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Viledon Industrial Frgudgnherg
Products Division | ;\ I

October 15 1987

Mr. Murray Cohen, Acting Director
Division of Safety Research
NIOSH 944

Chestnut Ridge Road

Morgantown, West Virginia 26505

Reference: New Proposed NIOSH Standard 42 CFR Part 84
Dear Mr. Cohen:

We would like to voice our objection to the newly proposed NIOSH standard
published in the Federal Register on August 27, 1987, and in particular to
the points listed below. At the same time we would like to offer our
suggestions for a new NIOSH Standard for your consideration.

Subpart V, 84273:

a) "Filters of particulate respirators shall be tested for
instantaneous penetration filter efficiency against both
solid and oil liquid particles in the following manner"

Under (d):
"Filters shall be tested, each at a continuous airflow rate
of 32 and 85 liters per minute."”

b) Unde and (i):
"If filter penetration is increasing when the 100 + 5 mg
challenge point is reached, the test shall be continued
until there is no further increase in penetration.

Throughout the entire test the instantaneous penetration
shall never exceed the level specified by the applicant."”

Our comments to the above cited points are as follows:
1. Test Aerosols

Aerosols of different chemical composition will penetrate certain
filter media at different levels even though their particle size and
particle size distribution are the same. Therefore it is absolutely
necessary to specify the chemical nature of the aerosol.

It is our opinion that NIOSH should only consider aerosols which can be
generated at a given particle size distribution and are chemically and
physically inert.

Freudenberg 20 Industrial Avenue lephone. (61/) £56-6000
Nonwovens Limit Chelmsford, MA 01824 !




does not differ significantly.

Introduction

HIS TESTING PROGRAM was initi-

ated to compare the filter penetration of
all types of half-mask particulate respirator
filters by a liquid and a solid aerosol. Com-
parison of various investigations'™* indicated
significant  ditferences in filter penetration
measured using solid and liquid acrosols. In
the United States, the U. S, Bureau of Mines
Approval Schiedule 21B% specifies a mono-
disperse 03-pum liquid  dioctyl phthalate
(DOP) as the standard st aerosol for high-
efficiency respirator filters. For lower-efhi-
ciency dust respirators, the Bureau of Mines
wses several test acrosols of various sizes such
chromic acid mist, and lead

as silica dust,

dust and fune,

There is considerable interest in adopting

A single st acrosol, preferably o polydisperse

solid with a test unit capable of rapidly

i measuring jpenetrations of as low as 0.01%%.
In the United Kingdom, a polydisperse

sodium chloride (NaCly (count median di-
aneter = 0.6, g, = 2.0) is the standard®

used o measure the efficiency of
The use of flame photom-

Al ‘.J)Ul
respirator hliers.

Work performed under the auspicey of the UL S, Atsmie

Comparison of Respirator Filter Penetration by

' Dioctyl Phthalate and Sodium Chloride

R. N. MITCHELL, D. A. BEVIS, and E. C. HYATT

Los Alamos Scientific Laboratory, University of Ca!i{a;ufa, Los Alamos, New Mexico

: ai The penctration of all types of particulate respirator filters by a polydispcrse sulid

sodium chloride aerosol and a monodisperse liquid dioctyl phthalate (DOP) aero-
sol is compared and corrected. The NaCl aerosol penetration (0.3 pm) was measured
with a British-manufactured EEL Respirator Tester.
tion are described. High-cfficiency particu
in the United States and against NaCl in Great Britain.
impractical for a degradable filier such as resin-impregnated wool batt.
bility of using a NaCl acrosol 1o test all types of particulate respirator filters is dis-
cussed. The results indicate that filier penetration by DOP and NaCl test acrosols

This instrument and its calibra-

late respirator filters are tested againyt DOP

The DOP test is faster, but
The feasi-

etry for filter testing in the United Kingdom
was first reported by Thomas’ in 1952, Im-
proved sodium flame penctrometers for respi-
rator filter testing have been described by
Dorman® and by Dyment and Thomason.”
They report that penetrations of as low as
0.001% can be measured. In 1966, Dorman'
recommended that the sodium flame pene-
trometer be considered the prime method to
test both high- and low-efficiency respirator
filters because it can accurately meusure high
penctrations.

Il one acrosol is o have wide gencral ap-
plication for testing many types of filters, it
must not affect the filter media, For example,
a liquid acrosol such as DOP rapidly de-
grades respirator filters e of resin-impreg-
nated felt or wool batting. In Figure 1, the
pereent of penctration of a U.S.-made rusin-
impregnated felt filter is plotted against time,
The DOP penetration increases rapidly be-
cause the liquid acrosol removes the electro-
static charge on the felt, This type of medium
is abo degraded in industrial atmospheres
containing oil mists or solvents. Qur tests with
both felt and wool batt filters against’radon
daughters in wanium mines indicated wide
variations in penctration among filters from
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Ficewe 1. DOP and NaCl penciration of woul
fele flier versus time.

vanious manutacturers. The DOP is uselul 1o
scrcen this type of liler,

There are few data comparing the pene-
tration of filters by DOP and NaCl Dormant
has reported that wests on small areas of high-
cihaieney flter media (100 em?®) indicate
that DOP pencuation s three times as great
as that of NuCl at a velocity of 2.5 cin/sce,
and that they are equal at 12 cm/see, alter
which NaCl s wore penewating. In our
labovatory, Ewinger ot al® compared NaCl
tests on Whannan 41 filiers with DOP 1ests
on the swme mediuny, by other investigators.
The comparison shows DOP penctrations
considerably higher than those of NaCl in
filwering velocities ranging from 5 10 50 cin/

seC,

Equipment and Methods
DOP R, \]1!1(“1:1 Fidter Tever

The DOP Gilter wster is a D Associates
Model Q127 Lult in accordance with the
pecibications for the Anny Chemical Corps’
Moddel E 27 filier wster. As shiown i the llow
diagiam (Figure 21, the vapor from the
heated DOP is swept out ol the heating pot
with 20 liters/min ol heawed air. This air-
vapar mixture is then diluted with 80 liters/
min ol cooler air, condensing the DOP vapor
into o nominally monodisperse 0.3-un-

