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Adhesion Studies on Piperylene-Styrene Copolymer
Modified Polychloroprene Adhesive: Phase
Morphology and Surface Composition

Kristina Žukienė, Virginija Jankauskaitė,
and Kazys Vytautas Mickus
Department of Clothing and Polymer Products Technology, Kaunas
University of Technology, Kaunas, Lithuania

The effect of piperylene-styrene copolymer (PSC) content on the bulk and surface
properties of polychloroprene (CR) adhesive was investigated by different methods.
Addition of PSC improves adhesion and strength properties of CR. PSC slightly
deteriorates thermal stability of CR. X-ray diffraction, UV, and IR spectroscopies
studies showed that no chemical interaction between CR and PSC phases occurs.
Distinct bulk and surface structure of modified adhesive is caused by the high
surface energy difference between CR and PSC phases. By AFM force-distance
curve measurements it was deduced that the differences between pull-off force
values of modified CR film surfaces in contact with air and backing was related
to the enrichment of the higher surface energy component at the backing=film
interface. The properties and structure of boundary layers of adhesive modified
by high surface energy polymeric additive are essential for the adhesion behavior.

Keywords: Adhesion; Morphology; Piperylene-styrene copolymer; Polychloroprene
adhesive; Surface properties

INTRODUCTION

Rubber-based adhesives systems, also called elastomeric adhesive
systems, offer the greatest variety of properties of any generic class
of adhesives. These systems typically offer higher adhesion, shear,
and flexibility properties in comparison with other adhesive systems
[1]. The elastomer provides the backbone of the adhesive; therefore,
the main performance of the adhesive is provided by the rubber
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properties. Several elastomers can be used in rubber-based adhesives
and one of them is polychloroprene [1].

Chloroprene rubber (CR), also known as Neoprene, is a chlorine-
containing elastomer. Over 30 different types of CR are manufactured.
It provides a very useful all-round balance of properties: good mecha-
nical strength; high ozone, ageing, and weather resistance; low flam-
mability; good resistance towards chemicals; high adhesion to many
substrates, which have led to CR use for general purposes; and also
as a raw material for adhesives.

CR-based adhesives enjoy a pre-eminent position as elastomeric
binders. The immediate strength of CR films from solvent solutions,
their tack, and autoadhesion lead to a strong dominance of rubber-
based adhesive systems. CR adhesive exhibits excellent adhesion to
many substrates including rubber, glass, plastics, and painted metals.
These properties have promoted adhesive use in the shoe, furniture,
automotive, and construction industries [1,2].

It is common to incorporate modifying additives (tackifiers, plastici-
zers, reinforcing resins, fillers) in CR adhesive formulations for the
enhancing of properties. The chemical and physical properties of elas-
tomeric adhesives can be improved by modifying rubbers via grafting
and blending. Extensive investigations have been performed on modi-
fication of CR by graft polymerization of different acrylate monomers:
methyl methacrylate, cyclohexyl methacrylate, n-butyl methacrylate,
and butyl acrylate [3–6]. The obtained graft copolymers show higher
permeability to different hydrous solutes, and higher mechanical
and adhesion properties.

In order to improve its performance properties, CR can be blended
with rubbers or other polymeric materials [7–12]. The incorporation
of polybutadiene rubber (BR) improves CR low temperature properties,
abrasion resistance, and heat ageing characteristics [8]. Blends of CR
and styrene butadiene rubber (SBR) show higher crystallization resist-
ance, lower brittleness temperature, and higher resistance to sunlight
discoloration [9]. Blends of CR=BR=SBR are characterized by higher
mechanical properties [10]. In order to improve thermal properties it
is imperative to blend CR with polyethylene vinyl acetate [11], while
thermal conductivity can be improved by blending with polyaniline [12].

