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The majority of relaxation transitions in poly(butadiene-co-acrylonitrile) that are observed above the glass transition
temperature are connected with the butadiene component. The acrylonitrile component affects the glass transition
temperature and the temperature of chemical decomposition of the polymer, and it leads also to the occurrence of the
relaxation process connected with the mobility of local dipole-dipole cross bonds.

Der Einfluf3 der Butadien- und Acrylnitril-Komponenten auf das Relazationsverhalien von Butadien-Acrylniiril-Copoly-
meren

Die Mehrzahl der Relaxationsiibergiinge in Poly{butadien-co-acrylnitril) oberhalb der Glasiibergangstemperatur hingen
mit dem Butadienanteil zusammen. Der Acrylnitrilanteil beeinfluBt die Glasiibergangstemperatur und die Temperatur
der chemischen Zersetzung des Polymers. Er ist auch fiir das Auftreten des mit der Beweglichkeit lokaler Dipol-Dipol-
Querbindungen zusammenhingen Relaxationsprozesses verantwortlich.

Bausnue 6ymaduernosoeo w akEpUIOHUMPUALHOLO KOMNOHEHMOS HA PEAIAKCAYUOHHBIE céolicmea GyYmadueHarpuno-
HUMPUALHBIT CONOAUMEDOE

Boabmuncrso PeIaKCanMoHHHX MEepPeXodoB B COMOaUMepax 6yTaJII{IeH3. H AKPpUIOHUTPHJIA, HaﬁJ‘IIOI[aeMLIX BEIIIIE
TeMIneparypsl CTEKJIOBAHMA, CBA3aHO C 6yTaJIPIeHOBBIM KOMIIOHEHTOM. AKpI/IJIOHI/ITpI/IJIBHbIﬁ HOMIIOHEHT OKAa3bhIBAeT
BJIMAHNE Ha TEeMIIEPaTypy CTeKIOBAHUA U TEMIEPATYPY XUMHYECKOI'0 pacnaja mojauMepa, a Takme IPUBOOUT K
IIOABJEHNA PeJaKCAllMOHHOI0 Npolecca, CBABAHHOTO C HOABUHOCTHIO JTOKAJIBHBIX HUIOIb-TUMOILHBIX Iomepey-

HEIX CBf3eli.

1. Introduction

Copolymers are seldom characterized by a pure statistical
distribution of units in the polymer chain [1]. Therefore the
individuality of A and B units is supposed to appear in the
relaxation processes in copolymers. The purpose of this paper
is to ascertain the contribution of the butadiene and acrylo-
nitrile units to the relaxation processes observed by means of
relaxation spectrometry in butadiene-acrylonitrile copolymers.

2. Relaxation transitions in poly(butadiene-co-acrylonitrile)

Figure 1 presents the dependence of the glass transition
temperature on the content of nitrile units. The glass
transition temperature for polyacrylonitrile is taken from
[2]. The other data are taken from various scientific papers
[3]. It follows from Figure 1 that the dependence for T is
of a non-linear character. Extrapolation of this depen-
dence gives for the atactic polybutadiene the value T, =
—55°C, which is close to literature values (T, = —50°C).

According to the data on stress relaxation for copolymers
and atactic polybutadiene, above the glass transition
temperature 13 different relaxation processes are observed.
Two of them are chemical relaxation processes: d, is the
process related to the decomposition of the chemical cross
bonds in the rubber network, and d, is the process connected
with the disintegration of weak C—C bonds in the polymer
chains,

Just above T, two relaxation processes are observed:
ttpp Which is related to the decomposition of the physical
nodes formed by the interaction of the —CH=CH, side
groups of the butadiene links [1, 2], and &, which is ex-
plained by the disintegration of the dipole-dipole (cross)
bonds between the polymer segments with intramolecular
chemically bound sulfur. Within the temperature range
between these and the chemical relaxation processes further
transitions are observed, to which, first and foremost,
belongs the group of A-transitions connected with the
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Fig. 1. Dependence of the glass transition temperature on the
content of nmnitrile units in poly(butadiene-co-acrylonitrile)

decomposition of microvolume physical nodes of the
molecular network. These nodes represent the associates
of bound segments of various types with different life time
[4—7]. Up to seven A-transitions are observed for the
investigated polymers,

The 7y process, specific for the butadiene-nitrile elasto-
mers, was discovered in the studies [6, 8]. This process is
related to the decomposition of dipole-dipole cross bonds
formed by the polar CN-groups of the nitrile units of the
copolymers. For polybutadiene this process is not observed.

