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I. ABSTRACT

Work was completed on the high-temperature, high-efficiency air filter.

Technical assistance vas given at a large-scale, privately financed run of an
all-glass Medina. Full-size filters haw been produced in quantity and are 

offered by manufacturers; it is considered that commercial manufacture has been

established.

A survey was made of air-sampling practices at 37 laboratories. Analysis 

of the survey results indicated that 22 different kinds of air-sampling filter 

nedla were in use among the laboratories questioned. We haw reetwendett that 

air—assay practice be simplified by use of fewer media. A group of five media 

has been proposed as adequate for meeting all requirements.

Laboratory work was done on the development of a high-ef ficiency» low ash.

all-purpose, air-assay paper. Two Methods of approach were tried. In one an ef­

fort was made to produce collulose fibrils in sufficient quantity and quality to 

act as ths fine-fiber component of a filter. Only noderate success was attained.

Better promise was shown by combining synthetic organic microfibers with cellu-

lose fibers in a wet-formed sheet. No plant wore was undertaken on this item-
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This is a final report on work done by Arthur D. Lttle, Inc., for the Atomic

Energy Commssion under Contract No. AT-(30-1)-1013 for the period ending December

31, 1954.

During the time covered by this report various items were included in the

program. These worst

Completion of work on the development of suitable high- temperat are, high-

efficiency filters and media.

2. Survey of air-■ampling media and sampling methods used at AEC areas and

others.

3. Development of a low-ash, high-efficiency air-sawyl i ng paper.

4. General consulting service and technical assistance to the Atomic Erm nor

Commission and its working groups on the subject of air cleaning.

Much of the material included in this report has been presented already upon

one occasion or another. It is now brought together as a summary along with ma­

terial presented for the first ties. Several complete units of this older ma­

terial have been inserted as appendices. This was done both for the purpose of

presenting them in report form, and so that they sight serve as items of reference.
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III. HIOH-EFYICIHCL,HGH-TEPERATUREMDIAAEILTER

In our report of Augast 1B, 1953, NT L527, entitled "Development of a High- 

Tomperature, Hgh-Erriciency Air Filter,* procedures were given for commercial

production of all-mineral, fiber-filter modia and directions for the construction 

of filter units. Mineral fiber filters are intended for use where high tagin-

ture (500"F) must be vithstood, where there la danger of fire, or Wore corrosive

funes or humid conditions may prohibit the use of cellulose paper filters.

Since the issuance of that report, we have assisted in establishing producton 

of mineral -fiber media in comercial quantity. Manufacture of the filter unite 

also has been established. Pigure l is a photograph of a 1000 cfm unit manufac-

tured by Cambridge Miter Corporation using an all-glass medium, steel frame.

and a ceramic c—nt seal. This is the design developed by us for AEC-

Two paper manufacturers have demonstrated ability to produce mineral- fiber 

nodia commercimllyz Riegel Paper Corporation, Milford, New Jerseys and Bolling-
worth and Vose Company, Wat Groton, Massachusetts- Two manufacturers have in-

dicated to us that they are prepared to supply the Government dth high- tempe rat ure.

high-effi ciency fl its ret Canbridge Filter Corporation, Syracuse, Mew Tork; and

Handers Mill, Riverhead, Long Island, Mow York. W understand that Mine Safety

Appliances Company, Pittsburgh, Pennsyivania, also offoro this filter.

ineral fiber paper or media of three kinds have been proposed for air fil-

tar usez
ABC all-glass fiber with resin binder.
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All of these media can be used to make good-quality filters for high-tempera- 

uure use. de have rocwnanierl the all-glass type for several reasons. All of the

materials are inwetic, and supplies would not be shut off in the event of war or 

other intemational complication. The glass sheet has better mechanical properties.

in manufacture, the allglass medium is easier to make, and control of its per-

formance characteristics is more certain-

The asbestos-containing media have been cheaper solely because asbestos is

lees costly than fine grades of glass fiber. However, only blue Bolivian asbestos

or blue African asbestos is suitable for this application. Mo Ar—a tie 

has been found that 18 unable. Because of this limitation, reliance should not be

placed on asbestos- bearing papers by the Atomic Energy Commissiom or any ther

Government agency-

In our experience, fine glass fibers have been easier to handle than asbestos-

The fact that papers made with glass are more rendily controlled in manufacture

has helped to offset partly the higher coot of glans fiber-

we urge strongly that meow a< —nr. be given to manufacturers of glass fibers

abo have been operative and patient in developing and supplyinE fine fibers, we 

believe that glass fibers must be favored in the manufacture of high-ef ficiency

air-filter media if the nmtional interest is to be boot served-

We believe that the situntion la now excellent with respect to availability

of high-efficiency, air-cleaning filters. This applies to low-teeperature filters

as well as those that are noncombustible, and resistant to moderate heat. This

fortunate procurement situation must bo pr d.

If the binder in mineral paper filter units must bo bumed out after the fil­

ters are installed, the question of added hest generation may need to bo considered-

Arthyur D. Tittle, 3nt.
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This effect is discussed more fully in Appendix A. The problem can be eliminated

entirely if the manufacturer were to burn out the binder before shipment of the 

filter. Where possible, this step should be avoided since glass-fiber medium is

weakened by heat cleaning and bec ata more susceptible to damage in shipment.

if filters are required to operate at temperatures above the limit set by

glass fibers, it is roe onsen Aad that they be made of Hberfrax (The Carborund an 

Company) in combination with asbestos. Fiberfrax alone may be used if fibers of

sub-micron size can be procured. They can be wet processed in the same way that 

glass fibers are handled.

A- i fl cat ion s

In the past some confusion has existed regarding performance characteristics

of high-ef ficiency, air-cleaning papers. Part of the trouble is explainable by 

the variation of paper efficiency with air-flow rate. This effect is illustrated 

in Appendix D, Figures 1 and 2.

Most of the papers for space filters are used at a low air-fom rata ebosrt

five linear feet per minute. At this low-flow rate, efficiency is high. Hou

It has been the practice to test papers at 28 linear feet per minute. Erficiency

La then much lower, and a higher DOT penetration is acceptable. This practice

can be followed if the relationship between flow rate and efficiency is well under-

stood, we believe that it is more satisfactory to specify efficiency of the filter 

medium at the flow rate of use. if a paper is to be used in a standard space fil- 

tor, its efficiency st five linear feet per minute should be stated.

All of the high-erfi ciency media, vhether for low-temperature use like tne

ctlHlw aabtrna types or all aHtral types as 1, 2, and 3, described earlier in

this section, can be made to meet a single set of requirements, kb offer the

1
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Zolloving general tentative specifications U» be applied to all hich-efficiency fil-

ter sortie.

2.

5.

6.

7.

B.

