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Collision rate per unit area

area A

→ Z

2#/m sec : number of collisions per unit area per unit time

i) crude calculation
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ii) Exact calculation : consider the distribution of particle velocity

    consider particles with velocity v to v+dv its 

    direction to and to 
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In the continuum regime, the flux of ions toward the particle is given by
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Diffusion term

field induced migration



Center for Nano Particle Control

Seoul National U., Mechanical & Aerospace Eng.

→ Lawless (J. of Aerosol Science, 27, 191-215 (1996))

atiEZ

Even with given electric field (not the induced field), diffusion charging is 

the predominant mechanism for charging particles less than 200 nm in 

diameter

(2) Field Charging

Field charging is the charging by unipolar ions in the presence of a strong 

electric field.

ppt  for the process of field charging 

Ion flux on particles 

idpr N 2/
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Equation (15.25) 
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Number of charges obtained from field charging

(15-25)
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Where  

101  

: dielectric constant reflects the strength of the electrostatic field produced 

in different materials by a fixed potential relative to that produced in a 

vacuum. For most materials, 

is the relative permittivity of the particle (dielectric constant)

: mobility of ions sVm /00015.0~ 2

As t

is 1.0 for a vacuum

4.3 for quartz

80 for pure water

infinity for conducting particles

iZ
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when t>0.1 sec

Therefore, if residence time of particle exceed 1 sec, you could assume 
field charging as a saturated charge

while diffusion charging
pdn ~

, therefore
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so, field charging is the dominant mechanism for particles larger than  1.0 ㎛

and diffusion charging is the dominant mechanism for particles less than 100 

nm. (even in the presence of an electric field)
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The calculated number of charges per particle decreases to a value less than unity 
( physically unacceptable). This means that only a fraction of such particles acquire unit 
charge.

(Friedlander, Smoke, dust and haze, 2nd Ed. )
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field charging

EZ
d

qEC
C p

p

c
e 

3

EZc pe 

- migration velocity of charged particle due to electric field

e

c

p

e C
C

d
fCqE

3


p

c
p

d

qC
Z

3


2

pdq 1cC



Center for Nano Particle Control

Seoul National U., Mechanical & Aerospace Eng.

diffusion charging
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- Both field charging and diffusion charging need high concentration of 
unipolar ions. Lifetime of these ions is short due to high mobility and 
repulsion  → they deposits on the surface and particles.
So, in order to keep the charging on the particles that come in the charging 

section, we need to continue to provide unipolar ions. How?

Ions can be created by radioactive discharge, UV radiation, 
flames and corona discharge. 
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Breakdown electric field 

Even though air is insulator, air can become 

conductive for sufficiently high electric field

-Corona discharge 
--use non-uniform electrical field (a wire and a tube) (or a needle and a 

plate)

--Only corona discharge can produce unipolar ions at a high enough 

concentration to be useful for aerosol charging. 

cm

kV
field strength 

wire 
tube wall 

2/17.1230  wb dE cmkV /

Breakdown can occur only near the wire where high E field exists locally. 

(If the whole region is above Eb, then arc occurs direct current will flow). 

This is why we need to use “non-uniform” electric field corona regime

(wire and tube)      (can not use parallel plate)
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electrons are accelerated and bombard gas molecules and cause gas 

molecules to eject electron and become positively charged ion, charged 

ions now are accelerated towards the wire and collide with gas molecules 

and produce their positive ions and electrons.   In this way, a lot of 

electrons are generated and move towards the tube wall and decelerate and 

finally attach to gas molecules that become negative ions. 

Negative ions move towards the tube surface. 

397 /10~10~ cmni

(-) wire 

e gas molecule 

+
(+) wire 

+ ion

e

charged particles velocity ~70~80 m/sec

Industrial purpose: negative corona

Indoor purpose: positive corona
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Positive and negative coronas have quite different properties and 
appearances. With positive corona, the entire region around the wire has a 
stable, glowing sheath with a characteristic bluish-green color. With 
negative corona, the corona glow exists in tufts or blushes that appear to be 
a dancing motion over the surface of the wire. These tufts may be several 
mm in length. There is sufficient energy in the corona region to produce 
ozone from oxygen. A negative corona produces about 10 times as much 
ozone as a positive corona. 

The introduction of aerosol particles into the space bewteen the wire and 
the tube will result in field charging of the particles to the same polarity as 
the wire. If clean air is blown through the tube at high velocity, it will carry 
the unipolar ions out of the field region where they may be mixed with 
aerosol particles for diffusion charging. 
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-Rayleigh Limit for liquid droplets 

When the mutual repulsion of electric charges within a droplet exceed the 

confinement force of surface tension, the droplet shatters into smaller droplets.

ppt file for Fig. 15-6 (Hinds)
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