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Advantages of Microfluidics

Å Low sample and reagent consumption; fluid volumes (ml; nl; pl; fl)

Å Fast analysis, efficient detection

Å Portable and compact devices

ÅIntegration of various 

functional units ðmaking a 

òLab on a Chip ó device



Acoustic particle and flow manipulation

Bulk acoustic waves Standing SAW Travelling SAW
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Defended Oscillating Membrane 
Equipped Structures (DOMES)

Foil

DOMES

Piezo

Through 
hole

Mixed fluid

Micromixer on flexible foil
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Mixing performance

Å The intensity of the microstreaming

grew with the driving voltage.

Å Mixing performance increased along

with increase of driving voltage.

Å Relative mixing index (RMI) was calculated at a

measuring line after mixing.
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Å RMI increased with increase of driving voltage.
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Bidirectional micropump

The strongest microstreaming can be produced when the excited frequency is

close to the resonant frequency of the bubble, which of a bubble can be estimated

by Minnaert eigenfrequency equation:
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(Minnaert 1933)

‎ȡpolytropic exponent, 1.4 for air bubble

ὖȡambient pressure 
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ὥ: radius of the bubble

Ὢ: resonant frequency

Resonant frequencyὥ

24 kHz 19 kHz
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The microplastics cycle

Amelia, T.S.M. et. al. Marine Microplasticsas Vectorsof Major OceanPollutantsandIts Hazardsto the
Marine EcosystemandHumans. Prog. Earth Planet. Sci. 2021.
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Microplastics in human blood

Leslie, Heather A., et al. "Discovery and quantification of plastic particle pollution in human blood." Environment international 2022.



Acoustofluidic separation for microplastics

The microfluidic device used for blood microplastics separation. a) Schematic of the separation mechanism. Once the

IDTs are actuated by electrical signals, the TSAW is established on the substrate surface and will displace the particles

according to their physical properties (i.e., size, compressibility, etc.). The separation is achieved if the microplastics

particles have higher ARF than blood cells with the same operational frequency (larger displacements of microplastic

particles). b) Cross-sectional view of the separation process. The TSAW causes a pressure gradient that displaces the

microplastics towards the separation region. Due to the Rayleigh angle, there is a dead pressure zone that traps particles

and hinders their separation. This region is avoided with the use of Sheath flow I. c) Photo of the actual device. Scale bar is

5 mm.
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Mathematical Modelling

ὊὝὛὃὡ = ὣὖ“ὥ
2Ὁ          (1) 

ὣὖ=
4

ὼ0
2

ὲ+ 1 ὠὲ
ᴂ Ὗὲ+ 1
ᴂ  Ὗὲ

ᴂ ὠὲ+ 1
ᴂ ὼ0

2

Њ

ὲ= 0

ὲὲ+ 1 ὲ+ 2 ὠὲὟὲ+ 1  Ὗὲὠὲ+ 1

+ ὲὲ+ 1 Ὗὲὠὲ+ 1
ᴂ   ὠὲὟὲ+ 1

ᴂ

ὲ+ 1 ὲ+ 2 Ὗὲ
ᴂὠὲ+ 1   ὠὲ

ᴂὟὲ+ 1 ὼ0

+ ὲ+ 1 ὠὲὟὲ+ 1  Ὗὲὠὲ+ 1 ὼ0
2          (2)  

ὼ0,1,2 =
2“Ὢὥ

ὧὪ,ὰ,ί
          (3)  

YP = Acoustic Radiation Factor

a = Particle Radius

E = Mean Acoustic Energy

V = Bessel function (1st kind)

U = Bessel function (2nd kind)

x = Helmholtz number

f = Frequency

c = speed of sound
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Theoretical Calculation of the Acoustic Radiation Factor

The theoretical ARFs of microplastics

of different types and sizes as a

function of the input frequency. The

results suggested that the minimum

frequency required to produce

significant ARF increases as the

particle size decreases for all types of

microplastics studied here. a) ABS. b)

Epoxy. c) Nylon. d) PC. e) PE. f)

PMMA. g) PP. h) PVC. i) PS. j) Teflon.