Styrene derivatives can be used in CR compositions as adhesion pro-
moters. The properties of CR adhesive modified by styrene derivatives
are described in [13]. It was shown that poly-a-methylstyrene resin
improves the adhesion properties of CR adhesive to a wide variety of
thermoplastic rubbers. The influence of styrene derivatives on CR
adhesive properties has also been examined in [14–17]. It was shown
that piperylene-styrene copolymer (PSC) blended with CR leads to the
improvement of the adhesion, mechanical, and rheological properties.
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
8
 
2
1
 
J
a
n
u
a
r
y
 
2
0
1
1



However, neither morphology nor the detailed phase structure of modi-
fied CR have been reported. The aim of the present work is to get a dee-
per insight into the morphology and phase structure of PSC-modified
CR by IR spectroscopy, X-ray diffraction, UV absorption spectra, ther-
mal analysis (Tg and DTA), and AFM, providing a correlation between
the adhesion properties and structure of the modified adhesive films.

EXPERIMENTAL

Materials

Polychloroprene, named Baypren 330, was manufactured by Bayer AG
(Leverkusen, Germany) with a molecular weight of Mw ¼ 300,000 and
glass transition temperature of Tg ¼ �45�C. Baypren 330 is a mercaptan-
modified chloroprene elastomer. It is rapidly crystallizing polymer for
contact adhesives formulations, with rapid strength development.

Polychloroprene is prepared by free radical initiated emulsion
polymerization of 2-chloro-1,3-butadiene, which is obtained by the
chlorination of butadiene or isoprene. The high amount of 1,4-trans
units in the polymer (about 90%) leads to the polychloroprene
adhesive, which has a high degree of crystallinity:

Piperylene-styrene copolymer was obtained from the Institute of
Physical Organic Chemistry (Minsk, Belarus). The copolymer was
synthesized by radical polymerization [14]:
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The PSC molecular weight is Mw ¼ 35,000 and its glass transition
temperature is Tg ¼ 55�C. The IR spectrum of the copolymer film
shows a double bond is found in position 2,3 of the piperylene chains.
However, in some chains it is possible to find a double bond in posi-
tions 1,2 or 3,4.

The nature of reactants, their stoichiometry, and copolymerization
conditions determine PSC structure and its ultimate properties. PSC
exhibits excellent compatibility with a variety of polymers, plastici-
zers, and oligomeric resins. It can be fully dissolved in aromatic and
chlorinated hydrocarbons.

Preparation of Adhesive Films

CR and PSC were prepared by dissolving each polymer in a 2:1 mix-
ture (by volume) of ethyl acetate (Penta, Prague, Czech Republic)
and n-hexane (OBR PR, Plock, Poland) in a laboratory mixer EURO-
ST P CV (Ika-Werke GMBH & Co., Staufen, Germany) (150 rpm for
4 h) by mixing the homopolymer solutions in the noted proportions.
The solid content of both solutions was 20 wt.%. The homogeneous
polymer mixture was obtained by stirring at 20� 2�C for 300 s.

Polymer films for mechanical and AFM testing were prepared by
solution casting on an inert Teflon1 panel (backing) and dried for
more than 72 h. The residual solvent from the polymer films was
evaporated under mechanically created vacuum in a vacuum chamber
SPT-2000 (Unitra Inc., Stafford, Texas, USA) at 50�C for 4 h by weigh-
ing of samples up to constant weight. The thickness of the dried films
was 0.3–0.4 mm.

Peel Strength Measurements

The adhesion properties of modified CR adhesive were determined
using a T-peel test (LST EN 1392)� on joints of the styrene-
butadiene-styrene thermoplastic rubbers [Raplan 2899 NL=1 Grigio
4599 (TR1) and Raplan 3296 NLE Bianko 125 (TR2) (API S.p.A.
Mussolente, Italy)] and canvas (dimension of strips was 100� 30 mm)
using a universal testing machine H25KT (Tinius Olsen, Redhill,
England) with a load cell of 5 kN capacity at a cross-head speed of
100� 10 mm=min. The rubber surface was roughened (in a scouring
machine at 2800 rpm using an abrasive sheet with aluminum oxide

