PROPERTIES OF VARIQUS FILTERING MEDIA

FOR ATMOSPHERIC DUST SAMPLING

By W. J. Smith, N, F, Surpronant, A. D. Little, Inc.

INTRQDUCTION:

In sampling for atmospheric dust and for testipg atmospheric dust con-
ditions, a number of methods are in use which depend upon filtration to arrest
the dust particles. The effectiveness of any such method or even its succesé
can depend, to an important degfee, on the filter medium that is selected., Be=-
causo they may be so important, the properties of any filter mediuwm should be
well understo&d befbre‘itsAuse is recommended for any test method. It is our
present prupose to compare and discuss prbperﬁies of several filter media vith
respect Lo various air sampling re?uirements. 411 of the media to be con~
sidered are now available, and most of them are being used fer air assay worko‘

lThere are various reasons for collecting a sample of a%mospheric dust, and

.tho puipose to be served will influence selection of the filtering medium. To
rention some of the reasons or purposes of sampling; we have measurement of
mass concentration of dust in the air, particle size distribution, chemical
analysis 6f the particulates, toxicity assay, radioactivity measurementis; study
of orgardsms, and evaluation of soiling characteristics.

| Conditions ﬁnder which thé sampling must be done may also influence selec-
tion of a modium. For example, glass fibers would'nét be usod in an atmosphere
. known to contain an appreciable amount of hydrofluoric dcid Vapore
In some cases a particular filtor medium 1s used in a cgftain,application

only beccause of long standing practice which, for consistoncy, is kept un-

changod. FHowever when the need arises to solecp a filter for soms now or
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spbcial purpose, an uaderstanding of the genoral filiering propcfties of
available media should be yscful in makipg an intelligent choice. It is ou;
- purpose to contribute to the fund of such information.

The problems associated with selection aﬁd use of air sampling filter
media were discussed at the Air Cleaning Seminar, sponsored by the Atomic
Energy Cormmission and held at Ames, Iowa, Septe. 1L-17, 1952. As a result of
that meeting a study of filter media and sampling practices was undertaken by
Arthur D, Little; Inc. A questionnairé survey of some 40 laboratories,: most
of them within the Atomic Snergy Commission operating areas but including also
a nuﬁber of outside laboratories, provided a list of air sampling media that
are in current use at these laboratories.

We assembled a group of samples representiﬁg nearly all of the media
that were mentioned in the survey. This paper describes #nd discusses air
filtration test results obtained for these media and for_a few othersl'that
ﬁore included because of their special interest, Our test methods have in~-
cluded di-octyl phthalate smoke penetration, atmospheric dust peneirationg
and plugéing rate on atmospheric dust., A range of performance characteris-
tics is provided which may aid one in selecting a filter material for any

dust sampling purposes

Di-0Octyl Phthalate Smoke Penetration Test:

"The di-octyl phthalate smoke penetratioh meter or "DOP tester" as it is
called more commonly, was developed by the armed services during the war ard
has become a well known and highly respected device for evaluatingihigh effi--

ciency filters. Instrumental parts of the tester and theories of their

1'AEC mineral papers were added to the groupe.

}Gb | B !
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opcration have been prusented well in the literature (1,2,3). For our needs
herc.a very brief description will serve, There is a smoke gencrator for pre-
ducing a contrdlled, mono--dispersed liquid acrosol of di-octyl phthalate. This

is accomplished by condensation from the vapof state and the droplets so formed

" are held very close to 0.3 micron diam. Particle loading is about 50 micrograms

per cu. decimeter. Also a light scattering chamber 1s provided with sensitive
photcelectric pickup means for accurate measurement of smoke particle concentra-
tion, The tester is adjusted against full aerosol conﬁentration (unfiltered
smoke) and against absolutely clean air. Penetration through.a test specimen
of filter medium is then read off directly in per cent.

