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 Particles suspended in fluids
 Heterogeneous mixtures
 Biological particles like cells
 Contamination
 Dust
 Etc.

 Particles essential part of fluid
 WBCs and leukocytes for blood
 Coffee
 Milk

 Unwanted particles
 Problems

 Clogging
 Removal
 Selectivity
 Etc.

Particle-Laden Fluids: Introduction
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1. Diffusion Barriers

2. Manipulation of Suspended Particles

3. Particle Counting and Sorting

4. Blood Cell Counting

13. Particle-Laden Fluids
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2. Manipulation of Suspended Particles

3. Particle Counting and Sorting
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 Separation of components according to specific properties
 Various separating principles, e.g.

 Mechanical separation
 Diffusion
 Adhesion

 Frequent purposes
 Separation, e.g. for electrophoresis
 Preconcentration
 Removal of solid constituents

 Materials
 Nylon
 Porous silicon or aluminum oxide

13.1. Diffusion Barriers

Microfluidics - Jens Ducrée Particle-Laden Fluids 5



Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

1. Microfilters
2. Diffusion-Based Administration of Drugs

3. Diffusion-Based Particle Separation

13.1. Diffusion Barriers
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 Precision formed 0.1 to 100 micron pores

 0.5 to 5 micron thick membrane plate
 Surface roughness down to 10 nanometer

 Synthetic, ceramic and metallic microsieve(R) 
 Polyimide
 Teflon
 Aluminum
 Silicon-nitride
 Titanium
 Chromium

13.1. Microsieve by Aquamarijn
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 Well defined pores 
 Controllable pore size and location in membrane layer

 Thickness in most cases smaller than pore size
 Filter efficiency much higher than for other filters

 Applications
 Biotechnology and medicine
 Sterile filtration
 Absolute filtration
 Critical cell-cell separation
 Cell deformability testing and cell harvesting

 Bio-compatibility
 microsieve(R) material
 microsieve(R) is coated with such material

13.1. Microsieve by Aquamarijn
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 Microparticle
 Membrane encloses drug reservoir
 Specific binding to site of drug release via ligands
 Drug release upon electrical switching

 Nanopore
 Insulin-producing cells encapsulated by nanofabricated membrane
 Nutrients (small molecules) can traverse membrane
 Antibodies (immunoglobulin protein) blocked

13.1. Diffusion-Based Administration of Drugs
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 Hydrodynamic Chromatography (HDC)

13.1. Diffusion-Based Particle Separations
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13.1. Diffusion-Based Particle Separation

H-Filter
 Laminar flow structure

 Two inlet streams
 Pure liquid
 Suspension of small and large particles

 Diffusion window
 Small particles diffuse in pure liquid
 Diffusion of large particles too slow

 Outlet
 Suspension of small particles
 Suspension of small and large particles

Microfluidics - Jens Ducrée Particle-Laden Fluids 14
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 Diffusive filtering
 Particle size sets mean flow 

velocity
 Diffusion sets lateral motion

13.1. Diffusion-Based Particle Separation
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 Molecules driven through microstructured silicon device

 Rectified Brownian motion
 Array of 2-dimensional lattice of asymmetric obstacles
 Propulsion of molecules by external electric field with velocity v
 Gaps between adjacent obstacles measure 1.5 µm
 Transverse Brownian motion may cause molecule to skip one channel

- To the right, if it diffuses through displacement aR

- Or (very rarely), one channel to the left if it diffuses through aL

13.1. Diffusive Filtering by Asymmetric Pathways
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Diffusive filtering by asymmetric pathways
 Microdevice allows to probe specific aspects of biological objects
 Micro-obstacles act on same length scale as Brownian motion
 Separation of DNA molecules of different size

 Nominal resolution of 6% by length of DNA molecules
 For size range 15 kbp

13.1. Diffusive Filtering by Asymmetric Pathways
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13.1. Entropic Trap
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Craighead et al. 
„Separation of Long DNA Molecules in a Microfabricated Entropic Trap Array“,
Science, 288, 1026-1029, 2000

13.1. Entropic Trap
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tSi = 0.44 • toxide

Fabrication by LOCOS  process

13.1. Entropic Trap

Microfluidics - Jens Ducrée Particle-Laden Fluids 21



Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

13.1. Entropic Trap

Si3N4

SiO2

Si

Fabrication by LOCOS  process
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1. Diffusion Barriers

