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Fig. 1. Schematic diagram of straight dusty plasma ratchet.
The dielectric ratchet is composed of 8 asymmetric ratchet
units. While bi-dispersed particles are injected to the No. 4
ratchet unit, the small dust particles (red balls) and the
large dust particles (blue balls) flow in opposite direction
along the saw channel. Till the small particles and the large
particles enter the two collection pools respectively, particle

separation is achieved.
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Fig. 2. Distribution of equipotential line U and electron density ne in the two typical cross sections: (a) and (b) show the distribu-

tion of U (left halves) and ne (right halves) in 2y and (2 ; (c¢) and (d) are enlarged views of panels (a) and (b), respectively.
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Fig. 3. Three-dimensional distribution of the equipotential
surface U = 47 V within three sawteeth.
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Fig. 4. Particle separation in numerical simulation. Small
dust particles (red balls) and large dust particles (blue
balls) are put into No. 4 ratchet unit smoothly: (a) A small
amount of mixture of bi-dispersed dust particles are injec-
ted into saw channel at initial stage. At present the direc-
tional transport has not been achieved. (b)—(d) With con-
tinual injection of particles, the small particles start to
transport toward the right, while the large particles begin
to transport toward the left. This phenomenon stands for
stable particle separation.
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Fig. 5. Particle number distribution of (a) small dust
particles and (b) large dust particles. The small dust
particles and the large dust particles are concentrated in
the No. 4 ratchet unit at the initial moment. However, the
small dust particles gradually transport toward the right,
while the large dust particles toward the left. The steady
state of particle separation is formed after about 250 s with

the certain injected rate.
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Abstract

A ratchet can be employed to rectify randomly moving particles, generating directional transport. Taking
advantage of the distinct responses of particles with different sizes to the system, bi-dispersed particles can be
effectively separated. Based on previous experiments demonstrating the rectification and separation of dust
particles in gas-phase plasma, a three-dimensional model is constructed to reveal the physical mechanism behind
the separation of bi-dispersed dust particles here. Utilizing plasma fluid simulation and double sine function
interpolation, the distribution of plasma parameters in the asymmetric ratchet channel is obtained, which is
challenging to measure experimentally. Subsequently, a numerical simulation of the directional transport process
of bi-dispersed dust particles in a dusty plasma ratchet is conducted by solving the Langevin equation. The
results analyze the forces acting on micro-sized dust particles in the sheath and reproduce the experimental
phenomenon of particle separation. The numerical simulation reveals that the bi-dispersed dust particles,
suspended at different heights within the sheath, experience asymmetric potentials with opposite orientations,

leading to their distinct transport and subsequent separation.
Keywords: dusty plasma, ratchet, particle separation
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