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Abstract

Characterization methods of pressure sensitive adhesives (PSA) originate from technical bonding and do not cover relevant data for the devel-
opment and quality assurance of medical applications, where PSA with flexible backing layers are adopted to human skin. In this study, a new
method called RheoTack is developed to determine (mechanically and optically) an adhesion and detaching behavior of flexible and transpar-
ent PSA based patches. Transdermal therapeutic systems (TTS) consisting of silicone-based PSAs on a flexible and transparent backing layer
were tested on a rotational rheometer with an 8 mm plate as a probe rod at retraction speeds of 0.01, 0.1, and 1 mm/s with respect to their adhe-
sion and detaching behavior in terms of force-retraction displacement curves. The curves consist of a compression phase to affirm wetting; a
tensile deformation phase intercepting stretching, cavity, and fibril formation; and a failure phase with detaching. Their analysis provides
values for stiffness, force, and displacement of the beginning of fibril formation, force and displacement of the beginning of a failure due to
fibril breakage and detaching, as well as corresponding activation energies. All these parameters exhibit the pronounced dependency on the
retraction speed. The force-retraction displacement curves together with the simultaneous video recordings of the TTS deformation from three
different angles (three cameras) provide deeper insight into the deformation processes and allow for interpreting the properties’ characteristics
for PSA applications. © 2022 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons
Attribution (CC BY) license (http:/creativecommons.org/licenses/by/4.0/). https://doi.org/10.1122/8.0000405

I. INTRODUCTION over adhesive-coated speed-controlled drums [1]. As an alter-
native, probe and loop tack testing evolved and were estab-
lished as standardized methods for determination of a tack
[2,3]. Here, the maximum forces were determined during
retracting loops of adhesive tapes from stainless steel plates
or stainless steel probes from a tape. Nowadays, the loop tack
and the probe tack tests are widely used methods within the
quality assurance and the development of the PSA [1,4,5].

The medication containing PSA controls the drug-release
to the skin. According to medical regulations,? the probe
tack tests must be performed for TTS, although they provide
only the maximum detaching force without further informa-
tion on the deformation dependent PSA behavior [2].

Several researchers tried to improve tack measurements by
evaluating force-retraction displacement curves instead of
only the maximum detaching force [6—14]. Then, effects of

Transdermal therapeutic systems (TTS) represent an example
of elaborate medical patches consisting of pressure sensitive
adhesives (PSA) containing active pharmaceutical substances
and a flexible backing layer. PSA are adhesives that are applied
to substrates with low pressure and should be removed without
any residue. The applications of PSA are especially challenging
in the medical field, where they are used for disease treatments
on human skin. Their adhesion and detaching behavior has to
be tested both in the short-term range as well as in the long-
term range with respect to a given substrate.

The long-term behavior is often tested by shear tests
where a static shear load is applied to an adhesive on a sub-
strate, mostly a metal plate, and the time to the detaching is
measured to affirm the sufficient cohesion. Peel tests deter-
mine the detaching force at angles of 90° or 180° for a cons-
tant peel-off velocity. In early tack testing performed with
the rolling ball, the traveling distance of different sized stain-
less steel balls were obtained on faced up tapes [1]. Later
developed methods recorded the magnitude of holding forces
from freely turning smooth or toothed wheels, which rolled

"Food and Drug Administration (FDA), Transdermal and topical delivery
systems—Product development and quality considerations (2019), https:/

www.fda.gov/regulatory-information/search-fda-guidance-documents/

transdermal-and-topical-delivery-systems-product-development-and-quality-

considerations (accessed 18 February 2022).

YAuthor to whom correspondence should be addressed; electronic mail: European Medicines Agency, Guideline on quality of transdermal patches
hausnerova@utb.cz (2015), https:/www.ema.europa.eu (accessed 18 February 2022).

© Author(s) 2022.
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other test parameters such as retraction speed or dwell time
could be investigated as well.

