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Abstract: It is important to develop research on sealing materials in order to find effective solutions
to ensure the energy efficiency of buildings. The aim of this study is to investigate the peel adhesion
of single-sided self-adhesive tapes to different construction surfaces and to determine the change
in this characteristic due to climatic effects. Different construction tapes, mostly used externally
in buildings, are glued to different substrates. The artificial aging of test samples was carried out,
simulating the effects of moisture, heat, and cold; the intensity, duration, and sequence of the cyclic
effects were determined, taking into account the statistical climatological data of the middle-latitude
climate zone. The peel adhesion of the tapes was determined before and after different numbers
of artificial aging cycles. The results show that the peel adhesion range is very wide, from 11 to
61 N/24 mm. In most cases, a lower-rated peeling adhesion was obtained by peeling the tape from
plastered cement-sawdust board. The change in peel adhesion depends more on the surface to which
the tape is glued than it does on the number of climatic exposure cycles selected for the test.

Keywords: self-adhesive tape; peel adhesion; airtightness; construction surface; artificial aging

1. Introduction

Improving the building’s energy performance, ensuring the indoor microclimate
parameters, and the efficient use of energy are directly related to the tightness of the
building. Sealing plasters, grouts, mastics, various types of film, airtight grommets, and
other special pre-formed parts, as well as a wide range of sealing tapes, are used for the
installation of a tight building envelope. Technical solutions (Figure 1) for the installation
of the roof, the insulation and finishing layer of the external walls, the installation of
other building structures subject to airtightness requirements, the installation of internal
engineering systems in the building, and the mounting of windows and exterior doors
necessitate the use of various sealing tapes [1-4]. Despite suitable design and technical
solutions, the use of high-quality sealed work and sealing materials that meet specifications
and changes in the properties of adhesive tapes and their adhesion to the surfaces of the
building materials due to changing environments and operating conditions of the building
can significantly affect the tightness of the building or cause of the loss of tightness.

Several studies have been carried out to investigate the maintenance/loss of sealing
using adhesive tapes. It has been established that the hygrothermal behaviour of steel-faced
insulated sandwich panels can be controlled using adhesive tapes [5,6]. The tape is seen as
a viable solution when it is required to ensure the level of tightness of a wooden frame [7];
however, it is understood that the durability of adhesion is not sufficient to ensure the good
tightness of the joint for a long period [8]. It is recommended that people use adhesive
tape to increase the tightness of cross-laminated timber (CLT) joints [9], but Kukk et al. [10]
argue that the airtightness of the CLT building envelope cannot be reliably ensured by
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using adhesive tape, as cracks appear on the surface of the timber over time. Studies carried
out by Kolsch et al. [11] show that even the connections on which a high-quality adhesive
tape is attached are not completely tight. Standard rigid sealing tape was found to not be
suitable for spatial sealing [12]. In cold climates and under a high internal humidity (60%
RH at 23 °C), the use of sealing tape alone does not guarantee that the timber joist pockets
will retain a relative humidity within the target limit of 85% [13]. A comparison of the
various sealing methods has shown that air permeability can be further improved when
sealing tape is used, but it is recommended to conduct durability studies and those on the
use of tapes to seal all the joints to ensure low-level air permeability [14]. The simulation of
wind pressure and rain loads has resulted in water leaks in tape-sealed joints even under
low pressure, and water leaked at the intersections of the horizontal-vertical joint without
any pressure effect [15]. Using a vapour-open wind barrier tape is recommended to ensure
proper drying and reduce the risk of moisture penetration and damage to the structure
of the building [16]. These studies discussed clearly show that the appropriate use of
self-adhesive tapes to ensure joint tightness remains an unsolved problem.

(©

Figure 1. Application of self-adhesive tapes to wall and vents (a); window and foundation (b); wall

and window /wall and roof (c).

The durability of the adhesive tape should be maintained during the lifetime of the
building, but this is influenced by various factors, such as the penetration of water vapour
from the inside, the presence of moisture that penetrates the structure of the building due to
the wet climate during the construction stage, and the effects of climatic factors. Compared
to other building materials, there are only a few studies on the durability of self-adhesive
tapes. After research aimed to determine the influence of climatic conditions on the air
permeability of joints sealed using adhesive tapes was conducted, it was emphasised that
future studies are needed, and parameters to be investigated in the future were proposed,
one of which is the use of various combinations of boards and tapes [17,18]. UV radiation
in humidity was found to have had the greatest influence on the change in the remaining
compression deformation of the tapes on pre-compressed flexible polyurethane foam [19].

