Performance of a Micro-engineered Ultrasonic Particle Manipulator
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Summary: An ultrasonic microfluidic particle manipulator has been modeled and its experimentally measured separation performance has been compared with the modeled results for 1(m latex particles, and yeast particles in water. 

Keywords: microfluidic, ultrasonic, separator

1 Introduction

High frequency acoustic standing waves can be used to separate materials with different acoustic characteristics. The technique can be used to agglomerate particles, to hold particles within a flow, or to manipulate particles within the flow [1].

This paper briefly describes the construction and modelling of an ultrasonic device that uses this principle to separate particles, and then reports its experimental performance.

2 Construction and Modeling

The device has been constructed in Pyrex and silicon, to make use of standard silicon processes. It consists of a silicon substrate with channels etched through it, and a Pyrex top that has a cavity etched into it, as shown schematically in figure 1.
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Figure 1 Schematic of the separator device
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The depth of the cavity is 175(m, and the thickness of the Pyrex wafer is 1.7mm. The silicon is 525(m thick. These dimensions have been chosen as a result of a modelling study [2] and extended in [3]. A standing wave is generated in the cavity, and particles within the fluid move towards the pressure nodal plane. In this case, the cavity is operated in half-wave mode and so the nodal position is in the centre of the cavity. Particle paths have also been modelled [4] and this model has been used to make predictions on the separation performance of the device as transducer drive is altered for a given flow rate, and these predictions are compared with experimental results in this paper.

3 Experiment

The experimental set up consists of two peristaltic pumps, one feeding the inlet of the separator device and one drawing fluid through one of the two outlets.  The device is isolated from the pulses produced by the pumps by using air filled syringes to act as dampers as shown in figure 2.

The flow rates through the outlets are chosen such that Q1 < Q2.  Therefore, operating in the half wavelength mode with a particle stream formed along the centre of the separator channel, clear fluid can be extracted through outlet 1 and particle concentrate through outlet 2.

For each test, the fluid through each outlet was collected and its concentration measured using a turbidity sensor (Honeywell APMS-10GRCF) [5], previously calibrated for the particles under test.

4 Results
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Experimental and modelled results showing the influence of transducer voltage on both separation of 1 (m latex particles and yeast cells are shown in figs 3 and 4 respectively.  In the experiments for yeast, a total flow rate (Q1 + Q2) of approximately 0.053ml/s was maintained, 25% of which passed through outlet 1.  For 1μm particles these figures were 0.028ml/s and 21% respectively.

Figure 3.  Separation of 1 micron latex particles based on an initial concentration of 0.016% weight.  Applied voltage is input voltage to amplifier.

Figure 4.  Separation of yeast particles based on an initial concentration of 0.2% weight.  Applied voltage is input voltage to amplifier.

Increasing transducer voltage increases the magnitude of the acoustic radiation force acting on suspended particles and in turn the rate at which they agglomerate on the nodal plane.  Therefore, and as expected, the results show that increasing voltage causes more particles to pass through outlet 2 and decreases the concentration seen through outlet 1.

The modelled results for the separation of 1 micron particles (fig 3) compare well with the experiment results.  Generally, the experimental results show slightly lower concentrations than modelled predictions, which can be attributed to the adhesion of particles on the walls within the fluid network surrounding the separator.  At higher voltages, particles tend to clump together under higher acoustic forces, potentially disturbing the laminar flow required for successful separation and limiting the possible clearance through outlet 1.

For the separation of yeast, the modelled results are more optimistic than the experimental results.  The initial concentration of the yeast was high at 0.2% compared to that for the 1μm latex particles, where 0.015% was used.  This high concentration may impede the motion of the yeast cells towards the nodal plane, indeed clustering was observed to be a greater problem with the yeast than with the latex particles.  However, at higher voltages, separation is successful, producing a high degree of separation.  The degree of separation is influenced by flow rate as well as acoustic field strength, and a reduction of overall flow rate allows increased separation to occur.  Further tests are required to investigate the influence of concentration and flow rates on the separation performance.

5 Conclusions

This work has shown that the extended model of the flow through separator, that includes particle path predictions as well as acoustic forces, gives a good agreement with measured results. This allows the performance of such devices to be refined by modelling before committing to building a device.
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Figure 2 Schematic of experiment