�LST EN 1392 is the Lithuanian version of standard EN 1392 ‘‘Adhesives for leather
and footwear materials–Solvent-based and dispersion adhesives–Test methods for
measuring the bond strength under specified conditions.’’
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grains of size 60) to remove the surface layer. The adhesive was
applied by a brush. It was coated the surfaces of on twice both rubber
and canva strips and allowed to dry for 30 and 60 min, respectively. An
adhesive layer of 0.25� 0.05 mm thickness was obtained. The dry
adhesive film was heat reactivated at 85� 5�C under IR radiation.
The rubber and canvas specimens were immediately placed into con-
tact and a pressure of 0.4 MPa was applied for 30 s to achieve suitable
bond strength. Afterwards, the TR=canvas joints were kept at 20� 2�C
for 24 h before the T-peel test was carried out. All reported values are
averages of results for at least six specimens.

Mechanical Properties

The mechanical properties of the adhesive films were obtained from a
uniaxial tensile test using a universal testing machine, H25KT, with a
load cell of 5 kN capacity (Tinius Olsen, Redhill, England). A cross-
head speed of 100 mm=min was used for this study. A dumb-bell
specimen was used to determine the tensile stress–strain properties.
Measurements were performed at room temperature with specimens
having a gage area of 10� 10 mm and a thickness of 0.3� 0.05 mm.
The tensile strength at break, elongation at break, and Young’s modu-
lus were determined from the load–displacement curves. Six film
specimens were tested for each set of samples and the mean values
were calculated.

AFM Measurements

The adhesive film surface properties in contact with air and backing
were measured by an atomic force microscope NT–206 (Microtest-
machines Co., Gomel, Belarus) and scanning probe microcopy (SPM)
processing software SurfaceView.

A V-shaped Si cantilever with a spring constant of 0.35 N=m was
used in contact mode in the AFM. The cantilever was 200 mm long,
40 mm wide, and 1.0 mm thick. The tip curvature radius was 10.0 nm
and cone angle was 20� (values provided by MicroMash, San Jose,
CA, USA). A sample area of 12� 16 mm was scanned. The measure-
ments were performed in air at room temperature.

All measurements were performed with the instrument mounted in
a vibration isolation system. Adhesion forces were determined from
force-distance (loading-unloading) curves. A force-distance curve was
obtained by the monitoring of the vertical displacement of either the
cantilever probe or the sample. In the present case the sample is fixed
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to the piezoelectric ceramic that monitors the cyclic vertical displace-
ment. Since the cantilever stiffness is markedly lower than that of
the sample, the cantilever deflection is almost equal to the vertical
piezoelectric displacement. Therefore, the pull-off force is proportional
to the vertical piezoelectric displacement required to unstick the tip
from the surface. The pull-off force is given by:

Fadh ¼ ktipDzp; ð1Þ

where ktip is the cantilever stiffness and Dzp is the magnitude of the
vertical displacement to unstick the tip.

Blend Structure Characterization

X-ray diffraction was performed on a DRON-3 diffractometer
(Bourevestnik, Saint Petersburg, Russia) using Cu Ka radiation.

Differential thermal analysis (DTA) and thermogravimetry (TG)
were carried out using the Paulic-Paulic-Erday system derivatograph
Mod. 1500 (MOM, Budapest, Hungary) in an air atmosphere at
temperatures up to 300�C and at a heating rate of 2.5�C=min. The
mass of each sample was 0.1 g.

Infrared spectra were obtained in transmission on an IR spectro-
meter, Model 983 (Perkin Elmer, Waltham, Mass., USA), at ambient
temperature and reported as wave numbers.

Ultraviolet absorption spectra of 2% polymer solutions in chloro-
form were recorded at ambient temperature with a DU650 UV spectro-
photometer (Beckman Coulter, Inc., Fullerton, CA, USA) over the
range of 200–300 nm.