Furthermore, a cavity and a fibril generation during
detaching were observed with optical methods [6,8—11].
Devices for improved tack measurements were laboratory
designs, commercially available texture analyzers [13], or
rheometers™*>%7 using stiff metal substrates or glass slides
during video monitoring. To the best of our knowledge, no
study was found in which the tack measurements in terms of
the force-retraction displacement curves were provided with
the simultaneous video monitoring of the patches having a
flexible backing layer. Therefore, the approach presented in
this paper links mechanical retraction speed dependent tack
behavior and video monitoring to gain deeper insights into
deformation processes during PSA detaching.

As the probe tack originates from technical bonding pur-
poses, it provides limited information about the short-term
adhesion characterization of TTS during medical applications
[15]. In this respect, the correlation of industry standard tests to
viscoelastic properties represents a tool of relevant interest. The
review of the fundamental findings in such correlations was
provided by Chang [16]. In more recent literature studies, the
attempt to relate viscoelastic moduli to adhesion properties
(peel, tack, and shear resistance) of various PSA can still be
found. As an example, Taghizadeh and Ghasemi [17] reported
a strong dependence between peel strength and viscoelastic
energy dissipation (G”) at higher frequency (100 Hz); the peel
strength of samples increased with increased loss modulus. The
tack values as well as shear resistance were related to storage
modulus (G') at frequencies of 1 and 0.1 Hz, respectively.
While tack increased with decreasing G’, the shear resistance
was related in the opposite way. TA Instruments® also proposed
the viscoelastic criteria (tand, G', G") for a tack, shear resis-
tance, peal strength, and cohesive as well as adhesive strengths.

Nevertheless, regardless of a possibility to separate
bonding and debonding of PSA with viscoelastic frequency
windows, the linking of material behavior from short ampli-
tude oscillatory shear (SAOS) rheology to behavior during
tests ending up in large deformations (peel and tack) remains
a challenge. Currently, some effort (e.g., [18,19]) is also

3TA Instruments, Pressure-sensitive adhesive tack using the ARES rheometer
(1999),  http:/www.tainstruments.com/pdf/literature/LL.2084_Tack_Testing_
ARES.pdf (accessed 18 February 2022).

“Malvern Instruments, Application note: Assessing tackiness and adhesion
using a pull away test on a rotational rheometer (2015), https:/cdn.
technologynetworks.com/TN/Resources/PDF/AN 150527 AssessingTackiness
PullAway.pdf (accessed 18 February 2022).

SNETZSCH Geriitebau GmbH, Application note: Determination of pressure-
sensitive tack and adhesion using axial measurements on a rotational theom-
eter—Blu-Tack® (2021), www.netzsch.com (accessed 18 February 2022).
STA Instruments, Application note: Rheological analysis of tack (2021),
http:/www.tainstruments.com/pdf/literature/AANO18_V1_Analysis%200f%
20tack.pdf (accessed 18 February 2022).

“Anton Paar, Application note: Combined rheological methods: From
rheo-optics to magneto-theology and beyond (2021), https:/www.
anton-paar.com (accessed 18 February 2022).

8TA Instruments, Characterization of pressure sensitive adhesives by rheol-
ogy, https:/www.tainstruments.com/pdf/literature/RHO82.pdf (accessed 18
February 2022).
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FIG. 1. Frequency dependent G’ and G” curves of NAC-PSA from linear
viscoelastic region at 30 °C with applied 1% strain amplitude.

spent to relate extensional experiments to peel as it is a domi-
nant mode of a PSA deformation during debonding, but
regardless of comprehensive correlation of transient exten-
sional viscosity to peel tests, Christensen and McKinley [19]
did not arrive into a quantitative agreement of the measured
and modeled values of peal forces (model based on both
linear and nonlinear constitutive equations) without consider-
ing the strain-hardening behavior, which is another important
factor even for shear strength testing [20].

