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With the goal of developing new pressure sensitive adhesive systems, the miscibility and
the phase morphology of blends between novel symmetric four-arm star ‘‘all-acrylate”
block copolymers synthesized by atom transfer radical polymerization (ATRP) and a rosin
ester resin tackifier was studied with a combined differential scanning calorimetry (DSC)
and atomic force microscopy (AFM) approach. Copolymer–resin compositions with
increasing resin content in the blend were studied. The DSC results show good miscibility
for compositions lower than 60 wt%, with a single glass transition at a temperature
between those of the two pure compounds. The AFM results indicate that the initial
two-phase morphology typical of the block copolymer matrix is preserved up to 60 wt%
of resin. Above that value, a third phase, attributed to aggregates of the pure resin, is
observed. Upon ageing, the homogeneous systems (e.g., blends with 40 wt% of resin)
undergo a slow migration of the tackifying resin towards the surface of the sample, which
can be understood in terms of surface free energy considerations. This eventually leads to
the formation of a layer of pure resin at the surface.

� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Pressure sensitive adhesives (PSAs) are of particular
interest because of their inherent tackiness, which allows
them to quickly wet and adhere under a light pressure
on a broad variety of substrates [1]. The first generation
of PSAs was elaborated by blending natural rubbers with
low-molecular-weight, miscible additives in approxi-
. All rights reserved.
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mately equal proportions [2]. Nowadays, most PSA’s are
synthetic, viscoelastic materials based on styrenic block
copolymers (SBC), acrylic copolymers or silicone elasto-
mers [3]. Among these, SBC’s still represent a large portion
of the materials used in a wide variety of PSA applications.
Their particular morphology, where thermoplastic nano-
scale domains dispersed in a rubbery matrix act as physical
crosslinks, provides high elasticity and gives these PSA’s
superior resistance to creep.

However, as rubbery materials, SBC’s cannot be used as
such for PSA. Consequently, it is necessary to formulate
them with additives like tackifying resins [4]. Tackifying
resins are amorphous, oligomeric materials such as rosins,
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terpene resins, or hydrocarbon resins [5]. Typically, the
addition of a tackifier provides a lower modulus so that
the polymer can flow and wet the substrate to form an
adhesive bond, providing the viscoelasticity required for
the finished adhesive. In some cases, the polar sites on
the tackifier may also interact with the surface of the sub-
strate to help forming an effective bond. Those resins are
usually chosen to be selectively compatible either with
the elastomer part or the thermoplastic part of the copoly-
mer. In general, tackifying resins compatible with both
constituents of the copolymer should be avoided as they
tend to weaken the PSA properties of the product [6]. Care-
fully chosen resins can lead to improvement of tack and
adhesion on specific substrates. In terms of the copolymer
base, the development of star/radial (co)polymers has re-
ceived increasing interest, due to their better mechanical
properties as compared to their linear counterparts [7].

Although the recent developments in SBC’s have al-
lowed the improvement of many specific properties
(improvement of tack, adhesion on polar substrates, resis-
tance to higher temperatures (Shear Adhesion Failure Tem-
perature test and ageing and UV resistance), the
development of their full acrylic countertypes has always
been a long–sought goal. Acrylate block copolymers having
the ability to phase-separate on the nanoscale, are ex-
pected to perform better in terms of durability, resistance
to photodegradation, heat resistance and tack as compared
to SBC’s [8]. Although further formulation of the base may
not be a pre requisiste due to their inherent and adjustable
adhesion power, the addition of a tackifier can also be con-
sidered to optimize their dissipative properties by adjust-
ing the glass transition temperature (Tg) and to further
modify their adhesion properties by inducing specific
interactions [9,10].

Because the miscibility between the polymer and the
tackifier is expected to affect the phase structure in the so-
lid-state, the mechanical properties and the practical per-
formance of the PSA [9], it is critical to study the
compatibility between the components (copolymer and
additive) of a given formulation.