Temperature changes and moisture have worsened the properties of silicone pressure-
sensitive tapes and significantly affected the tape connection with steel substrates [20]. The
natural aging of the tapes showed signs of degradation (a colour change, bubbling, etc.).
After 8 months, several tapes completely or largely peeled off the glued surface [21]. Seal
tapes clearly deteriorate after aging under laboratory conditions, but they can withstand
standardised tensile strength and shear tests [22]. The positive effects of aging factors were
found via testing the mechanical properties of adhesive joints formed using a double-sided
pressure-sensitive adhesive tape [23].

To develop of methods for investigating the artificial aging of adhesive tapes, it is
necessary to take into account that several parameters influence the performance of the
adhesive joint and decide which of them should be included in the artificial accelerated
aging model [24-27].
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During the formation of the adhesive joint, adhesion and cohesion forces are affected,
and the mechanical properties of the self-adhesive products are characterised by the shear
resistance, peeling resistance, and tackiness [28-31]. The strength of the adhesive bond
between the adhesive tape and the substrate is characterised by the peel adhesion. Adhesion
is not a natural characteristic of tape, rather it depends on many factors such as temperature,
peeling speed, adhesive thickness, pressure force, dwell time, and the surface on which the
tape is glued to. The influence of the latter factor, i.e., the surface, on the performance of the
adhesive connection between the construction tape and the surface is discussed only in a
few works. According to the authors, the results of the research [26] encourage discussions
about the possibility of using a standard surface in studies to assess the real bond between
the base and the tape. Sletnes et al. [27] found that the adhesion and shear of the same
tapes glued on different surfaces have the same range of values; therefore, the influence of
the surface may be difficult to unambiguously define. However, it is clear that the tightness
of the sealing joints depends mainly on the type of substrate used [32,33]. The worst
self-adhesive tape tack was found when tape was glued onto a plastered surface; however,
better tack results were obtained when the tape was glued onto chipboard, OSB, and a
cement sawdust board [34]. Jacobs et al. investigated the effect of OSB and plywood surface
treatments on the adhesion of acrylic PSA tape; depending on the surface, differences in
the load capacity were found [35].

When analysing research publications on the use of adhesive tapes for construction
purposes, it was noted that many authors emphasise the lack of knowledge about the
optimal application of tapes for sealing joints, so conducting such research remains very
relevant. The analysis of the literature revealed that detailed research related to changes
in the adhesive properties of tapes due to environmental factors should be conducted. It
is clear that there is no clarity as to how those properties depend on the substrate of the
building materials on which they are glued and how they evolve over time. The aim of
this research is to investigate the peel adhesion of commercial single-sided self-adhesive
tapes with different compositions to different construction surfaces and to determine the
variation in this characteristic due to climatic effects. Systematised and analysed data
would be useful for improving the sealing tape materials and building sealing technical
solutions and would allow the better understanding of the significance and impact of
different parameters during the development of an artificial aging model that would allow
the reliable prediction of the service life of the tapes.

2. Materials and Methods

For the investigation, one-sided commercial self-adhesive tapes with different com-
positions, mainly used outdoors for construction purposes, were selected. During the
course of the research, they were divided into separate groups according to the back-
ing material (Table 1). The presence of other functional elements, such as reinforcement
threads, was also taken into account in the study. The adhesives for all self-adhesive
tapes are acrylic, the thickness was determined according to the EN 1942 standard (https:
/ /www.en-standard.eu/csn-en-1942-self-adhesive-tapes-measurement-of-thickness/, ac-
cessed on 27 June 2023), and the breaking strength was determined according to the EN
ISO 29864 (https:/ /www.iso.org/standard /70313.html, accessed on 27 June 2023).

The research focuses on the adhesion of adhesive tapes to various building surfaces to
seal the buildings and determines how it changes over time depending on the environmen-
tal conditions. The essential steps in the course of the research are given in Figure 2. The
research included the determination of peel adhesion of tapes glued to different building
surfaces, the climatic aging of the test samples by periodically determining the changes in
resistance to delamination during the tests, and analysis of the results.
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Table 1. Summary of characteristics of self-adhesive tapes selected for investigation.