!
i
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QI27 DOP FILTER TESTER

PARTICLE SIZE
CONTROL AIR HEATER

SCATTERING
CHAMBER

0P TEST ALHOSOL
| CIAIR

1 []roramerer
OVERFLOW

GENERATOR

Fiwsewe 2. Flow diagram of Model Q127 respi-
rator filter wester.

diameter acrosol, The acrosol cuncentration
entering the aging chamber is = 100 g /m®,

A flow of 5 liters/min from the aging cham-
ber is passed through the mechanical an-
alyzer which monitors the acrosol particle
size. by measuring the polarization ratio of
light scautered at 90° by the acrosol.' The
particle size is regulated by conurolling the
temperature of the 80 hwers/min of diluting
air.

The penctration of a filter is measured by a
forward light-scattering  photometer.  The
penetration meter has scales of 1000, 1,00,
and 0.190 which can be changed 10 254,
0.259%, and 0.025%, respectively, by an op-
tional circuit that increases mieter deflection
by a [actor of 4,

DOP Test Method

The pencuation meter is adjusted 10 read
1009 when acrosol from the aging chamber
is pulled tuwough the empty Glier holder and
the scattering chamber, The most sensitive
scale is adjusted 10 zero while filtered room
airis pussed tuough the scauering chimber.

The filter w be tested, mounted ina con-
nector in the same manner as inarespirator,
15 secured in Cthe filter holder. The filer
holder s closed, and the challenge aciosol is
admitted. The acrosol passing the filter is in-
dicaied by the penetration meter. Following
the procedures of Bureau of Mines Schedule
218, we recorded the penetration of the de-
gradable resin-wool filiers 10 seconds after
the acrosol was admitted 1w the filter holder.
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NaCl Respuator Filter Test Apparalus

The NaCl respirator filier test apparatus
Consists of an acrosol gencrator, a sodium
flame penctrometer, and a dilution board and
calibration system. The NaCl acrosol gener-
ator or atomizer (Figure 3) was based on a
design developed by the Chemical Defence
Experimental  Establishment, Porton, Eng-
land, and detailed by Vokes, Lid.** The
generator has three atomizing juts spaced
120° apart. ‘The operating air pressure was 73
psi with 2¢¢ NaCl solution. The airflow
through the generator was 1.3 clm, which
produced w NaCl aerosol concentration of
=100 mg/im'. An clectron micrograph (Fig-
wie 4) shows NaCl acrosol representative of
that entering the filter holder. Particle sizing
with o Zeiss comparator showed a count
median dismeter (CMI) of 0.05 pjn, 0, =
222 and a mass median dimneter (MM
of L35 .

The prnetrotieter (l".EL
respirator tester)  wis manufactured by
Evans Elecnoseleninm, Lad. (England ), with
the cuidanee of Houun and Wabsh'™ A
schematic of the EEL respirator tester s
shown in Ficure 50 'Phe instrunent operates
as follows: Propane was iy injected into the
istrwnent by the injector (1) Gas flowing
Hiough the Venturi wbe (2) draws combus-
tion air from the 1=liter sampling cavity (3).
The gas and air mix in the mixing chamber

socdionn Hamwe

.

Ficuke +. Electron micrograph of NaCl acrosol.
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Ficuwe 5. Schematic of EEL tkune photometer.

(1) and burn on the single vow of holes on
the burner (5). The sumple is injected
through the wbe (6) into the swmpling cav-
ity (3), and excess sample s vented
trough the vent (7). The chimney (8) is
two coneentric wibes: the flame burns in the
inner tube, while the onter tube is purged
with air for cooling. A very small amount of
aiv s bled into the inner chimney. The air
is supplivd (9 through high-ctliciency filters.
The light from the fhune caused by ioniza-
tion of the NaCl acrosol is collecied by a con-
cave mirtor (101 and focused by the lens
(11 onto the Bler (12, The filwer sclects
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SOOIUM CrLORIDE FILTER TEST APFARATUS
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Fiouke 6. Flow diagram of NaCl respirator filter test apparatus.

the characteristiec wavelength of the sodium Higher gas flow extinguished the tlame, and

cmission from the flame. The light from the  lower flows reduced the sensitivity.

fileer is seen by the photonultiplier (13), The 2. Full-scale reading on the 10005 scale
: ampliticd photomuliiplicr signal is displayed  could be obtained with an acrosol concentra-
1 on the meter and vecorder, The instrument  tion of 1 mg/m?, and the lincarity was inain-
has three scales——1009%, 10¢7, and 1.09%. tained on each scale and between scales.

Figuie 6 is a dlow diagram of the NaCl 3. A 10-liter/min sample flow into the

espirator filter test appuratus. A dilution  sample cavity caused minimum disturbance of
soard and ealibration system was built to de- the flame, gave reproducible calibration and
womine the optimun operating  conditions  penetration results, and permitted the sample
and to check the linearity of response of the  cavily to be brought to cquilibrium in = 1
unit becanse the EEL operating instructions  minute.