In order to determine the solid-state phase structure of
a tackified acrylic block copolymer, tapping mode atomic
force microscopy (TMAFM) has been used in this study,
since it is a powerful technique for the observation of
phase-separated morphologies at the nanoscale. Moreover,
CH
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Scheme 1. Sketch of (left) the ‘‘all-acrylate” star copolymer. This star copolym
(A = P(2EHA-co-MA) = poly(2-ethylhexyl acrylate-co-methyl acrylate)) and the
tively. (right) the tackifying resin, which is a hydrogenated rosin glycerol ester.
in the case of ‘‘all-acrylate‘‘ block copolymers, the very low
electronic contrast between the constitutive blocks is a
major problem for the observation of morphologies by
transmission electron microscopy (TEM) and small angle
X-ray scattering (SAXS). Therefore, AFM appears as the
most suitable tool for the direct observation of phase sep-
aration in this class of block copolymers [11] and their
blends.

In this study, the miscibility and the phase morphology
of blends between a poly((2-EHA-co-MA)-MMA)4 ‘‘all-
acrylate” star copolymer and a rosin ester resin tackifier
(Scheme 1) were studied by differential scanning calorim-
etry (DSC) and TMAFM. Different copolymer–resin compo-
sitions with increasing resin content in the blend were
studied, with particular interest focused on the compatibil-
ity between the tackifier and the elastomer part of the
copolymer. In these systems, a good miscibility of the tack-
ifying resin with the elastomer part is an important pre-
mise to produce adhesives with good tack.

Ageing is another factor that may result in a detrimental
effect on the PSA properties of a given composition. Any
modification in time of the miscibility between the differ-
ent components of the copolymer/resin PSA composition
can lead to a modification of some PSA’s properties. Espe-
cially for acrylic PSA’s, the use of a tackifying resin de-
creases the resistance upon ageing of the copolymer/resin
PSA mixture. Indeed, the PSA composition can undergo a
slow phase separation and surface segregation [1]. In order
to better understand the effect of ageing on the acrylic
copolymer–rosin systems, we have also studied by AFM
the evolution of the phase morphology of a blend with a
resin content of 40 wt%.

2. Experimental

2.1. Materials

The ‘‘all-acrylate” copolymer studied here is a radial
block copolymer denoted as (A–B)n where A and B
represent an elastomer segment (A = P(2EHA-co-MA) =
poly(2-ethylhexyl acrylate-co-methyl acrylate)) and a ther-
moplastic segment (B = PMMA = poly(methyl methacry-
late)), respectively. In the present notation, the index n
relates to the structural arrangement, e.g., n = 4 stands
for a four-arm radial block structure. The synthesis of this
3

CH3

COOR

R = R = glycerolglycerolR = R = glycerolglycerol

er is denoted as (A�B)4 where A and B represent the elastomer segment
thermoplastic segment (B = PMMA = poly(methyl methacrylate)), respec-
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copolymer has been described previously [12]; its main
characteristics are listed in Table 1. The tackifying resin
is a commercially available hydrogenated rosin resin,
esterified by glycerol (Foral 85-E, Eastman). The properties
of this resin are listed in Table 2.

2.2. DSC analysis

The samples were prepared by casting a copolymer–re-
sin solution in toluene, in a porcelain dish covered with a
silicone paper. Slow solvent evaporation was achieved un-
der a saturated toluene atmosphere for 24 h; the films
were then dried at room temperature for one week. DSC
thermograms were measured with a DSC Q200 (TA Instru-
ments) at a linear heating rate of 10 �C/min. The sample
mass was �10 mg. During a first scan, the samples were
heated to 150 �C and cooled at 10 �C/min to �75 �C; during
the second scan, the samples were heated again to 150 �C.
The Tg-values reported here were obtained from the sec-
ond scan.