RESULTS AND DISCUSSION

Adhesion Studies

It has been determined that PSC shows high adhesion and mechanical
properties, which depend on the ratio of piperylene to styrene [14].
Increasing amounts of styrene improve adhesion properties of the
copolymer. As can be seen from Figure 1, the maximal peel strength
is achieved at 70 wt.% of styrene (11.8 kN=m). In this case, the loci
of failure of the adhesive joints, determined by visual inspection of
the debonded rubber test samples, were cohesive in the TR1. However,
the joints produced with higher styrene content (80 wt.%) exhibit
cohesive failure of the adhesive and a decrease in peel strength that

606 K. Žukienė et al.
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can be attributed to the decrease in chain flexibility. Therefore, the
increase of styrene content in the copolymer reduces the plasticity of
the copolymer films. Brittleness of the PSC-based adhesive limits its
use for the bonding of elastomers in dynamic applications [14].

The low surface energy of TR rubber is responsible for poor
adhesion; therefore, a surface halogenation treatment is needed. How-
ever, it was found [14] that addition of PSC with high styrene content
(70wt.%) makes unfilled CR compositions suitable for TR bonding
without a surface treatment procedure. Figure 2 shows the peel
strength of TR and canvas joints as a function of PSC (70 wt.% of
styrene) content in CR adhesive compositions. The peel strength
increasess by more than a factor of two when 25 or 30 wt.% of PSC
is added. Cohesive failure is characteristic for these joints.

The mechanical properties of the adhesive varied widely depending
on PSC content (Table 1). Young’s modulus increases from 28 MPa up
to 72 MPa as the PSC content increases. The tensile strength of
adhesive films does not change up to 25 wt.% of PSC. However,
further increase of PSC content up to 40 wt.% decreases the tensile
strength of CR films (from 17.5 MPa down to 11.0 MPa). In this case,
the elongation at break decreases from 600% down to 200%. This is
related to the lower mechanical strength of the copolymer compared
with that of CR (Table 1). Therefore, further investigations were
performed with the adhesive composition of CR=PSC 75=25 wt.%,
which shows high adhesion and mechanical properties.

FIGURE 1 Effect of styrene content on the peel strength of TR to canvas
joints.
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Structural Characterization of Adhesive

The influence of PSC on the thermal characteristics of CR was inves-
tigated by DTA and TG methods. TG curves for CR, PSC homopoly-
mer, and their 75=25 wt.% blend are presented in Figure 3. The
thermal degradation of the materials was investigated up to 300�C.
It can be seen that degradation of CR occurs at 180�C with weight
being gradually lost, which is closely related to the reported value
for that type of rubber [18,19]. CR degradation occurs predominantly
in a two stage process: it starts as early as 200�C with the loss of
HCl, whilst the second stage of degradation, which occurs in the range

FIGURE 2 Effect of PSC (70 wt.% of styrene) content on the peel strength
for TR to canvas joints. Reprinted from Žukienė, K. and Jankauskaitė, V.,
J. Adhesion Science and Technology 19 (No. 8), p. 633 (2005), with permission
of the publisher, Koninklijke Brill NV.

TABLE 1 Mechanical Properties of CR and PSC (70 wt.% of Styrene) and
its blend

CR=PSC, wt.%

Properties PSC CR 85=15 75=25 70=30 60=40

Tensile strength, MPa 8.6 17.5 17.5 17.0 14.5 11.0
Young’s modulus, MPa 106 28 29 44 63 72
Elongation at break, % 10 600 530 350 250 200

608 K. Žukienė et al.
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of 400–550�C, involves the production of volative hydrocarbons
through chain scission [18].

The thermal degradation curve of PSC at the investigated tempera-
ture range is very similar to that of CR. Two weight loss steps can also
be observed in this case. The first weight loss step (5%) at 80�C can be
attributed to the evaporation of surface adsorbed water. The second
one, at a temperature of 200�C, leads to a weight loss of about 15%
and represents the degradation of copolymer.

As can be seen from Figure 3, the addition of PSC to CR slightly
worsens its thermal stability. The initial degradation temperature of
the adhesive decreases from 180�C down to 150�C, when 25 wt.% of
PSC is added.