Compositionz
(As required by 
filter Manufacturer.)

Thickness:

Tensile Strengthz

Resi stance to Ar Flowz

DOP Pmetrationz
(Using 0.3 Micron Ma—t or 
particles.)

Fold Remi stancez

1
Water Repellency:

(Treat—t as required by 
filter manufacturer.)

Mol Inhibitorz

a.

• b.
c.
d.

Cellulose and asbestos (CwS Mo. 6 
or ABC Mo. 1).

Cellulome and fine-glass fiber.
Glass fiber - asbestos.
Allglass fiber.

-038" • -005"-

1-1/7 lbs si fils— per inch of
width tested la machine direction.

Not uer 71 mm at a flow rate of 5 
Unser foot per minute- (119 m 
at 79 linear ft per sinute.)

Mot more then 0-Q p»r cent at a 
flow rate of 5 linear feet per 
minute.

Paper should be foldable back on 
it—if 190* without development 
of cracks that alll impair its

Treated paper should support a 
water colum 20 inches high with- 
out immedlate penetration.

, C—rrlal protects each as 
Zealate or eqivalent.

iter repellency treatment cannot be applied to gleee fiber papers
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IV. OF A1M-A3SAI PRACTICES A>C EVALJAnOM Of AlR-ASbAT MHHA

During 1953 we conducted a survey to determine the requirements of various

laboratories with respect to air-assay media. Questionnaires were sent to about

L0 laboratories, both within ABC operation* and outside. Return* from this sur-

vey provided information on sampling practices in general and specific data on

the kinds and amounts of media then in use for air-sampling purposes throughout

the country. Nearly all of the laboratories contacted provided the information

that was rogue* tod.

Appendix e la a review of th* survey, including a list of the laboratories and 

individuals contributine data. Details of the survey are given in the single chart

of Appendix C. Ths chart was presented at the Air Cleaning Conference in Los

Al —no» September 21, 22, and 23, 1953. A study of this chart will give a complete

review of air-ansay practices throughout the laboratories included in the study-

Replies were received fro 37 laboratories, but many of then reported upon

two or more application* of air-sapling media. As a result of this, there were 

reports on 85 applications of media-

Mdle It La impossible to generalize on the practice* of so maiy laboratories
with their varying needs and conditions, we can make a few sumarizing observations

on the over-all practice* in th* use of air-sampling media with respect to AEC

applications. As would be expected, nuch of the interest is in radioactive, air-

borne particulate natter. The chert shows that out of 85 applications, 65 were 

reported as dealing with radioactive dusts, while only 16 were concerned with non-

radioactive dusts. Several tables have been compiled from data of the main

chart. These tables are presented for the purpose of bringing out important

points that may need to be considered in establishing standards for air-sapling

media.

Artiyur • Tittle, Bue.
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Table 1 of this section shows the character of aerosols under consideration.

The greatest interest by far is in solid particulates, which are mostly atmospheric 

dust or metallic dusts, oxides, or fumes.

Table II shows the popularity of various assay-sampling media. The most 

frequently mentioned media are the various Whatman chemical filter papers, with No. 41 

the prominent favorite, HV 70 paper was listed more often than any other single 

paper and, while only 24 users are shown compared with 23 users of Whatman No. hl, 

11 times as much H 70 was used. Other high-efficiency papers are shown as being 

used in lesser amounts than HV 70.

Molecular membrane filters are shown to be used in large numbers. They are 

especially well adapted to making counts under the microscope, and it is expected 

that this medium will be used in increasing amounts.

Yearly requirements as given by the laboratories make possible some estima­

tion of the amount of business involved in supplying air-assay modi a. Taking a 

round figure of 15 cents per square foot for high-quality filter papers of all 

kinds, the value of assay paper used yearly by all of the laboratories participating 

in the survey would be about >10.700. The value of membrane-type assay filters at 

18 cents each would add another $350 to make the total approximately >11,550. It 

is possible that the purchased cost of paper and media used for air-assay purposes 

in all laboratories throughout the country does not exceed >100,000 per year.

Table UI shows the properties desired in a: r-assay media, as expressed in 

the survey returns. Again the emphasis is on properties useful in making radio­

activity measurements. The great majority of users require a low-radioactivity 

background and ability of the medium to collect particles at the surface. Thick­

ness of the filter is of minor importance.

Arthur Tittle, ne.
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TABLE X

akrooolsimder stout, a ohder or fhiquimct

Aerosol Composition Mumber of Replies

Atmospheric Dust 33

Methl Duasts, Oxiden, and raw 11

Ch—1 nil Dust 1

DOF Smoke 1

Metal Compounds 1

Fused Silicate 1

Fly Ash 1

Road Dust 1

Carbon Solids 1

Soot 1

Acid Mists 1

Organic 1

Bae tar la 1

Particle Formr
Solid in 82 cases.
Liquid in 17 cases.

JU**— Tittle, 3ne.

I
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T13XX II

FOPULARITIOF FILTER KEDIA INUSE

of Poore YTearly Requirement

Mhatzan Papers: Wo. ul 
Wo. LD 
Wo. L 
Vo. 1 
Wo. 32 
Wo. U2 
Wo. Lka 
wo. 50

23 
5
2
2
1 
1
1
1

Total 36

5,000 sq ft
950
460

1,175
50

1,300
25

_175
9,135 sq ft

H 70 (both thicknesses) A 55,000 sq ft

Molecular Kembranez
Millipore
Goetz
SAS

L
2
1

3,600 sheets
600 sheets
500 sheets

CWSe No. 6
Wo. 5

L 
2

3,200 sq ft
150 aq ft

Type "S" L 1,600 sheets 4 inch dia-

AEC No. 1
1 2,000 sq ft

MSA. Comfo
X 3,000 L Inch sheets

msa an 2133
1

Special Cellulose & Synthetic Fiber 1

Glass Wool i

S & S Ho. 60 1 700 sq ft

Miscellaneous 1

Artiyur Eittle, ne-
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I

I

tabus in

properties desires im sampling mb.u

Need to be destroyed by ignition-

Need to be destroyed by chemical digestion-

Need to be ash-free.

Importance or thickness

Meed for low radioactivity background.

Meed to withstand chemcal treztnent-

Need to withe tend heating treatment-

Meed for surface collection.

Tee
22

38

21

12

62

10

it

55

No 
27

37

59

1B

63

68

26

Artiyur D. Tittie, 3ue.
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Ch—3 cal composition of the flter material bee—as a matter of consideration if 

the arrested particulate matter la to be isolated by destroying the filter. About 

45 per cet of ths replies indicated that the filter —a to be ignited and ao must be 

ash-free. Half of the reples to the question regarding ch—leal digestion showed

that method to be in use. Out of the full 85 replies» 35 stated that the filter

was not to be destroyd for analysis of the collected material.