Additionally, daily life motion causes skin strains up to
40%, which must be sustained by TTS for a complete appli-
cation time [21-23]. Therefore, in our previous investigation
[24], large amplitude oscillatory shear (LAOS) measurements
were performed to investigate and to interpret the state of
PSA during such high deformations.

The results of this research [24] clearly showed that stan-
dardized rheological measurements in the linear viscoelastic
range are not relevant for medical applications, and straight-
forward relation of LAOS data to tack analysis is not avail-
able yet. In this paper, a new tack testing method, RheoTack,
is presented as the first attempt to monitor PSA deformation
performance at more relevant conditions than currently stan-
dardized, and further relate the obtained parameters to the
data from LAOS rheological observations.

Il. EXPERIMENTAL
A. Materials

TTS consisted of a backing layer and a silicone-based
7-4601 BIO PSA supplied by DuPont® and Dow Health
Care Solutions®. It is a nonamine-compatible (NAC) PSA
consisting of cross-linked polymer (50.9 vol. %) and resin
components (49.1 vol. %).” The mean surface energy of the

“DuPont, Product information: Liveo™ BIO-PSA 7-4601 standard silicone
adhesives (2021), https:/dupont.materialdatacenter.com/gb/products/pdf/SI/Live
0%E2%84%A2%20B1O-PSA%207-4601-gb.pdf (accessed 18 February 2022).
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FIG. 2. Setup of the RheoTack experiment with upper rheometer plate as a
probe rod, TMP for patch fixation substituting the bottom plate of the rheom-
eter; observation unit for the RheoTack documentation from bottom (90°,
camera 1), lateral (0°, camera 2), and top (45°, camera 3) implemented to the
rheometer.

PSA was calculated from contact angle measurements
(Surface Analyzer Kruss, Germany) with de-ionized water
and ethanol at room temperature. The PSA films with a thick-
ness of 150 um+10% (thickness of commercial TTS) were
manufactured using a coating box and finally laminated with
the transparent backing layer consisting of polyester coated
with ethylene-vinyl acetate (3M Scotchpak™ 9732).
Oscillatory measurements on a rheometer (Haake MARS 1II,
Thermo Fisher Scientific, Waltham, MA, USA) at a tempera-
ture of 30°C within the linear viscoelastic region (strain
amplitude of 1%) yielded the G'-G” crossover point at a fre-
quency of 4 Hz, Fig. 1, showing that PSA is operated in the
gel region.

B. Apparatus

As it can be operated both in compression and tension
modes, the rheometer (Haake MARS III, Thermo Fisher
Scientific, Waltham, MA, USA) was also used to perform
the retraction rate dependent tack experiments. To allow for
RheoTack experiments, it had to be supplemented by the
following:

* Sample holder: The temperature module plate (TMP)
with a diameter of 12 mm for the patch fixation substituted
in the lower rheometer plate.

* Video-monitoring system consisting of 3 cameras allow-
ing for the observation of the tack measurements from the
bottom (camera 1 with angle 90°), the lateral (camera 2
with angle close to 0°), and the top (camera 3 with angle
45°) directions.

¢ Ilumination unit underneath the TMP provides polarized
lateral illumination; camera 1 (IC4203CU, Net, Finning,
Germany) consisting of a magnifying lens (25 mm
C-series, Edmund, Mainz, Germany) with a polarizer
(Edmund, Mainz, Germany) can communicate with the
rheometer software to time correlate pictures of the

detaching processes to the corresponding force-retraction
displacement-states; camera 2 (Canon EOS D60) and
camera 3 (Canon EOS D800) both having focal lengths of
100 mm and are mounted above the TMP. The start of the
measurement is marked with a laser flash. The experimen-
tal setup is shown in Fig. 2.

¢ Exchangeable probe rod geometry: different rheometric
plates and other geometries can be mounted as an upper
plate using an adapter; for RheoTack, a plate made of
stainless steel (diameter of 8§ mm with a roughness of
3025 =783 nm) is used.

