Collection performance of charged filters and
estimation of charge distributions
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Abstract

Electrically charged filter media have been commonly used for dust respirators
because they have high collection efficiency at a. low-pressure drop compared to
mechanical fiters. Recently, Kimura et al. (2004) have developed a new type of RWF which
retains a high charge density and persists organic droplet challenge. The RWF media have
been successfully applied to dust respirators. RWF consists of merino wool fibers, polyester
fibers, and impreghating p-t-butylphenol-formaldehyde (PTBP) resin particles, so that the
detailed local charge distribution of RWF and their effect on the collection efficiency are not
yet well understood. ©

The charge density is estlmated by applying prediction equations of single fiber
collection efficiencies of electret fiters with a dipolar charge distribution. The prediction
equation of collection efficiency for uncharged particles is applicable to RWFs without the
consideration for the effect of diffusion. However, the prediction of collection efficiency for
charged particles is not applicable becasue the induced force prevails over the Coulombic

- force even for charged parbcles with small size. These results are shown that the additivity
of capture mechan:sms does not -hold in the collection efficiency of charged filter with high
charge density.

The charge distribution of RWF was studied by observing the deposition sites in
RWF by using negatlvely/posmvely charged pamcles with a known size and a _known
number of electrical charges. As a result, it is found that the induced force prevails over the
Coulombic force for singly charged 0.3-um particles so that the particles with unit positive

. charge deposit on the surface of positively charged wool fibers.
. The RWFs.have' no concemed with resin mass fraction for the formation of the initial
electric field on:them. However, the resin mass fraction .is important in the stability of the
" initial charge against such a particle loading because the resin particles discharge fo the
fitter fibers by liquid aerosol spreading on them as particle loaded on filter fiber.
In initial collection efficiency due to induced force, the densely packed charged filters have
the electrical interaction inter-fiber. Consequently the induced force is so strong that it
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dominates the collection of particles even for singly charged particles. As these resutts, it
can be found that. why the additivity of capture mechanisms does not hold in the collection
efficiency of charged filter with high charge density.

1. Initial collection performance of RWF and estimation of charge density.

The initial collection performances of RWFs are measured for various particle sizes
(0.03~0.3 um) with different charging states at various filtration velocities (0.05~0.5 m/s).
The initial penetrations through RWFs are extremely lower than those of conventional
electret fitters at the same pressure drop. Therefore, the RWF studied in the present work
can achieve high collection efficiency at a low-pressure drop, satisfying the requirement of
filter media for respirators. The prediction equation of collection efficiency for uncharged
particles is applicable to RWFs without the consideration for the effect of diffusion. The
estimated initial charge densities of three types’ RWFs are showed that their initial charges
are adjustable by impregnating various reagents. The estimated charge density on RWF
fiers is much higher than those of conventional electret filter media. However, the
prediction of collection efficiency for charged particles is not applicable becasue the induced -
force prevails over the Coulombic force even for charged particles with small size. These
results-are shownthat the additivity of capture mechanisms doeé not héld in the collection

efficiency of charged filter with high charge density.
2. Charge distribution of fibers in RWF.

The charge distribution of new-type PTBP-resin wool filter was investigated by
observing the deposition sites in RWF by uéing negatively/positively charged particles with
a known size and a known number of eléctrical charges. Furthermore, the particles size
effect on the interaction between Coulombic force and induced fbroe in collection is
discussed through the resUIts of selectiveness in deposition site in RWF. As a result, the
polyester fibers and resin particles adhering on the polyester fibers are charged negatively

while the wool fibers retain positive charge. For resin particles adhering on the wool fibers,
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some resin particles are negatively charged and that some of them are polarized by the
charge of wool fibers. Furthermore it is found that the induced force prevails over the
Coulombic force for singly charged 0.309-um particles so that the particles with unit positive

charge deposit on the surface of positively charged wool fibers.
3. Stability of Charge in RWF with DOP challenge

To investigate the stability of charge density with particle loading, the penetrations of
particle were measured on RWFs loaded with DOP particles, further, the charge densities
of the RWFs were estimated. As a result, it is found that the mass fraction of the resin
ﬁarticles on RWF were not effective to their initial collection efficiencies, however, the mass
fraction play an important role in the stability of charge on RWF against DOP challenge. It is
quite concluded that the resin. mass fraction in RWF is most of important key for design of

RWEF.
4. Additibity between Mechanical and Electrical collection mechanisms

Based on the measured collection efficiencies of various charged filters (RWFs,
loaded RWFs, and BMFs), the relationship between various capture mechanisms
contributed to collection efficiency was discussed. The effects of charge density on fiber and
packing density in the electrical interaction inter-fiber are discussed. The additivity between
collection mechanisms dogs not hold in charged filter with high charge density because the
collection is not depends on most of tested particle size. Although their collection depends
on particle size, the decrease of Coulombic force effect to the collection is as a logical
consequence because induced force effect is véry high and close to that due to Coulombic

force, when the filter have either high charge or packed densely.
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