Breaking Strength,

. . . .
Group of Tape Backing Code Thickness, um N/24 mm Temperature Resistance
N1 730 139 + 6.4 from —40 °C to +100 °C
N2 840 80 + 5.0 from —40 °C to +80 °C
N3 780 96 + 2.7 from —40 °C to +100 °C
N nonwoven
N4 570 89 + 34 from —40 °C to +100 °C
N5 570 90 +71 from —40 °C to +80 °C
N6S 630 120 £ 4.2 from —40 °C to +100 °C
MPal 370 107 £+ 10.8 from —40 °C to +100 °C
Pa paper Pa2 380 176 £ 7.8 from —40 °C to +100 °C
Pa3 450 144 + 10.0 from —40 °C to +80 °C
P1S 390 33 £2.8 from —40 °C to +100 °C
P2S 370 53 + 4.8 from —30 °C to +100 °C
P films
P3S 380 35+27 from —40 °C to +100 °C
P4S 360 45+ 3.3 from —40 °C to +80 °C

S is reinforcement mesh, M is metalised paper; * provided by the manufacturer.

Preparation of Accelerated aging test of test

test samples " samples
h 4 4

Measurement of initial Periodical measurement of peel Knowledge of the

peel adhesion sdhicsisn effect of climatic
factors on the peel

» adhesion of self-

4 adhesive tape
> Analysis of the data

Figure 2. Essential steps of the research process.

For the research, the most commonly used surfaces in construction were used, such as
glued plywood, OSB, plasterboard, cement-sawdust mixtures, plastered cement-sawdust
mixtures, and plastic boards. There were no changes in the surface of the panel without
splits, scratches, stains, and other visually visible defects. The test samples were prepared
in this way (Figure 3). A test piece of a 24 mm wide tape was applied to the test surface
at a length of 150 mm (surface contact area 3600 mm?); a 2 kg roller was used to ensure
uniform conditions of the self-adhesive and prevent the entrapment of air between the
adhesive and the panel. Before gluing it, the surface of the panel was cleaned with acetone;
gluing was performed not earlier than 10 min after cleaning, and the time taken to cut
and press the test sample onto the surface did not exceed 30 s. Ambient conditions for the
storage, preparation, and adhesion of the test samples were controlled by maintaining a
temperature of (23 & 2) °C, and the relative humidity of the air of (50 & 5)%.
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Figure 3. Preparation of the test samples.

Artificial aging is intended to simulate the effects of moisture, heat, and cold. The
intensity, duration, and sequence of the cyclical effects of climatic factors were determined
considering studies on the durability of the exterior layers of building walls [36]. This
study was carried out after evaluating the statistical climatological data of the mid-latitude
climate zone (air humidity, average duration of rain, number of sunny days, and changes
in temperature in the warm and cold seasons). During an accelerated aging cycle, the test
samples were heated for 7 h at +5 °C at a relative humidity of RH 96-100%, frozen for 5 h
at —10 °C; 0.5 h of time was devoted to switching off the refrigeration. Realignment was
followed by heating at different temperatures and humidity levels, i.e., they were heated
for 18 h at +31 °C (RH = 45-50%), 10 h at +39 °C (RH = 25-30, %), and 7.5 h at +49 °C
(RH = 15-20, %); the duration of the entire cycle was 48 h (Table 2).

Table 2. Summary of artificial aging test conditions.

Step No. Temperature, °C Relative Humidity, % Exposure Time, h Natural Effect
1 +5 96-100 7 moistening
2 —10 - 5 (+0.5 repose) freezing
3 +31 45-50 18 heating
4 +39 25-30 10 heating
5 +49 15-20 7.5 dry heating
Total 48 -
Number of cycles 20 -
Results of peel adhesion To, T1, Ts, T1g, T15, Too -

The artificial aging test was carried out in the Feutron 3423/16 climate chamber, with
adjustable ambient conditions for temperature and humidity. The peel adhesion tests were
performed after 1, 5, 10, 15, and 20 artificial aging cycles.

The peel adhesion test was carried out using a Zwick/Roell Z010 device (Zwick/Roell,
Ulm, Germany) according to the EN ISO 29862 standard (https:/ /www.en-standard.eu/bs-
en-iso-29862-2019-self-adhesive-tapes-determination-of-peel-adhesion-properties / ?gclid=
EAIaIQobChMI-90n-LjAgAMVW510CR3rxAmvEAAYASAAEg]fw_D_BWwE, accessed on
27 June 2023), in which the tape specimen was removed from the test board at an angle
of 180° from the surface. The peel was placed over the entire glued length of the tape of
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150 mm, excluding 25 mm from the beginning and end points of the peel-off area, which
is a longer section than that indicated in the standard. This made it possible to see the
different natures of the peel on different surfaces, which were thoroughly analysed during
the course of the research. The criteria for the analysis of the peel-off force—displacement
curve of the test samples, which involved determining the evenness of the curve (keeping
the same features throughout the measurement section or the appearance of sharp changes
(sudden force reduction, inconsistent force variation, etc.), are the ratio of the maximum
and minimum force in the measurement area, the size of the upper and lower points of
the curve interval, and the number of curve maxima. The peel adhesion value of one
test sample, that is, the force required to peel the tape from a specified substrate Fy, was
calculated as the mean force over the analysed section, and the data set constituting Fy
(values of the force Fy; recorded at the moment of the separation of the strip from the test
board) depended on the nature of the force-displacement curve (Figure 4). When the curve
was even, the result of the peel adhesion of one test sample Fy was the mean Fy; of the
forces measured in the section. If a sudden decrease in the force occurred on an even curve,
Fj was calculated separately for the zone of the highest and lowest forces based on the
Fy; values recorded in that zone (Figure 4a). When the interval size of upper and lower
points Ryp (Rup = Fupmax — Fupmin) and Ry (R = Fiomax — Flomin) > 20, respectively, this
force—displacement curve was described as very uneven (Figure 4b). In this case, the peel
adhesion result was calculated using