Table IT s—ris— the analytical methods reported in the surrey. If we add 

the cases vhere radioactivity —satire—nta are —da by count, metering, photographic.

or radiomutographic methods, — hare a total of 151- Chemcal methods appear to be 

next in importance with 38 caeca; followed by optical -thoria with 32; spectro­

graphic, 27; light and electron mcroscope, 1? each; gravimetric, B; and biological, 

6.

Study of Air-a—pllng Media
The survey showed that 22 different nodi a were in use among the various labora­

tories. One object of the study was to help siaplify esapling practice, where 

possible, and to reduce the nuaber of e—pl Ing wadi a. As a preliminary to —king

any firm recommendations, it was necessary to compare the various media for perform-

anoe under a uniform set of conditions.

3—pl— of the —die reported in the survey were obtained, and properties —re 

studied. This work was deno at a time when the subject was also of interest to the

American Society Por Testing Materials. B permission of the Atonic RnerEy C— 

mission, the data relative to air-assay-media performance was given in a paper 

presmted before the ASTM July 1, 1953, in Atlantic City. Por reference, this 

paper is included — Appendix D-

Decane* the survey indicated a generally prerailing interest in collection of 

particle sizes down to a tenth micron or less in ill —of er, the filtering properties

Arthur Tittle, ne.
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TABLE IV

soMMuar or Mumm methods wrunw a laboratories kepli^g

roquEsIoR

Method Number of Users

davimetric 8

Optical Methodaz
Lght Trax*Mission
Lght Reflection 
Turbidometer

to
L

Direct Microscope Exmminationz
Particle Count 
Estimation

10
1

Photomicro graph «
Partis Count
Estimation

$ 
1

Electron Microse pe 11

27

Radoautograph Mi

Raoactvity Measurementz 
Count 
Motorin*
Photographc

61
22
13

Chemical Methods 38

Biological 6
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of media were tooted. Comparisons wore wade using the DOP (dioctyl-phthalate) 
smoke penetration test (employing o.3/ di aw for aerosol particles), and at ano-

pheric dust particle counts. Also, an effort was node to show efficiency by 

particle size. In addition, filtering efficiency as a function of flow velocity

was measured for the various media. Life tests or rate-of-plugging were determined 

for all media using identical condit Lons sf atmospheric duet loading. General 

properties of the various media wars listed as a guide to use of the media. Finally, 

an effort was made to determine the uniformity to be expected in available assay

media.

B. Selection of Assay Media

As a result of the survey and subsequent comparison of air-assay media reported

to bo in current use, it vas evident that a small number of media could be selected

that woald meet all requirements

A very wide range of chemical filter papers are offered by several manufacturers.

Ten different chemical filter papers were reported in aw throughout the survey

areas. We night begin the simplification by esaad r. ing the performance range of those 

chemical papers and their reported applications. Table I of Appendix D compares the

papers for OOP nib penetration and air-flow resistance at various flow rates.

It is seen that the favorite, Mo. 1*1 whatman paper, has low efficiency on DOP

particles of 0.3 micron dameter, but also low resistance to air flow. For larger 

particles, the efficiency of Mo. Ll paper is better—63 per cent retention of 1.0 

to 2.0 Micron dimmetor particles, and complete retention of particles above 2.0 

mdcrons. At high-fou velocities, efficiency improves greatly, even for 0.3 micron 

dameter particles (Higare 3, Avpendix D). Thus, Mo. L1 Whatman paper and papers of 

equivalent grade would appear to be very useful for high-volume snarling work. At 

200 -linear feet per minute, pressure drop across the paper would be only about 18 

Inr haw of water, collection efficiency would be 85 per cent for 0.3 st particles, said

r
Arthur D. Katie. 3m.
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larger particles would be collected with ewan greater efficiency. All of the b—e 

fits of high-purity, low —h, low mil cacti vity background, and ready availability 

go with this paper. Hr—dy it has an established acceptance in a largo n—tier of 

laboratories. However, better uniformity in air- filtering properties would be de­

sirable (Table IV, Appendix D)-

There are applications where it is necessary to collect, very —all particles 

at high efficiency. The special papers desimned for this purpose are satisfactory 

until it is required to work with loss-ash media. Again we are back to chemical 

filter papers. Of the—, Noa. 32. L2, ard Ll have low penetration on DOP can he

at low-flow rates, and Mo. 50 is sffoctl— above 26 11 near feet per minute. If a

choice. —re to be made, it might be Mo. kh. Again the question of uniformity of 

air-filtering properties applies -

It has been stated elsewhere that the —Tirana type filter pos noet of

the properties desired in an air-assay medium- They are especially useful when it 

is desirable to exmmine the arrested particles under the microscope. Particles are 

collected gently and are held at the filter surface. They then may be viewed to 

excellent advantage under oil immersion, whereby the filter material is rendered 

invisible. Although pressure drop is ei—tist higher for membrane filters th— for 

other high-efficiency media, collection is nearly complete for particles do— to 0.3

ater— diameter. This type filter plugs but slowly — solid particles. Membrane

filters plug rapidly on liquid aerosols.

In Table VI of Appendix D the ash content of two a—brane filters is shown as

1.5 per cent. Recent samples ha— shown alm—t no ash content. WB ha— be­

assured by Millipore Filter Corporation that the normal ash content of their alters 

is less than 0.1 Milligram per 1*7 — disc. Accordingly, the —r—a filter can be 

used for air a—ay work where it is necessary to ignite or otherwise destroy the filter

Aztiyur ». Eitile, >r.
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in order to analyze material collected upon it-
Comttraous momaterne anetruments ar. An bervce thmt =eq-ir we seo filter 

mea. an ronls. •70 peper as c«—only umet for tda applicatton- mas * • ***“ 
er mctnney,asbestom-containing papen, carefuly manufactured foz the WM"

of Miltering air and other Eazed•

For UM relatavely few casns here rtration —* be done at migh tperat• 

or waare the use ar cnllulose ia not desirable.
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7. RSCONGODDDDAIR-SAPLING MEDIA

Itis cur considered opinion that nearly all of the needs of the Ataic Energ

Commission for air-assay writ can bo met by the following group of five available

filtering materials:
whatmm niter Paper Nc. l

2. Mhatman niter Paper No- hk

3. M—brane type nit era

HT 70 Paper 18 an thickness

5. Olass- fiber Papers

These medta would be need as followst

1* whatman Mo, kl

Where it is desirable to do large-volume a nap li ng, and where a hich-

sampling rate will provide good collection erriciency•

2. Whataan Mo, kk

Where a ash paper of good collection efficiency is needed, eepeelally 

at low-flow rates. mis mhould be the general purpoea paper of the air- 

assmy laboratory.

