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ABSTRACT 

In recent years, there has been growing interest in the use of functionalized magnetic beads for 

biomedical applications. For instance, the capture of malignant cells or toxins from biofluids for either 

analysis or treatment has recently gained much attention due the unique properties of these materials, 

which allow the selective separation of target substances from complex solutions by magnetic means. 

Among the many microfluidic magnetic separators that have been proposed in this decade for 

recovering beads from biological fluids, continuous flow systems are the most efficient due to their 

high separation efficacy and throughput [1]. Due to the laminar flow regime developed in microfluidic 

devices, the separation of particles can be carried out in a continuous operation mode by using two 

colaminar streams flowing in parallel branches inside the device. Nevertheless, their optimization has 

been relatively less studied and rational design is often lacking because of the complexity associated 

to their mathematical description. 

 

In this work, the separation of magnetic beads from flowing blood streams inside a multiphase system 

is analyzed. In the proposed separator design, the beads will be continuously injected through one of 

the inlets and deflected from the blood stream, being collected into a flowing buffer stream by the 

application of an external magnetic gradient. However, in order to achieve both the beads recovery by 

the buffer stream and the fluids separation at the outlets, magnetic and fluidic forces must be carefully 

studied and optimized. 

 

The numerical model reported in this work introduces a coupled magnetic and fluidic analysis that 

describes the bead trajectories under magnetic gradients and the flow perturbation due to particle 

motion. The model was solved using the finite-volume method with the FLOW-3D solver which was 

linked to a Fortran code that calculated the magnetic fields and forces. A key feature of this work is 

that we studied for the first time the interaction between two fluids flowing simultaneously in the device 

while taking into account the effects of particle-fluid interactions in the flow field. 

 

Additionally, the system performance was evaluated by a dimensionless number that takes into account 

key operating variables and parameters (i.e. bead and fluids properties, magnetic field applied, selected 

flow rates), providing not only physical insight into the separation physics but also proving useful in 

the bioseparator design, ensuring its applicability for other related future studies. 

 

Finally, the experimental validation of the model will be evaluated with a microfluidic magnetic 

separator. Aqueous solutions of fluorescein and magnetic particles functionalized with fluorophores 

will be used in order to quantify both the mixing of both fluids inside the device and the particle 

separation efficacy according to the measured fluorescence intensity. Theoretical and experimental 

results will be accordingly compared and discussed. 
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