2. Manipulation of Suspended Particles
3. Particle Counting and Sorting

4. Blood Analysis

13. Particle-Laden Fluids
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1. Trapping by Electromagnetic Fields
2. Manipulation by Pressure Waves

3. Trapping by Multiple Forces

13.2. Manipulation of Suspended Particles
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 Electrically charged or polarizable particles trapped at certain 
locations by oscillating fields in special electrode configurations

 Propagation of guiding waves
 Transport of  trapped particles

 Examples for particles of interest
 DNA molecules in solution

- Normally negatively charged
 Dielectric beads or cells

- Polarizable by external field

13.2. Manipulation by Traveling Electric Fields
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 Inhomogeneous alternating electric field E
 Electrically polarizable particles

 Induced dipole moment pq()

 Force

13.2. Dielectrophoresis
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Laser tweezers
 Optical frequencies for small particles like DNA

13.2. Manipulation

http://www.nbi.dk

Microfluidics - Jens Ducrée Particle-Laden Fluids 29



Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

1. Trapping by Electromagnetic Fields

2. Manipulation by Pressure Waves
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 Electro-acoustic piezo-transducers

 Concentrating
 Standing acoustic in microchannel

- Nodes and anti-nodes
 Acoustic force dependent on

- Particle size
- Particle density
- Acoustic energy

 Separation according to material properties
 Ultrasonic sedimentation

- Demonstrated for DNA and cells

 Particle transport by acoustic pressure
 Traveling wave
 Flexural plate wave (FPW) based on PZT film
 FPW as sensor for measuring concentration of cells

13.2. Manipulation by Pressure Waves

MBBNet Gallery
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3. Trapping by Multiple Forces
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“Multidimensional” Interaction

 Acoustic

 Dielectrophoretic

 Laser tweezers

 Sheath flow (hydrodynamic)

13.2. Trapping by Multiple Forces

Microfluidics - Jens Ducrée Particle-Laden Fluids 33



Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

Pr axisbe ispiel:  Ausar beitun gspha
Au sarbeit ung de r Stand ard-Ze lle

1. Diffusion Barriers

2. Manipulation of Suspended Particles

3. Particle Counting and Sorting
4. Blood Cell Counting

13. Particle-Laden Fluids
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 Technique to analyze individual biological cells

 Particles suspended in small volumes of fluid, 
typically water or buffer solution

 Viewed superficially
 Process of sorting, counting, and / or sizing of 

cells or tissue sections

 Broadly classified into two categories based 
on medium through which sample is analyzed
 Image cytometry

- Sample on microscope
 Slide flow cytometry

- Sample immersed in a stream or flow

 Flow cytometer draws particles from sample 
delivery tube into flow

 Cells pass the microscope objective
in single file

13.3. Flow Cytometry
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 Laminar domain, no turbulence

 Wide column of particles
 Accelerated to form narrow column
 Surrounded by fluid of

same refractive index

 Sheath fluid in turn enclosed in tube
 Not interfering with observation

of its axial content

 Alignment of particles in single file
 Hydrodynamic focusing 

 Injection of aqueous sample suspension
 Injected into faster flowing sheath fluid
 Providing sheath for alignment of particles
 Sample delivery fluid entrained in sheath 

fluid by velocity gradient

13.3. Flow Cytometry - Sheath Flow Principle 
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 Cells usually illuminated individually 
by focused beam of laser light

 High speed analysis of intrinsic and 
extrinsic cell (or nuclear) parameters

 Measurements on single cells

 Characterization of heterogeneity 
that would be masked by bulk 
fluorimetry

13.3. Particle Counters
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 Cells traverse electrode gap to displace conductive liquid

 Counting by change in impedance between electrodes

13.3. Coulter Counter
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1. Diffusion Barriers

2. Manipulation of Suspended Particles

3. Particle Counting and Sorting

4. Blood Cell Counting 

13. Particle-Laden Fluids
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13.4. Separation of White and Red Blood Cells

 Blood pumped from right to left
 Array of obstacles spaced at 2 to 4 µm
White blood cells get stuck

 Larger and less flexible
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13.4. Separation of White and Red Blood Cells
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