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Synopsis

The thermoelastic properties of block copolymers of the type polystyrene—polybu-
tadiene-polystyrene were studied. It was found that the fy values depend on the content
of styrene and the strain history as well. These relationships are discussed from the point
of view of polymer structure.

INTRODUCTION

Thermoelastic properties have been studied of nearly all known elasto-
mers.2 Main attention has been paid to the energetic portion of the
equilibrium stress f;, = (QU/0L)r, which can be obtained from the de-
pendence of equilibrium stress on temperature. This expression calculated
for small clongations corresponds to the change in conformation energy and
isrelated to the temperature coefficient of unperturbed chain dimensions.?

By suitable modification of the polymer network (e.g., by ehlorination),
a change in the values of thermodynamic properties can oceur.* A special
case of modification is represented by the block copolymer of structure
ABA, where A and B denote a thermoplastic and elastic block, respectively.
These copolymers may form a two-phase system. Under suitable condi-
tions of composition and molccular length, block B forms a continuous
phase, while the dispersed phase of end blocks A acts as a system of multi-
functional junction points in this network. Though the system is not vul-
canized, it shows the properties of crosslinked clastomers up to the ap-
proximate glass transition temperature T, of the A component.’

The aim of this study was to investigate the thermoelastic properties of
block copolymers of the type polystyrene—polybutadiene-polystyrene.

EXPERIMENTAL
Copolymers of the Type Polystyrene-Polybutadiene—Polystyrene Used

The block copolymers (Table 1) were prepared by consecutive polymer-
ization of butadiene and styrene in toluene at 50°C. Asstarter 1,4-dilitlio-
butane in the form of 0.27 molar solution in diethyl ether was used.

* Present address; LRubber Factory Research Center, Kralupy, Czechoslovakia.
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TABLE I
Characterization of Block Copolymers of Polystyrene-Polybutadiene-Polystyrene

Polystyrene content,

Sample M, X 104 wt-%
1 7.5 25.3
2 — 30.0
3 7.0 33.4
4 7.9 37.6
5 7.1 45.5

The content of polystyrene component was determined from densities
assuming that the volumes were additive.

The proportions of the configurations in polybutadienc component were:
cis-1,4-, 27%,; trans-1,4-, 33%,; 1,2-,409.

Methods

The samples were prepared in the shape of bands by pressing them at
140°C. Their dimensions were 0.3 mm X 5.0 mm X 38.0 mm.

A Cambridge Textile Extensometer adapted for the temperature control
of samples was used to obtain the thermoelastic curves. The samples
containing more than 30 wt-9 of styrene were prestretched to about 3509.
The relaxed dimensions of samples after release of the prestress were taken
as starting dimensions.

The relative extension varied within the range of 1.0 to 2.0. The rela-
tionships between equilibrium stress and temperature were obtained in the
temperature region of 25°-55°C. The equilibrium stress at 55°C was
reached after 15 hr of relaxation, approximately. The values of the co-
efficient of longitudinal thermal expansion A were determined in the tem-
perature range of 25° to 55°C by means of the cathetometer KM-6; they
varied from 1.2 X 10—* to 1.5 X 10~* deg—!. The calculation of thermo-
dynamic quantities was based on the well-known equation®

[ = (U/oL)r,y — T(dS/0L)r,vy = fv + fs (1)
where
—(08/0L)r v = (3f/0T)v 1, (2)

and f, U, S, L, V, and T denote equilibrium stress, internal energy, en-
tropy, length of sample, volume of sample, and temperature in degrees
Kelvin, respectively. The coefficients (Of/0T)p,, found experimentally
were adapted by using the correction factor calculated from the coefficient
of longitudinal thermal expansion of the sample,’

(0f/0T) p.a = (Of/OT)v,L + fA (3)
where A = L=1(0L/0T)pand a = L/ Ly, i.e., relative elongation.
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RESULTS AND DISCUSSION