3. Wb rare niter (Example: Millipore Types AA and MI)

These medla should be used:

b.

For the quantitative collection of the very finest particlen (nubmmicron)- 

For collection of purticles that are to be viewed, counted, or Honour*!

on the filter directly under the meroncop-

c. Where the particles must be collected wholly at the surface (as in
counting). Here Hl la preferred.

Artiyur * Tittie, Aw
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d. vhen quantitative collection of very a—11. part ic les la coupled vth

the need to ash the filter during analyss.

L. HP to Paper

a. For monitoring devices requiring a hgh-efficency paper, and where

ash content la of no concern.

b. In ceettinenua monitoring stations requiring lou-renistence, high-efficiency

paper in roll form, where color or ash-content of the paper ia not n-

portant.

Glass-fiber Papers
To be wood vhhere high-col lection efficiency is required and where the use

of cellulose is precluded. Sauplng of hlgb-taepara -at re stack gases would

be a saw in point. MSA Paper No. 1106B (Mino Safety Applnnces Compan)

or any equivalent paper, la racotandod. Properties of such a paper are

dive to Table I of Appendix D under the heading, "Huarlbut Glass Paper."

The AEC allglass, air-filter mediu also nay be used muccessfully for

assay purpooee. CReferencez he port NYO-L603, August 31, 195, Columbia

University)

Artiyuar . lek 3mt.
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VI. opnnjOFHngT of ax all-purpose air-assay paper

It has been recognised for some tine that an all-purpose air-assay paper is

a distinct possibility and an tem that would be of particular value to the operating 

areas of the Atactic Energy Commission. Such a paper carefully aade to meet definite 

specifications of properties and performance, could be ths standard throughout all 

laboratories where air-smmpling and-analysis are practiced. The ideal paper would 

have the folloving propertiesz

Hgh-collection efficiency on sub-ad. cron size particles.

Usable for liquid or solid particles*

c. Low-flow resistance.

d. Low-ash content.

Low-radioactivity background.

r.
E-

Fine texture, with particle collection close to surface.

White—to be usable in discoloration tests.

Available in roll form. (For continuous analysers.)

AU of these properties would be set by an absolute-type filter material based 
n 

wholly on cellulose or other organic fibers. High-erficiency filter papers require 

the presence of very fine fibers in the furnish. Achievement of this ideal assay 

paper, therefore, depends upon obtaining a reliable source of very fine organic 

fibers.

A program of experimental work has been carried out on the development of

such a pmper; success has been attained on a laboratory scale.

A. Cellnlnee Fibers

A low-resistance, hlgb-ef ficlency paper based wholly on cellulose requires 

the use of eery fine fibers »d th low degree of hydration. These fibers could be

At thin • Tittie,
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used alone or in combination with larger-diameter fibers. Ideally, the fine fibers 

would be in the size range of one-micron diameter, or less. Imfortunately» there
is no ready natura: source of fibers of such fineness. Pollowing are some dimen-

sions of typical natural cellulose fibers* 

1.

2.

3.

L.

5.

Source

Straws and Grasses 
Rico Straw

Stalks and Roods
Sugar Cano Bagasse

Woody Stalks with Bast Pbers: 
Woody St — 
Bast Fibers

Leaf Pibers

Bamboos

Piber Ol—tar in Mterons

9-13 
8.5

8-20
20

10-11 
16-20

16-18

U

6. Cotton*
Temperate Coniferous Woods
Temperate Broadleaved Woods

12 - 20
32 - 43
20 - 40

Among the important fibers of the gran: group are wheat, rye, rice, esparto.

and saba. Of those in the group of canes ana weds, sugar cane bagasse and corn

stalks may ba mentioned.

B. Cellulose Fibrils

When cellulose fibers are worked in a paper mill beater with light-to mn do rate 

roll pressure, a progressive change occurs in t he pulp. To the hand, the wet pulp

acquires a softer and more gelatinous feel. If successive samples of pulp from 

the boater are examined under the microscope, fine fibrils can be seen that are 

being stripped away from the parent fiber. This fiorillation can be seen in the

Most of this information was taken from Raw Materials for Hors Paper, Food and 
Agriculture Organisation of the United Nations, torest and Forest Products 
Study No. 6.

Arthyur Tittle, Zne.
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photographs of Pigure 2 by comparing photograph a with b, c with d, and • with f-

The fineness of these fibrils can be seen by comparison wdth Figure 2-h shouing a

Fibrils produced in the beating of natural cellulose fibers measure to leas

than amicron in diameter, and are in the also range suitable for high-ef ficiency»

air-filter media. They should be ideal for naking a low-ash, all-cellulose paper

such as we are seeking-

However, the fibrils in the desired condition appear to be of transient

existence only. Very quickly they are attacked by surrounding water, become gela-
tinous, end loco their fibrous character. The whole problem in making a fine nil-

ter with cllulose la to retain ths fibrils while they are still fibrils. To ac-

complish this wo must defeat the hydration shich destroys them. Various mys of

doing this have occurred to not

Beating in hot water.

b. Beating in salt solution.

e. Beating with dimethylol urea in the beater.

Beating with cationic agents in the beater.

Boating with cationic resins in the beater.

f. Booting with chrome complex agents in the beater.

Use of alcohol or alcohol-uater in the beater-

h. Washing out the fibrils as they are formed-

l. Acetylation of the cellulose-

3- Pretreatment of the cellulose to promote fibrillation.

Cotton fibers are a particularly good source of fibrils, and most of ths as­

perlne nt *1 work was done using cotton either linter board or, more often, clean

cotton fiber purchased as roll batting-

Artipur D. Tittle, 3ne.



mremenrmmmnmmem -----------

-

23

FIGURE 2

CELLULOSE FIBERS AND FIBRILS
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Of the above methods. b, and g,—ues of hot water, a brine solution, or al—

cohol-- are ways of inhibiting hydration during the beating operation. Thia ap-

proach also diecourages fibril production. It is necessary to swell and soften the 

primary fibers and so reduce th* binding forces which hold fibril bundle* together.

Methods C, d, and f assune that newly exposed cellulose surface* mill re­

act with the reagent and become leee-water sensitive. Thus, a fibril as stripped 

away from it* parent fiber should become unreactive with water, and so remain a* a 

fibril. Although experiments were not conducted exhaustively, use of the surface- 

reactive agents din not give the results for which we had hoped.

Acetylation of partially beaten cotton fibers (method 1) gave some indication 

of being helpful. However, the process was lengthy and served mainly to preserve

those fibrils that were present at the time of acetylation. Beating cellulose-

acetate fibers, a* such, only chop* them into a sand-like condition.

If the fibrils are not beaten or worked, they remain in the presence of water 

for some time without apparent gelatinizing. For this reason, we thought they might

be removed as formed and allowed to accumulate without further working (method h).