The DTA curves of CR, PSC homopolymers, and an adhesive compo-
sition of 75=25 wt.% CR=PSC are presented in Figure 4. They reveal
the appearance of two peaks in all cases of the investigated
materials—endothermic peaks at low temperature range and large
exothermic peaks at temperatures higher than 200�C. Low tempera-
ture endothermic peaks can be assigned to the phase transition of
the polymers, 40�C to the melting of crystalline phase of CR in the
curves of CR and CR=PSC, while the peak at 63.0�C in the PSC curve
can be assigned to the glass transition temperature of the copolymer.

The exothermic peaks in the DTA curves in the temperature range
of 200–300�C are due to the decomposition of the investigated materi-
als. A large exothermic peak at 287.2�C can be seen in the case of PSC,
while the observed peak at 222.5�C of CR is in good agreement with

FIGURE 3 TG curves for CR, PSC, and CR=PSC 75=25 wt.% blend.
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the weight loss observed in the TG curve. The peak that is due to
the decomposition of 75=25 wt.% CR=PSC is slightly shifted to
higher temperature (up to 245.0�C). Thus, the addition of PSC increases
the decomposition reaction temperature of the adhesive blend.

In order to examine the influence of PSC content on the structural
characteristics of CR, X-ray diffraction studies have been performed.
X-ray diffractograms in the range of diffraction angle 2h ¼ 10.0–
40.0� for CR, PSC, and the adhesive composition of 75=25 wt.%
CR=PSC are shown in Figure 5. A broad peak in the diffraction angle
curves of PSC at 2h ¼ 23.0� is observed. For CR sharp peaks at
2h ¼ 19.0�, 21.5�, and 25.0� were detected. As can be seen from
Figure 5, the typical peaks of CR were detected in the adhesion
composition of 75=25 wt.% CR=PSC. However, PSC does not change
the intensities of peaks in the adhesive diffractograms. Thus, X-ray
diffraction analysis reveals that the addition of PSC do not change
the unit cell parameters (regularity of structure) of CR.

IR spectroscopy is a useful tool to elucidate possible interactions
between polymers. IR spectra of CR, PSC, and the adhesive compo-
sition of 75=25 wt.% CR=PSC are presented in Figure 6. CR spectrum
shows some of the characteristic features expected for polychloro-
prene, i.e., C�H stretching band at 2900 cm�1, C=C band at
1659 cm�1 [20]. The well established deformation vibrations d(CH2)
give rise to absorption in the 1500–1400 cm�1 region. The C-Cl stretch-
ing region between 800 and 600 cm�1 is well known for its resonance
specific to the configuration structures of trans-1,4-polychloroprene.
Therefore, the strong band at 669 cm�1 observed in this spectrum
can be attributed to C-Cl stretching.

FIGURE 4 DTA thermograms of CR, PSC, and CR=PSC 75=25 wt.% blend.
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The typical bands of the styrene units are detected in the PSC spec-
trum. A triplet at 3084, 3060, and 3024 cm�1 are due to the C-H
stretching vibrations; bands at 1600, 1494, and 1452 cm�1 are due to
the skeletal stretching modes of the semi-unsaturated C-C bonds;
and strong bands at 752 and 700 cm�1, produced by the out-of
plane C-H bending vibrations of the hydrogen atoms remaining on
the aromatic ring, are observed.

The spectrum of PSC-modified CR adhesive film still has the
characteristic absorbance peaks of CR and PSC.

UV spectroscopy was used to study the interaction between
modified adhesive components. From the UV absorption spectrums,
displayed in Figure 7, it can be observed that PSC shows a strong
absorption of radiation between 250 and 269 nm due to the presence
of styrene units. The absorption spectrum of CR exhibits the absorp-
tion band at 238 nm. Decreased in intensity absorption peaks of

FIGURE 5 X-ray diffraction diagrams of CR, PSC, and CR=PSC 75=25 wt.%
blend.
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PSC-modified adhesive are located at 238 nm, 270 nm, and 269.5 nm
and correspond to the homopolymers.