T 2
lesting.

| . : o | e il The NaCl wesier peque -
| did not mclude information on meter deflec- 4. The dilution system operated best at e - . .
| . - ) . 1.0 95 psi in the 30-m I Thi a lilter penewraton et
| tion versus salt coneentration. 010 1.25 psi in the -gallon drum. This ired to: bring: il
i S— o ie ! essire keeps the whole dilution : Selizva Fet] LILGULEALL SR
| Phe fise dilution system tested consisted of 1"“‘“"",}‘,‘*1“’ the “hf’l“, d]h,”"m and test Yz acrosol in the  1-live e T
! two 10-1 dilutions of the acrosol from the €1 positive, thus "'l,'“!"““mg_ ”"“, need for equilibrivnm and o purs. - i
| generator alter it had passed through the 30-  PUmps cl)r blowers 1o ut;cull calibration or test alter the test. ;
g.nll.un drum. We found lhnf the photomul.  4erosolinto the sample cavity., [t iy not seein fai
I.lplll‘l' wis 5\\'.‘Illl].)l'L] by the ]u;_-,lu'-r concentra- NaCl Test Method perimental NaCl test sy
| tons, and only with the 100: 1 dilution as the After the sample cavity is purged and the $8000 DOP unit, but .

masiuum concentrition could the unit be three scales are adjusted 10 zero, the calibra-
are : ; ero, 5

calibrated and have linear response on each
scale and between the seales. To provide
enough dilute acrosol for calibration and test-
i, wove air was added o the S30-callon drum
and cmother 1001 dilution step was incorpo-
rited. The wnic was calibiaed, and the op-
tnwm operating conditions were Tound to be
as lollows.

LA 028-ter/min propane gas flow save
4 steady Mlame with waximum sensitivity.

tion acrosol is injected into the sample cavity
and the 1009 scale is adjusted to a full-scale
reading with 1he  sensitivity  control. The
saniple cavity is again purged, and the zero
scttings are rechecked, The filter is placed
in the holder, and the challenwe atmospliere
i admitted. A challenge aunosphiere with a
NaCl concentration of 1 mg/in' is used for
a dilter with a penetration of 19 or greater.
‘The lower penetration filters are tested against

tem were mnore sophistic
that the thne required
type ol equipnient o
shortened.

3. Floqe Control. L

has one inherent ady o,

erator, the hlwer halder .
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an acrosol concentration of 10 mg/m*.  Air
passing the filter is injected into the sample
cavity at 10 liters/min. Approximately '1
minute is required for the concentration in
the sample cavity to reach equilibrium and
the meter reading to level out and indicate
the penetration,

Comparison of DOP and NaCl Filter Testing

The following comparison of the operating
characteristics of the DOP and NaCl test
apparatus points out some of the advantages
and disadvantages of each for testing res-
pirator filter penctration and for quality con-
trol tests.

1. Start-up Time. The Q127 DOP filter
tester requires about +3 minutes to heat to
operating temperature and reach equilibrium
before filier testing can start, The NaCl sys-
tem reaches a steady state very quickly, and
testing can begin immediately after adjusting
for the 100€% calibration and setting the zero
on cach scale.

9 Filter Test Time. A filter penewration
st with the Q127 requires no more than
10 or 15 seconds. The penetration in most
cases s indicated in 10 seconds, the scatter-
ing uanber purges quickly on remaoval of
the Glier, and the penetration meter is at
sevo by the time the next filter is veady for
h'\ling.

The NaCl wster requires =2 minutes for
a filter pencuation test because of the timme
required 10 bring the concentration ol the
acrasol i the Tier sapling cavity  to
equilibrium and 1o purge the sampling cavity
alter the st

[t may not seem fair o compare our ex-
perimental NaCl testsystem to a sophisticated
6000 DO unit, but even if the NaCl sys-
tem were more sophisticated it does not seem
that the thne requited for o test using this
type of cquipment could be o signilicanty
shottened.

3. Flowe Contiol. The DOP liler tester
lias one inherent advantage. "The acrosol gen-
coator, the hler holder, and the penctrometer
form a closed system during a filwer tese. Wil
this arranzement, the rotuncter measuring
the tlow and the How-regulating valve can be
located bevond the penctroneter and thus not

Jbl
TasLe [

DOP and NaCl Penetration of High-Etliciency
Respirator Filters

Flow Rate DOP NaCl
Filter (liters/min) (%% penetration) (¥ penetration)
A 16.0 <0.001 < 0.2
2.5 0.002 0.002
B 16.0 <0.001 < 0.2
125 0.004 0.007
C 16.0 <0.001 <02
425 0.003 0003
D 16.0 <0002 <0.002
425 0.009 0.015
E 16.0 <0.001 <0.002
4235 0.003 0.004
Tawvre 11
DOP and NaCl Penctration of Fume* Respirator
Filters
Flow
Rate bop N.Cl
Filter (liters/ % (Y%
Type min) penetration) penctration)
Fiberglass 16.0 4.0 31
42.3 7.5 6.5
Treated " paper” 16.0 8.3 15
125 14.8 125
Organic and 16.0 19.7 17.0
ashiestos fibers 425 25.0 43

sComplete respirator tested  againat dead funie and ap-
proved by U. S. Bureau of Mines.

alter the acrosol before it encounters the lilwer
being tested.

The detection unit in the NaCl system, on
the other hand, is at the end of the system
because the sample cavity and burmer must
operate at atmospheric pressure and with a
free discharge. Very slisht changes in pres-
sure can have a lge cffect on the amount
of aerosol that is drawn from the sample
cavity into the hurner. Therelore, all the
flow-measuring  deviees and  ow-requlating
valves are between the aerosol generator and
the sample cavity. Deposit of NaClin the
devices can alter the acrosol concentration
and necessitates frequent cleaning 1o main-
tain accurate fow measurement and contol,

Discussion of Results

High-Efficiency Filters

A comparison ol he vesals ol Do and
NaCl penewranion wsts on hizh-cllicieney res-
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Tame 111
DOP and NaCl Penetration of Dust and Mist®
Respirator Filters

Flow
Kate hop NaCl
(litens/ D4 (%
Filiert pewetration)  penetration)

A 25 0.8
21.3 38

H 0.0 90
+ .0 -40.0

[ 44 0 245
G8.0 4“0

*Complete respirator testéed againm silica dust and chromic
acid wist and approved by U. 5. Barcau of Mines.

