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We investigated magneto-active elastomers (MAEs), fabricated as composites of carbonyl iron
microparticles (CIP) embedded in a soft PDMS matrix, that show large changes in their me-
chanical and surface properties when exposed to a magnetic field [1]. The main aim was to
reveal the field-induced redistribution of microparticles in the elastomer matrix. We used
ultra-small-angle neutron scattering (USANS) to probe in situ how the embedded microparti-
cles reorganize under an applied magnetic field. The samples were films with a thickness of
around 200 pm prepared with two different concentrations of CIP, 30 wt% and 75 wt%. The US-
ANS beamline S18 at the ILL provided access to structural correlations over the length-scale
interval 0.2-30 pum.

Using multilevel Guinier-Porod analysis of the detected scattering signal, we identified hierar-
chical structures and found that their characteristic length scales depend strongly on particle
concentration. The analysis also revealed some limitations related to particle size polydis-
persity, interparticle interactions, and magnetic scattering contributions. In a magnetic field
of around 300 mT, we observed clear anisotropic changes in the scattering signal, with dif-
ferent behavior parallel and perpendicular to the field. Changes at micrometer length scales
were associated with particle rearrangement, while features detected on smaller length scales
were attributed to magnetic scattering effects. To quantitatively interpret the observations,
we performed Monte Carlo simulations based on dipole—dipole interparticle interactions. The
simulations reproduced the observed anisotropy and revealed that particle displacements are
relatively small and only weakly directional. Our work demonstrates that USANS is a power-
ful tool for direct probing of mesoscale restructuring in MAEs. It also provides new insight
into the relationship between particle restructuring and modifications in the material’s macro-
scopic mechanical properties.
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