Thus, the blending of PSC and CR does not cause chemical changes
in the composition and only physical blends of CR=PSC are formed. It
can be supposed that changes of adhesion properties of PSC-modified
CR can be related to the surface morphology.

Surface Analysis

Polymer blends usually exhibit different bulk morphology compared
with that of the surface due to the tendency for one of the homopoly-
mers to be enriched at the surface in preference to the other. In gen-
eral, the component with lower surface free energy is enriched at
the surface in order to minimize polymer–air surface energy [21].
The driving force for the surface enrichment process may be incom-
patibility, molecular weight, bulk composition, and surface energy
difference of blend components.

FIGURE 6 IR spectra of CR, PSC, and CR=PSC 75=25 wt.% blend.
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The surface free energy of adhesive components can be estimated
theoretically from the relationship between the surface energy and
the parachor:

c ¼ P

V

� �4
; ð2Þ

where c is the surface tension, V is the molar volume, and P is the
Sugden Parachor for a repeating unit, the values of which are listed
by Van Krevelen in [22]. The group contributions of CR and PSC to
molar volume and parachor are presented in Table 2.

From the surface energy data estimated from Eq. (2) it is evident
that the c of CR is lower than that of PSC, i.e., 38.9 mN=m and
42.5 mN=m, respectively. It may be supposed that high differences in
surface free energy values between CR and PSC will favor surface
enrichment by the lower surface energy component.

In previous studies [23,24] AFM topographical and compositional
mapping and further mathematical roughness analysis showed that

FIGURE 7 UV spectra of CR, PSC, and CR=PSC 75=25 wt.% blend.
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PSC-modified CR adhesive films have a segregated surface structure.
The changes of relative homopolymer proportion in this adhesive com-
position changes the surface morphology. The adhesive containing
15 wt.% of PSC has a two-phase structure, when PSC forms disper-
sive phase domains distributed in the CR matrix. In the case of
25 wt.% or higher PSC content the top and bottom of CR=PSC films
have different structures, because CR enriches the top of film, while
PSC is located at the bottom [23]. It was supposed that the increase
in the adhesion strength of TR joints is related to the increase of com-
patibility between the TR and the modified adhesive due to the bottom
layer enrichment by PSC [15,23,24].

Further AFM investigations were performed to prove this prop-
osition. The compositional changes in the surface structure can be
deduced by measuring the interaction (adhesion) forces between the
AFM tip and the polymer surface, which contains chemical and viscoe-
lastic information about the sample, by monitoring the pull-on and
pull-off forces from the force-distance curves. The obtained pull-off
force, i.e., the force required to return the tip to its equilibrium pos-
ition, provides information on the interaction forces, resulting from
the long-and short-range force of molecular interactions [25–28].

The force-distance curves for CR and PSC films cast on a Teflon panel
(backing) are shown in Figure 8. It is clear that PSC leads to the higher
tip-sample interaction of both pull-on and pull-off forces than CR.
Regardless of whether the tip was positioned—on the top or on the
bottom of the homopolymer films—the same value of tip-sample pull-
off forces were observed. The average of the adhesion pull-off forces
are 12.8 and 21.1 nN for CR and PSC films, respectively (Figure 8).

TABLE 2 The Group Contributions of CR and PSC to Molar Volume and
Parachor [22]

Polymer Group Number of group V (cm2=mol) P ((cm3=mol)� (mJ=m2)1=4)

CR Cl 1 20.0 54.3
�CH2� 2 34.0 78.0

C 1 8.0 16.4
=CH� 1 13.0 33.5

R 75.0 182.2
PSC �CH2� 2 20.5 78.0

�CH< 2 13.5 43.8
�CH3 1 13.7 56.1
=CH� 2 16.9 33.5
�C6H5 1 45.8 190.0

R 110.5 434.9

614 K. Žukienė et al.
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It can be noted that for these measurements the manufacturer’s value
for the cantilever spring constant was assumed. While it may not be
entirely accurate, the relative values of the measured adhesion forces
must be correct since all measurements were taken with the same can-
tilever. Besides, the reproducibility of the changes in the adhesion
forces was determined by measuring a number of force-distance curves
at different locations.

