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1. VSM analysis
[bookmark: OLE_LINK65][bookmark: _Hlk90418536]The paramagnetism of the prepared MC, MC@CS and Re-MC@CS after ten cycles of regeneration was analyzed by VSM as shown in Figure.S1. The magnetisation saturation values of MC, MC@CS, Re-MC@CS were 22.33, 10.77 and 6.09 emu/g respectively, obtained from the hysteresis loop. It means that there is some degradation of the magnetic properties of the adsorbent after chitosan encapsulation, but MC@CS still exhibited strong magnetic properties. After ten cycles, although there was a small decrease, the magnetisation saturation values were still high. With such positive magnetic properties, the MC@CS adsorbent is expected to respond well to magnetic fields, making it easy to be separated. 
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Figure. S1 Hysteresis lines of prepared MC, MC@CS and reused MC@CS
2. MC@CS material motion performance study
Considering that the magnetic nano motor adsorption material is applied to the cleaning of water environment in practice, the magnetic driving motion performance of the MC@CS magnetic material was further studied, including the motion speed and direction control of the adsorption material under the control of different external magnetic fields. In the experiment, the fluorescence microscope is used to observe the motion behavior, and the microscope camera connected with microscope, and the appropriate video analysis software are used to record the recorded motion behavior, which is convenient for subsequent control behavior and speed analysis.
2.1. Motion speed regulation
By controlling the magnitude of the external magnetic field, the motion velocity of MC@CS under different magnetic field conditions was observed and analyzed. During the experiment, the distance between the external magnetic field generator and the microscope observation place was first adjusted to the desired size, and the MShot Image Analysis System was used to record the motion of the particles. During the whole motion process, the time period of uniform speed was selected for analysis to calculate the average motion speed of the particle, and the average speed was taken after multiple measurements to analyze the relationship with the magnetic field size.
As Figure.S2 shows the photos of the motion trajectory and duration under different magnetic field strengths. It is observed that the particle motion trajectories tend to be mostly linear at different intensities, which is probably consistent with the direction of the magnetic field lines in the magnetic field. Also, due to the presence of surfactant component in the solution, the particles are subjected to relatively less resistance when they are pulled by the magnetic field force to move. Also by comparing the motion paths as well as the time at various magnetic field strengths, it was found that at relatively small magnetic field strengths, the motion paths were shorter and slower over a longer time period. As the magnetic field strength increases, the motion path grows and the velocity increases in a short time period.
According to the straight-line distance of the motion path of MC@CS particles and the motion time in Figure.S2 (A-F), the velocity of the particle motion under different magnetic field strengths was analyzed and calculated. The results of the analysis and calculation are shown in Figure.S3. It can be seen that at low magnetic field strength, the motion speed tends to increase slightly with the increase of magnetic field strength, which may be related to the particle motion in the solution environment by the frictional force, when the magnetic field force is less than the frictional force, the particle motion is slow. When the magnetic field exceeds about 200 Gs, there is a positive correlation between the motion speed of the particles and the magnetic field strength, and the motion speed of the particles increases with the increase of the magnetic field strength. At the magnetic field strength of about 460 Gs, the velocity of particle motion was analytically calculated to be as high as about 72.43 μm/s. These fully demonstrate that the magnetically driven nanomotor MC@CS can change the speed and mode of nanoparticle motion by changing the magnitude of the exogenous magnetic field.
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Figure.S2 (A-F) Schematic diagrams of the motion paths at different magnetic field strengths; (A) Magnetic field strength: 133.2 Gs, Δt=12s; (B)162.2 Gs, Δt=11s; (C) 188.9 Gs, Δt=4s; (D) 241.2 Gs, Δt=5s; (E) 352.5 Gs , Δt=6s; (F) 467.1 Gs, Δt=4s
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Figure.S3 Speed of MC@CS motion of magnetically driven nanomotors at different magnetic field strengths
2.2. Motion direction control
In order to observe the motion direction control of the magnetically driven nanomotor MC@CS particles under the external magnetic field, the external magnetic field was controlled at 160~200 Gs and the motion of MC@CS particles was observed under the fluorescence microscope. As shown in Figure.S4, the motion of MC@CS particles under different magnetic field directions was controlled by changing the magnetic field direction at different time points and thus recording the motion of magnetically driven MC@CS particles at different time points.
It can be observed that the motion direction of the magnetically driven MC@CS particle under the control of the external magnetic field has excellent controllability. And the overall motion control process is analyzed to obtain the motion velocity versus time plot in Figure.S5. It can be found that at the turning point of the direction, there is a "transition" of the motion speed of the magnetically driven MC@CS particle, and after deceleration, it continues to accelerate gradually with the change of the magnetic field direction to the roughly uniform motion. According to the motion trajectory and time, the particle motion speed is about 15μm/s. At the same time, the relative reduction of the motion speed is obtained when controlling the magnetic drive MC@CS particle motion in the opposite direction. However, during the whole process of motion direction control, the motion direction of the particle remains the same as the magnetic field direction.
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Figure.S4 Directional control of magnetically driven MC@CS particles moving under external magnetic field at each time point
[image: ]
Figure.S5 Variation of velocity of magnetically driven MC@CS particle motion
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