*The hlters listed contain resin-impregnated  woul  felt
wedia.

pirator Oliers is shown in Table 1. The
Burcau of Xines Schedule 21B specifies that
the total IJOP leukage for the filter and con-
nector shall not exceed 0.039% at 16 or 42.5
liwrs/min when testing single cartridges used
in pairs on the half-mask facepicee. We ob-
tained reproducible DOP penetration read-
ings down to 0.001¢; and estimated penctra-
tions as low as 0.0005¢7, The NaCl penetra-
tion can be accurately read down to 0.002%.
Because the penctrations are so low for both
DOP and NaCl. we cannot compare the pene-
wrations and flow rate of 16 liters/min: how-
ever. we can compare the penctrations and
the flow rate of 42.5 liters/min. At this flow
rate the NaCl penetration is slightly higher,
ranging from 0 to 2.0 times the DOP pene-
tration of the same filter,

To estimate the filtering velocity at 42.5
liters/min for the five high-cfficiency filters
tested, we have measured the filtering area
and caleulated that the velocity ranges from
25 10 35 cm/see for comparison with the
results of other investigators testing high-
ctlicieney tilter media against DOP and NaCl.
We noted above that Dorman® reported that
DOP penetration is greater than that of
NaCl by a factor of 3 ata velocity of 2.5 ein/
sec. Dorman’s NaCl acrosol had an MMD
of 07, We bielieve the NaCl penetration
was shightly higher than that of the DOP be-
cause our 0.3-,an NaCl acrosol s smaller,

Fume Filters

Qur test results on DOP and Nadl pene-
vation of funie respirator ilwers are compaed

June, 1971

in Table 11 For convenience we call this type
of filter cartridge a “fume® respirator filter
because it has been tested against a lead fume
on a complete half-mask respirator mounted
on a test head in a test chamber. The Burcau
of Mines does not test individual filiers
against lead fume. To be approved, the com-
plete respirator must show a penetration of
less than 0.16¢ by freshly formed lead fume.
Obviously the penctration of the filter by lead
fume would be less than 0.1¢¢.

For our comparison we have tesied only
three basic types of fume respirator filters.
The DOP penetration through fume filters is
slightly higher than that of NaCl at both
flow rates. There is considerable difference
in the penetration by DOP and NaCl of the
best fume filier made of fiberglass and the
filter made of organic and ashestos ibers. Our
results indicate that both test methods quickly
and accurately rate various types of fuine res-
pirator filters, Although all these fume filters
have been tested and approved for protection
against lead fume, there is obviously a great
dilference in their efficiency. This difference
in filtering efficiency was reported by Revoir
and Yurgilos' in their tests of several Burean
of Mines approved dust respirators against
various acrosols.

Dust Filters

A comparison of our st vesults on DOP
and NaCl penewration of “dust and mist” res-
pirator filters is shown in Table 1L This
table lists only three of the many types of
commercially available “dust” and “dust and
mist” respirator filiers that lave been ap-
proved by the Bureau of Mines by testing the
complewe vespirator against silica dust and
chromic acid mist. To be approved, a dust
respirator must show less than 1.0¢7 penetra-
tion by silica dust. The thvee filrs lisied
contam resin-impregnated wool felt media
whose hltering efficiency is based on an clec-

“trostatic charge ereated onthe medin by -

preguation with approximately 154, pesin,
The DOP aerosol degrades this type of silier
mediam very vapidly, as illustened in Figue
1 Ly a continaons DOP test on tilter A, The
DOP penewation readings were tihen an ex-
actly 10 seconds. The NaCl penetration ye-
sults are considered reliable and wie useful
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to demonstrate the ditference in efficiency of
filter A as compared with filters B and C. The
lower penetration of filter A can be explained
by the fact that the manufacturer has a
patented process by which he fractures the
resin-impregnated wool to impart a greater
electrostatic charge on the medium.

Resin-Wool Batt Filters

A comparison of the results of DOP and
NaCl penetration tests on six types of resin-
impregnated wool baw filter cartridges is
shown in Table IV. All the resin-wool batt
media used in the cartridges tested were man-
ufactured in either the United Kingdom or
Australia. The comunercial cartridges B, D,
and F were supplied by manufacturers from
these two countries. Experimental cartridges
A, C, and E were provided by three American
respivator manufacturers who obtained resin-
impregnated wool batt media from English
manufacturers and mounted it in their stan-
dard filter cartridges to fit American-made
face picees.

We obtained several representative resin-
impregnated wool batt respirator filter car-
tridges in 1967 to test against radon daughters
attached 1o mine acrosols in the uranium
mines in New Mexico. This type of respirator
filter was tested because it met two of our
criteria—low breathing resistance and good
dust loading characteristics. The resulis of
this study'” indicated that some of the wool
batt filters maintain collection efficiencies of
>95% against radon daughters during a 24-
hour continuous test at 83 liters/min, but
miany of the 15 types of wool batt filters tested
were degraded very rapidly and showed col-
lection cfhiciencies of less than 90% in a few
hours. We learned from the manufacturers
of resin-impregnated wool batt media that
they produce several grades of these media
based on weight, commmonly expressed in
ounces per square yard. In 1968, we started
using the NaCl filter test method to screen
the many types of wool batt cartridges that
were proposed by the manufacturers for test-
ing against radon danghters.