Since the aerosol particles at 0.3 microndiamo arerin the approximate
size range for the most nﬁmerous microscopically visible atmospheric dust par-
ticles; the DOP test gives efficiency vaiues that parallel those.qbtained Ey
atmospheric dust countse ‘

Under the somevhat standardizcd‘;onditiéns of normal laboratory test pro-
ceddre, DOé smoke penetration measurements are made at 28 lih;-feet per mine
through a 1,5 in, diam. circular area of'tﬁe medium. In the work to be de=

scribed, this area size was used for flow rates up to 28 feet per min. To

reach the highef flow velocities (up to 200 lin. feet per min.) a test area of

175 in. diam. was usedo

Tsble I shows DOP smoke penetration efficiencies over a range of alr flow

" velocities for our whole group of air sampling mediz. It is evideni immediate-

ly that there is a very great difference in efficlencles as measured by this
teste. - Perhaps this is the point at whlch we should stross that DOP smoke pene-
tration alone must not be taken as a general measure of usefulness for all filters.

Tt 16 a very severe test and is now used primarily to rate absolute-type filters.

z
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then we aro dealing wath mgdia intended to-collcet bulk dust or to analyze
for'atmosphcric dust on a weight basis, very fine particles contribute to a
minor degreo and become unimportant; the DOP test then has much less signifi-
cance, However, if our interest extends to tho sub-micron size dust particles
" of the atmosphere (and these are by far the most numerous) then the DOP tester
can tell us a great deal about what we can expect a filtering material to do.

An interesting feature of the data shown in Table I is the relation of
DOP filtering efficiency to flﬁw velocity for the different types of filter
materials, Weo have plotted sets of data selected from Table I to show sane
characteristic curves, )

Fig. 1 is for CWS ##6 paper. At a low aif flow ratey; it is very efficient.
This is a fortunate circumstance because this tybe of material is used princié
pally for making large volume high efficlency spéce filters in which face velo-
city through the medium is only five line. feet.per minute, W¥With increase of
flow rate, smoke perstration incfeases to a maximum at about 30 feet per min.
As‘the flow rate is further increased; penetration égain falls off,'and pro-
gressivelfo This beha&ior has been studied by Ramskil% and Anderson of the
Naval Research Laboratories (L) They attribute the low velocity positive
s}ope to the influence of diffusional collection while the higher velocity
negative slope is explainzd by influence of inertial effects., In addition to
flow.vélocityp these authors show how the character of the curves is comtrolled
by aerosol pariicle size; particle.densityp dilameter of the filter fibery, and
inter~fiber spacinge | .

Pressure drop; plotted separately in Fige. 1; 1s nearly linear ﬁithiflow

rate indicating viscous flow through the medium.
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A of the high efficiency papers, AEC #1;, AEC mincral. fiber papers, and
HV 70 (18 mil) show curves similar to that for CW5 #6.

Fig. 2 shows the plotted data for a still more highly effiéient medium.
This is a sample of glass fiber pzper made by the Hurlbut Paper Co. and ¢on-
taining & resin binder. The fibers in the sheet have a diameter of about 1/2
micron. The resultlng curve Also shows the peak typical of high efficlency
madia. ~_ | '

Chomical filter papers as 1llustrated by’fhe Whatman papers are made in
soveral types, and they glve a variety of curves, TFige 3 shows a plot for
paper No. L1 which is typical of many of the cellulose papers.

Psper Noo. L2 (Table I) is remarkably efficlent for an all-cellulose
sheet. This efficiency is attained at low flow velocity, but pressure drop
is high. |
_ MSA typo "Sh filter which is used succesgfully for high volume air
sampling (5) shows an unusually uniform DOP efficienby level over a broad

range of flow rates (Fig. U4). While all of the other filter specimens come

in flat sheets, type “S% is different., It has a molded shape of concentric

convolutions designed to provide a large filtering area. A piece was cut from
a reasonablylrlat aros. and used as the test specimen,

Membrane filters have been descriﬁed as molecular sieves, Collection ap-
pears‘to be almost entircly at the surface.. It is perhaps for this reason that
thoy £ill up rapdily on an oil smoks (iika DOP) and so may ﬁot‘show up to best
sdvantage in this test. . |

All fibver filter materials ®fatlgue® Iin tho DOP toster. Afte; running on

DO? for seoveral minutes, the smoke penctration incrcasos, One explanation
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offered is that eicctxosta@ic effects in the filter body are lost duc to ac-
cumﬁlation of liquid. It is known that filte;s depending on electrostatic
effects fail quickly when ﬁsed on oily smokes, so there is some.basis for thé
sugrested explanation, For the.present, it is only important to mention that
" a DOP test should be made over a short period of timeo

