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I Introduction 

The diameter of magnetic microparticles  lies between 0.1 and 100µm and the 

particles can be manipulated using external magnetic fields. Magnetic microparticles 

have been focused on in recent years particularly in the fields of bio -medical and 

environmental sciences. Along with rapid progress of micro-nanotechnology, the 

requirement of magnetic microparticles has been expanding in broad areas since the 

properties of magnetic microparticles provide a variety of functions. It is therefore 

very important to develop a high throughput synthesis method of magnetic 

microparticles. Here, I employ photolithography technique to fabricate a microfluidic 

device and synthesise magnetic microparticles in this microfluidic system using SU-8 

photoresist. I observe and analyse the behaviour of the flow patterns  formed in the test 

solution. 

 

II Experimental methods 

   In this study, crisscross-shaped mirochannels were designed and fabricated. The 

height of the channels was 100 μm and the lengths of the middle and bilateral channels 

were, respectively, 2.5 cm and 1.0 cm. Two crisscross-shaped channels of different 

width were fabricated on one substrate so that the optimal conditions for the synthesis 

of magnetic particles were obtained more quickly. Note that the width was 50 and 100 

μm. The mirochannels were fabricated using soft lithography technique, pouring 

poly-dimethyl siloxane on a positive-relief silicon wafer patterned with SU-8 

photoresist, and then sealed by glass sheets. In order to make the surface of the 

channels hydrophi l ic ,  vacuum ultraviolet rays were irradiated onto the surface before  

the construction of the channels.  

It is known that when liquids of higher viscosities are surrounded by immiscible 

ones of lower viscosities in a square microchannel, several different flow patterns are 

formed in the region after the crisscross junction in the channel
1
. When the flow 

conditions are set appropriately, the surface tension drives an interfacial instability, 

which creates varicose undulations of thread, overcoming viscosity or inertia to cause 

the thread to break up into droplets
2
. Water, soybean oil and silicone oil were used as 

the test liquids of low viscosities, whereas SU-8 mixed with iron oxide nanoparticles 
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was used as the test liquid of the high viscosity. With certain capillary numbers, 

monodisperse droplets were formed by hydro-force resulting from a continuous phase 

of liquids of lower viscosities. Magnetic nanoparticles were encapsulated in the  

photoresist to make the microparticles magnetised. 

   The velocities of liquids were controlled by two syringe pumps. A microscope in 

conjunction with a high-speed camera was used to capture the capillary flow in the 

channels. (Figure 1) 

 

 

Figure 1 Experiment system 

 

III Results and conclusions 

   First of all, the fabrication procedure of microchannels was remarkably improved. 

Using the crisscross microchannels and changing the combinations of the flow 

velocities in each channel, droplets of different shapes such as elongated  and 

needle-shaped ones were formed. The droplets’ formation  process was clearly observed 

using a high-speed camera. Finally, the relationship between the capillary number and 

the shape of droplets were obtained. It is supposed that non-spherical magnetic 

microparticles may well be produced in microchannels  as designed, controlling the 

combination of the viscosities and velocities of the liquids.  