{Pkup = % Z?:l Fkiup (1)
=1y Fao’

S5
fe
|

where Fy;,,, is the highest force and Fy;, is the lowest force over the analysed interval of the
force—displacement curve, and n is the amount of force in the analysed interval.

1
B = = i=1 Fiei §
= gl
S it
f” = f V| [Rup (@Fiiup)
Fui J‘
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Figure 4. Determination of the peel adhesion of the one test sample: (a) even curve and even curve
with break and (b) uneven curve.

According to the research method, the final result of the peel adhesion Fav of one
tape was considered to be the arithmetic mean of five test samples F (k =1, ..., 5). The
data obtained were statistically studied using the standard deviation and the coefficient of
variation for the test samples in each group (test samples prepared from the same tape and
test board, which were aged and tested under identical conditions). During the research,
the peel adhesion data of the unaged and artificially aged tapes were also compared, and
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the difference was considered to be statistically significant when it was greater than 15%.
All tests were performed in the Building Physics Laboratory (KTU, Kaunas, Lithuania).

3. Results
3.1. Test Results on the Peel Adhesion of Self-Adhesive Tapes Peeled off Different Surfaces

One of the benefits of self-adhesive tapes for construction applications is to ensure the
correct airtightness of the building. In order for this condition to be fulfilled, a permanent
and high-strength adhesive bond must be formed with the construction surface on which
the tape is glued to. The adhesive strength is evaluated via monitoring the peel adhesion,
i.e., the force required to peel the adhesive tape off a certain surface.

By analysing the results of the peel adhesion, it was found that the adhesion data of
the selected tapes stuck to various construction surfaces were very diverse. This diversity
is perfectly revealed via different force—displacement curves; illustrated typical examples
are presented in Figure 5. In the preliminary analysis, the curve was found to be even for
some tapes (Figure 5a, tape N1), i.e., there were no high force extremes; for other tapes, on
the contrary, the average force differs significantly from the lowest and maximum force
recorded in the analysed section (Figure 5a, tape N6S). Some tapes are characterised by
a sharp decrease in force due to their composition (stepped curve, Figure 5b, tape P3S),
while others show a discontinuous variation in force, where the curve contains several
zones of an average force with larger or more minor differences between the minimum
and maximum force values (bouncing curve). It has been observed that the features
characterising the curve do not remain constant throughout the analysed section, e.g., 1-2
extremely pronounced decreases in the force occur in an even curve. The results of the
force—displacement analysis of the curves reveal that the peeling behaviour of the tape,
which is reflected by the change in the curve, depends on the surface on which the tape
is glued to. Figure 5c shows that when tape N5 was peeled off the OSB, there was a large
dispersion of force values. In places, there was a significant decrease in the force, the
variation between the forces was small, the curve decreased evenly when it was being
peeled off the plastic, and the evenness of the curve remained, but the differences between
the maximum and minimum peel-off forces were greater than that of the plywood. The
emergence of the options discussed can significantly influence the resistance to peeling,
making it necessary to differentiate their determination according to certain characteristics.

force, N
{
i
|
!
|
|
|
|
\

‘J |

force, N

path, mm

C)

path, mm N5 path, mm
(b) (©

Figure 5. Different forces: displacement curves of the tapes. (a) N1, N6S; (b) P3S; (c) N5.

The essential criteria describing the force-displacement curves are the interval size of
the upper and lower points of the curves and the maximum and minimum forces in the
measuring zone. Figure 6 summarises the following data: the mean value of the force ratio,
which was calculated as the mean of Fyyux/F i by peeling off the tape from each surface,
as well as the interval of the upper points of the R, and lower Ry, curve points from all
the surfaces. After dividing the entire data test sample into quarters, the beginning of the
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rectangle shows the first quartile of the values, the end of it shows the third quartile, and
the minimum and maximum values of the test sample are also indicated.