In the laboratory this was done by beating cotton fibers, removing them from the 

beater periodically, and washing rigorously on a screen fine enough to let through 

fibrils while retaining fibers. This was a Tyler size Mo. 30 screen. It wee then 

necessary to wash the fines on a still finer screen (200 mesh) to remove gelatinised

stock. Intermediate material thus isolated showed a high concentration of fine

fibrils in the size range of 1 or 2 microns diameter. In some cases beaten fibers 

were washed only once on the finer screen to remove gelatinous matter so as to 

retain a mixture of fibers and fibrils for the filter stock. However, even these 

carefully washed stocks did not produce the filter sheets for which we were working.

Arthur Tittle, Znc.
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Pigure 2-f is a photomicrograph of fibers prepared in thin way

Attepta were made to pretreat cellulose fibers so that they would be more 

susceptible to fibrillation shen besten later. Processes are known in umich wood 

fibers are exploded by allowing then to discharge from a condition of high tempera- 

tore and pressure while moist with water. We were unable to get any effective im- 

provement of fibrillation in cotton by exploding from pressures up to 50 psi in an

experimental bomb-

we sought to emplop the forces of expansion as water freezes. Cotton soaked

in water was' frozen in a refrigerator freezing compartment to -15°C, then thawed 

Md beetan in the usual manner. This mimple treatment alono did not help noticoably.

Oreater swelling or fiber was sought by treating the cotton in nodium hydroxide, 

folloved by freezing. No definite indication of improved fibrillation mm obtained.

Use of sodlum hydroxide in the beater seemed to be helpful in promoting pro­

duction of fibrils, and many experiments were run in which we tried to take advan- 

tage of this tendency. (Figure 2-b and d.)

In the simple beating of cotton in plain water, the progressive changes in the 

fiber mass lead to papers of increasing effectiveness as filters, but with increased 

resistance to air flow. To study the relation of these two properties, cotton lin­

ters were beaten in water at a pulp consistency of 3 per cent in a Talley beater 

using a weight load of 2250 grams on the bed plate lower am- The pulp was sampled 

at intervals, handsheets were cast from the samples, and TOP smok penetration tests 

aade. Following are th* changes which occurred as beating was continued for toor

hours:

Arilyur D. Tiztle, 3ne.
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ShMt Bo.

355
356

359
360
361
362
363
360
365
366

Beating 
Tlmt Hro.

0.5
0.5
1.0
1.5
2.0
2.5
3.0 
3.0 
.0 
4.0 
L.0 
L.o

Sheet 
Thickness, 

Inches

• P 
Pressure DrOp, 

mm Water

△ p 
Pressure Drop. 
Inches Mater

DOT

Penetra- 
tion,% 1

-Cl 
.031 
.050 
.03 
.oja 
.039 
.03. 
.083 
.016 
„C18 
.023 
.026

1.5 
1.0

12.0 
19.0
58

110 
210 
no
900
350

1040
560

.059 

.039 
„u7 
.75

2.3 
.3 
8.3 
UJ

35.5
13.8 
L1.5 
22.0

09.0
93.0 
au.o 
77.0
54.0
L 1.0
72.0
L6.0
0.02
2.2 
0.011 
2.0

2.7 
3.0 
0.75 
0.55 
0.17 
0.36 
0.32 
0.30 
0.4*1 
0.18 
0.35 
0.30

Pres sure-drop te and DOT mmoke penetration wre measured at an air-

flow rate of XS linear feet per minute.

There is a rapid increame of flow resistance aa benting la eontinved- The 

quantity "g- deneribes the value of the sheet as an air filter vhem tooted acainet 

a dloetyl phthalate amoke of unifora particle pize mt 0.30 micron dimmeter-
Loe 100 wmerez E = —------- ———

p • < Penetration
A p • Pressure Drop, mm H,0

Chemical filter papers, much as ar umed In chemical laboratory Tiltrat-on and 

hich are now often wood for air-assay work, are mold in varioun «raden- Thmse 

graden cower approximately the range of performance shoum by the varioun shetn Pro- 
aucca in the abowo experiment. See Table 1 of appendix D under whatman Chemical

Filter Papers and across the line indicating a flow rate of 28 linear feet per

minute.
Our work on all-cellulose, air-annay papers nas not resulted in mny not

improvement over standard chemical filter pep ore hen weed for the saoe purpoee.

Houever, cellulone fibers, In combination uirh certain fine, nynthetic organic fibers

Artiyur D. Temtle, Jne
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haw given oxy ar mental papers of outstanding promise. These are discussed under

the next subject.

In the past fw yesrs, much effort has been expended by various laboratories on

the dewlap* ent of synthetic organic microfibers. The Naval Research Laboratory and

E. I. duPont de Nemours * Co. have produced the fine fibers of a number of fusible

synthetic resins. We have had limited samples of the products. The American Vis-

cose Corporation has been successful in producing very fine fibers of dynel, acryloni-

trile, and vlnyon. Our association uith the wide of American Viscose Corporation

has made their fibers more easily available to us, and in quantities sufficientto

permit handsheet work in the Laboratory-

Although all of the laboratorios engaged in dswlopssnt of mcrofibers have

produced very fine fibers (less than one mcron diameter), we haw had practical

quantities only of fibers in the size range of 1 - 2 microns.

The snythetic oreanic ad arofibers may be air-laid to form uniform webs or mats

uhl ch are excellent ae air filters. However, webs so made do not how the properties

of paper. They tend to be sleazy and lack the compactness so desirable in an assay 

paper. Par some parpossa such dry-forced sheets could be useful-

With proper control of conditions, the very fine fibers produced from spinnable 

synthetic resins can be wet-formed into very effective air-filter media. Or most
successful experimental air-assay papers were node using these fibers combined

with cellulose fibers. Sheets so formed can be acid treated to produce a low-ash 

paper. Follouing is a typical procedure that has given good results.

A cotton lintor fiber furnish was prepared in a laboratory boater at 1 per cent 

consistency to a freeness of 1 at 70*F (schopper Regler). Acrylonitrile fibers 

in the size range of 1.0 to 1-50 microns diameter were beaten at high speed in a

Arthur Tittle, /Aur.
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Marine Blender for four minutes to reduce fiber length. A Mixture of the following

CMposition wm prepnred in the blender:

80 parts acrylonitrile fiber
20 parte prepared cotton linter fiber 
1.6 parts Daxad Mo. 11

L2,000 parts water

This mm diluted with water twofold and cast into a handsheet-

Performance of this sheet vhen tested at 2 linear feet per minute vith OOP 

ano Ira mm as follous:

Smoke penetration 
Pressure drop
Value of E

0.3? per cent
2.0 pa water
1.1

This is far superior to any all-cellulose filters ms have ever made, and far 

superior to any cow—re i al all—cellulose paper of hich we are aware.

