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In the tire industry, tackifying resins are essential ingredients because they modulate
green tack and green strength of the uncured rubbers, facilitating their manipulation and
preventing creep and tear of the final products. From a molecular perspective, the presence
of the resin alters the dynamics of the polymer chain, resulting in the modification of
the rheological and viscoelastic behavior of the rubber compounds. Since the mechanical
response of the final compounds varies depending on the type of resin added, it is important
to dissect the molecular origins of such differences. In this research, we compared the
effect of a natural- and a petroleum-origin resins on the dynamics of Styrene–Butadiene
Rubber (SBR) in compounds of interest for the tire industry. To this end, we employed
a variety of Solid-State Nuclear Magnetic Resonance (SS-NMR) experiments at variable
temperature. These include 1H Field Cycling NMR, DIPolar chemical SHIFT correlation,
and Centerband-Only Detection of Exchange experiments. These techniques enabled the
study of polymer dynamics on a wide range of motion time scales, from the fast segmental
motions related to glass transition to the slower and collective motions of the polymer
chains. In addition, measurements of 1H T1 and T1ρ relaxation times provided information
on the polymer-resin miscibility on the nanometer scale, which is essential for achieving
compounds with the desired mechanical properties. Dipolar-Filtered Magic Sandwich Echo
experiments were also carried out to obtain information on the presence of domains with
different degrees of mobility, as well as on the onset of their motions with temperature.
The SS-NMR results were compared with those from dynamic-mechanical, rheometric,
calorimetric, and chemical characterization. This approach provided valuable information
to elucidate the complex relationship between molecular and macroscopic properties in
rubber compounds, aiding the design of formulations with improved performances.

Author Contributions: Conceptualization, M.P., F.M., E.R.D.A. and M.G.; methodology, M.P., F.M.
and E.R.D.A.; software, M.P.; validation, M.P., F.M., E.R.D.A. and M.G.; formal analysis, M.P. and
F.M.; investigation, M.P., F.N. and F.M.; resources, M.C., M.G., F.M. and E.R.D.A.; data curation, M.P.;
writing—original draft preparation, M.P. and F.M.; writing—review and editing, F.M., M.G., F.N., L.C.

Proceedings 2026, 136, 80 https://doi.org/10.3390/proceedings2026136080

https://crossmark.crossref.org/dialog?doi=10.3390/proceedings2026136080&domain=pdf&date_stamp=2026-02-24
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0001-5605-5594
https://orcid.org/0000-0002-3080-8807
https://orcid.org/0000-0002-0464-0078
https://orcid.org/0000-0003-2461-4755
https://orcid.org/0000-0002-2422-8400
https://orcid.org/0000-0002-5800-8596
https://sciforum.net/event/IOCPS2025
https://doi.org/10.3390/proceedings2026136080


Proceedings 2026, 136, 80 2 of 2

and E.R.D.A.; visualization, M.P.; supervision, F.M., M.G., M.C. and E.R.D.A.; project administration,
F.M. and M.G.; funding acquisition, F.M. and M.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request.

Conflicts of Interest: Mattia Cettolin is employed by the company Pirelli Tyre S.p.A. The remaining
authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/proceedings2026136080

https://doi.org/10.3390/proceedings2026136080