® N6S

e | MPal
Pa2 ° [ ®

Pa3 pis | P2S| P3S P4s

N3 N4

| N5

m'*ii+'i

[ ]

é . .
¥ - |
' **_: 3

ahesive tape
HNL L BN2,U B N2, L B N3, U B N3, L H N4, U
HmN5 U HN5 L BMNGS, U HEN6S, L. BEPa2, U M Pa2, L
Pa3, .. M@ MPal,U @ MPal,L. MPISSU WPIS,L HP25U
EMP3s,U MEP3S,L [@P4S5,U [@EP4S,L

Figure 6. Results of Fyyax/F i, and average values of the range of upper (R1) and lower (R2) peaks in
the measurement travel.

The prevailing ratio of the highest to lowest forces is around 1.8; the N1 and P4S tapes
are exceptions, with lower ratios (1.2 and 1.3, respectively), and Pa2 and MPal have a
higher ratio of about 3.3. The N6S forces ratio differed significantly from the other tapes,
and for comparison, Figure 4 shows how the curves of the highest and lowest Fy;x/Fyin,
ratios look. The analysis of the tape interval data showed typical peel-off cases. Measured
as the mean value of the range, it did not exceed 5 N/24 mm for one-third of the tapes, it
did not exceed 10 N /24 mm for two-thirds of them, and the mean value of the band M24
differed from the majority by at least 2.5 times. For the P1S tape, Fy,, = Fy,; this is also the
case for the N1 tape, when it was glued to plywood, OSB, plasterboard, cement-sawdust
surfaces, the P35 tape, when it was glued to plywood, plasterboard, and plasterboard
surfaces. A wide range of intervals are shown in the graph when the tape was peeled off
the OSB and plastered cement-sawdust surfaces. The width of the N3 tape interval was
determined by its peeling it off the plastered cement-sawdust surface, which differed from
other surfaces. Peeling the N4 tape off the plywood surface was different to when it was
peeled off the other surfaces, thus affecting the interval width limits. In summary, it can be
said that there is, in fact, no single tape that, if it was peeled off from a different surface,
the nature of the curve would remain the same. Despite the wide variety, non-woven (N)
tapes are characterised by even curves; the peel adhesion of one specimen was calculated
as the average of the forces measured in the analysed section. Paper-based tapes (Pa)
are characterised by even curves (Pa2, Pa3) and very uneven curves (MPal). The most
common case in the group of (P) base tapes is a stepped curve, so the mean peel-off force is
differentiated according to the highest and lowest force values.

To investigate the effects of tape aging on their adhesion properties, the works of other
authors [26,27] also include attempts to group the available test results according to the
type of surface and the characteristics of the adhesive tape composition. It was concluded
that the effects of aging and the surface must be analysed individually for each tape, as the
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data set cannot be clearly presented for all tapes. The analysis carried out in this research
shows that, on the one hand, the variety of results obtained confirms the statements made
by other authors about the complexity of grouping. On the other hand, the choice of
force—displacement curve analysis criteria allowed one to reveal the characteristic moments
of adhesion of the ‘tape surface’ system and, at the same time, to deepen our knowledge in
this field.

The results of the non-aged adhesive sealing tapes peeled off of different surfaces are
shown in Figure 7, with low dispersion results and standard deviations between 0.8 and
3.6 N/24 mm. The analysis of the results shows that the tapes N1 and N4 with the highest
peel adhesion values are in the group of non-woven base tapes, with maximum values of
52 N/24 mm and 61 N/24 mm, respectively.

B T ;!

i Bl I‘ \| if Ml 11

N4 N5 N6S Pa2 Pa3 MPal.l MPal.2 P15 P1S P25 P25 P35 P35 P4S
(min) (min) (min)

Figure 7. Peel adhesion results of unaged self-adhesive tapes from different surfaces, where MPal.1 = Fy,
MPal.2 = F};, and min = F,;;, force value. M glued plywood, ® OSB, M plasterboard, I' cement-sawdust
board, M plastered cement-sawdust board, and M plastic.