Ash content of a paper so made is about O-l per cent. This may be reduced to 

something less than .0 per cent by treating the paper dth mixed hydrochloric and 

hydro flue ri c acids.

We believe that an air-assay paper based on cellulose fibers and fine synthetic 

organic fibers offers the best approach to a standard air-assay- paper. All of the 

properties listed at the beginning of this section are well set with this type of 

paper. Mo plant, or even pilot plant runs were made because of limitation of 

funds. However, several Manufacturers have expressed an interest in making the paper 

if a 'Ism nd develops-

Arthur D. Tittle, 3ne.
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APPEDDIX A

C0MPARI3QH OF THOSE KDlERAL FI MH AIR-FILTER MEDIA

Arthur a. Tittle, Znc.
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(copy)
January $, 1954

U. S. Atomic Snare* Commission 
Division of Engineering 
Washington 25, D. C.

Attn: Kr. Joseph A. Leberman, 
________ Sanitary Bgrinoer_______

Gentlemen:

We are sending to you enclosed four copies of a memorandum report describing test work 
in which three types of mineral fiber papers have been compared for air filter use. 
This work ms prompted by the request to evaluate a sample of hemp-containing glare- 
asbestos paper submitted by Hollingsworth & Voce Paper Company

On filtering performance alone (DOP mmoke test) the Ev paper showed better properties 
than either the glass-asbestos or all-glass paper samples with which it was compared. 
This is not a highly significant point since such properties can be varied. It is 
sufficient to say that the paper is certainly acceptable on this score. The filter­
ing properties of all throe papers remained unimpaired when the binder was burned out.

The HV paper was definitely weaker in tensile strength than either of the other pa- 
pere. Again, this property is one over which there is some control, and it may be 
that iapi orwent could be effected.

We have been well aware that the use of organic materlals with mineral fibers is un- 
desirable since it provides a certain amount of combustible material in a filter which 
otherwise is non-combustible. However, every effort has been node to hold ths mount 
of organic matter to a minimum. Combustion tests showed that the HV heap containing 
paper would present more of a smoke and fire hazard than either of the resin-bound 
papers.

There would be no objection at all to organic binders if they were burned out of the 
filter by the manufacturer. we have considered the advisability of rec omsnd ing this 

" step. Differences in mount of binder would than be of no consequence.

It is our rocame relation that the Hv paper be considered further as a possible me- 
dim for use in high—tenperature or non—burning filters. We would like to see ten- 
silo strength improved and the amount of organic binder reduced. Even in ite present 
form the paper is not inflow ble and would certainly be an excellent mubstitution 
for the present cellulose asbestos paper for thorn applications where fire ha sard 
must be reduced.

we would be pleased to give our further attention to this subject-

lurj truly

ARTHUR D. LITTLE, INC.

Enclosures 
WJS:cmc

/•/ Walter J. Smith
Walter J. Sith

Artiyar D. Titti, 3ne.
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Tot Maltez J. Smith

(copy)

Caser 5819? Dates Dec. 31, 1953 Pager

sSubjectr Comparison of Three Mneral Fiber Air 
Filter Rolls_________________

we were anked to exmmine a sample of mineral fiber paper submitted bg Bllingsworth A 
Tom Puper Compang mnd evaluate its utlity in relation to mineral fiber papers which 
have been doveloped for UK unes. The HV paper we described as containine montly 
class and asbestos fibers with • mmall amount of hemp to serve as the binder.

The following tests vere carried out in the course of our ezamnation

Combuston Hmzard

2. Performance of Paper Before and After Heating

3. Pir Propagation Through Finimhed Filter*

L. Orcanic Content of the Media

Comparsons were and* mmong the folloine mediaz

AEC Olass-Asbestos Modium

b. ABC All-Olass Medium

c. HV Qlaow Aoboot no* Usey Medum

Co—bust!on
Three model filters were built uming the usual pleated construction and alu- 

minum separators. One niter each was made with the three kinds of medie. Outside 
dimensions of the filters were uni font, 12" x 12" face area, 12" depth, but the mas 
ber of pleats varied becase of dirrerences in paper thicknenaz

Medum Binder Tenmilestreneth Thicknss No.orPlests

AEC Glaso-Asbenton
AEC Al 1-0 lass
Hv Glane-Asbestos

Remin
Renin

2-1 1b/in
3-7 ib/in
1-1/2 Ib/in

-037" „05= 
„030=

LO 
38 
43P

indication of the combuntiblity hazard for each of the fil-To ottain an
tors, they were tested one at a tine la the followine wny

The filter was placed in an oven hawing a circulating air myntem- A thero- 
couple was run into the oven through the the monster hole and the junction inserted 
into the center of the filter body. The oven temperature was brousht up Eradually 
umne high heat control to 500"F than mmntained at approxmately that teperature 
until sial, wo within the filter returned to 500"F and indicatione were that all 
binder wan burnt off.

Aetiyu» 9. Title, Jmc
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Temperatures were recorded for the air vithin the own and for the center 
of the filter. Pigures 1, ?, and 3 show the plotted readings. In each case the fil­
ter temperature rose above the oven temperature due to combustion of the tnder.

The glase-asbestos filter gave off slight smoke at oven tenperature at 
500** and L97"F within the filter. Moderate amount of snoke was noted at 507"F oven 
teperature and 528" within the filter. Loss mmoke wan noted at 611‘F within the 
filter and stopped war ring at 583°F within the filter on the cooling side of the cycle.

Th all-glans rilter cave sligh moke al oven temperature of 467-6°F and 
Ldu"F within the filter. Moderate amount of smoke was noted al 502"F oven tempera- 
ture and 550"F within the filter. Less mmoke was noted al 553°F within the filter 
and stopped mmoking al 500"F within the filter on cooling down stage.

The Hollingsvorth and Vose glam-anbeston-hemp filter gave off slght 
smoke at 13*F oven t cep ureters and 219°F within the filter. Moderate smoke was
noted at 39"F oven tsuperstore and 267°Y within the filter. Moderate-to-heavy smoke 
was noted at oven t sap ur a lure and 360"F within the filter. Less smoke was
noted st 50k"F oven leaporature and 76l‘F dthin the filter and stopped smoking at 
667" within the filter.

Il will be noted that the increase in temperature within the filter mm 
greatest for the HV hemp-bound medium.

