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ABSTRACT

The end-use applications of pressure sensitive adhesives are dictated to a large extent by their
strength and tackiness; a quantitative understanding of these measures is therefore critical to the
design, characterization and performance analysis of such materials. In this paper, we outline
specific test methods that can be implemented on a rotational rheometer to better understand the
viscoelastic behavior of adhesives. Here, the viscous component of the material describes the
flowability of the materials, whereas the elastic component quantifies the capability to maintain
adhesion between the surfaces. Small amplitude oscillatory frequency sweeps and creep tests
were performed to collect rheological data over a wide range of temperatures on an SMT
(Separate Motor and Transducer) rheometer. Material behavior over several decades on the time
scale was extracted from the data through the construction of master curves using the Time
Temperature Superposition (TTS) analysis. Finally, results from tack-peel off studies are
discussed and the applicability of rotational rheometers for PSA testing is summarized.

INTRODUCTION

A vast volume of literature has been devoted to characterizing and understanding different
aspects of Pressure Sensitive Adhesive (PSA) behavior and performance, ranging from failure
analysis (Aubrey, welding, 2003; Crosby, shull, 2000) to characterizing tack values of these
materials (Toyoma, Ito, 1970, 1973; Mizumachi, 1985) and understanding their extensional and
adhesional characteristics (Ferguson, Reilly, 1997). A diverse array of material characterization
techniques has been employed in such reports including (...). Indeed, over the years numerous
ATMS methods have been developed to standardize the range of techniques used to test and
qualify PSAs. In this paper, we focus on one available method, namely the application of
rotational rheometry to investigate and better understand the behavior of pressure sensitive
adhesives.

PRINCIPLES OF RHEOLOGY

The field of rheology is concerned with understanding the relationship between stress and
deformation on materials — when an external stress (or deformation) is imposed on a material, the
resulting deformation (or stress) is dictated by the material’s inherent characteristics. Broadly
speaking, perfectly elastic solids and perfectly viscous liquids represent the two extremes of the



rheological spectrum and are described by principles originally put forth by Hooke and Newton
respectively. In case of solids, the material’s modulus (G) is proportional to the total deformation
(v, strain) whereas in liquids, the material’s viscosity (1) is proportional to the rate of
deformation (y, shear rate). However, most real world materials exhibit viscoelastic behavior,
incorporating elements of both viscous and elastic responses when subjected to an external
stress. In such cases, the relative contributions from the viscous and elastic components are
dictated by the relative ratio between time scales of the material’s internal relaxation and the
time scale of the deformation.

The traditional approach to investigating viscoelastic behavior on a rotational rheometer involves
the imposition of an oscillatory sinusoidal strain and determining the phase lag (d) between the
applied strain and the observed stress response. Recalling that the material’s response is
proportional to the strain for elastic solids and to the strain rate for viscous liquids, the phase
angle can either be in-phase (6 = 0°) or out-of-phase (6 = 90°); for viscoelastic materials, the
phase angle assumes values between 0° and 90°. To understand the relative contributions from
the viscous and elastic factors, the material’s stress response can be decomposed into an in-phase
component corresponding to the elastic response (G’, storage modulus) and an out-of-phase
component corresponding to the viscous response (G’’, loss modulus). Finally, the tangent of the
phase angle, tan(d) can also be defined as the ratio of the loss modulus (G’’) to the storage
modulus (G’).

One critical aspect to keep in mind while performing oscillatory dynamic tests on viscoelastic
samples pertains to the choice of the strain used for testing: ideally, the strain should be small
enough to collect a good torque (stress) signal on the rheometer, while staying within the
material’s linear viscoelastic region. As the strain is increased, the material response will deviate
from a linear correspondence between the stress and the strain and will require the use of
additional harmonics to analyze the non-linear large amplitude response.
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Figure 1. Graphical overview of oscillatory (dynamic) rheological testing. The material response
to a sinusoidal strain (or stress) input is monitored and the phase angle () is calculated.

EXPERIMENTAL

Two unknown PSA materials labeled A and B were tested in this study. The goal of the study
was to develop a test methodology that would identify and quantify the differences between
these two materials. To this end, a series of dynamic oscillatory and transient tests were carried
out on an ARES-G2 rotational rheometer. First, a strain sweep was setup at the lowest
temperature in the study, -100°C, to establish the adhesive’s linear viscoelastic region. Based on
this, a series of frequency sweeps were setup over the temperature range, -100 to 100 C;
frequency sweep data were collected with a 10 C step over this range. The tests were set up with
the AutoStrain feature to allow the instrument to suitably increase the strain at higher
temperatures. Next, a series of creep tests were performed over a narrower temperature range, 0
to 70°C in 10°C increments and the creep compliance of the samples under a 1000 Pa load were
monitored over a 600 s interval.



The frequency sweep data were analyzed through the well-established Time-Temperature
Superposition (TTS) technique by which the individual isothermal frequency sweeps were
shifted to construct a ‘master curve’ spanning several decades along the frequency domain. The
technique exploits the equivalency between the temperature and the time scale (frequency) over
which the deformation is applied, taking into account the accelerated molecular relaxation
dynamics at elevated temperatures. Data at higher temperatures can therefore be ‘shifted’ to
lower temperatures, thereby providing access to time scales outside the limits imposed by the
practical test limitations.

RESULTS & DISCUSSION

A representative overview of the raw data from the series of frequency sweeps for both samples
is shown in Figure 2; an overlay of the master curves generated from the TTS analysis at a
reference temperature of 20°C is presented in Figure 3. The TTS mastercurves clearly highlight
the differences between the two samples: over the entire frequency range, Sample A displays a
higher magnitude of both the storage and loss modulus. Here, the increased storage and loss
moduli values are indicative of the stronger adhesive strength afforded by the use of Sample A.
By contrast, the lower storage moduli values of Sample B are reflective of a material with a low
degree of crosslinking with poor tack properties. Furthermore, when the tan(d) profiles are
considered Sample A consistently displays a higher magnitude across a very wide range of
frequencies (1 — 10" rad/s), although the magnitudes are primarily below one (G’ > G’*) over
nearly the entire range, except for a limited window between ~ 10 and 1000 rad/s. The region
where tan(0) > 1 is indicative of a greater ability to flow and adhere to the substrate — it is
notable that no such regions are present in Sample B. Figure 4 demonstrates the application of
the Cox-Merz rule on the TTS mastercurve data to generate a shear profile of the adhesives over
a wide range of shear rates. Once again, strong differences are apparent between the two
materials, with Sample A consistently displaying a higher viscosity over nearly the entire range.
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Figure 2. Overview of frequency sweep data collected for TTS analysis.
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Figure 3. Time-Temperature Superposition (TTS) master curves generated for samples A and B
at a reference temperature of 20 °C.
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Figure 4. Cox-Merz rule applied on the TTS mastercurves presented in Figure 3.
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