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Styrene diene (SDS) block copolymers are used in
various application areas due to their high mechanical
properties, easy processability, enabled by their
thermoplastic behavior and, also by their low
manufacturing cost [1]. This intense use is facilitated by
the remarkable structural and compositional variation of
the block copolymers, in particular styrene-butadiene (SBS)
and styrene-isoprene (SIS), thus ensuring the most suitable
properties for different uses [2].

According to the literature, the micro-phase structure of
the polystyrene (PSt) phase dispersed in the majority
continuous polydiene (PD) phase can be found in different
forms, as spheres, hexagonal packed cylinders or
alternating lamellas [3].

These structures are also influenced by the processing
conditions, as for a styrene-butadiene block copolymer with
32% polystyrene obtained by spin casting from toluene, a
lamellar structure is obtained, while a hexagonal cylindrical
structure is achieved by extrusion due to the annealing
during the process [4]. It has been established that there is
a close correlation between these morphologies and the
physical-mechanical properties corresponding to SDS block
copolymers [5-10].

One of the most commonly used methods for varying
SBS and SIS morphology consists in obtaining films by spin
casting from different solvents [11-16].

In this paper, the effect of solvents with different solubility
parameters on the mechanical and thermal properties of
SBS and SIS block copolymers films obtained by spin
casting from their solutions is presented.

Experimental part

In order to accomplish this study, a styrene-butadiene
and a styrene-isoprene block copolymer, both with linear
structure, were synthesized by sequential anionic
polymerization of monomers in cyclohexane solution,
initiated with n-butyl lithium, according to the methods
described in the literature [17-20]. After the synthesis, the
block copolymers were stabilized directly in the
cyclohexane solution with 1% 2, 6- di-tert-butyl-4-
methylphenol. The block copolymers were separated from
the cyclohexane solution by desolvation with hot water
and water vapors, and finally dried in air and in a vacuum
oven at 60°C.

The final molecular mass of block copolymers and of
component blocks collected during synthesis was
determined by gel permeation chromatography (GPC). The
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polystyrene content was confirmed by IR spectroscopy.
The properties of the synthesized block copolymers are
presented in table 1.

Table 1
STYRENE-BUTADIENE AND STYRENE-ISOPRENE BLOCK
COPOLYMERS PROPERTIES

Crt. No. Froperiy / Elock copolymers B3 sI5
1. Polystyrene content, 5% FLED | 30070
2 Total molecular mass, g'mole 100300 | D4800
3 Folystyrene block mass, g'mole 15050 1 14530
EY Folvbutadiene block mass, gimele | 63200 -
3 Folvizoprene block mass, g'mele - 65T

Five solvents were used to achieve the experiment:
dioxane (1), dichloroethane (2), tetrahydrofuran (3),
toluene (4), cyclohexane (5). Elastomer films of 1 mm
thickness were obtained by spin casting from SBS and SIS
solutions of 20% concentration in these solvents [19-20].

The desolvation was carried out at 50-60 °C, avoiding
the thermal block copolymers degradation. Finally, the
solvent traces were removed at 60 °C in a vacuum oven.
The polarity index is a measure of the relative polarity of a
solvent and is useful for identifying the suitable interphase
effects. The higher the polarity index is, the more polar the
solvent is (table 2).

The tensile properties were determined using an FPZ-
100 dynamometer at 500 mm/min elongation rate,

Table 2
THE SOLVENT POLARITY INDEX

Crt Mo. Solvent Solvent polanty index, P
I. Dioxane 327
I Tetrzhydrofuran 410
3. Dhchloroethane 33
4. Toluene 14
3. Cyclohexane 0.z

http://www.revmaterial eplastice.ro 163



according to SR EN ISO 527-96, on type 2 specimens
stamped from the obtained films. Investigation of thermal
behavior was achieved by differential scanning calorimetry
(DSC) and dynamic mechanical analysis (DMA).