2- Forfor—nce of Paper Before and After Heating

For the purpose of observing whether the audio might have been impaired by 
lons of binder in the oven heating, easy loo were rwaoved from various parts of the 
filters and tested for OOP penetration at 28 linear feet per minute. Table X shows 
the rsults for the three papers compared with the same papers in the new or untested 
condition. (See following page)

3- Propagation Through Finished Fl; tors

Beall filters were ns le up of the glass asbestos, all-glass paper of Arthur 
D. Little, Inc., and also Hollingsworth & Vose glass- asbestos-hemp paper. The- 
filters had approximately 20 pleats and were approximately 6-1/2" * 6-1/?* x 5-1/2" 
in si so, and all filters contained aluminum separators and were incased in a perforated 
natal frame. Bach filter was connected in turn to the intake of a small blower and 
air drawn through ths filter st low velocity. A lighted bunawn burner was placed 
against the expomed face of the niter to observe if the filter would ignite and sup­
port combustion. At a few places on the face of the filter Ite bunsen burner was 
placed close enough to give intense beat. The heat in such places was sufficient to 
sell the aluminum separators. This was done to see if this acre severe healing would 
induce the filter to burn through to the far side.

The glass-asbestos paper filter gave slight mmoke free the exhaust and of 
blower under moderate flame. Using intense heat it glowed some and gave off slight 
mmoke but did not give any indication of sustained burning. In each case when the 
flame was taken away any glow and moke stopped st once. On exaining the interior

Artiur • Tittle, Jne
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of filter after above testing, slight discoloration showed on surfaces where moderate 
heat was used. Where intense heat was used the discoloration extended to approxi­
mately a depth of one inch into the filter body.

The all-glass paper filter submitted to the same test as described above 
gave the same intensity of discoloration on moderate heat. The discoloration where 
intense heat was used extended to a depth of about one inch into the filter. It was 
noted again that when the flame was taken away the glow and smoke stopped.

The filter made from Hollingsworth & Vose glano asbestos hmuji paper was 
submitted to the same test. Under moderate bunsen burner flame heating the filter 
gave off slightly more smoke at the exhaust end of the blower. Glow seemed to last 
slightly longer after the flams was taken away. On intense heat it smoked somewhat 
badly and seemed more nearly to support combustion. On examining the filter after­
wards, depth of discoloration was grepter than for either of the AEC papers on mod­
erate heat. In places where intense sat was used, discoloration penetrated the full 
depth of the filter.

4. Organic Content of the Media

Total carbon was determined by direct combustion in an electric furnace at 
1OOO*C and in the presence of oxygen. The carbon was collected and weighed as Co,. 
The apparatus and procedure was that normally used for determining total cartoon in 
steel, described in Technical Methods of Analysis by Griffin.

Cartoon in the glass-asbestos paper which contained dispersing agent and 
binder was found to be 3.338.

Carbon in the all-glass paper which contained dispersing agent and binder 
was found to be 3.27%. The percentage of cartoon in the glass -asbestos- hemp paper 
of Hollingsworth & Vose was found to be 5.395. Assuming there was no other binder 
used in this paper, the carbon figure represents carbon from the hemp. It would in­
dicate a cellulose content for the paper of 12.1%.

Fromz

Robert I. Miller

cmc

Artiur Eittle, Zne.
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TABLE I

DOF SMOKE PENETRATION TESTS* ON MINERAL FIBER MEDIA

BEFORE AND AFTER EXPOSURE TO 5OO*F OVEN TEMPERATURE

J
Numbers on

Run No. & Samples 
Type Paper From Roll

Numbers on
Samples 

From Filter

Before Heating After Heating

eP £ E AP P E

Tests at 
5 Linear 
ft/Min

93061 - Reel
5, Glass-&-

Asbestos

1
2

109 .15
108 .lh 

( 18 .06) 
( 18 .06)

2.60
2.644

1
2

366 - 
Experimental 
All-Glass

5
6

Hollings­
worth &

Vose

1
2

Glass As­
bestos &

3
L
5
6

1
2
3
4

3 
4
5 
6

115 .039
112 .046

( 20 .0065)
( 19 .009 )

115 .02
11 .02

( 20 .012
( 20 .013

2.97
2.98

3.20
3.23

109 .11
109 .11
111 .089
109 .11

18 .043)
18 .043)
19 .036)
18 .04)

108 .059 
no .043
109 -021
112 .033

( 19 .007)
( 19 .009)
( 19 .009)
( 19 .012)

108 .007
112 .006
107 .007 
107 .01

( 18 .005) 
( 19 .005) 
( 19 .ooh) 
( 19 .006)

2.71
2.71
2.74a
2.71

2.99
3.06
3.38
3.10

3.84
3.76
3.88
3.73

•Tests at 28 linear ft per minute except where results are in brackets*

Aryur a. Eittie, Znc.
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la
5
6

5
6

1 
2
3 
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1
2
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L
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FIGURE 1

PLOT SHOWING TEMPERATURE RISE IN CENTER OF FILTER MADE WITH 
AEC GLASS-ASBESTOS MEDIUM
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FIGURE 2

PLOT SHOWING TEMPERATURE RISE IN CENTER OF FILTER MADE WITH 
AEC ALL-GLASS MEDIUM
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PLOT SHOWING TEMPERATURE RISE IN CENTER OF FILTER MADE WITH 
HOLLINGSWORTH & VOSE GLASS-ASBESTOS-HEMP MEDIUM
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APPHDDIX B

LABORATORY WORK OR DEVKLOFKWT OF GWERAL- sllidse.-
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LABORATORY WORK ON DKVELOPMENT OF OBIERAL-FURPOSE, AIR-ASSAY PAPER

A program of experimental work was carried out for the purpose of developing

an air-assay paper of the folloung characteristics:

Hgh-collection efficiency on submicron also particles.

b. Low resistance to air flow.

c. Low-ash content.

d. Good strength and fold properties.

White.

Equipment employed was that cows only used in a paper laboratory: small boater, 

sheet Molds, steam-heated drum dryer, screens, freeness taster, and Waring Blendor.

In addition, we made occasional use of a small Mikro Pulveriser hammermill for dry-

shredding pulp.

The laboratory was also provided with a OOP tester, permitting us to make 

filter efficiency tests on our laboratory handsheets. For all tests, a uniform 

dioctyl phthalate aerosol of 0.3 ad cron- particle diameter was used. Concentration 

was about 50 micrograms OOP per liter of test aerosol. Tests were made, usually

at 95 liters per minute through a 5-inch diameter, filter sample disc giving a

linear flow rate of 28 feet-per-minute.

All-cellulosePapersr
An effort was made to produce an all-cellulose, high-efficiency paper by 

favoring the production of fibrils during the boating operation. Studies wre made 

on the fibrillating characteristics of cellulosic materials, including the followingr

Arthur Tittle, Zuc.
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p | h Wheat straw 
Flax
Esparto
Rice
Dasti 00
Cotton linters

Causticized cotton linters 
Cotton 
Barley 
Alpha cellulose 
Soda pulp 
Bleach sulfate

f in general, it appeared that cotton or cotton linters gave as good produc—

tion of fibrils as any of the other fibers tested and was superior to most of

them. For this reason, much of the work was done using cotton-—either as long—

fiber batting, or as linter board.

