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Magnetic surface walkers, typically composed of magnetic micro-particles or self-assembled nanopar-
ticle aggregates, exhibit the capability to traverse solid boundaries under the influence of rotating
magnetic fields. Their locomotion mechanism resembles that of a wheel rolling on a substrate, with
the motion direction dictated by the sense of rotation. Unlike conventional studies that rely on grav-
ity to maintain surface contact, this research employs magnetic field gradients to generate a wall-
directed magnetic force. This approach overcomes spatial orientation constraints, thereby broaden-
ing the potential applications of such walkers in 3D microfluidic networks, targeted drug delivery,
and microrobotics.

During the second year of this doctoral project, research efforts have focused on characterizing
the dynamical behavior of self-assembled aggregates under varying magnetic parameters. System-
atic experiments conducted in rectangular microchannels at rotation frequencies of 5 Hz, 10 Hz,
and 15 Hz demonstrate that increasing the frequency leads to a reduction in aggregate size, while
significantly enhancing the translational velocity along the channel walls. Furthermore, the study
identifies a complex hydrodynamic coupling effect: in addition to the primary walkers traversing
the boundaries, aggregates situated in the bulk region of the channel are induced to move by the
localized vortex flow fields generated by the rotating surface walkers. Currently, the investigation
is exploring the effects of elliptically polarized rotating magnetic fields on aggregate kinematics,
aiming to achieve higher precision in motion control and collective transport efficiency through the
optimization of magnetic waveforms.
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