Table 3: Impact of the additive TC - Green 8730 on properties of PSA 280A with 1 % wt. DClBPO.

Content of dye [% 
wt.]

Adhesion to steel 
[N/25mm] Tack [N] Cohesion [h] Shrinkage after 42 

days [%] Viscosity [Pas]

0.5 10.5 13.1 45.8 0.5 28200

1 9.7 9.1 36.8 0.5 29400

1.5 9.6 8.5 32.4 0.4 35800

2 9.2 4.9 25.1 0.4 39700

2.5 8 4.1 21.5 0.3 41100

3 6.9 3.2 11.9 0.3 45650

Conclusion
Dyes change color silicone pressure-sensitive adhesives 

composition relatively easily, already small amounts (0.5% wt.) 
allow you to get a visible effect. The colored Si-PSA adhesive 
tapes have been obtained. Generally, with the addition of dye to 
the composition, the adhesion, tack and cohesion values of the 

adhesive compositions slowly decrease. In addition, the viscosity 
of the composition increases after 90 days, which is an undesirable 
effect that prevents the storage of ready-to-coat compositions, no 
dye sedimentation has been observed. The thermal stability of the 
powder is improved at elevated temperature, which can be seen 
after the shrinkage decreases with the amount of dye added. Best 
balance between basic properties of adhesives and property color 
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exhibit composition with 1.0% wt. Luconyl green 9360 and 0.5% 
wt. TC - Green 8730. It is generally accepted that one-sided adhesive 
tape must meet the basic properties (adhesion >10N/25mm; tack 
>8 N/25mm; cohesion >72 hours) [12] therefore, it is generally 
accepted in the industry to use as little dye as possible.
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