2.3. AFM analysis

Thin films of the copolymers were prepared by solvent
casting from toluene solutions on freshly-cleaved mica
substrates. These films were evaporated under a saturated
atmosphere of toluene for 48 h, and then dried in ambient
atmosphere for 24 h. The thickness of the films was mea-
sured by ellipsometry using the following values for refrac-
tive indexes: 1.45 for the radial block copolymer; 1.50 for
the hydrogenated rosin resin and 1.58 for the mica sub-
strate. The typical thickness (i.e., 700 ± 200 nm) was cho-
sen in order to make sure that: (i) the film surface is
smooth (thicker films tend to be rougher and the topo-
graphic contrast can perturb the phase image) and (ii)
the morphology is not affected by specific interactions
with the substrate, as is often the case when the thickness
is of the same order of magnitude as the microdomain size
[13]. Since toluene is a good solvent for the investigated
(meth)acrylate copolymers, selective precipitation was
not expected to influence the morphology. The samples
were first analyzed after complete evaporation of the sol-
vent at room temperature.

The AFM measurements were performed in ‘‘tapping
mode” (TMAFM). In this mode, the cantilever holding the
Table 1
Main characteristics of the radial block copolymer

Mn (kg mol�1) 223000
Mw/Mn 5
Tg of the elastomer part by DSC (�C) �39
Tg of the thermoplastic part by DSC (�C) 98
Average vol. % PMMA 16

Table 2
Main characteristics of the tackifying resin

MM (g/mol) �950
q (g/cm3) 1.06
Tg by DSC (�C) 37
Softening point (�C) �80
probe tip oscillates close to the resonance frequency above
the sample surface, so that the tip is in short-time contact
with the surface at the lower end of the oscillation. The
phase of the oscillating tip is very sensitive to the nature
of the interaction with the surface. It has been shown that
the phase lag can be directly related to the elastic modulus
of the material when the amplitude is only slightly
damped upon contact with the surface [14]. Therefore,
simultaneous recording of the phase and the height images
provides a map of the local mechanical properties and al-
lows phase-separated microdomains to be observed. All
the AFM images were recorded with a Nanoscope IIIa
microscope operated at room temperature in air using
commercial cantilevers from Olympus Corporation. The
cantilever characteristics are the following:

– Silicon cantilever with aluminium reflex coating on
the cantilever back side.

– Resonance frequency of 70 kHz with a spring con-
stant of 1 to 5 Nm�1.

– Tip radius <10 nm.
– The tip on the cantilever is a tetrahedral tip with

symmetrical side angle; the tip is located exactly at
the cantilever end.

Different areas (3 � 3 lm2) of 1.5 � 1.5 cm2 samples
were inspected with scanning times of ca. 8 min. The
images were digitally sampled at the maximum number
of pixels (512) in each direction and the Nanoscope image
processing software was used for image analysis. Unless
otherwise stated, image treatment was limited to a ‘‘flat-
tening” operation, whereby a first-order surface, represent-
ing height variations related to a possible tilt of the sample,
is subtracted from the original image. In order to compare
the different copolymer–resin blends, all samples were im-
aged with the same tip, with the same free amplitude and
scanning parameters.

2.4. ToF-SIMS analysis

ToF-SIMS measurements were carried out on an ION-
TOF TOFSIMS IV spectrometer using a pulsed Ar+ argon pri-
mary ion beam (10 keV, Itarget = 1 pA) rastered for 100 s
over a 300 � 300 lm2 area with an incidence angle of
45�. A compensation charge gun was used due to the elec-
trically insulating nature of the samples. This experimental
set-up ensures ‘‘static SIMS” conditions for all experiments.
Both positive and negative secondary ion mass spectra
were recorded.

3. Results and discussion

3.1. Miscibility between the radial block copolymer and the
tackifying resin

Thermal analysis by DSC is a recognized method to
examine the miscibility between the components in a
blend. The phase behavior can be related to the number
of glass transitions detected in the thermogram. The pres-
ence of multiple glass transitions is a clear signature of
phase separation, which reflects the immiscibility of the
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components. In contrast, a single glass transition at an
intermediate temperature between those of the pure com-
ponents is an indication of miscibility.