C. Execution of measurements

ASTM D2979-16 [2] recommends using a stainless steel
rod of 5 mm diameter with a roughness of 250-500 nm, a
sample holding ring providing a contact pressure of
9.79kPa, a dwell time of 1s, and a retraction speed of
10 mm/s. For RheoTack, an upper rheometer plate with a
diameter of 8 mm was used as a probe rod due to its conve-
nience for optical analysis. Surface roughness of the rod
(3025 +783 nm) was in the range of values relevant for
human skin. The plate having the smaller diameter (5 mm)
was tested too, and no changes in the resulting force dis-
placement curve shape due to the different rod to diameter
ratio of the TMP was obtained. Then, the TTS samples with
a diameter of 20 mm were attached to the TMP. The probe
rod moved downward with a speed of 0.1 mm/s until reach-
ing a compression force F; of 0.2 N. This force was held for
a dwell time #;=1s to provide an initial adhesion. The
parameters F; and t; were adapted from ASTM D2979-16
[2] to ensure comparable states of the adhesion initiation.
Although Tordjeman et al. [9] described increasing tack
energies and tack forces with increasing PSA thickness, the
PSA film thickness for the tests were chosen in the range of
TTS patches (higher than recommended from the ASTM
standard) to test the material at the practice-relevant condi-
tions. Retraction speeds Viegaer of 0.01, 0.1, and 1 mm/s
were chosen to investigate the viscoelastic tack behavior.
Assuming homogeneous deformation of the 150 um thick
films, these retractions speeds correspond to the strain rates
of 0.067, 0.67, and 6.7 1/s, which are within the time scales
of application-related states during bonding and debonding
[25].10 In reality, the strain rates are less than one half as the
backing layer is also shifted upward, Fig. 3. Retraction
forces were measured at room temperature.

Simultaneously, video streams of three cameras were
recorded. The zero displacement was determined by the dis-
placement at which the stress changes from the compression
to the tension. The RheoTack method provides the
force-retraction displacement curves having a good reproduc-
ibility until reaching the maximum force F,.x. Beyond Fi .,
the force exhibits a pronounced scatter.

"°Dow Corning, Integrating rheological tools into the development and char-
acterization of silicone adhesives (2021), https:/citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.580.4403&rep=repl &type=pdf (accessed 18
February 2022).
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FIG. 3. Scheme of RheoTack analysis with upward shifting of the TTS and the formation of cavities and fibrils.

lll. RESULTS AND DISCUSSION

From the RheoTack experiments, two types of information
can be extracted with respect to the detaching behavior—
mechanical information in terms of force-retraction displace-
ment curves and visual information in terms of
deformation-induced  structures of  adhesives.  The
force-retraction displacement curve, Fig. 4, contains signifi-
cantly more information about the detaching behavior than
the single point measurement as the probe tack test according
to ASTM D2979-16 [2].

Retraction speed dependent measurements can be per-
formed with the retraction speeds ranging from 0.001 to
7 mm/min. The force displacement curve can be divided into
the three phases—compression, stretching and fibrillation,
and detaching—allowing for the evaluation of the following
characteristic quantities:

» sample stiffness S as a slope at the displacement 4 =0,
when the compression turns to the tension,

* initiation force of cavity and/or fibril formation Fyu b
and corresponding displacement hg fip,

* activation energy of cavity and/or fibril formation Eg. fp,

* maximum force F,x and corresponding displacement
hmax, and

» adhesion energy E,.q, as the integral of the force dis-
placement curve until the complete loss of adhesion.