In Table IV, experimental filter A with a
weight of 62 oz/yd* showed very little pene-
tration, and its ellicieney is equivalent to that
of U. S-made high-cthiciency  filters. This

TasLe IV

DOP and NaCl Penetration of Resin-Wool Bau®
Respirator Filters

Filter No. Flow
an Rate bore NaCl
Medium (liters/ (% (%
Weight min ) peueifation)  penetration )
A—Experimental 16.0 <0.001 0005
62 oz/yd? 125 0.006 0.015
B—Commercial 16.0 0.25 0.6
52 oa/yd? 4235 0.46 0.22
C—Experimental 160 0.3 D05
48 oz/yd? 2.3 0.65 0.32
D—Commercial 16.0 054 1Y
36 oz/yd? 425 1.50 0.75
E—Experimental 160 1. C 033
24 va/yd? 425 330 1)
F—Commercial 16.0 125 047
18 oz/yd? 425 150 1.70

*All wool batt media impregnuted with <15% resin.

medium is not connmercially available and has
a pressure drop of approximately 1.5 inches
w.g. which would make it unsuitable for use
in low breathing resistance respirators. The
DOP readings were taken at exactly 10
seconds because this type of medium is de-
graded very rapidly by a liquid DOP acrosol.
Because of this, the DOP penctration tests
would not be suitable as a quality control test
on wool batt filter cartidges. Note that the
DOP penetration of the six types of resin-
wool batt media is lower by an order of mag-
nitude than that of the resin-impregnated
wool felt media reported in Table TI1

Comparison of Two DOP Test Units

We have noted that we believe our NaCl
penetration of high-cfliciency Lilers is slightly
higher than DOP penctration because our
NaCl acrosol is smaller than the NaCl aerosol
used in Great Britain. However, the question
has been raised whether our DOP test unit
will give penctration test diia on high-cffi-
ciency filters comparable to that of other DOP
respirator filter test units. Since the Bureau
of Mines DOP respirator filier tester is used
to test and approve high-ctlicieney filters, we
asked Mr. Robert Schute, Supervisor of the
U. S. Bureau of Mines Respirator Approval
and Testing, to test with DOP the sdme tive
high-efliciency filters that we had tested with
both DOP and NaCl ‘T'he LASL and the
Bureau of Mines DOP pencuation tests on
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TavLe V

NaCl and Two DOP Tester Penetrations of
High-Efficiency Filiers

Penctration at 42.5 Liters/Min (%)

DOP
Na(l
Filter Bureau of Mines LASL LASL.

A 0.008 0.002 0.002
B 0.8 LI 0.007
C 0.004 0.003 0.003
D 0.018 0.009 0.015
E 0.024 0.003 0.004

identical filiers, along with our NaCl pene-
tration tests, we shown in Table V. Com-
parison of the DOP penetration tests of filters
A, B. C. and D indicates that the Bureau of
Mines penetration ranged from two to four
times as high as the LASL penctration. We
belicve that we can explain the larger differ-
ence in penctration of filer E by the fact
that we somctimes found higher penetrations
with this filter and holder because it was more
difficult 10 obtain a seal in this particular
holder. Note that the Burcau of Mines DOP
penctration test and our NaCl penetration
test of filters B, C, and D gave almost iden-
tical results. If we accept the Bureau of
Mines penetration test as a standard, com-
parison of our NaCl test and the Burcau of
Mines DOP tests shows very litle difference:
It should be noted that our laboratory is at
7200 fcet elevation while that of the Bureau
ol Mines in Pittsburgh is much nearer sea
level. A possible explanation for the differ-
ences in DOP penetration reported may be
thit the air density and viscosity are difTerent
at the higher elevation.

Conclusions

Our comparison of the penetration of high-
elliciency and fume respirator filier cartridges
by monodisperse - 0.3-umi DOP and polydis-
perse 0.3-an NaCl indicates no significant
ditferences. The NaCl pencetration ranges
from 010 2.0 times as high as the DOP pene-
tration of high-clliciency filters. For the fume
filters, the DOP penciration s silghuly greater
(<25%). Tests of resin-impregnated  wool
felt and Lau filters cannot be compared be-

T T e AT i S R

fune, 1971

cause the DOP degrades the media, even at
our 10-second penetration reading.

Our comparative tests suggest that a NaCl

aerosol used with a sodium flame penctrometer
reliably tests all types of respivator filters and
that DOP is reliable for all but degradable

media. Comparison of existing DOP and -

NaCl testing units shows that DOP is faster
for routine quality control. The results sug-
gest methods for routine quality control of
high penetration filiers.
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{DEGRADATION OF ELECTAROSTATIC FILTERS AT ELEVATED TEMPERATURZ AND HUMIOITY

Mark W. Ackley
scott Aviation, Division of Figgle International Inc., Lancaster, New York

g Measurements have peen made to determine the degradation in
aerosol collection efficiency of electrostatic filters from

LR ; storage at elevated temperature and/or humidity. Three types of
LI B electrically chargea filter meala have been incluged in this

L study, l.e. resln wool, electret and an electrostatically-spun
s polymer. Snort-term tests of fourteen-day duration have been
conducted at conditions ranging from 21°C to 65°C, and 0% R.H.
94 to 90% R.H. Tests at 42.5°C and 87.5% R.H. have been in

o progress for several months. In all tests, filter samples nave
been removed at specific intervals, and aerosol penetration

é measured. Several types of protective bags have been included
In tne long term tests. Both 0.3 um monodisperse DOP and 1.0 um
MMAD polydisperse NaCl aerosols have been used to determine
penetration. Tne degradation nistory of filters under a
continuous cnallenge of DOP has also been measured.