3. Effect of butadiene and nitrile components
on the relazxation transitions

Almost all relaxation transitions are observed in poly-
butadiene as well as in its copolymers. It means that in the
copolymers containing up to 50%, nitrile units the butadiene
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Fig. 2. Dependence of the activation energy of various relaxation
processes on the content of nitrile units in the polymer chain.
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component plays an essential part in the relaxation phe-
nomena. The 7~ and d,-relaxation processes are predeter-
mined by the presence of the rubber network. For these
processes only the part of the butadiene units is important,
because the process of curing by adding of sulfur proceeds
at the C=C double bonds.

Figure 2 illustrates the interdependence of the activation
energies and the content of the nitrile units in the polymer
chain for all relaxation processes.

The local physical nodes formed by the dipole-dipole
bonds between the added sulfur, which is not involved in
bridges, evidently have the same nature as in polybuta-
diene, Therefore the activation energy as well as the tran-
sition temperature of the zz,-relaxation process are identical
for the homopolymer and the copolymers, As for the brid-
ged sulfur which forms chemical nodes of the rubber ne-
work, the nature of the decomposition (0,-transition) and
the activation energy (Figure 2) are also identical for
polybutadiene and its copolymers.

The butadiene links are responsible for a- und f-relaxa-
tion transitions in the copolymers. One can see that the
activation energy of - and f,-transitions for the copoly-
mers is the same as for polybutadiene (Figure 2). On the
whale, the glass transition (x-process) is defined by the
butadiene units, not by the acrylonitrile units. Figure 1
shows that the glass transition temperature in the copoly-
mers with the nitrile groups content up to 509%, insigni-
ficantly increases (the glass transition temperature of
polyacrylonitrile is T, = 72°C). The effect of the nitrile
units on the a-process is manifested in the gradual decrease
of the segmental mobility due to the growth of the content
of nitrile units,

The ppp-relaxation process is observed both for poly-
butadiene and for all investigated copolymers and cha-
racterized actually by the same activation energy. The
effect of the nitrile units on A-transitions is of a more
complicated character. Thus, in the paper [8] for instance,
it is shown that the activation energy of A-processes in the
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butadiene-nitrile elastomers is identical to the energy in
polybutadiene (50 kJ/mol). According to our data for
copolymers the activation energy equals to 60 kJ/mol, In
other words, the copolymers are characterized by an acti-
vation energy U; which lies within a certain region (Figure
2). This is connected with the fact that under different
conditions of synthesis the individual nitrile units in-
creasing the interaction energy of the bound segments in
the associates are able to enter or not the butadiene seg-
ments of the polymer chain. The same situation is confirmed
by the data in Figure 3. This figure hints that the factors
of the Boltzmann-Arrhenius equation z; = B, exp (U;/kT)
for the corresponding relaxation transitions in the copoly-
mers practically do not depend on the content of nitrile
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Fig. 3. Dependence of lg B; on the content of nitrile units in
the polymer chain. 1 — #,, 2 — Upprelaxation transitions;
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Fig. 4. Temperature dependence of Ig B; for the copolymers (1)
and for polybutadiene (2). Temperatures correspond to the
frequency v = 1 Hz
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units, and for polybutadiene the values of B; are consider-
ably greater than for A-transitions of the copolymers. The
value of the factor B; is directly related to the size of the
microvolume of the physical nodes. In the copolymers, B;
is smaller due to the smaller size of the associates — the
butadiene segments in the polymer chains of the copoly-
mers are considerably smaller than in the macromolecules
of homopolybutadiene.

The difference in the microstructure between the bu-
tadiene segments in the copolymers and in the chains of
polybutadiene can be seen from the temperature depen-
dence of g B; (Figure 4), where all butadiene-nitrile co-
polymers lie on one curve which differs from the curve for
pelybutadiene.

The acrylonitrile units are directly responsible for the
so-called smy-relaxation transition. This process is observed
in the copolymers, and it becomes the more apparent the
greater the content of nitrile units is. The activation energy
of this process (Figure 2) does not actually depend on the
content of nitrile units in the copolymers. This is under-
standable as the structural elements that are responsible
for this process (dipole-dipole bonds) are the same for all
butadiene-nitrile copolymers.

As Figure 2 shows, the activation energy of the ;-

ZATOUT, SEDAHMED et al.: Diffusion of electrolytes
in solutions containing ionic macromolecules

relaxation increases with the increase of the number of the
nitrile units in the polymer chain., This means that the
strength of the bonds depends on the microstructure and
on the composition of the polymer chain.
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