As the detaching process is monitored with three cameras
from the bottom (90°), lateral (0°), and top (45°), macroscop-
ically visible structural changes can be linked to the three
phases of the force-retraction displacement curves and the
characteristic quantities. During the compression phase, the
adhesion between the PSA and the probe rod is established
due to the chosen initial force and dwell time. This adhesion
or wetting process depends on several factors as surface ener-
gies and polarity of a substrate and an adhesive as well as
temperature. Only high substrate and low adhesive surface

energies will lead to a good wettability of a substrate [26].
In the case of the tested PSA, the free surface energy
15.6 mN/m was obtained, while the stainless steel features
values around 50 mN/m [27]. From this point, a good wetta-
bility can be expected. In addition, the adhesion of PSA
depends on a dwell time and a compression force [28,29],
which are governed by viscoelastic properties of the PSA
[1,8]. When the retraction starts, the load case turns from the
compression to the tension during which the sample is
deformed in an almost homogeneous manner. The slope of
the force displacement curve at the displacement s =0 repre-
sents a measure of the retraction speed dependent stiffness S
of the PSA,

o)
S = m = M

If the force exceeds Fga fin, the deformation behavior
becomes inhomogeneous attained with the visible stretching
marks on the TTS in the gap. Further tensile deformation
generates first cavities and fibrils along the edge of the probe
rod if Fgu fip 18 exceeded, Fig. 4. Then, the cavity and fibril
formation is directed toward the middle. With ongoing retrac-
tion displacement, the PSA loses adhesion to the probe rod
over a certain part of the contact area indicated by a “bubble”
formation. As the oriented fibrils can transfer higher loads,
the backing layer is further stretched and it steepens up. This
leads to the further fibril formation in the remaining homoge-
neously deformed regions, which still have the contact to the
rod. The “bubble” formation may provide the material for the
further fibril formation. When reaching Fy,.x, detaching
begins either by fibril breakage or adhesion failure to the
probe. This is indicated by a significantly increased scatter of
the force due to the arbitrary nature of the fibrils breakage.

Figure 5 shows the effects of the retraction speed on the
force-retraction displacement curves. At the beginning, the
increase in force seems to be similar for all retraction speeds.
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FIG. 5. Mean force-retraction displacement curves at retraction speeds of
0.01, 0.1, and 1 mm/s obtained for five different TTS samples.

After reaching A, fin, the increase in force is reduced due to
the fibrils formation and the corresponding PSA flow. With
increasing retraction speed, the PSA stiffness S is increased
due to the viscoelastic behavior, and the fibrils formation
requires higher activation energies Eg..fp- Both quantities
increase by a factor of 3 when the retraction speed is
increased from 0.01 to 1 mm/s, Table 1. Interestingly, the dis-
placement Ay, g, hardly depends on the retraction speed
indicating that the start of fibrils formation is a strain trig-
gered parameter. At the retraction speed of 1 mm/s, fibrils
formation is initiated, but the fibrils have no sufficient time to
generate enough material flow due to the more solid statelike
behavior. The fibrils break faster at higher retraction speeds
indicated by the decrease of F,.x and h,.,. The adhesion
energy E.qn, seems to be similar for 0.01 and 0.1 mm/s indi-
cating rather constant activation energy in the liquid phase,
which is decreased if the PSA behaves stiffer at 1 mm/s.
These findings are in contrast to the results of Lakrout et al.
[10] and Kim and Mizumachi [30], who found increasing
Frax and E,4, with retraction speeds for an acrylic PSA.

All force-retraction displacement curves in Fig. 5 show
little force scatter before reaching Fiy,x for five different TTS
samples. This means that deformation takes place in a rather
uniform manner by the homogeneous tensile deformation of
the PSA followed by the continuous stretching of the fibrils.
For the deformations beyond F\,,y, the fibrils start to break,
which is an arbitrary failure and a detaching process leading
to a significant scatter in the force signal indicated by three
to four times larger error bars of the average curves.