INTRODUCTION

B Electrostatic filters are a curlosity to much of tne filtration industry. However, resin
- wool fllters nave flllea an important application in resplrators for many years. Other

3 uses incluoe vacuum cleaners for asoestos clean-up, room air-purifiers and pre-filters
for HEPA filters. Degracgation in collection efficiency due to certaln types of liquid
aerosols, ana in nigh temperature and high relative humidity environments has been the
primary oisadvantage of these filters.

K., Concern has arisen over the loss aof efficiency of resin wool filters during storage and
44 use. Hyatt et al (1) and Douglas et al (2) conducted studies for NIOSH showing

“ significant reduction in aerosol collection avility for filters subjected for short
durations at conditlons of 22°C, 100% R.H. and 32°C, 90% R.H., respectively. More

p recently, new types of electrostatic medla and Improved resin wool filters nhave been ;'
{ developed. The purpose of this study was to evaluate the performance of these various i s
3 electrostatic materials - particularly In regard to degradation of collection efficlency :

] et elevated temperature and humidity.

DESCRIPTION OF FILTER MEDIA

Tnree types of electrostatic filter media have been included in this investigation -
resin wool, electret, and an electrostatically-sprayed polymer. All are briefly
described below. An excellent review of the various types of electrostatic filters has

also been presented by Brown (3).

s

Fa Resin wool {§ the most common of the electrostatic filter media, having been developed

¥ for respirators by Hansen about 1930, Davies (4). walton's (5) research is responsible

L for much of today's ungerstanding of this filter. A thorough historical account has been ot ;

1 given by Feltham (6). Typlcal media consists of wool and synthetic fibers, and resin Fo T B

: particles. The resin constitutes 15%-20% of the total filter welignt, while the balance
is made up of approximately equal proportions of the wool and synthetic fiber. A
photomicrograph of this structure is shown in Figure 1. Resin particles (1 um and
larger) adhere to the wool fibers (15 um-20 um dlameter) by strong eléctrostatic
attraction. Friction generated during the filter carding process between the resin and
the wool results in negatively-charged resin particles and positively-charged wool
fibers. ODue to this:-separation of charge, local non-uniform electrostatic flelds develop

p throughout the filter. These electric flelds are responsible for the enhanced aerosol

e collection ability of the filter. The high resistivity of the resin and the minute

3 contact area bDetween the resin and the fiber are primarily responsible for the long-term

stabllity of the charge (5). e

An electret is a material that is often described as the electric analog to the permanent
®agnet. Such materials contain a positive charge on one slde and a negative charge of
equal magnitude on the opposite side. The best known laboratory electret is that made
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Another type of filter i{s made from electrostatically-spun fioers. Tne process involves
the distribution of a liquid polymer solution on a moving electrode, the formation of
spinning threads of liquia film in the presence of a strong applieg electric field, tne
Subsequent detachment ang precipitation of fibers as the solvent évaporates, ang finally
the geposition of the charged fipers on a precipitation electroge as descripea by Simm et

al (9). Layers of alter
the spray electrode. Po
polypropylene have been
can be produced by conve
and 5 um to 10 um wide a

In all three types of fi
localized, nonuniform el
inherently neutral, whil
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5 shown in Figure 1.
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$ in finer syntnetic fipers than
§ banas approximately 1 um tnicx

ion efficiency is achieved gue to

and electret filters are

n synthetic is depenogent upon the
The degree and stability of tne

electrostatic ennancement of these materials is tne subject of tnis investigation.
Properties of these filters are summarized in Table 1 and in Figure 2.

TEST PROCEDURES AND APPA

RATUS

Aerosols
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T_EE_L_E_J - Filter Properties

FILTER|  FILTER WEIGHT [THICKNESS| INITIAL DOP PERF.
(4] ITION

DESIG. TYPE FIBER COMPOSIT e e g o . iv

I l
A Resin Wool 451 Wool, 551 Acrylic 410 3.2 6.2 | 10]0.66] 11.
B Resin Wool 451 Wool, 55% Polypropylene 510 3.8 0.81| 21 |0.16| 20.
C Wool Felt 45% Wool, 551 Polypropylene 410 6.4 1 13 |27 4.
1] Electrec Polypropylene 305 5.7 0.08)17 |0.03| 38.
E Spun Polymer Polycarbonate 140 1.1 0.24| 20 |0.21 | 88.

witchell et ul (10) huas sugyested that DOP Is not o relluble test method for degradable
sedla. The use of DOP In this study Is Jjustified by the penctration historles of a resin
wool 4nd & mecnanlicael filter shown In Flgure 3. Ihe Initldl peaks In the response curves
are Jdue to resldudl DUP In the sampling llnes. Although deyradation uf the resin wool Is
spparent durlng tne first sixty seconds of the test, the change In penetratlon during the
measuring perload (five to twenty seconds) 1s negligible. Similar results were obtalnea
for the other types of electrostatic filter materlals. Since DOP s a rellable and
descrimlndtive test 4erosol, Its use Is very appropriate for thesv degradation
medsulfaments. Since fllters afe not returned to the envitunmental cheamber after o DUP
peasurement, there is no degradation due to DOP other than that occurring during the
ghort measuring period.

FILTERS
Q50- E
3 MECHANICAL FILTER
-4.0- 30~
& F 3 [}
W 14
Q30- a
< § 20 .
@ H
220- <
[+ 4
= ABD &
gao S o\ £ 101 MEASURING
& AT e e Y }—PERIOD — RESINWOOL
[ P e DG S a PSRRI
< 0 __,_.-rl—l"""-‘:"_- T g 0 ii
0 5.0 100 150 200 250 00 350 0 10. 20 30. 40. 50. 60.
. FACE VELOCITY,. VE~CM SEC TIME. L ~SEC
Figure 2 Filter Airflow Resistance Figure 3 DOP Penetration Measuring
' Characteristics Period

Sodium chloride (NaCl) was usea to produce a polydisperse aerosol withn a mass median
aerodynamic dlameter (MMAD) of 1.0 um and a geometric standard deviation of 1.9. A
Dynatecn-Frontier Corporation, model FE 560A sodium chloride test unit was used for these
measurements. Aerosol concentratlon was controlled at approximately 10 mg/m?, and
penetration was determined by a sodium flame photometer. Particle-size distripbutions
were measured using an eignt-stage Andersen impactor.