As mentioned in the introduction, we are interested
more particularly in the compatibility of the tackifier with
the elastomer part of the copolymer. Fig. 1 shows the DSC
thermograms for increasing amounts of tackifying resin in
the copolymer–resin blend. All thermograms show a single
glass transition located between the glass transition tem-
perature (Tg) of the P(2EHA-co-MA) elastomer part of the
copolymer (��40 �C) and that of the rosin ester resin
(�37 �C). The glass transition of the thermoplastic phase
around 100 �C is not clearly visible due to the small contri-
bution of this component to the system (16 vol.% PMMA in
the copolymer). Independent experiments showed that the
resin is not miscible with PMMA. DSC thermograms (not
presented here) recorded on several blends of a pure
PMMA homopolymer, with a molar mass equivalent to that
of the hard segment of the block copolymer, and the tack-
ifying resin have revealed that there were two distinct
glass transitions with Tg-values close to the values of the
pure compounds. Hence, it is inferred that there is no mis-
cibility between PMMA and the tackifying resin. The DSC
results indicate that only the elastomer part of the copoly-
mer is miscible with the tackifier in the solid-state. We also
observe a gradual increase of the Tg for increasing resin
contents, as expected from the highest value of Tg for the
pure resin.

The phenomenological expression of Gordon–Taylor is
often used to describe the relationship between the Tg of
a blend and its composition.

Tg ¼ ðw1Tg1 þ kw2Tg2Þ=ðw1 þ kw2Þ

where Tg, Tg1 and Tg2 are the glass transition temperatures
of the blend, the acrylic polymer (1), and the tackifier resin
(2), respectively; w1 and w2 are the weight fractions of the
components; and k is the adjusting parameter related to
the degree of curvature of the Tg-composition diagram.
This curvature is generally believed to be large in poly-
mer/polymer blends with strong interactions between
Fig. 1. DSC thermograms for different blends between the copolymer and
the tackifying resin, for increasing amounts of resin (in wt%).
the different polymer segments [9,15]. Several authors
[9,16] have suggested that the k value gives a qualitative
measure of the degree of interaction between components
in the blend, a higher value of k being the signature of a
higher degree of interaction.

The dependence of the glass transition temperature
upon resin content is plotted in Fig. 2. The experimental
Tg-values (cf. Fig. 1) are shown by the cross symbols and re-
veal a monotonous increase towards the value of the pure
tackifying resin for contents lower than 70 wt%. Beyond
this point, the measured Tg-values deviate from the contin-
uous trend. A fit of the GT-equation to the experimental
data, disregarding the deviating values, is represented by
the full line. After adjustment, the value of k = 0.55 ± 0.07
suggests a modest affinity between the resin and the elas-
tomer matrix formed by the radial copolymer.

For a resin content higher than 70 w%, the experimental
Tg-values indicate a loss of miscibility in the copolymer–re-
sin system where the elastomer matrix becomes saturated.
However, it is noticed that there is no clear evidence of a
second glass transition (corresponding to the pure resin)
in the thermograms. If any, this transition is expected to
be small and hardly detectable. A similar observation was
reported by Kim and Mizumachi [17] on a mixture be-
tween an acrylic copolymer and an esterified rosin; rheo-
logical measurements indicate that for resin contents
higher than 50 wt%, a second glass transition appears,
whereas the DSC results still showed a single glass
transition.

In this study, TMAFM was used to investigate the phase
behavior of the radial block copolymer with increasing
amounts of rosin ester. AFM can provide information on
the miscibility between the copolymer and the resin. In-
deed, the immiscibility between the elastomer part of the
copolymer and the rosin ester resin would be marked by
the appearance of a third phase (besides the elastomer
phase and thermoplastic phase of the copolymer) or as a
resin layer covering the copolymer layer. For block
Fig. 2. Plot of Tg for blends of the copolymer and the tackifying resin as a
function of resin content (wt%). The cross symbols stand for the
experimental data. The open symbols and the full line result from an
non-linear regression of the Gordon–Taylor expression to the experi-
mental Tg- values at resin contents lower than 70 wt%.