This group includes the N6S tape, which has the lowest peel adhesion value of all the
tapes studied. According to the manufacturers, all three tapes were designed to seal the
window-door joints from the outside, as can be seen; thus, they have the same purpose.
However, their average peel adhesion values differ by 3.6 times. When comparing the
results of group N with those of the Pa and P tapes, the latter one shows that there is no clear
difference between the prevailing forces of peel adhesion. The results show that the surface
affects this characteristic, i.e., N1 tapes glued to the plastered cement-sawdust board have
a 27% lower peel adhesion value than ones glued onto the plasterboard. The difference
between the tape N4 peel adhesion values when glued to the plastered cement-sawdust
board and plastic is 33%; a similar difference in peel adhesion also exists between the N6S
tape glued onto the OSB and the plastic. There is a small difference (20%) between the
maximum and minimum peel adhesion values of the N3 and N5 tapes.

Compared to the group of non-woven base tapes, the paper-based tapes have a lower
peel adhesion value, which is, on average, 30 N/24 mm. In addition, there is no such great
difference between the Pa tapes and the group of N tapes in terms of the average peel
adhesion values. However, the influence of the surface is pronounced; for example, the
adhesion of Pa2 to the OSB surface is 65% weaker than it is on the cement-sawdust board.
This information may be relevant in the context of the manufacturer’s declared value; it is
possible that, despite this value being higher, the use of a tape in a particular situation is
not appropriate precisely due to its poor adhesive properties on the base to which it will
be glued. With regard to the results of the MPal tape, it should be noted that according to
the analysis of the nature of the force-displacement curves, the average forces in the R,
interval of the curve segment and the difference between the upper interval F,, and the
lower interval Fj,, respectively, are not significantly different from the average.
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The group of film-based tapes showed different behaviours. The P1S and P35S tapes
are characterised by the fact that, in almost all cases, with the exception of the plastered
cement-sawdust board, a part of the tape tore when it was being peeled off, leading to the
formation of a staircase curve. The tape P2S behaved in the opposite way: the rupture of
the tape was captured precisely when it was peeled off of the plastered cement-sawdust
board, and there was no need to differentiate between the forces when it was peeled off of
other surfaces. Meanwhile, a stepped curve was not obtained at all when we were peeling
the P4S tape off, the force—distance curve was even, and the differences between F,,;,, and
Fyax were small. When comparing the mean peel adhesion, these tapes are similar in terms
of the peel-off characteristics, i.e., the paper-based tapes have the highest force values.
Depending on the surface, the difference between the highest and lowest peel adhesion
values is between 24% and 33%, and only the maximum resistance values of the P1S tape
were actually not different.

Comparing the results of all the tested tape peel tapes on the plywood, OSB, plaster-
board, cement-sawdust mixtures, plastered cement-sawdust mixtures, and plastic boards
show that there are no clear trends in terms of the dominance of one surface with which
the tape has the best/worst adhesion properties. It is possible to distinguish the plastered
cement-sawdust board, which compared to the other surfaces studied and the tapes, usu-
ally formed a weaker adhesive bond. The results of the N6S, Pa2, MPal, and P2S tapes
indicate that the next surface on which the tape is easier to peel off is the OSB, but the N3
and N5 tapes adhered most firmly to this surface. So, in the group of non-woven tapes
on the same surface, the results are the opposite. The other surfaces on which the tapes
of this group were glued to have the highest peel adhesion values, such as plastic and
plasterboard.

To sum up the results of the peel adhesion of construction sealing tapes to different
surfaces, it can be said that the range of values of peel adhesion is very wide, and this
characteristic depends on the surface on which the tape is glued to, but research related to
the identification of prevailing trends should be developed.

3.2. Results of Peel Adhesion of Self-Adhesive Tapes from Different Surfaces after Artificial Aging

The airtightness of the building, which is usually ensured via the use of self-adhesive
tapes, which must remain stable over time. So, these tapes must withstand a variety of
changing environmental conditions without significant deterioration in their adhesion
quality. From an operational point of view, it is important that the adhesive tapes are
resistant to climatic effects. During this research, the effects of humidity and temperature
changes were simulated in the climate chamber, and we consider them to be the main
disruptive climatic factors in the mid-latitude climate zone which the tapes experience
during the actual construction and use of buildings.

The results of artificial aging show that the conditions under which the tapes were
aged affected their peel adhesion very differently. The analysis of the peel adhesion
of aged tapes from group N of the non-woven base shows (Figure 8) that the adhesive
properties of non-woven-based tapes can deteriorate or improve with an increasing aging
time or remain substantially unchanged (the result after aging does not differ from the
baseline > 10%). In group N, the most pronounced is the change in the peel adhesion of the
N2 tape, depending on the aging time: after 20 cycles, the peel adhesion values increased
by 57% and 64% when the tape was glued to the surfaces of plywood, OSB. However, they
increased slightly less (on average about 32%) when it was glued to the plasterboard and
cement-sawdust board and did not actually change when it was glued to the plastered
cement-sawdust and plastic panels.
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Figure 8. Relationship between peel adhesion of N group tapes and climatic exposure cycles when the
tapes were glued to: (a) plywood, (b) OSB, (c) plasterboard, (d) cement-sawdust board, (e) plastered
cement-sawdust board, and (f) plastic, where A. N1, T N2; e N3, m— 0 N4,
e B NI5; e ®: N6S; 2 N6S Frnin.