¢

Efficiency by Atmospheric Dust Counts:

It was stated carlier that DOP test results are comparable with effi—
ciency as measured by counts on atmospheric dust particles. This is shown
by the data in Table II. Here the DOP filtering efficlencies of the various
media‘are given, calculated from Table I, Atmospheric dust count efficiencies
are shown for comparison,
To méasure thesé efficlencies on atmospherig dust; a high~speed impactor (9) .
(6) was used for collection, Particle concentrations were measured before énd
after the filter.' In most cases, four tests wgre made on each filter and 200
counts were made each time. Efficiencies wers calcuiated from _counts on the
sonic velocity stage of the impactor; particles were one micron and smaller in
diameter. No counts were obtained on the clean side of the very efficiént ne-
dia even after running the impéctor for six hours. It should be borne in mind
that the great numbers of atmospheric dust particles are less than a micron in
diameter. Rating of a filter Py‘countélon such dust is the same as rating that
filter for perfomance in those small particlés.
Even those who have been aware of the relation of DOP efficiency to par-
ticle count efficiency may be surprised by the close correlation of these sep-
" arate methods. The results strongly indicate that the DOP tester can be relicd

upon to evaluate all filter media with respect to efficiency agsinst sub-micron

A
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sizo atmospheric dust particles, . . .

Efficiency Ly Particle Sizos

In the methods Just described we dealt only with sub-micron size pafticlcs°
Wnen wo inclule consideration of larger particles, our attention becomes
1imited to the cellulose fiber filters on our list. Larger particles do not
penstrate the other media of thé group..

Table III shows the particle size analysis for unfiltered laboratory air
'and for the same alr after passing through each of several cellulose fiber fil-
ters. In every case, the count peak is shifted in the direction of the smaller
particies as would be expected. No partidles larger than two microns were ob-
served to have passed any qf the filters., Time did not permit us to include all
of the cellulose fiber filters; we did try to seléct a representative group,

Efficiency of filtration by particle size is.shown in Tablo IV. Here again
elficiency was measured by particle count on hiéh-speed impactor flateso No
pérticles were found above the size of two micronms, and all of the fllters showed
good to excellent efficiency on particles in the one~ to two-micren range. Vhen
ths primar& inte?est is in weight of dust coilected, these filters are generally
adequate since large dust particles contribute most. The weight contrlibution of
a particle is measured by the cube of 1ts diameter,

A1l of the results reported have been on fresh samples of media., Allowance
should Be made fof ihe fact that 211 filters Improve in efficiency as they fill,
fis a practical matter; all of the ﬁodia tested here will perform much better in
use than our figures indicate. L '

Life Teststg
In mary air sompling spplications, plugging rate of a filter medium is not
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a problem, But in those cases where it is desired t. sample over a long period
of time or to accunulate a gizcablo quantity of particulate matter, the ratc at
which plugging occurs may become important} At timoes flow resistanco or the
development of flow resistance may even detennine the feasibility of taking the
"sample, | L

. A l1fe test or plugging réte test consists in operating a filier sample at
some selected flow rate and observing the increase in préssure dfop with time.
Phe kind of equipment we have used for this is shown in Fig. 5. It consists of
separate test stations in which samples of filter materials may be mounted and
operated over long periods of time, Each'station has a samplec holder that takes
a 31/2 in. diam. disc of the medium and exposes a test area 3 in. in diam, A
calibrated orifice meter and control valve allows each sample to be run at a
selected rate, Our testers are arranged in two bahks of twelve units each, all
twelve stiations in a bank exhaust into a single manifold line which is connected
to the intake port of a three-stage Sp;ncer Turbine Blower, ‘

The flow rate tends to fall off, of course, as the filter fills with its
accurulated dust 1oéd° This necessitates.periodic adjustment of the wvalve to
restore the proéer rate. Pressure drop across each tes; sample is measurcd
with a YU% tube water manometers

It seemed best to life test &ll of the media at the same time so that amny
question of varyling dgst conditions in the alr would not enter in. This brought
up the matter of flow rate at which to run; for direét comparisons; all should
be run at thé same r;teo The very low rate of five lin., feet per min, was se-
lected as a start with tho intention of iﬁcreasing the rate after the rapidly
plugging samples had been removed. Wheﬁ pressure drop became teo high for any

magomcter, that test was stoppede After L8O hours of running, the flow rate
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was stepped up to 28 lin, fect per min, for all surviving specimens except the
membrane filters. Only seven specimen filters were romaining 120 hours later,
Atmospheric dust loading over tho time perioed of the run was measured by weipgh-
ing the total dust load on a membrane filter.

