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Bitumen is a complex material whose chemo-mechanical properties strongly influence pavement
performance. Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful tool for investigating its
chemical composition, molecular mobility, structural evolution, and interactions with additives and
modifiers. This work reviews the application of NMR techniques, including Free Induction Decay (FID),
Carr—Purcell-Meiboom—Gill (CPMG), Pulsed Field Gradient Stimulated Echo (PFGSE), and Inverse
Laplace Transform (ILT) analysis, to bitumen characterization.

Particular emphasis is placed on ILT analysis of transverse relaxation time (T2) distributions, which
provides valuable information on molecular mobility and structural changes. The approach was applied
to pristine, aged, and rejuvenator-modified aged bitumen, showing that rejuvenators promote the
rearrangement of aged bitumen toward a structure closer to the original material. ILT-NMR therefore
offers a sensitive method for evaluating rejuvenation mechanisms and additive effectiveness.

NMR was also combined with Thin-Layer Chromatography (TLC) to characterize the chemical
composition of different bitumens and their asphaltene and maltene fractions. Proton NMR ("H-NMR)
enabled quantitative analysis of aliphatic and aromatic hydrogen species, providing insight into
compositional and structural differences among bitumens.

Overall, the results demonstrate the versatility of NMR, particularly when combined with ILT relaxation
analysis and chromatographic separation, for understanding bitumen composition, molecular dynamics,
aging, and rejuvenation. These approaches can support the development and optimization of more
effective bitumen modification strategies.
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