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Spin-lattice relaxation Ti Is sensitive to molecular motions
occurring near the NMR observation frequency. As
temperature increases, different molecular motions enter the
NMR observation window, producing characteristic maxima

| in the relaxation rate R.
Three main relaxation processes are usually distinguished in
semicrystalline polymers. The a relaxation occurs at high
temperatures and Is associated with cooperative motions In
crystalline regions. The [ relaxation Involves segmental
~motions In non-crystalline regions and Is often discussed In
connection with the glass transition. The y relaxation comes from
localized motions, such as crankshaft-like rotations and trans-gauche
rearrangements of short chain segments.

Introduction

Polyethylene (PE) and polypropylene (PP) are widely used
holymers. Despite their simple chemical structure, they
nave complex morphology, where crystalline, amorphous
and Interfacial regions closely intertwine. These regions
differ in molecular mobility, which strongly influences the
macroscopic properties of the material. |

TD-NMR Is sensitive to molecular dynamics and dipolar
Interactions,and Is useful for studying morphology. We use |
one of the TD-NMR analysis pathways Second-Moment Gaussian
Approximation (SMGA), which relates the initial decay of the NMR
signal to the second moment Ma, reflecting the strength of dipolar

Interactions. -  glss The temperature dependence of Ri can be described using
Here, we Investigate the temperature dependence of relaxation in PE T spectral-density models. BPP assumes a single correlation time, while
and PP to characterize molecular motions and their relationship with — [EIREe: crankshaft Cole—Davidson accounts for a distribution of correlation times.
polymer morphology.
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Fig. 3.1 Temperature-dependent Tr distributions (ILT: 100 points, 10-2000 ms, second-order Tikhonov \{\ T T T assuming Arrhenius  relation, align well with Fig. 2.2 Exc vs crystallinity
regularization). Round markers represent monoexponential Ti values. Hig. 2.1 Ri Temperature dependence literature data.
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: * ' . " . | | LA Therefore, the BPP model was used.
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estimate the dimensions of amorphous domains ” .
in PE and PP, The initial magnetization transter .-, “ The normalized DQ build-up curves were analysed to obtain distributions
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Conclusions

Temperature-dependent TD-NMR measurements of PE and PP provided information on molecular mobility, phase composition and morphology.
- M2 analysis revealed temperature-dependent changes in molecular mobility and their dependence on crystallinity. -

- Tr relaxation revealed a, 3 and y processes, allowing estimation of activation energies and distributions of correlation times. 1> ...

- ILT confirmed relaxation heterogeneity, although distinct components could rarely be resolved. Polyethyiene @@
- DQ-MQ provided distributions of residual dipolar couplings, reflecting molecular constraints and local ordering. B My
- Goldman-Shen measurements yielded amorphous domain sizes on the nanometer scale, in good agreement with literature. L 7 £
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