Environmental Testing

Short-term tests up to fourteen-day duration were performed in a Tenney environ-
mental chamber. The Tenney chamber has varlable relative humidity and temperature
control. A rack was designed to support twenty filter samples in the chamber.

A single test condition (42.5°C, 87.5% R.H.) was chosen for long-term tests. This
environment was perceived as an upper-limit storage and use condition for the majority of
electrostatic respirator filter applications. The selected temperature and relative
humidglty were achieved using a saturated solution of potassium nitrate (KNO;). This
technique has been described by Greenspan (11). Useful information on the control of the
test conditions is also glven in ASTM E104-51 (12).

A speclal chamber was constructed of polyethylene, and insulated on all sides to minimize
heat transfer to the room. The KNO; solution temperature and the alr temperature Inside
the chamber were thermostatically controlled. -A small circulating fan mixed the alr
continuously. A total of one hundred thirty-six filters were attached to four
equally-spaced racks. Temperature and relative hualdity control were achieved within
$2.5°C and £2.5% R.H., respectively.

.
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‘;p.rlnants were also conducted at various molsture levels and temperatures for duretions
up t9O fourteen duys. Type B fllters were subjected to absolute molsture conditions of
1610, 0.0l4 and 0.107 grams of water vapor per gram of dry alr (g H,0/Q alr). The
ca;;.;ponolnq temperatures and relative numidities are indicated In Flgure 6 with the
gsults of the degradation measurements. Aerosol penetratlons were determined at the
yarious chamber exposure times using DOP as described previously. Conaltlons of 65°C, 0%
f.H. and 21°C, 90% R.H. appear to cause similar minor Increases in aerosol penetration.
However, exposure at conditons of 65°C and 70% R.H. resulted in a rapid increase in
enetration in less than twelve hours, followed by continuous degradation throughout the

guration of the test.

26.0

240

TYPE B FILTER )

220+t

200
180+

16.0 RSP

DOP PENETRATION, P~%
2
=y
‘\

o Test Condilions
O 21°C. W% RH.. 0014 g HpO/g unl
YV 65°C. 0% RH.0g H0/Q ar

0 [T 65°C. 70% A H.. 0107 g H20 /g air
VE : 54 cmisec

0 e T e e e e T I Il A SRR ey
0 1 2 ] 4 5 [} 7 8 9 10 1" 12 13 14
TIME. 1~DAYS

Filgure & Short-term Degraedation of Type 8 Filters

The effect of degradatlon upon collection efflclency depenos upon the derosol environment
and the alrflow through the filter. Tests were repeated with type B filters at 65°C anag
70% R.H., ano degradation was measured using NaCl aerosol. The data corresponding to

¥; =6.5 cm/sec for NaCl in Figure 7 can be compared with that in Figure & for DOP. It is
svident that the cegree of degradation is relative to tne type of aerosol. In tnis
comparison, the DOP penetratlon of the fillter ls greater than tne NaCl penetration for
{dentical environmental exposure. This is primarily due to the larger slze of the NaCl
aerosol. DOP is more suitable for laboratory degradation studies pecause of the highers
resolution in filter penetration changes. Increasing tne face veloclity of the NaCl
aerosol to 12.8 cm/sec gives results similar to those obtalned with DOP at 5.4 cm/sec,
but the variation in the data i{s significantly greater,

Conditions for the short-term tests were chosen for initial filter performance screening,
and for evaluation of degradation at various moisture levels. Long-term tests were not
necessary in earlier studies (1,2) because of the rapid degradation rate. Because of the
development of new types of electrostatic filters and improved resin wool filters, longer
duration degradation results are now desired.
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Filter types 8,0 ana ¢ were exposed at 42.%°C ang 87.5% R.H. (0.04s 0 H:0/ g alr) in the
speclally constructey Chamber describey above. Average Dup benetration for wach

Palyetnylene 4ng three mil (0.08 mm) Dow Chemical SARANEX®fi|n. g Type | Military
Specification by (13) wus also useq In the resin wool filter teot., tach bag Contalning
8 fllter was neat-segleg prior to placing in the Chamber. Tne SARANEX® bag had a
nomindl water vapor transmission rate (WVTR) of 2,33 9/m?.24n at 37.8%C,

90% R.H.  Tne maximum WVTR allowed for tne MIL SPEC bag is 0.47 g/m? 24 n,

The eleclrastqllcally-spun polymer fijlter (type E) was tested tour Jurations up to

1 Jdys n tne Chdmuer. Protectye Dagging was not used with tnis filter, Samples were
femoved at seven-day Intervals, ang DOP penetration ¥as measured. The results are shown
In Figure 8. Mast of the dverage penetrations were only sligntly Ureater than tne
averdge inftial OOP Penetration of 0.24%, However, indiviaual DOP Penetration
Measurements of tne Exposed test samples varied from 0.09% to 1.5%. Although degradation
1s suggested by these results, the data are inconclusive because the changes in

penetration due to environmenta] éxposure are not signlficantly greater than the fnherent
perfarmance variapility of the filter (Cy=88%).