Fig. 3. 3 � 3 lm2 TMAFM phase images of: (a) a film of the pure acrylate
radial copolymer; (b) a film of a radial copolymer–rosin resin blend with a
resin content of 40 wt%; (c) a film of a radial copolymer–rosin resin blend
with a resin content of 60 wt%.
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copolymers, the presence of a phase-separated morphol-
ogy can be evidenced from the phase images obtained in
TMAFM. Here, no attempt was undertaken to analyze the
absolute values of the phase signal; the vertical greyscale,
and the contrast of the phase images are chosen in order to
produce the best contrast and better distinguish the differ-
ent components. From the AFM images, the periodicity
(the average center-to-center distance between thermo-
plastic domains), and their average diameter can then be
determined.

Fig. 3a shows a typical AFM phase image for the pure
acrylate radial copolymer [12]. The film surface clearly
shows an assembly of bright dots, i.e., areas where the
phase lag is higher, dispersed in a dark matrix, where the
phase lag is lower. This is a clear signature of microphase
separation. Since the phase shift is related to the Young’s
modulus [14], the bright spots can be assigned to PMMA,
which is harder than the elastomer segment constituted
of P(2EHA-co-MA). From the power spectrum analysis of
the images, the average center-to-center distance between
the dots is estimated to be 60 ± 5 nm. As indicated by the
two-dimensional Fourier transform of the image (inset
Fig. 3a), the PMMA spheres are regularly spaced but there
is no long-range ordered structure. As reported previously
[18], long-range order is observed in films of block copoly-
mers only if the solution is evaporated very slowly and if
annealing is carried out for several days or weeks. In this
work, the samples were prepared by casting the pure
copolymer (or the different copolymer–resin blends) from
toluene solutions. The solvent was evaporated in such con-
ditions that phase separation clearly occurs without the
appearance of long-range order.

Fig. 3b and c show phase images for blends of the acry-
late radial copolymer and the rosin ester resin where the
resin content is 40 and 60 wt%, respectively. For these sys-
tems, the film surface exhibits a morphology which is sim-
ilar to that of the copolymer without resin (i.e., hard
spheres in a soft matrix, Fig. 3a). This confirms that the
elastomer part of the copolymer and the tackifying resin
are miscible in this composition range.

In order to highlight the effect of the increase of the re-
sin content on the spatial distribution of the PMMA
spheres, we analyzed the phase images in terms of the
occupancy ratio at the surface, i.e., for a given image size,
we have determined the area occupied by the PMMA
spheres at the surface of the blends with an image analysis
routine [19]. Fig. 4 shows the evolution of the area occu-
pied by the PMMA spheres on the surface as a function
of the resin content. For all the blends, the average diame-
ter of the spheres remains constant around 26 nm, which is
consistent with the fact that the resin does not incorporate
into the PMMA domains. In the range between 20 and
60 wt% of resin content, the number density of PMMA
spheres on the surface decreases for increasing resin con-
tents, consistent with the increase of the average distance
between the bright spheres that can be seen on the images.
This result confirms the incorporation of the rosin ester re-
sin in the elastomer matrix and the miscibility between
those two partners.

For resin contents higher than 60 wt% (here 70, 80 and
90 wt%), we can observe on the AFM phase images the
presence of bright, non spherical defects at the surface of
the film (marked by arrows in Fig. 5). The size and the



Fig. 4. Evolution of the relative surface area occupied by the PMMA
spheres as a function of the resin content.

