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Abstract

We investigate the effect of an aqueous environment on the adhesion of a model acrylic pressure
sensitive adhesive (PSA) composed of 2-ethylhexylacrylate-co-acrylic acid. We use probe-tack adhesion
measurements accompanied by in situ imaging of the contact region during bonding and debonding.
Within the probe-tack tests we use both hydrophilic (piranha and plasma treatment) and hydrophobic
(Cis-silanization) surface treatments to investigate the contribution of probe’s surface energy on the
underwater adhesion. In examining contact formation in air and underwater we find that the presence of
water when contact is made leads to different modes of PSA relaxation and contact formation. For all
probes investigated the adhesive strength between the PSA and the probe decreases when measured
underwater.

Introduction

We examine the adhesion of a model acrylic pressure sensitive adhesive with substrates of different
surface energy under aqueous environment[1]. Our model PSA is composed of 2-ethylhexylacrylate-co-
acrylic acid[2].

Mn My My b
g/mol  g/mol g/mol
PSA 286667 1199002 1175371 4

Table 1. Molecular weight result of selected PSA. Molecular weight result of selected PSA. Results are
averages from duplicate injections. Mn = Number-average molecular weight, Mw = Weight-average
molecular weight, Mp = Molecular weight at signal peak, D = Dispersity = Mw/Mn (Previously known
as polydispersity index). From[1].

Previous study has shown that the debonding mechanism of acrylic PSA changed on exposure to
higher levels of humidity even though the maximum debonding force did not significantly vary [3, 4]. In
particular, for a poly(butyl acrylate) pressure sensitive adhesive, total internal reflection infrared (IR)
absorption and visible-IR sum-frequency spectroscopies revealed that acrylic acid causes changes in the
orientation of butyl acrylate at surface due to favorable hydrogen bonding interactions with water[5]. As
these studies suggest, agueous environments have an effect on the pressure sensitive adhesive. A better
understanding of mechanisms of bonding and debonding are required to further elaborate this effect to
be able to design better adhesives[6].

Experimental
Probe-tack measurements[7] are performed using a custom-built MMFM instrument[8], on 2-EHA-
co-AA acrylic PSA using glass probes that were either functionalized to be hydrophilic by piranha or



plasma treatment or hydrophobic by OTS silanization. The probe is brought into contact with the
stationary PSA sample at 50 um/s until the cantilever applies a force of 10 mN. This force is maintained
by the force-feedback loop for 100s after which the probe is detached at a velocity of 50 um/s. Images
are taken with a 5x microscope objective at a frame rate of 10 fps. Bonding[9-11] and debonding
images[12, 13] are analyzed with the help of ImageJ and MATLAB softwares. Probe-tack tests in air
and in water follow the same protocol, except for PSA being immersed in DI water (conductivity 18.2
MQ) for tests in water. The pH of the DI water was not controlled and could vary from pH 8 to pH 6.
All adhesion measurements are repeated three times for each lens treatment (plasma, piranha, and OTS)
and for each environmental condition (in air, 5 min water immersion, and 60 min water immersion).
Measurements are performed at room temperature and at less than 50% relative humidity. Fingering
instability[14-17] images during debonding are analyzed to evaluate the in-situ surface energy of the
PSA inair and in water. Supplementary experiments are performed to understand the wetting[18] and
rheological properties[19, 20] of PSA. FTIR measurements[21-23] are also performed to investigate
diffusion of water into the 25um thick PSA film.

Results and Discussion
The maximum stress and work of debonding are reduced in water for all probes, however immersion

time has different effects if the probe is hydrophilic or hydrophobic. This decrease is more pronounced
for hydrophilic probes at 5 min water immersion.
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Figure 1. (a) Maximum debonding stress and (b) work of debonding of acrylic PSA in air and in water
(5 min and 60 min immersion time). The glass probe is functionalized by Plasma, Piranha or OTS. For
measurements in air with hydrophilic probe, lighter regions represent work associated with plateau
formation as shown in the inset. From[1].
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Figure 2. Bonding images of PSA showing three types of contact mechanisms. Type | is homogeneous
contact formation. Type Il has circular contact spots that merge with time. Type 111 shows dispersed
contact that grows over time. From[1].

Contact images reveal three different types of contact mechanisms as shown in Figure 2. Bonding in
air with any probe always results in Type | contact formation. Bonding in water with hydrophobic probe
results in Type Il contact formation. Bonding in water with hydrophilic probe can result in Type 1l or
Type 111 contact formation. We also observe trapped water spots on bonding in water.

Looking at debonding images, we find that debonding in air occurs via fingering and cavitation.
Debonding from a hydrophobic probe in water follows the same mechanism, however the debonding
from hydrophilic probe in water can happen by external crack propagation.

Conclusions

Probe-tack measurements are performed using both hydrophilic (piranha or plasma treated probe) or
hydrophobic (C-18 silanization) and are accompanied by in situ imaging of the contact region during
bonding and debonding. We observe the presence of water on contact formation under aqueous
environment. The adhesive strength between the probe and PSA decreased underwater for each surface.
This is consistent with a decrease in van der Waals interactions[24] in water compared to in air. Bonding
images reveals three types of contact formation. We suspect that trapped or adsorbed water is largely
responsible for differences in contact in air and water. In-situ fingering image analysis suggest a large
increase in the PSA-water surface energy, likely due to reorganization of the functional group at the
PSA-water interface. The pH[25] of water was not controlled and could vary from 8 to 6 between 5 min
and 60 min water immersion time. The change in adhesive strength over time in water could also be
possibly due to a variation in pH.
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