The effect of the test environment upon the performance of Lype D electret filters is
also shown in Figure 8. Average DoOP Penetration Increases steadily from an inftial value
of 0.08% to 0.18% during tne first 28 days of the experiment. Subsequent average
penetrations fluctuated about a mean of 0.14% for the remainder of the 154-day test. The

use of tne polyethylene bag appeared tg Suppress degradation for a period of 91 gays, as
dld the SARANEX® bag for the full 1sa days.

The degradation history of the resin wool filter (type 8) nas been incl
along with that of the electret ang electrostltically-spun polymer. The initial {ncrease
In penetration at this moisture leve) (0.045 g H0/9 air) is similar to that at zero and
0.014 g H20/g air shown in Flgure 6. The Comparative data in Figure 8 indicates that the
resin wool is more Susceptible to degragation at these conditions than the other two

types of electrostatic filters. After 154 days, the unprotected resi
Penetration of 9.px. Since resin vool filters similar to type A filters degraded almost

completely within 28 days at 32°C, 90% R.H. (2), the performance of the type B filter
tepresents g significant improvement in resin wool materigl. ot

uded in Figure 8
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All three types of baQgs were employed In tne tests of type B fllters. Hesults for the
polyetnylene ana MIL SPEC pags are shown In Figure 8. Fllters sealed In SARANEX® pags
performed nearly the same as the unprotected samples over the complete duration of the
test. After 90 days, the polysthylene bag appeared to suppress degradation. This is

¢ somewhat puzeling since pulyetnylens film of this type has « relatlvely high molsture
" permeabllity. Tnere ls no apparent reason why any significant reduction in rilter

F degradation should occur with this bag. A continuation of these tests should determine
{f tnis Is a sustained effect.

surprisingly, the protection offered Dy the moisture obarrler MIL SPEC bag against
" degradatlion Is very mlnor. It ls possible that the bags were not properly neat-sealey,
] sltnougn tnis is unlikely. Eltner the molsture pbarrier provided Is Insufficlent in tnls
i sapplication, or the thermal degradation effects are as lmportant as those due to
molsture. In elither case, bagging the filters provides minimum protection.

d In both short-term and long-term tests, lt was found that unprotected resin wool

materlals adsorbed molsture within the first several nours in tne test champer. After

this period, the moisture content of the filters remalned nearly constant as degradation

(§ continued. Thus, degradatlion rate appears to be Independent of moisture adsorption

: rate. Type B fllters generally galned less than three percent of the filter welght at
42.5%°C, 87.5% R.A. Tnis quantity of molsture would permeate the MIL SPEC bag In
approximately 45 days at a WVTR rate of 0.15 g/m?.24n (approximately one-thira the
saximum allowable WVTR).

.
¥

Tne non-uniform electric field responsible for the enhanced aerosol collection abllity of
the resin wool filter decays as the charge equalizes in the filter. Thne time constant
for this dielectric relaxation process is a function of the resistivity of the
dielectric, Pohl (la). For materials of nigh resistivity at normal conditions, this
decay process may take several years. The transfer of electrical charge from the resin
particles is accelerated at elevated temperature and humidity. walton (5) studied the

i material charge decay process in resin wool filters, but was nampered by the inability to

& accurately determine the resisitivity of the resin. Both Silverman et al (15) end

3 Vonnegut (16) indicate that moisture adsorption on the surface of a dielectric lowers its
resistivity. Elevated temperature hes a similar effect. Although wool has a substantlal
molsture adsorption capability, its resistivity is low compared to that of the resin,
i{.e. the wool fiber is electrically conductive relative to the resin particle. Thus, it
appears that the rgsistivity of the resin and the effective "interface resistivity® at
the charge-transfer boundary establish the charge relaxation time.
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The accelerated degradation of filter efficiency is the result of these reduced
resistivities - caused by elevated temperature and the formation of surface-
conductive films. The experimental evidence obtained in this study is consistant with
this physical description of the degradation process. Quantitative expression of this
phenomena would require the functional relationship between resistivity, moisture and
temperature. Additionally, the slngla fiber efficlency parameter for the electrostatic
collection mechanism must be determined for the filter. Such electrostatic single fiber
efficiencies have not been well-defined for real filters. As a result, no attempt was
made in this study to mathematically describe degradation of aerosol collection
efficiency of resin wool filters.

CONCLUSIONS

Tnree types of electrostatic filters have been evaluated for degradation after exposures
to an oll mist and at conditions of elevated temperature and relative humidity. All
three types of filters degraded rapidly during continuous DOP exposure, and use of these
filters should be avoided in such environments. A resin wool with greatly improved
electrostatic charge stanility (type B filter) is more susceptiple to degradation at
42.5°C, 87.5% R.H. than are the electret and electrostatically-spun polymer. The use of
moisture barrier bags did not have an appreciable effect upon the resin wool
degradation. Thus, storage of resin wool filters at or below room temperature and 50%
R.H. is advisable.

Electrostatic respirator filters are primarily used for protection against nuisance
dusts, for which both the electret and resin wool are applicable. The
electrostatically-spun polymer has a higher mechanical efficiency than these other
electrostatic filters, but its characteristically nigh airflow resistance disallows
comparable use. Although the electret is less susceptiple to moisture and thermal
degradation, {t has disadvantages in requiring a cover scrim to maintain filter surface
integrity, and in being considerably more costly tnan resin wool material. The gegree
and effect of degradation depends upon the aerosol application-as evidenced by the
comparison of DOP and NaCl serosol penetrations presented.
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SYMBOLS

Cy = coefficient -of variation, (5) t = time, (min, n, )

N = number of samples V = filter face velocity, (cm/sec)
P = average penmetration, (%) - WYTR = water vapor transmission rate,
Q = alrflow rate, (L/min) 1 (g/m2.24n)

R.H. = relative humidity, (%) & = aerosol concentration, (mg/m®)

8§ = sample standard deviation AP = airflow resistance, (cm w.C.)
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