Fig. 5. TMAFM 1.5 � 1.5 lm2 phase images of the surface of radial
copolymer–rosin resin blends. The resin contents in those blends are: (a)
70 wt%, (b) 80 wt% and (c) 90 wt%.
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number of these defects appear to increase with the resin
content. These defects are attributed to small aggregates
of pure resin. Because the Tg of the resin is above room
temperature (i.e., the temperature of the AFM measure-
ments), the resin aggregates are expected to be in a glassy
state, giving rise to a phase signal similar to that of the
PMMA spheres. AFM images at large scale (not presented
here) show that these defects are present all over the film
surface. The AFM data are consistent with the DSC results,
indicating that for resin contents higher than 60 wt%, there
is a loss of miscibility between the elastomer part of the
copolymer and the tackifying resin, due to the saturation
of the elastomer matrix.

3.2. Ageing of the copolymer–resin blends

Some tackifying resins and particularly the acid rosin
tackifiers used in the field of PSA are known to have a poor
stability upon ageing. These resins undergo chemical
changes that lead to a loss of adhesive properties. In order
to improve the performance of this type of tackifiers, the
resins are transformed into esters, which increase their
UV resistance and heat stability. In this section, we study
the effect of ageing for a blend of the radial copolymer
and the rosin ester resin, at a resin content of 40 wt%, by
following the surface morphology of this composition in
time with AFM.

In addition to the study of the storage stability over sev-
eral months at room temperature, we analyzed blends that
underwent accelerated ageing by annealing. Annealing
above the Tg of the blend increases the kinetics of the
ageing and allows to study the process in a relatively
short-time. The samples were annealed at 70 �C under
atmospheric conditions during eleven days. After three,
five and eleven days the samples were cooled at room tem-
perature and analyzed with AFM. Fig. 6 shows the AFM
phase images of the blends, immediately after preparation
of the films (Fig. 6a), after five (Fig. 6b) and after eleven
days (Fig. 6c) of ageing. Before ageing, the AFM images re-
veal the presence of thermoplastic PMMA spheres embed-
ded in the elastomer matrix incorporating the resin, as
shown previously. After annealing for three days, no
changes were observed. After five days, the morphology



Fig. 6. TMAFM 3 � 3 lm2 phase images of the surface of a blend with a resin content of 40 wt%: (a) as prepared; (b) after annealing for five days; (c) after
annealing for eleven days; (d) phase image of the surface of a film of pure resin.
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is modified, i.e., the regular arrangement of the PMMA
spheres is lost as new bright objects, with a less defined
shape, appear on the surface. This evolution is consistent
with the appearance of a third phase at the surface with
a Tg above room temperature. After eleven days, we ob-
serve a homogeneous surface made of a continuous
arrangement of small bright features. This evolution sug-
gests that the chemical composition of the surface changes
upon annealing. We interpret these progressive changes in
the morphology as a progressive migration of the pure re-
sin to the air-film interface, which after eleven days fully
covers the surface. In order to check this assumption, we
have analyzed a sample of pure resin (Fig. 6d), which in-
deed shows a morphology very similar to that of the aged
sample. For blends stored at room temperature, a similar
morphological evolution takes place over a period of six
to eight months. We also checked that a film of the pure
copolymer, annealed at 70 �C for eleven days, undergoes
no significant morphogical change.

These AFM results suggest that during the ageing of the
sample there is migration of the resin towards the surface
of the film. The driving mechanism behind this surface
enrichment can be explained in terms of surface energet-
ics. Using a group-additive approach (viz. the Van Krevelen
method [20]) the surface free energy can be estimated by
summing the contributions of the various structural
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groups in the polymer repeat unit, as shown by the follow-
ing equation:

c ¼ ðP=VÞ4

where c is the surface free energy, P is the group contribu-
tion to the parachor parameters for the molecules, V is the
molecular volume calculated from the molecular weight
and the density of the molecule. In the present case, the
copolymer has the highest surface free energy (36.1 mJ/
m2 for P(2EHA-co-MA) vs. 29.9 mJ/m2 for the tackifying re-
sin). The material evolves towards a minimum in surface
free energy at the air-film interface, which leads to a pref-
erential exposure of the tackifier with respect to P(2EHA-
co-MA).