Modulated temperature DSC determinations were
performed on a DSC Q2000 (TA Instruments) apparatus,
assisted by a liquid nitrogen cooling system (LNCS) in the
temperature range of -150/ -100°C to + 150 °C using Tzero
aluminium pans and helium (purity 99.999%) as purge gas
at a flow rate of 25 mL/min. Method: MDSC - heat only;
Equilibrate to -150 °C / -100 °C, Modulate = 1.592 °C every
30s, Isothermal for 3 min, Ramp 20 °C / min to 150 °C,
Isothermal for 3 min, Ramp 20 °C/ min to -150 °C /-100 °C,
Isothermal for 3 min, Ramp 20 °C / min to 150 °C.

Dynamo-mechanical properties were determined using
a DMA Q800 apparatus (TA Instruments) with Universal
Analysis 2000 software results processing. Method:
Temperature ramp, single frequency 1 Hz, amplitude of 15
Km, equilibrate to -100 °C / -70 °C, Isothermal for 3 min,
Ramp 5 °C/ min to 150 °C.

The viscoelastic properties of the SBS/SIS films were
investigated using dynamic mechanical analysis (DMA).
DMA Q800 apparatus (TA Instrument Inc, USA) was used
to measure the storage modulus, loss modulus and Tan
Delta (Tan &) of each composite sample as a function of
temperature. All samples were tested in the tension (film
tension clamp) mode. The rectangular specimens (width
6mm, thickness 0.omm, length 35mm) were heated after
equilibration to -100°C / -70°C (SBS/SIS) with a constant
heating rate of 5°C/min to 150°C and tested at a frequency
of 1Hz and amplitude of 15 pum.

Results and discussions

Styrene-diene block copolymers show at ambient
temperature properties of vulcanized rubber due to the
physical reticulation ensured by the PSt domains
segregated in the PD continuous phase as a result of the
thermodynamic incompatibility of the two blocks
(polystyrene-polydiene) [18, 21, 22]. For the films obtained
by relatively rapid evaporation of the solvent (about 3 h)
through spin casting, the separation of the two phases is
not complete, existing also a transition zone where they
are mixed [23-24]. The extent of this transition zone is
strongly influenced by the solubility parameter of the casting
solvent which controls its preferential affinity to one of the
polymers.

Different values of the glass transition temperature (Tg)
of the polystyrene phase and of the polydiene phase (table
3) attest the incomplete separation of the two phases and
thus the solvent affinity degree for the component phases
of block copolymers can be determined.

The glass transition temperature for PSt phase
decreases due to the presence of diene chains into its
domains, while the contamination of PD phase with
polystyrene blocks leads to a Tg increase of the elastomeric
phase, as can be seen from the DMA diagrams (fig. 1, 2).
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Fig. 1. DMA diagrams of SBS films obtained by centrifugal casting
from different solvents: 1-dioxane; 2-dichlorethan,

3-tetrahydrofuran, 4-toluene, 5-cyclohexane.
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Fig. 2. DMA diagrams of SIS films obtained by centrifugal casting
from different solvents: 1-dioxane; 2-dichlorethan, 3-
tetrahydrofuran, 4-toluene, 5-cyclohexane.

Table 3
PROPERTIES OF SBS AND SIS BLOCK COPOLYMERS OBTAINED BY SPIN CASTING FROM DIFFERENT SOLVENTS: DIOXANE (1),
DICHLOROETHANE (2), TETRAHYDROFURAN (3), TOLUENE (4), CYCLOHEXANE (5)

Cri. | Properties / Block SES 518
No. | copolymer I 2 3 1 5 I 2 3 1 5
1 Tensile strength, MPa 161 1312 180 157 151 150 102 154 158 151
2. | Elongation at break, 7z £30 740 500 530 570 1380 1280 1320 1420 1500
3. | Tield, MP= - 21 R 1.6 - - 1% 21 12
1| Hardness, "ShA B0 i T0 &7 [ k] T0 &8 33 31
5 Tz of polydiene Block, | -T0.8 T84 -T8.T 12 TG | 473 430 S I | 3
*C (DEC)
6. | Tg of polystyrene 053 (3 [ 053 o7 oE 1 TR Ry ood oed
black, °C (D5C)
T. | Storage modulus at | 3133 133 208 303 37 d 1867 1534 157 118 133
30°C, MPa
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Fig. 3. Storage modulus at negative temperatures of SBS films
obtained by centrifugal casting from different solvents: 1-dioxane;
2-dichlorethan, 3-tetrahydrofuran, 4-toluene, 5-cyclohexane.
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Fig. 4. Storage modulus at positive temperatures of SBS films
obtained by centrifugal casting from different solvents: 1-dioxane;
2-dichlorethan, 3-tetrahydrofuran, 4-toluene, 5-cyclohexane.

