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Abstract

An automated filter tester for {Frnduction

testing of filler media, filter cariricges, and respirator
cartri %35 has been developed. Filter penetrations
from 100 to 0.001% (efficiencies of 0 to 99.999%) can

be measured with this tester using NaCl, DOP, er
other oils as the challenge aerosol.

The automated filter tester's unique oil
enerator produces dioctyl phthalate aerosol with a
.18 micrometer geometric number mean diameter

with a geometric standard deviation of 1.6. This is
accomplished by initial aerosol generation with Retec
nebulizers and further conditioning with a coarse
filter to narrow the size distribution.

A new photomeler designed specifically for
filter testing has been incorporated into this tester.
This photometer features fast response and purge
times, automatic gain selection, and a three position
switching valve with a straight-through aerosol path
on the inlet of the device. A solid-state laser diode
and photodetector with 45 degree off-axis collection
optics are used to measure aerosol concentrations
from 1 microgram per cubic meter to over 100
milligrams per cubic meter.

Test data, including penetration, pressure
drop, and flow rate, is output by the tester in three
ways: via the digital display, through the front panel
printer, and by the -232 serial port.  The
measurement ranges of the tester include: filter
penetrations down to 0.001%, Hiter pressure drop up
to 150 mm of water, and challenge zerosol flow rates
up to 100 liters per minute.

Comparison penetration data between the new
automated fiter tester and the commonly used Q-127
hot DOP machines show that the two methods have a
one-to-one correlation.

Introduction

The demand for quality filters and filter media
has seen encrmous growth in the past decade. A few
applications which have increased the demand for
filters are: clean rooms in the semiconductor and

harmaceutical industries, filtering in Nuclear power
adlities, and the increased use of parnculate
respirators in the wnrk}l:;lace. Whether particulates
are filtered to increase the yield in a semiconductor
manufacturing situation, or to decrease the health risk
for workers in hazardous environmenis, the ability of
a filter to capture particulale matter is imperative for
its user.

Efficiency and pressure drop testing of filters is
reguired to determine filter quality. The efficiency of
a filter is the ratio of the concentration of challenge
aerosol retained in a filter during a test to the
concentration which passes through., The pressure
drop is a measure of the resistance of the filter to a
given flow rate. Generally, the best filter for an
application will have the lowest pressure drop at the
required efficiency.
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Traditionally, filter testing equipment falls into
two categories. The first category consists of
-:umiaiete, commercially available testers which
employ: flame photometry with NaCl, laser particle
counting, or photometry with hot DOP. An example
of this is the Q-127 which uses thermally generated
DOFP aerosol and a photometer. These machines were
developed several vears ago and lack the automation
that is possible today. The other category is
component systems that are put together usin
commercially available detection instrumentation
agrosol generators. While taking advantage of the
latest ¢ logy, such systems require considerable
technical expertise and expense to build and operate.

This paper describes a new automated Alter
tester (TSI Model 8110} that has been developed to
meet the need for a complete turn-key tester based on
current tethnclogy. It can operate with both solid
(MaCl) and liquid (DOP, paraffin oil) aercsols. The
importance of a complete automated tester is that it

rovides a test measurement rather than a group of
instruments.

Data correlation of the results of new testing
methods with traditional test methods is important
for several reasons. With correlatdon, new data can be
compared to past data to determine if there has been
any long-term changes in production quality. In
addition, data taken with a new method can be
translated into a standard “language™ for filter
efficiency reporting, such as Q-127 data in the United
States. A correlation study to compare the new solid-
state photometer based tester with the Q=127 hot DOP
type tester is presented.

Technical Description of Tester

The new tester was designed to meet several
needs, these include: ease of operation, accurate
results, repeatable  results--without  operater
variability, low maintenance, and fast test times.

A picture of the new automated filter tester is
shown in figlure 1. To operate the tester, the operator
would simply insert a filter into the filter holder and
press the “close” buttons to start a test. When the
microprocessor controlled test is finished, the flter
holder s and the flow rate, pressure drop, and %
penetration is given. A flow schematic of the tester is
shown in figure 2.

The generated aeroscl is mixed with diluton
air in the drying/mixing chamber. This aerosol is
then routed to the filter holder to challenge the test
filter. The photometer measures the aerosol
concentration before and after the filter. The flow rate
is measured by monitoring the pressure drop across
an orifice with an electronic pressure transducer. The
pressure drop across the filter is also measured with
an electronic pressure transducer which is connected
to pressure taps before and after the test filter.

Some important design components of the new
tester are: aerosol generation, aerasol detection, and
the microprocessor controlled self-check diagnostics.
These are described in detail in the following sections.



Figure 1. T5I's Model 8110 Automated Filter Tester

Flow schematic of TSI's Model 8110
Automated Filter Tester

Figure 2.

Aerosol Generation

The new tester includes two different aerosol
generation systems. One is designed for liquid (oil)
aerosol generation. The other is designed for solid
(salt) aerosol generaton. Both systems use Retec
nebulizers which generate submicrometer particles by
producing a fine spray of solution and impacting out
the larger droplets. This paper will focus on use of
the oil %DC*F‘] generator for correlaton with the Q-127
hot DOP machines.

