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ABSTRACT 

We describe a microfluidic system that uses a magnetic 

field to deflect paramagnetic beads in the direction normal to 

the flow. Through modeling and experimentation, we study this 

system to separate beads by their magnetic properties and size. 

We also use a similar system to move the beads from one fluid 

stream to an adjacent miscible stream.  

 

OVERVIEW 
 Magnetic fields applied to paramagnetic beads flowing in a 

microfluidic channel can deflect them normal to the flow.[1-2] 

Microfluidic devices that deflect beads this way have been used 

to separate specifically bound targets of cells, proteins and other 

biological components.[3-5] Beads are functionalized to bind to 

specific targets, flow through a microchannel, and are separated 

from the bulk flow.  

 We describe a system that separates beads by their size and 

magnetic properties. In our experiments, we systematically vary 

the paramagnetic beads’ size and susceptibility, the average 

fluid speed, and the distance the permanent magnetic is placed 

away from the magnet. We also develop scaling and detailed 

mathematical models to predict the amount of deflection beads 

undergo as they move through the magnetic field. The beads are 

also made to go from one fluid stream to a parallel fluid stream 

by magnetic forces.  

PROPOSED DEVICE 
Figure 1 shows the region of the microchannel where the 

paramagnetic beads are deflected normal to the flow direction. 

The magnetic field gradient produces a force on the beads, 

pulling them toward the magnet. Larger beads or beads with 

higher magnetic susceptibility experience a larger force. When 

the fluid speed is low, the beads experience magnetic forces for 

a longer time. Thus, how much beads deflect will depend on 

their size and magnetic properties, as well as the flow speed.  

 

 

Figure 1 Magnetic and viscous forces act on paramagnetic beads 

traveling through the separation region of the microfluidic device, 

deflecting the beads in the direction normal to the flow. 
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