It could be noted that the improvement in the adhesion properties of N2 tape is
opposite to the general trend of the group of N tapes, as the peel adhesion of the non-
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woven-based tapes either does not change by a statistically significant amount or tends
to decrease. However, the fact that, after aging, the glue bonds better to the base is also
mentioned in the works of other authors [32]. The behaviour of N6S tape glued to the
plastered cement-sawdust board was different to that of the N-group tapes. The effect
of aging changed the nature of the peeling of the tape off the surface; zones of minimal
force appeared, the values of which were almost twice as large as the average force. The
maximum number of aging cycles resulted in the dominance of the minimum peeling
force. Generally, in reference to the decreasing tendency of the peeling adhesion of tapes
in group N, this characteristic decreased by 16-23%. After artificial aging, the highest
(37%) reduction in the peel adhesion of N1 tape was observed when it was glued to the
cement-sawdust board, and it remained completely unchanged when it was glued to the
OSB and plastered surfaces.

This surface dominance factor was also observed when we were analysing the results
of the other tapes. For example, the peel adhesion of N3 tapes glued to the OSB, plaster-
board, and cement-sawdust board did not change, while when they were glued onto a
plastered surface, it increased by 35%. Accordingly, the N4 tapes results on the plastered
surface did not change and decreased by 23% on the cement-sawdust board. On the plastic,
this change was even larger (31%); a downward trend (13-15%) was also observed when
this tape was glued to the plywood and plasterboard surfaces. Obviously, the surface on
which the tape is glued to affects the change in the adhesive properties of the tape due
to aging.

The results of the peel adhesion of aged paper-based tapes (group Pa) are shown in
Figure 9. The analysis of the results shows that there are cases where the peel adhesion
of paper-based tapes, depending on the effect of aging, changed to a greater extent than
those of the non-woven-based tapes. After the maximum number of aging cycles, this
characteristic increased by almost three time in the P21 tapes glued onto the OSB. Such a
significant change could be due to the fact that the unaged P21 tape adheres weakly to the
OSB (it is the weakest compared to other Po group tapes); it can be assumed that due to
climatic factors, the acrylic glue of the tape becomes more plastic and fills the gaps of the
structured OSB surface more, resulting in an adhesive force increase. The peel adhesion of
P21 when it was glued to the plywood plasterboard, plastic, and the cement-sawdust and
plastered cement-sawdust boards increased by about 30%, 19%, 28%, and 39%, respectively.
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Figure 9. Relationship between peel adhesion of Pa group tapes and climatic exposure cycles
when the tapes were glued to: (a) plywood, (b) OSB, (c) plasterboard, (d) cement-sawdust board,
(e) plastered cement-sawdust board, and (f) plastic, where mm— A. Pa2; s M: Pa3; @: Fup; %:
Flo MPal.

Due to artificial aging, the adhesive properties of P22 also evolved inconsistently.
When it was glued to the plywood, plasterboard, and cement-sawdust boards, it decreased
on average by about 24%, it decreased by a small amount when it was stuck on the OSB
(12%), but it did not change when it was glued to the plastic, and increased by about
1.5 times when it was glued to the plastered surface. Obviously, as in the N group of the
tapes, during the aging process, the surface has an effect on the change in the peel adhesion.
MPal differed from Po group tapes in that it is made of metallised paper. MPal has shown
a tendency to increase the peel adhesion value as the number of cycles increases by 12%
(plastic surface) to 36% (OSB surface). The peel adhesion value decreased when it was
glued to the plywood (18%) and plastered cement-sawdust (39%) surfaces.