If the defined deformation states of the force-retraction
displacement curves for the retraction rates of 0.01, 0.1, and
1 mm/s are linked to the corresponding deformation struc-
tures monitored by the three cameras, one gains deeper
insights into the occurring deformation processes, Figs. 6-8.
The following deformation processes can be identified. First,
the deformation behavior seems to be homogeneous at the
beginning of the retraction (deformation state “1”’). Second, if
the force exceeds Fiy fin, the cavity and/or the fibril forma-
tion is/are initiated along the circumference of the probe rod
(deformation state “2”). This is associated by a “bubble” for-
mation (deformation states “2” and “3”) indicating the
sudden loss of adhesion over a certain part of the cross
section. Camera 3 shows smooth areas without any fibrillated
structure, deformation state “6.” In the deformation range
between g fib and fpnax, the fibrils are continuously
stretched and the process of fibril formation moves toward
the center of the probe rod. At the deformation states “3” and
“4,” camera 2 shows differently strained fibrils along the
edge of the probe rod. This means that after establishing a
certain tensile stress in the TTS of the gap, further deforma-
tion is attributed to the fibril stretching and formation,
camera 2 states “3, 4, and 5” in Fig. 6. Third, if the force
reaches F,.x, the strength of the fibrils at the edge of the
probe rod is exceeded and they either break (cohesive failure)
or detach from the probe rod (adhesive failure), deformation
states “5” and “6.” A sudden force reduction is observed due
to the simultaneous failure of highly loaded fibrils. Then, a
lower force level is established on which the remaining so far
less loaded fibrils are deformed until failure. A stepwise



510 MEURER et al.

TABLE 1. Retraction speed dependent characteristic quantities of NAC-PSA.

Vretract (ms) N (N/mm) Fs!a.rl fib (N) hslan fib (mm) Eadh.fib (mJ) Fmax (N) hmax (mm) Eadh. (l’I]J)
0.01 0.18+0.05 -1.5+0.2 0.50+0.04 0.27+0.04 -5.0+03 24+03 93+1.1
0.1 0.39+0.10 -2.6x0.2 0.65+0.07 0.57+0.11 -73+0.7 2.1%0.1 102+1.2
1 1.07 £0.06 -3.5+05 0.59+0.06 0.82+0.23 -53+0.7 1.0£0.1 73+1.2
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FIG. 6. Force-retraction displacement curves with six indicated deformation states and the corresponding deformation structures observed with camera 1 under
the probe rod in 90° (left), camera 2 parallel to the TMP under 0° (top right), and camera 3 under 45° (bottom right) for a TTS with NAC-PSA at retraction
speed of 0.01 mm/s.
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FIG. 7. Force-retraction displacement curves with six indicated deformation states and the corresponding deformation structures observed with camera 1 under
the probe rod in 90° (left), camera 2 parallel to the TMP under 0° (top right), and camera 3 under 45° (bottom right) for a TTS with NAC-PSA at retraction

speed of 0.1 mm/s.

force decrease is observed as the fracture and adhesion
failure of fibrils are arbitrary processes due to variations of
diameter, contact area, and strength. Finally, the PSA loses
the contact to the probe rod completely. If the “bubble” for-
mation occurs, the contact areas do not show any deformed
structure, camera 3, deformation state “6.” This indicates the
instantaneous loss of the adhesion.

Maurer [6] and Brown and Creton [14] detected first cavi-
ties and fibrils near the maximum force F,,,, for different

PSA using a stiff glass substrate. This demonstrates that the
substrate affects significantly the adhesion and detaching
behavior as the use of the flexible backing layer as the sub-
strate leads to the formation of cavities and fibrils already at
the F.. fi forces being a factor of 3 smaller than F ..

With increasing retraction speed, the distinction of the
cavities becomes less clear. The decreasing cavity size was
found also by Lakrout et al. [10] for acrylates, Nase [8] for
polydimethylsiloxanes, or Brown et al. [11] for
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FIG. 8. Force-retraction displacement curves with six indicated deformation states and the corresponding deformation structures observed with camera 1 under
the probe rod in 90° (left), camera 2 parallel to the TMP under 0° (top right), and camera 3 under 45° (bottom right) for a TTS with NAC-PSA at retraction

speed of 1 mm/s.

styrene-isoprene-styrene. At retraction speeds of 0.01 and
0.1 mm/s, only one bubble is formed, while for 1 mm/s, three
bubbles occurred. This may indicate that at small retraction
speeds, the bubble formation starts at a single weak point in
the interface between the PSA and the probe rod. This weak
point is created by the first cavity and the fibril formation as
these form channels for the inflowing air to fill the gap
between PSA and the probe rod. Lakrout er al. [10] reported
similar observations and explained them as a quick pressure

compensation linked to a slope decrease of a force-retraction
displacement curve.