The morphology of the block copolymers considered were mainly de-
pendent on styrene content. At low styrene contents (<25 wt-%,), the
polystyrene domains are spheroid-like, not affecting each other signifi-
cantly. In the course of stretching of the samples, the polystyrene do-
mains become ellipsoid-like.® At higher styrene contents, mutual contacts
of polystyrene domains, i.e., formation of reticular structure occurs.®?®
During stretching, the connection between the polystyrene domains,
oriented in the stretching direction, break. The destruction of reticular
structure of polystyrene domain becomes manifest by the yielding and
drawing processes.? At relatively higher styrene contents (~40-50 wt-9,),
when the structure of polystyrene domains becomes rod-like until lameliar, !
the yielding and drawing processes in stretching are still more significant,
which is due to the destruction of these structures. In the samples
shown in Table I, the yielding and drawing processes become manifest,
except for sample 1. The dependencies of the stress on temperature for
this sample are shown in Figure 1a. The curves obtained for temperature
decrease and increase are identical, indicating the thermodynamic revers-
ibility of the process. The dependence of the quantities fs and fy on «
(Fig. 2) is not the same as was observed with crosslinked elastomers,5-12
including polybutadiene.! For small elongations (a = 1.1-1.2), relatively
high positive values of fy have been found which decrease with increasing
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Fig. 1. Dependence of equilibrium stress on temperature for the block copolymer poly-
styrene-polybutadiene—polystyrene at different elongations: (A) styrene content 25.3
wt-0,; elongations: a = 1.054; b = 1.108; ¢ = 1.162; d = 1.216; e = 1.324; (B)
styrene content 37.6 wt-9, (after prestretching); elongations; a = 1.107; b = 1.221; ¢
= 1.321; d = 1.428; e = 1.535; f = 1.642; g = 1.749; (O) decreasing temperature: ( X )
increasing temperature.
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Fig. 2. Dependence of equilibrium stress f, energetic contribution fy, and entropic con-
tribution fs on elongation. Styrene content 25.3 wt-%: (O) f; (A) fs; (O) fu.

«. This phenomenon is most likely due to the strain of polystyrene do-
mains which occurs as early as during the first stage of sample elongation.®
It agrees with the observation that the uniaxial strain of polystyrene in-
volves endothermic effects.!?

Since samples 2-5 were subject to yielding and drawing processes, the
thermoelasticity measurements were carried out after prestretching. For
the sake of comparison, sample 1 was also treated in the same way. The
dependence of equilibrium stress on temperature is linear in the investi-
gated range of elongation and temperature under conservation of reversibil-
ity. A typical course of this dependence is presented in Figure 1b for
sample 4 containing 37.6 wt-9, of styrene. The dependences of f, fs, and
fv on « are given in Figure 3. In the case of sample 1, a distinct decrease
in the values of f, fs, and fy, in contrast to the data presented in Figure 2,
18 evident while the values of fy approximate those obtained for polybuta-
diene.! With increasing content of styrene in the samples, an increase in
the value of f;, may be observed, especially for small «. This is most likely
due to further strain of polystyrene domains. On the other hand, greater
elongations evoke a smaller change in internal energy fy for which a rela-
tively steady strain of polystyrene domains and prevailing strain of poly-
butadiene blocks may be responsible. To test the effect of strain of the
polystyrene domains on the thermoelastic properties of the copolymers,
some measurements were made with samples that were prestretched and
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Fig. 3. Dependence of equilibrium stress f, energetic contribution fy, and entropic
contribution fs on elongation after prestretching. Styrene contentsin wt-%,: (1) 25.3;
(2)30.0; (3)33.4; (4)37.6; (5)4.55; (O)f; (@) fu; (A)fs.
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Fig. 4. Dependence of equilibrium stress f, energetic contribution fy, and entropic
contribution fg on elongation. The sample with 45.5 wt-9, styrene content was pre-
stretched and after the release of stress, relaxed for 16 hr. (O) f; (3) fu; (A) fs.
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subsequently relaxed for 16 hr. The typical dependence of f, fs, and fy on
« is presented in Figure 4; the values of fs and fy are considerably higher,
especially at small elongations. That may be explained by the assumption
that a relatively fast decrease takes place in the strain of the polystyrene
domains after the release of stress, even at room temperature, which pro-
duces a partial regeneration of the thixotropic reticular structure. The
change in internal energy measured at small clongations indicates an addi-
tional strain of polystyrene domains or decay of the thixotropie reticular
structure.

As expected, the influence of crystallization is negligible in the whole
range of elongations. The presence of both the configurations in the poly-
butadiene blocks gives very little opportunity for the nucleation of crystal-
lites,
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