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I. Introduction
In applications where the filtration of large quantities of mixed (liquid

and solid) aerosols is desired, a multistage filtration system is often
employed. This system consists of a prefiiter, a High Efficiency
Paniculate Air (HEPA) filter, and any number of specialized filters
particular to the filtration application. The prefiiter removes liquids and
any large particles from the air stream, keeping them from prematurely
loading the HEPA filter downstream. The HEPA filter eliminates 99.97% of
all particulates in the aerosol. The specialized filters downstream of the
HEPA filter can be used to remove organic volatiles or other vapors.

While the properties of HEPA filters have been extensively
investigated, literature characterizing the prefiiter is scarce. The purpose
of this report is to characterize the efficiency of the prefiiter as a function
cf particle size, nature of the particle (solid or liquid), and the gas flow
rate across the face of the prefiiter.

Fi l trat ion Theory
Filtration of an aerosol stream is accomplished via a combination of five
basic mechanisms:

1. Interception
2. Inertial Impaction
3. Diffusion
4. Gravitational Settling
5. Electrostatic Attraction
All of these mechanisms in some way capture a particle by bringing it

into contact with a filter fiber. Interception occurs when a pathline of an
aerosol comes close enough to a fiber for the particle to touch the fiber.
Inertial Impaction occurs when a particle's inertia is large enough to carry
it outside the streamline bending around the fiber, causing the particle to
impact the fiber. Diffusion is due to the Brownian motion of small particles
carrying them outside the streamline, into contact with the fiber. When the
force of gravity pulls the particle out of the streamline into the fiber,
Gravitational Settling occurs. Likewise, electrostatic forces pull a particle
out of the streamline into a fiber in Electrostatic Attraction. These five
mechanisms make filtration efficiency a function of filter fiber diameter,
air velocity through the filter, diameter of particle, filter thickness, space



between fibers, and electrostatic properties of the filter and particle.1

Structure of the Prefl i ter
The prefilter is made of Teflon fibers about 0.01 mm in diameter and

stainless steel fibers about 0.12 mm in diameter.. The fibers are wound into
strands between 0.7 and 1.33 mm in diameter. These strands are woven
into ribbed mats. Twenty four of these mats are stacked together in a
stainless steel frame two feet square to form the prefilter element. In
weaving the filter mat, the strands are compressed, causing a variability
in strand width.

This variability of strand width, compounded by the tendency for
fibers of various lengths to stick out of the strand at irregular intervals,
gives rise to difficulties in applying the classical model. This made
efficiency characteristics of the filter difficult to predict from theory,
necessitating the experiment.

In testing the prefilter, for convenience, we chose t"> use a smaller
format. The prefilter material had to be cut down to size while still
maintaining the same filtration properties of the larger format. The system
vtas designed around 4"X5" filters layered twenty four thick.The filters
were packed into a stainless steel holder two inches deep, with two
polystyrene foam gaskets between each element to form the twelve layer
thick filter pack for testing.
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l i . Materials and Methods

In designing the experimental setup (figure 1), several primary needs
were identified. In order to achieve the desired high flow rates thorough the
filters, a large quantity of make-up air was required. This necessitated the
use of room air, which had to be dried and filtered to eliminate background
room aerosols. Several aerosol sources were required to generate various
sizes of particles. A laser aerosol spectrometer was used to monitor the
monodispersity quality of the aerosol during the experiment. Cascade
impactors were used to monitor the cumulative mass distribution of
particles for each run, and establish the mass median diameter (MMD) of
the particle. A technique for establishing filter efficiency was necessary.
Since efficiency was measured as a function of flow rate as well as particle
size, some way of maintaining a constant flow rate was needed. Finally, a
system to hold the prefilters for testing was needed.

The first of three primary methods of generating the monodisperse
aerosol was an electrostatic classifier. The output of a Thermo-Systems
Incorporated (TSI) Constant Output Atomizer was fed through an
electrostatic classifier to generate monodisperse aerosols smaller than
.52 urn. NaCI and fluorescein served as suspended solids, and Diethylene
Glycol doped with fluorescein as suspended liquid.

To generate monodisperse aerosols with particle sizes greater than 1^m,
a Thermo-Systems Incorporated (TSi) model 3450 Vibrating Orifice
Aerosol Generator was used. A solution of water, propanol and fluorescein
was used to generate our fluorescein solid, the water keeping the droplet
from drying too fast and forming a hollow particle. To form a liquid
aerosol, we used a solution of diethylene glycol, propanol and fluorescein.

These two methods each gave a fairly flat curve when plotting particle
size vs. efficiency. The larger particles approached 100% efficiency, and
the smaller particles yielded about 10% efficiency. In order to fill the gap
in the data, an evaporation- condensation aerosol conditioner was used on a
diethylene glycol and fluorescein aerosol.

Efficiency measurements began using two Thermo-Systems Incorporated
(TSI) condensation nuclei counters (CNCs), models 3760 and 3022, one
upstream of the prefilter and one downstream.The particle count upstream
was compared to that downstream. The difference of these two counts
yielded the number of particles captured by the prefilter. This number was
compared to the total number of particles incident on the filter to give the
efficiency.

The second technique for establishing the efficiency of the prefilter
involved fluorometric analysis. A fluorometric tracer was used in the test
aerosol, which was collected on the prefilter. The aerosol getting past the
prefilter was captured on a High Efficiency Particulate Air (HEPA) filter
downstream. These were washed several times. A mass equivalence based
on the wash solution's fluorescence, and the volume of solvent, was used to
establish the ratio of mass collected on the prefilter vs. the mass collected



on the HEPA. This ratio was used to determine the efficiency of the
prefilter.

Background was established by taking a clean prefilter and putting it
through the same washing procedure until the fluoromelric reading
stabilized. This reading was our background 'noise", and was subtracted
from each reading. The same method was used to establish the background
for the HEPA, and the impactors used for the MMD determination.
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Fig. 2: Collection efficiency at face velocity of 152 cm/sec
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Theoretical and Experimental Efficiencies
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Figure 4 : Theoretical and experimental plots of efficiency.

IV. Results, Conclusions

Examining our data, presented in figures 2 and 3, as expected from
theory, a marked increase in efficiency occurs as particle size increases for
both solids and liquids at 8.6 cfm (filter face velocity =52.4 c m / s e c )and 25
cfm (filter face velocity=152.4 cnVsec ). Ds0, the diameter of particle for
which the efficiency is 50%, was about .55 jim. The prefilter was highly
efficient for particles greater than about 1.44 urn. There was no discernable
difference in the efficiency curves for high and low flow, but this could be
expected given the resolution of our data. Due to the size of the particles
used in the test, the filtration observed lies entirely out of the diffusion
range.

Looking at a comparison of the theoretical expectations and actual data,
figure 4, we can see that the efficiency is greater than predicted, and the cut-
off is net as sharp as predicted. This is most likely due to the variations in
fiber diameter in the filter. These results give valuable information when
applied to the design of a high volume, high efficiency filtration system.

The HEPA filter is made to handle particles in all sizes, but quickly loads
up when filtering, large numbers of particles in the impaction regime. The
considerable expense of replacing the HEPA filters can be kept to a minimum
by using a reuseabie filter ahead of it to eliminate most of these larger
particles. Our data shows that the prefilter in the geometries we tested
performs well in removing particles larger than .55^m, and all but eliminates
particles greater than 1.44 |xm.
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