The videos in the supplementary material visualize the
retraction speed dependent deformation behavior of TTS
during the RheoTack experiments and correlates it with the
corresponding force-retraction displacement curves. The visu-
alizations show that the first detaching processes (marked by
red circles) are seen by camera 2 at 2 min 20s (0.01 mm/
s-video [31]) and 21 s (0.1 mm/s-video [31]). The rupture of
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the first fibril—the arrow in Fig. 6, deformation state “4”—
reduces locally the stress in the TTS of the gap, and thus its
inclination. The 0.01 and 0.1 mm/s videos [31] show the cor-
responding beginning of the downward movement of the
TTS, which leads to the break or the detaching of the fibrils
until new equilibrium is established. At the retraction speed
of 1 mm/s [31], the break of fibrils is so fast that it cannot be
resolved in time with the cameras, but similar deformation
behavior can be assumed from the force-retraction displace-
ment curves.

The fibril formation starts at the circumference of the
probe rod forming the fibrillar ring. Then, it moves around
the bubble toward the center of the remaining adhesive
contact area until complete fibril formation is achieved.
Finally, a stepwise detaching of the PSA from the probe
rod occurs until complete detaching. For the retraction
speed of 1 mm/s, the fibrillar ring is formed, but there is
not enough time to fibrillate the remaining contact area
completely. The structure of the fracture surface exhibits
areas, which fail rather in a brittle manner (as also reported
by Lakrout et al. [10]).

As can be clearly seen, during tack testing, different states
of material deformation occur. As patch stiffness is deter-
mined by the slope at zero crossing of force, it can be related
to the complex modulus G* within the linear viscoelastic
region. The fibrillation, however, features larger deformations
beyond the SAOS testing. Thus, the description of TTS
behavior should be related rather to the behavior at large
deformations quantitatively determined by LAOS measure-
ments. The strain rate dependent F 1, showed a logarith-
mic dependency. The same trend is found for the frequency
dependent strain amplitude yyc representing the limit of the
linear viscoelastic region [24]. Thus, in the following
research, the results obtained with RheoTack will be derived
for the set of PSA resins and related to their LAOS
characteristics.

IV. CONCLUSION

In this study, a new method to characterize the adhesion
and detaching behavior of medical adhesives was presented.
RheoTack analysis can be installed in all commercially avail-
able rotational rheometers, which allow for measuring
normal forces. Thus, force-retraction displacement curves can
be measured for different retraction speeds, compression
forces, dwell times, and geometries of probe rods. In particu-
lar, RheoTack provides insight into the adhesion and detach-
ing behavior of PSA applied on human skin. With the
proposed TMP sample holder, adhesives with flexible
backing layers can be easily investigated. Although the tack
tests according to ASTM D2979 represent the single point
measurement, the force-retraction displacement curves of the
RheoTack allow us to determine the stiffness, start and acti-
vation energy of fibril formation, strength (maximum load),
and start of a PSA failure. The implementation of three
cameras provides the qualitative observation of the
deformation-induced structural changes of PSA such as
cavity and fibril formation, bubble formation (loss of adhe-
sion between a PSA and a probe rod), or failure due to break

and detaching of fibrils. This can be linked to the load condi-
tions of the corresponding force-retraction displacement
curve. The investigation of the adhesion and detaching
behavior of the NAC PSA shows that both characteristic
properties and the deformation structure depend strongly on
the retraction speed. Thus, RheoTack analysis represents a
powerful tool in the development of tailored PSA and their
quality control.
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