‘Table V includes life tests for the ontire group of samples, With one ex-
¢ception, the test specimens were flat discs. The exception, MSA pype usk, as
mentioned before is a molded filter with concentric convolutions, We used a
“whole filter and adjusted air flow to allow for the greater area which we es-
timated to be 75 5Qs in. |

; It is interesting that the media which plug most rapidly are not necessar-
ily the most efficient n&r those with highest initial pressure drop. As a class
the chanical filter papers tend to plug most readil&. High efficiency papers
show much better life. The membrane filters are‘very interesting; pressure
drop is high initially but increases pnly a little as dust load accumulates,

In our expcrience and to the best of our knowledge, the ﬁate at which a
filter becomes loaded does not determine its life, regardless of time the pres=
sure droﬁ through a sampling filter is fixed by the ampunt of accumulafed duste
Operating at low flow rate merely extends the time; dust loading in the air
(assuming a constant dust composition) and the total aﬁount of alr passed are
the controlling variables. In our life tests we used very low flow rates.

For' this reason Table V gives a slow motion'picture'of plugging rates, Life

for ary other flow or dust loading can bs estimated from the data given.

Discussion of Filter Properties:
For conveniconce of reference,Table V1 contedns some general information
on the various filter medla we have becen discussing. Ve do not consider this

Table to be complete in any way. It contains some of the more obvlous qualities
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alony with a few measurements of our own. Values for ash content of the chemical
papefs were given by the manufacturers, Value; for other media; we determincd.
Very often some special property will determine the suitability Sf a given ma-~
terial, Such properties are important and must be considered along with filter-

.ing performance when a sampling medium 1is being selected,

Chemical filter papers appear to be used more widely than any other type of
alr assay medium, Tﬂis may be because they are nearly alﬁays at hand iﬁ a laborz—
tory. For those purposes where the filter must-be destroyed to isolate or con~
centrate the dust, the low ash chemical filter papefs are particularly useful,

ﬁigh surface reflectance of light from chemical papers have made them pop-
ular for those test methods which are based on dlscoloration of the collecting
surface,

Although chemical filter papers probably wére neve} intended for alr sam-
pling work,; they Have‘proved to be most popular; Many kinds are available and
déta in the Tables of this report show the range of pérfonnance;characteristics
that can be expected. There are some properties inherent in paper and other fi-
brous medié which are disad?antageous in some cases. These will be mentioned at
thé end of this discussion,.

Chemical papers in particular often are found to contain pinholes., ¥Wnen
this occurs; it 1s likely that even some very large dust particles will pene=
trateo_ | ' _' |

Unless an alr filter medium is manufactured especlally for ihé purpose, its
performance characieristics are 1ikeiy to vary from lot'to lot. Chemical filter
papers are manufactured for chemical laboratory work. They are made ;';v.nd used
primarily for wct filtrations. Therefore it 1s not surprising that wide variza-

tion in air filtration is often found for chemical filter paper. Table VII
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lists somo experimental resx_ll{;s that illustrate tiis polnte.

The monbrane filter is relatively new, but it holds great promise as an

all-round assay msdium (7,8)« It is highly efficient, may be obta_{ned in white"
or black, particles accumuiate only on the surface, 'refracti've index is such
that the filter structurg {tself becomes invisible for oil immersion microscope
\;iewing, and the filter can be dissolved if need be or it may bé destroyed in
other ways. Because thgywar_e very delicate, the membranes must be handled care-
fully and suppor'ted during use. To gencralize, there appeavr to be more useful
properties associated with membrane filters than with any other one medium,

The felt~like papers CWS #6, AEC #r;l, and the AEC mineral fiber papers were

designed for efficient aii' cleaning and serve that purpose effectively. They
are not so well suited for most assay worke Dust particles penetrate the struc-

ture so that they are buried and lost for some types of radioactivity measure-

‘ments (O:counts)'. These papéfs .are so high in ash that they are not at all

useable where the filter must be destroyed to perform analysis of the dust.
If suitable precautions are taken they may be used for gravimetric sampling
on even the finest of dusts and fumese. '

BV 70 is a closely formed paper and has fourd use particularly in radio-

activity monitoring.