In the polystyrene phase, the affinity of the solvent
decreases in the order of: dioxane, dichloroethane,
tetrahydrofuran, toluene, cyclohexane, this succession
being determined by the Tg decrease for PSt phase. In the
same order there is an increase in the affinity of the solvents
for the diene phase. This order is correlated with the
decrease of the solvent polarity index (table 2) and the
solubility parameter: 10 for dioxane, 8.9 for toluene and
8.2 for cyclohexane. The different degree of PSt and PD
phases separation influences the tensile behavior of block
copolymers, as can be seen from table 3.

The advanced separation of the polystyrene phase leads
to an increase number of PSt blocks included in the
plastomer domains, thus significantly increasing the
crosslinking degree of the elastomeric phase. A higher
crosslinking degree causes an increase of: tensile stress,
tensile strength, storage modulus (fog. 3-6), and hardness
and a decrease of the elongation at break (table 3).

It should be mentioned that although the block
copolymers films have been obtained in the same heating
regime, the solvent evaporation rate varies due to their
different boiling temperature and volatility. It is known that
the rate of evaporation influences the microstructure of
the polystyrene phase [2, 11, 25]. Thus, in the case of spin
casting from toluene at a slow evaporation rate, the
polystyrene phase presents a double, cylindrical and
lamellar morphology; at a medium evaporation rate a very
ordered microstructure as cylinders in an hexagonal matrix
is obtained; rapid evaporation of toluene leads to a
disordered structure comprising all the three types of the
polymeric phase: spheres, cylinders and lamellas. These
polystyrene morphologies present a different interface in
comparison to the polydiene matrix: three-dimensional for
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Fig. 5. Storage modulus at negative temperatures of SIS films
obtained by centrifugal casting from different solvents: 1-dioxane;
2-dichlorethan, 3-tetrahydrofuran, 4-toluene, 5-cyclohexane..
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Fig. 6. Storage modulus at positive temperatures of SIS films
obtained by centrifugal casting from different solvents: 1-dioxane;
2-dichlorethan, 3-tetrahydrofuran, 4-toluene, 5-cyclohexane.

the spherical domains, two-dimensional for the hexagonal
domains and one-dimensional in the case of lamellar
structure. These different polystyrene phase morphologies
that ensure the physical crosslinking of styrene-diene
triblock copolymers, participate with different contribution
on the elastomer resistance subject to deformation and
thus itis explained the variation of the mechanical properties
(tensile strength, elongation at break, hardness) when the
material is subjected to stretching (table 3).

It should be noted that the solvent effect used in the
spin casting is similar for butadiene and isoprene block
copolymers due to their close affinity degree to the solvents
used in this study. Toluene was selected to be used in spin
casting of styrene-diene block copolymers in order to
eliminate the solvent effect on the physical-mechanical
characteristics ensuring thus, at international level, a correct
comparison of SDS properties manufactured by different
companies. Even, the solvents with a higher P favors
certain mechanical properties (tensile strength, hardness)
and thermal properties (Tg, storage modulus), nevertheless
toluene is preferred as casting solvent because it is a non-
selective solvent for polystyrene, polybutadiene and
polyisoprene, respective [26-28].

Conclusions

The study of mechanical and thermal properties of SBS
and SIS block copolymers with majority polydiene content
obtained by spin casting showed that the solvent type
predominantly influences the morphology of the
polystyrene phase dispersed in the polydiene matrix.
Modification of PSt morphology is correlated with the
solvent affinity degree to polystyrene.
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