Using the same tip and experimental conditions, force–distance
curves were determined for CR adhesive films modified by various
contents of PSC. Figure 9 shows average values of the pull-off force
for the adhesive film of top and bottom. As was mentioned previously
[17,23,24], the existence of two-phase structure with different surface
properties independently of the film side was observed in a adhesive
composition with 15 wt.% of PSC. The notable differences in obtained

FIGURE 9 Dependence of pull-off force on the adhesive composition.

FIGURE 8 Force-distance curves obtained on the top of CR and PSC films.
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pull-off force values can be determined in different regimes. It was
observed that some pull-off forces have a value of approximately
12 nN, while the other is significantly higher—about 20 nN. The differ-
ent pull-off force values are characteristic of those of CR and PSC
regions. Therefore, it can be supposed that two different pull-off force
values correspond to the two-phase structure of the compositions.

Up to 25 wt.% of PSC, the pull-off force values on the film top and
bottom are similar. However, a significant difference between the
pull-off force values was obtained on the top and bottom of 40 wt.%
PSC-modified CR film (Figure 9). The average pull-off force on the
top of film is 8.3 nN, while on the bottom it is markedly higher—
19.3 nN. It was found that the average pull-off force of the adhesive film
top is very close to that of CR, while on the film bottom its value is very
close to that of PSC. This is in good agreement with our previous obser-
vations [17,23,24], where it was proposed that the top of adhesive films
with higher that 25 wt.% copolymer content exhibit the same surface
structure as CR film, while the bottom was the same as PSC.

The obtained data allow us to confirm that the modification of
CR adhesive by PSC causes the increase of adhesion strength of TR
joints due to the increase of compatibility between TR and adhesive
film. During the adhesive drying and film forming, CR enriches
the film surface, simultaneously increasing PSC concentration at
the film bottom (Figure 10). It may be supposed that PSC acts as a
primer and intensifies the PCP adhesive film interaction at the
interface with rubber.

Therefore, in a further investigation an attempt to use PSC as a pri-
mer for bonding TR with unmodified CR was made. In this case, a PSC
layer was first formed on the TR surface and after drying it a CR layer
was applied. Meanwhile, on the canvas strips two layers of CR were
applied. It was found that such TR and canvas joints also show
enhanced adhesion properties (Figure 11). As can be seen, the peel
strength of TR=canvas joints increases by 20–40% compared with that
obtained with only unmodified CR adhesive.

FIGURE 10 Scheme of modified adhesive film formation on TR surface.
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Thus, the properties and structure of boundary layers of adhesive
modified by high surface energy polymeric additives are essential for
the adhesion behavior.

CONCLUSIONS

The high adhesion properties of CR adhesive to thermoplastic rubber
(TR) can be achieved by modifying it via blending with PSC. Addition
of 25–30 wt.% of PSC in a CR composition results in the improvement
of the mechanical and adhesion properties of the adhesive. However,
IR and UV spectroscopies and X-ray diffraction studies do not show
chemical changes in the modified CR composition. The adhesion
behavior of PSC-modified adhesive greatly depends on the surface
morphology.

The surface structure of PSC-modified CR adhesive is different from
that of the bulk due to the tendency for one of the homopolymers to be
enriched at the surface in preference to the other. The surface free
energy difference between CR and PSC is suggested as one of the
possible reasons for the segregated surface structure of a CR=PSC
blend. AFM pull-off force values on 60=40 wt.% CR=PSC adhesive film
top and bottom surfaces are similar to those of the homopolymers, i.e.,
pull-off force values on the top of the adhesive film are close to that
for CR film, while on the bottom are close to that for PSC. This indi-
cates enhancement of PSC content at the interface of the adhesive film
and the thermoplastic rubber surface.

FIGURE 11 Dependence of peel strength for TR to canvas joints on the
adhesive layer on TR surface formation method: I–two layers of CR, II–first
layer of PSC, second layer of CR.
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