All-glass.papers) like those developed by Naval Research Laboratories (10)

and mads to a limited extemt by se*v'eralipaper companies, are to be recommerded
for high tenperatures or in the presence of corroéive fumes or gases. In our
series t};te Hurlbut _glass paper 1s an example., These paperé are made of very
fine glass fibers a;nd are the most efficient of fibrous filters.. Some have
resin or other bindérs, and this shdu]d be burned out before using the sheet

in most klnds of test worke In gravimetric work caroc must be taken that loose

ceen
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fibers arc not lost from the sheet,

All .fibrous'filters, cellu’;Loso or glass; have water associated or adsorbed
in their structures. The amount depends upon atmospheriec humldity and will vary.
In weighing the amount of dust load collected by such filters, it is vefy im-

portant to ¢ondition the filter at a known humidity level before e\}efy weighing
and to weigh the filter in a closed container, |

Dust collected on a fibrous filter will penetrate the filter body to‘somc
extenb. For this reason it is very difficult, if not impossible, to make dust

studies under the microscope on most paper filterse

SUMMARY 2

A group of atmospheric dust sample medla has been studied for performance
characteristics., The media were selected to represent tzose in use in a number
of laboratories. ~Test methods used were di-octyl phthalate smoke penetration,
atmospheric dust penet.ratioﬁ, efficiency by particle size, and p_lugéing rate on
atmospheric dust. A wide range of properties were showna

The filtering prOperties have been discussed and the suitability of the
media for varlous applicatlons have been indicated.

It has been de.uonstrated that efficiency neasurements by the DOP smoke
test follow very closely the results-given by atmospherde dust counts.  This
suggests that tk;e fast DOP method can be used to rate any filter medium on per

cent of atmospheric dust penctration by particle count.
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TABLE 1T

Impactor Count Efficiency on Sub-micron Atmospheric Dust Particles
Compared with DOP Efficiency for Various Air Sampling Media

FLOW RATE 20 LINEAR FEET P=ZR MINUTE

Atmospheric Dust : :
Count Efficilency DOP Efficiency

Filter Medium B Per Cent@e ‘ Per CentP*
ﬂ 1 ) SO. ' ~ - 4 570
= .. ) 15, ' 23.
WS 3R : . 99.1 99.5
-g - hO - 8501 ’ 8)40
55 L | 26.5 | 23,
S & L1H - 2L, 19,
g ke - 96.8 | | 9902
E Q)) hh . . 970 ) 9806
'és: Sho . . 67o . 650
s&s #ook | 13. o 15.
CEV 70 9 mil S ‘ 96.5 | 96,5
HV 70 18 mil  99.5 99,3
MSA Type “WsM L6, ' T 48. -
Millipore Type “HAM N 99,9+
Millipore Type MAAM . 999+
S & S Ultra Filter : -

(Yo paiticles

Rurlbut Glgss Paper found after o 99,99+
6 hours

Ccvis  #6 99,9+

ARC - L running. ) 99,9+

ASC Glass-Asbastos : ‘ » : 9909+

AEC £11-Glass ’ , , 99,9+

&epverage of L tests.

b'Calculated'from Tablo I.
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TABLE VII

Variations in DOP Smoke Penetration and Pressure Drop at 28 FPM '
for Various Samples of Chemical Filter Papers

: Reported Res;zlta - Range
e Bor™ AP In of Waten= Penet. AP In. of Water- % Penet.  Destesl .
1 BT X I X © 9.5-12.8 Cw-wm s
v ae me 22-28 m-me 2
o2 T 38. 0.35 38. = LS. <008 = 0.35 ‘_.1
Lo S T W |  13.-1'5. T 2
hl 20 | B ..~2..o-h.é: 19: - 75, »‘h.
ey o _é.? % a1 76 -2, 1
L2 ' L5.5 022 e = 55, o05 - .9' 4
50 Ls.s _ 009 o " : U8, = 1. 0.3 =22 2
Moo samples tested in each box. L o N ‘
T
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