In order to confirm the presence of the resin layer at the
surface after ageing, the samples were further analyzed
with time-of-flight secondary ions mass spectrometry
(TOF-SIMS). This technique is one of the most surface sen-
sitive techniques providing molecular information for or-
ganic films/components.

Fig. 7a and b show the mass spectra of positive second-
ary ions (positive TOF-SIMS spectra) of samples of the pure
resin and the pure radial copolymer, respectively.

The spectra show clear differences in the hydrocarbon-
ated C2, C3 and C4 and C5 fragments for the pure resin
(Fig. 7a) compared to the pure copolymer (Fig. 7b). In par-
ticular, C3H3

+, C4H3
+, C5H3

+ ions in the pure resin spectrum
(marked by black arrows) are characterized by high rela-
tive intensities, these fragments corresponding typically
to carbon atoms with low H/C ratio, like in the ring struc-
ture of the resin.

Fig. 8a and b show the positive mode spectrum before
and after eleven days ageing of a sample containing
40 wt% resin. In the spectrum of the fresh blend (Fig. 8a),
hydrocarbonated fragments of the two components are
observed, confirming that both compounds are initially
Fig. 7. Mass spectra of positive secondary ions: (a) for
present at the surface of the film. After ageing, the spec-
trum shows the prominence of C3H3

+, C4H3
+ and C5H3

+

peaks (see black arrows on Fig. 8(b)) as observed in the
pure resin spectrum (see Fig. 7a). These are clear indica-
tions of the presence of resin at the surface of the aged
sample.

The samples were also analyzed in the negative ion
detection mode (Table 3). These data indicate a signifi-
cant evolution of the normalized intensities of the peaks
upon ageing, towards the values recorded for the pure
resin, confirming the trends found in the positive mode
spectra.

4. Synopsis

With the aim of studying the miscibility between a
tackifying resin and a symmetric four-arm radial ‘‘all-acry-
late” copolymer for PSA applications, blends with increas-
ing resin content were prepared and analyzed. The
TMAFM results obtained on solution-cast films clearly
show, for resin contents lower than 60 wt%, a two-phase
morphology, with PMMA spheres in the elastomer matrix
of poly(2EHA-co-MA). This result indicates that the
resin is efficiently incorporated into the elastomeric part
of the copolymer. This is confirmed by DSC, since all blends
with resin content lower than 60 wt% show a single
glass transition, intermediate between those of the pure
resin and the elastomer. In the miscible range, the
experimental Tg data are well described by the phenome-
nological Gordon–Taylor equation. After adjustment, a
value k = 0.55 ± 0.07 is found, which suggests a modest
affinity between the elastomer matrix and the resin. For
compositions with resin contents exceeding 60 wt%,
TMAFM shows that the miscibility is no longer complete
and part of the resin forms a separate phase due to the sat-
uration of the elastomer matrix.
the pure resin; (b) for the pure radial copolymer.



Fig. 8. Mass spectra of positive secondary ions for the blend; (a) before ageing; (b) after an ageing of eleven days at 70 �C.

Table 3
Comparison of the normalized peak intensities of the C–, CH–, O– and OH–
peaks for the separated compounds and for as prepared and aged blends

Copolymer Resin Blend as
prepared

Blend after 6
months at RT

C� 5107 6842 3385 7250
CH� 9422 15,262 9889 12,235
O� 17,223 1745 8970 2980
OH� 8180 1309 5708 1464
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The mechanical and adhesion properties of blends of
the radial copolymer and the tackifying resin have been
studied and are reported elsewhere [8]. The adhesive sys-
tems based on those blends give tailored peel adhesion
on various substrates, together with a high cohesive
strength.

In the second part of this study, we focused on the
evolution of the morphology of the resin/copolymer
blends upon ageing. For a resin content of 40 wt%,
TMAFM and TOF-SIMS results indicate the presence of
a layer of pure resin at the surface after ageing. The pres-
ence of this layer of pure resin at the surface after phase
separation can be understood in terms of the difference
in surface free energy between the copolymer and the
resin.
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