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New butadiene based di-block stereoregular polymers for

the development of innovative compounds - BDSPs.
A breakthrough technology to fill performance gaps on the BR marketplace

https://versalis.eni.com/irj/portal/anonymous?NavigationTarget=navurl: //e36a2fce3c5df12e706329cbff9ad995&guest_user=anon_it

Versalis, in collaboration with ISMAC-CNR, has now developed a new generation of
polybutadienes (BDSPs) showing the properties of a thermoplastic elastomer, i.e. the behavior of a
viscoelastic liquid at processing and moulding temperatures, and elastomeric properties in
application, without necessarily passing through a crosslinking process. This feature particularly
applies in the tire production and most importantly allows recycling. It also brings advantage to
many other applications requiring not-crosslinked elastomers, with considerable benefit for
environmental sustainability.

Versalis BDSPs are a genuine breakthrough in the elastomers business with pioneering features
regarding both catalysis and the stereoregular di-block polybutadienes.

Versalis BDSPs avail themselves of a specific polymerization catalysis which, having living character
and high stereoselectivity, allows to obtain butadiene based stereoregular di-block polymers
having cis-1,4/1,2 syndiotactic structure.

The cis-1,4 block is amorphous with low melting temperature (T,,) (well below room temperature),
while the 1,2 syndiotactic block is crystalline with high T, (above room temperature); the melting
temperature of the crystalline block can be managed in the range 70° + 140°C.

The 1,2 syndiotactic block, below its melting temperature, shows a filler-like behavior.
Furthermore, the hard, phase separated, 1,2 syndiotactic block domains act as physical cross-links
thus increasing the polymer elasticity.

Versalis BDSPs have been obtained through a new

catalytic  process involving the change of

Mt
ad Mot/ ML stereoselectivity of the catalytic centre during the living
1,3-butadiene STEP 1

polymerization run.

(‘Lz In The polymerization process involves the stereospecific

A | STEP2  polymerization of butadiene with catalysts based on

w LT out cobalt organometallic complexes with suitable and
Me| original ligands L1 (STEP 1) giving a living, amorphous

L2’Mt\ polybutadiene with cis-1,4 structure (= 97%). Then,

after a variable polymerization time (t1), a different

Mot th‘LZ and original ligand L2 and further butadiene are added,

7 determining a change in the selectivity of the living

1,2 syndio catalytic centre (STEP 2), with consequent formation of

crystalline block a crystalline 1,2 syndiotactic polybutadiene block. It is

worthwhile to note that the two stereoregular polybutadiene blocks (amorphous cis-1,4 and
crystalline syndiotactic 1,2) are linked through a single junction point.

The values of m and n (i.e., the molecular weight of the two PB blocks, amorphous cis-1,4 and

crystalline syndiotactic 1,2) depend on the amount of butadiene added in the two polymerization



steps. The stereoregularity of the 1,2 polybutadiene block (i.e., the percentage of syndiotactic
triads [rr]), and indeed its melting temperature, depends on the type of L2 ligand used.

The innovative features of this new catalytic process enable to obtain a) high stereoregular di-
block polybutadienes in which the two blocks have a single junction point, being the
polymerization of a living type; b) to control the molecular weight of the two blocks, by varying the
addition time of the ligand (L2) and/or the amount of butadiene in the feed; ¢) to control
syndiotacticity degree of the 1,2-block, and its thermal properties (melting temperature,
crystallization temperature and glass transition temperature) by appropriate choice of the type of
ligand (L2).

The extreme versatility of the Versalis BDSPs innovative catalytic system, as highlighted in points
a-c listed above, allows to modulate at will the features of the obtained stereoregular di-block
polybutadienes.

Versalis new BDSPs, associated to the innovative catalysis developed for their preparation, allow
to prepare compounds for applications in several fields such as tires, soles and technical articles,
with improved properties compared to those nowadays available.

In particular, for instance, with the new compounds, it will be possible to develop tires usable both
in summer and winter seasons, but with features at the top for both applications. Actually the "all
seasons" tires have characteristics mediated between the winter and summer uses, and
consequently with not optimal performances.

Versalis BDSPs featuring not cross-linked compounds could make the products obtained through
this technology more easily recyclable and environmentally-friendly.

Moreover, considering that the BDSPs are based on an extremely new technology and that the
two constituting blocks (“soft” amorphous block and “hard” crystalline block) are tunable at will as
regards their molecular weight and length, type and degree of stereoregularity, thermal properties
(melting temperatures, crystallization and glass transition), the potential applications of this new
polymers go beyond tires and are all to discover and will open to a wide range of commercial
segments, both in thermoplastic and elastomeric fields.



