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Influence of Particle and Filter Charge on Filtration Property of
Air Filter under Particle Loading
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Abstract

Assoon asanew air filter isapplied to an air purification process, the filter gets loaded with dust particles. Thus,
the study on the particle loading characteristics of air filter is very essential in order to understand the real filtration
phenomena during filter use. In this study, we investigated the effect of particle and filter charge on the particle
loading property of air filter. Charged filter and uncharged filter prepared by discharging the charged filter by
isopropyl alcohol were used as test samples, and three types of particle having different charge states were supplied
tofilterstested. For neutralized particles there was a big difference in areal mass loading rates between charged and
uncharged filters due to the very small amount of particle charge, on the other hand the difference was diminished
for atomized particle and finally almost vanished for corona charged particles. The pressure drop of filter loaded
with corona charged particles was only half of those for neutralized and atomized particles at the same areal mass
loading because of the porous structure of particle deposit formed on filter fibers, caused by the space charge effect
between particles.
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Fig. 1. Particle generation routes for KCI particles of different charge states.
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Fig. 2. Schematic diagram of filter test apparatus used in this study.
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Table 1. Electrostatic forces between a particle and a filter fiber (Donovan, 1985).

Fiber charge

Particle charge, g, per unit length, Q Electrostatic force
e} [¢) _qp_Q_ Coulombic force
2meyr
dSQZ
X o <____> Dielectrophoretic force
ko+2 8meyr®
o X qu o Space charge effect
8er
¢} X < Image force

e
Ki+1/ dmeq(2r —d)?

# Q: fiber charge per unit length, q,: particle charge, r: distance between the centerline of cylindrical fiber and the center of a spherical particle, 5
electrical permittivity of vacuum, k. dielectric constant of particle, k: dielectric constant of fiber, d,: particle diameter, dy: fiber diameter, Ny

particle number concentration.
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Fig. 3. Areal mass loading as a function of elapsed time
for differently charged particles.
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Fig. 7. Deposition pattern of neutralized particle on charg-
ed filter at areal mass loading of 500 mg/m?. SEM
images for magnification of (a) x 2,000 and (b) X
10,000.

7 13 82 ulwshd ‘coronad A YAk AL, B
o B ckel A FE Al 2R A
ell= FrH oz AT AoldE FHIET] o7
oh mebr jiAke] ARkl Mo Frhkd 2,000
mg/m?el 73$-9] At PA4E 23 99 73 10
yelligleh 23 9% ‘neutralized z}7} HAZE
of A% s ReAF glom, I A fAteld]
718 ZE F7be] AR AUAS o 5 skt

™ 23 10e] el ‘corona T IRRS] Aol =
GRSl v M) FelaH oz 3 F e Q)
or] ¥ AfAtele] w1 Fte]

%3] 3AE e
AelM F71A e el 19 99] Aol nls] E Fo=
Zag e MEs] ®eldt ‘corona A YAt

=) 7]873 8352 4284 A 635

5.0kV 8. 1mm x 20.0um

e o
5.00um

WV 7.2mm x10.0k

(b) x 10,000

Fig. 8. Deposition pattern of corona charged particle on
charged filter at areal mass loading of 500 mg/m?.
SEM images for magnification of (a) x 2,000 and
(b) x 10,000.



OkV 6.6mm x1.00k

(a) x 1,000

(b) x 5,000

Fig. 9. Deposition pattern of neutralized particle on charg-
ed filter at areal mass loading of 2,000 mg/m? SEM
images for magnification of of (a) x 1,000 and (b)
% 5,000.
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Fig. 10. Deposition pattern of corona charged particle on
charged filter at areal mass loading of 2,000 mg/
m? SEM images for magnification of (a) x 1,000
and (b) x 5,000.
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