The oil aerosol produced by the Retec
nebulizers passes through a coarse filter before
exiting the generator. This coarse filter narrows the
oil size distribution. A diagram of the oil generator is
shown in figure 3. The DOP used to :i‘.z]FéngE filters
has a geometric mean diameter of 0.18 micrometers
with a geometric standard deviaton of 1.6, as
measured by a Differential Mobility Particle Size
Analyzer (DMPS) manufactured by TSI Incorporated,
St. Paul, MM, ) )

{_D?:CE:‘:[:’.‘..’!::I 2Ments upstream and
downstream of the test filter. A schematic of the
photometer is shown in figure 4
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) The aercsol entering the photometer is split
into two flow pat One [ is directed through a
high efficiency r and % ag clean sheath air
around the aerosol s measured. The
sheath air isolates the ple aerosol by
encompassing it as it passes through the photometer,
keeping the photometer optics clean as well as
reducing the purge time between measurements.




was chosen because it is more stable than

conventional white light sources which tend to

change intensity over time. In addition, a laser diode

licht source can be collimated and focused more
dently than a white light source.

The aerosol detection is accomplished by
focusing the light scattered by the aerosol onto 2
photodiode. The total light scatter is converted to a
voltage which is proportional to the aerosol
concentration being measured. A photodiode offers
stability over time. The collection optics are located
45 degrees off-axis from the light source to minimize
light scattering variations due to changes in particle
diameter. Forward scattering techniques accentuate
the effect of larger particles which have a large
portion of scatter in the ferward direction.

Microprocessor Diagnostics

atisti To ensure proper
ation, the ricoprocessor “based filter tester
rformis intermal self-diagnostics during operation.
e cdiagnostic feature is validaton of the flter
netation data each time a flter is tester. The
penst-ation data is validated by analysng the
downstream concentratdon signal.  An  accurate
downstream signal is typically the area of most
concern with a photometer-based filter tester. The
signal downstream of a high effidency filter can be
near the background level of a photometer. To ensure
a good measurement of the downstream signal, the
statistical uncertainty in the data is computed. First,
the downstream uncertainty is calculated as shown in
equation 1.

Downstream Uncertainty = 2 X Variance of data points 1/2 (1)
MNumber of data paints

This downstream uncertainty is then related to the
total uncertainty of the penetration measurement as
shown by equaton
Penetration Uncertainty = (2
Upstream Signal

This ﬁ-enetulim uncertainty is compared to the
overall penetration measured. If the penetration
uncertainty is greater than 10% of the total
penetration measured, the test is invalidated. No
data is output for an invalid test. This statistical
check on the penetration verifies that the measured
signal downstream of the filter is adequate and stable
for a proper penetration measurement.

Other self-checks. In addition to the statistical

analysis program, the tester monitors the photometer
background level and upstream aercsol concentration
level to alert the operator if a problem is diagnosed.

Data Correlation

As with all new technology, the problem arizes
in relating new test results with “standard” test results
which have been collected over many years. To
determine the correladon of the new tester with that
of the Q-127 type hot DOP tester a correlation study
was performed. This study included the testing of
flat sheet glass fiber media produced by Lydall
Ilmr%:ra:e , Technical P?rs ivision of ester,
New Hampshire. Ten gra es of filter media ;Pm ‘E
the range of penetrations from 0.001% to 83% (ULT.
to ASHE‘\E}I were tested.

Both testers operated with dioﬂ?! phthalate
(DOP). The Q-127 tester uses a thermally generated
DOP vaoor. The new tester uses room tenperature
DOFP aerosol uced by Retec nebulizers which is
further conditioned by li:ssina through a coarse filter.
The flowrate rhroug_ll-_-h media beinﬁ tested was 32
liters cer minute. e raph | the
correlation of the test results.
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Figure 5. Q-127 versus TSI Model 8110 AFT

As can be seen from the graph, the line has a
slope near one, with a y intercept of zero. This gives
approximately a one-to-one correlation. A Linear
regression analysis performed on the test data
resulted in a correlation coeffident of 0.9994. This
indicates good agreement between the results of the
two filter testers.

Conclusions

The new automated filter tester (TSI's Model

B110) can provide an automated filter test to measure
enetrations from 0.001% to 100% (effidences of
S99 to 0%) with stadstcal verification. The tester
incorporates current technology to insure that
ﬂferatnr variability and excessive maintenance is
eliminated.

The new tester generates room temperature
DOP, as well as other oils, by using Retec neﬁlizeﬁ
for initial aeroscl generation. The aerosol is then
passed through a coarse filter to narrow the particle
size distribution before exiting the generator.

The laser diode based, micoprocessor
controlled photometer ofiers an alternative to white
light ba photometers. The laser diode offers a
stable light source which will not vary its intensity
over time. In addition, the new microprocessor
controlled photometer does not require rezeroing by
the operator.

Clean sheath air which encompasses the
aerosol entering the photometer eliminates downtime
due to photometer maintenance requirements.

The correlation of the new tester with the Q-
e hot DOP tester shows that the two methods
Therefore,

127
have basically a one-to-one correlation.



the data taken with the new tester can be interpreted
to Q-127 data without further data conversion. °F
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