The composition of the tapes belonging to group P differs from that of the other test
objects selected for the research in that there is a reinforcing component, filament yarns,
and their arrangement is very diverse. For example, there are P2S gaps 2 and 3 mm (every
other) between the yarns in the longitudinal direction and 5 mm in the transverse direction;
the P1S gaps in both longitudinal and transverse directions are the same (4 mm); P3S yarns
are arranged parallel to the edge of the tape in the longitudinal direction and in a zig-zag
manner in the transverse direction. When these tapes are torn off from the surface, the
peel-off force is often greater than the strength of the backing of the tape, the base part or



Appl. Sci. 2023,13, 8947

14 of 17

the entire backing ruptures, and the process of peeling it off is due to the filament yarns that
are stronger than the base. Therefore, the tapes belonging to group P were characterised
by the fact that the peeling forces in the force-displacement curves have a sudden change
in the value of the force, so the differentiation of force values was performed. In the
graphs (Figure 10), the values of the lowest force F,,;, are presented separately, and the
characteristic trends are discussed in light of the results of the average Fy;4y force, as it is no
longer present when the backing of the tape is torn.

In the analysis of the results of the impact of artificial aging on the peel adhesion of P
group tapes, we identified general trends specific to the group: The resistance improved
or did not change, and no cases of deterioration were identified. The number of cycles
determined the peel adhesion of the P2S tape the most, depending on the surface on which
the tape was glued; the peel adhesion increased on average by about 26%, and only in
the case of the OSB surface, it increased 1.8 times. The peel adhesion of the P1S tape has
remained stable due to climatic effects. The results of P3S tape change are similar to those
of P15, and peel adhesion only increased in two cases: when this tape was glued to the OSB
and plastic surfaces. The peel adhesion of P4S tape depended on the surface the most; it
increased by approximately 16% when the tape was glued to the plywood, plasterboard,
and cement-sawdust surfaces, and it increased by approximately 36% when it was adhered
to the OSB and plastered cement-sawdust surfaces, and did not change when it was glued
to the plastic.
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Figure 10. Relationship between peel adhesion of the P group tapes and climatic exposure cycles
when the tapes were glued to: (a) plywood, (b) OSB, (c) plasterboard, (d) cement-sawdust board,
(e) plastered cement-sawdust board, (f) plastic, where A: P1S; s M P2S; s @: P3S;
e #: P45; ADO € indicates F,,j, of the corresponding tapes.

In general terms, with regard to the dependence of the peeling resistance of all tapes
on the number of aging cycles, there is no obvious tendency for the adhesive properties
of the tapes to deteriorate as the aging time increases (or to improve if there is a change
in the properties); for some test samples, a significant change was observed from the fifth
cycle, and for the others, this occurred from cycles 15 to 20. Regarding the resistance to peel
adhesion, it can be argued that the surface on which the tape is glued to is a more dominant
factor than the number of artificial aging cycles. Thus, the research conducted has shown
that the complex assessment of the adhesion of adhesive tapes on different construction
surfaces under different climate effects can provide appropriate knowledge and guidance
in the context of the long-term use of commercial adhesive tapes.

4. Conclusions

The peel adhesion data of single-sided self-adhesive tapes vary over a wide range
from 11 to 61 N/24 mm depending on the surface they are glued to. In the same group of
tapes with a backing, the peel adhesion may change several times; this case is especially
pronounced for non-woven tapes. The results of the peeling of tape from the plywood, OSB,
plasterboard, cement-sawdust mixtures, plastered cement-sawdust mixtures, and plastic
boards revealed a diverse situation. On the one hand, in some cases, a 65% difference
between the largest and the smallest values of the same tape when it was glued to a different
surface suggests that the properties of the surface influence the strength of the adhesive
bond. However, the cases where the variation in the peel-off forces of the same tape off the
abovementioned surfaces is not significant are also not rare, so an unequivocal statement
about the significance of the influence of surfaces could be used to grade the diversity
of the peel adhesion results. It has been learned that when the same tape is glued to
different surfaces, the minimum and maximum peel adhesion values of the tapes generally
differ by about 30%, so the results of the tapes examined suggest that the values of peel
adhesion are likely to vary within these limits, depending solely on the characteristics of
the surface. In most cases, the lowest peel adhesion value was related to the plastered
cement-sawdust board.

The results of artificial aging show that, in most cases, the peel adhesion of the tapes
changed. The change included both the strengthening of the adhesion of the tape to the
surface (as a 64% increase in the adhesion of the N2 tape peel) and a weakening trend (on
average 23% in the N group tapes). After aging, the resistance of non-woven-based tapes
reduced more than that of the paper-based tapes, and the film-based tapes are characterised
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by the fact that the peel adhesion remained the same or improved before aging. The change
in the peel adhesion of tapes depends more on the surface on which the tape is glued to
than it does on the number of artificial aging cycles selected for the research.

To the knowledge of the authors, there is no objective methodology used for testing
the durability of construction self-adhesive tapes. The results obtained are expected to be
useful in developing a methodology for assessing the durability of tapes and valuable from
a practical point of view in selecting adhesive tapes for different construction surfaces.
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