Various methods of favoring the production of fibrils were tried (discussed

in report body). In no case were any sheets of outstanding performance produced.

n
Regardless of the treatment applied, the final filtering efficiency always lay

within the range ordinarily fund among the chemical filter papers.

[ Table VI is a collection of data snowing some typical results of our at-

tempts to improve performance by favoring fibrl formation.

1 Papers of Synthetic Fibert

0 Handsheet samples of paper made with certain finely spun, synthetic organic

fibers (always with some cellulose) came close to meeting the characteristics

*
I

deemed desirable in the ideal paper.

Work was done with fibers of cellulose acetate, vinyon, nylon, dacron, dynel.

and acrylonitrile. Our best results were obtained using acrylonitrile. This was

partly because we had more of this fiber to work vdth. It was usually more readily

obtained in fine—diameter sizes, and it dispersed more readily in aqueous slurries

with the dispersing agents we used.
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TABUS VI

PROF OF HANDSHEETS MADE FROM STOCK TREATED TO FAVOR FIBRIL FORCATION

Sheet 
No.

Beating Kind
TIme of

(Hours) Fiber Preparation of Fiber

Thick- 
ness of
Sheet

•P $
mm Pene-

(Water) tration

Air 
Velocity 

E (Liters/min)
7428

• 226
1-3/4
3-0

Krafelt
Rice

20 3-0 Virgin 
cotton

257 4.0

Beaten in O.1% Rhonite 610.
Beaten in 18$ NaOH, washed beaten fibers on 

200 —eh screen using cold water.
Hawiwilled fibers before beating; beat in 

18% NaOH, washed between fibers on 200-thesh 
screen using cold water.

Hercules Beaten in water, washed beaten fibers on 100- 
•+5 mesh screen using cold water.

I
1
F

emmm-

368 4.0

28

108

53

167

172

97

• Bote:

.014

.Oil 

.014

.OU

900

*50 
860

770

0.6

2.0 
0.09

0.75

0.24

0.36 
0.35

0.26

85

85
85

85

A

3-1/2

10

2-1/2

3.0

aqua- 
phobic

Cotton
linters

Cotton
linters 

Virgin 
cotton

Virgin 
cotto

Virgin 
cotton

Frozen 
virgin 
cotton

Virgin 
cotton

Beaten in cold water 3% consistency.

Beaten in 185 NaOH, washed with hot water 
140°F.

Beaten in 6$ HaOH, washed with cold water.

Beaten in 18 NaOH, washed with cold water, 
acidified, revashed with cold water.

Beat frozen fibers in water, washed with cold 
water on 200 as ch screen, boiled washed 
fibers, and rewashed on 200 wash screen.

Beaten in 6% NaOH, washed, frozen, beat in 
0.*s Rhonite 610, washed on 100 —eh 
screen with cold water.

Beaten in water washed on 30 —ah screen usng 
cold water and collected fines on 200 sash 
screen, washed with cold water, eerie pad of 
fibers, dried, ha—rati 1 art .

Henrichests pressed in letter press before drying.

-

.017

.030

.014

.009

-010

.013

.010

556 2.6 0.29 85

450
700

770

1000

250

135

0.25 0.58 85

0.8 O.JO 85

0.11 0.36 85

0.19 0.27 67

16.0

12.0

0.32

0.69

85

85 .

E
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I Following is a procedure which resulted in paper of good performancer

Cotton linter board was charged into a one-pound Valley beater. Water was 

added to giw a consistency of one per cent. After 15 minutes with a 7500- 

gram load on the bed plate arm, the pulp was found to have a freeness of LU 

[ 3chopper Riegler at 70°F.

Two grams of acrylonitrile fiber (spun to a diamneter of 1-2 microns) were 

placed in a Waring Blendor with 0.04 g (in 1O ml. water) of Daxad Wo. 11 and 

1200 ml. water. The mixer was operated at highest speed for 4 minutes to 

shorten and disperse the fiber. One-half gram of cotton linter (dry basic).

prepared as described above, was then added to the mixer which was operated 

for another 15 seconds.

The fiber furnish was diluted to 0.2 per cent consistency and cast in a 

6- inch diameter circular mold with a 60x0 mesh screen. Pormation was ex­

cellent. There was some adhesion to the screen, but this was not serious 

and could be eliminated ky using a finer wire (about 80 or 100 mesh). The 

sheet was dried on the steam drum Wille sandwiched between paper blotters.

DOF test on the finished sheet gave a penetration of 0.1 per cent with 

L
270 mm water-pressure drop at an air flow of 28 linear feet per minute. This 

corresponds to an E value of 1.1.

I Ash measuremnent on the paper gave values of 0.3 per cent and 0-45 per cent 

on the two samples tested.

E Acid extraction to reduce ash contet was performed as follows. A 10 per

[
cent acid solution was prepared, containing a mixture of 83. parts of hydro-
chloric to 16.6 parts of hydrofluoric add. This solution was placed in a 

I paraffin coated dish and the paper sheets put in to soak for 2 hours at room 

temperature. The sheets were washed free of acid in distilled water and 

I re-dried.
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The finished sheets were tested again and found to be unchanged in OOP 

penetration and air-flow resistance. Ash in the extracted sheets was found 

to be less than .01 per cent.

while the work with syrhetic fibers has given very promising results.

we do not consider that the subject has been coverod completely W any means-

It is recomended and expected that a manufacturer will be found who la illine 

to do some pilot scale work based on our laboratory results and experience. 

This should lead to a practical procedure for producing a useful product. be 

would be pleased to give assistance as needed.

Attached is a snal sample of paper made in the manner described except 

that the acid treatment was not applied. Because of the large number of 

report copies needed, and because of our limited supply of fiber, we are unable 

to provide a more generous sample.
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At the A.E.C. Air Clemning Conference held at A—e, Iowa» Septet er 15-17, 

1952, it was agreed that a survey should be —de to assemble and summarize in-

formaton on air-sampling —die and sampling methods used by groups doing air-

assay work. This survey was to include both A.K.C. areas and others.

The survey was conducted by questionnaire, and — excellent and highly 

cooperative response was received. A fand of infozmation has resulted sich 

should be of real value to all engaged in air cleaning and in the study of

air-borne particulate matter-
Id effort has been made to show in a single chart all of the essential

Information supplied by the am way. A copy of the chart is attached. For 

the most part it is self-explanatory.

Across the top of the cheat are given the laboratories and 1—telle-

tions,along with the media favored at each site. In some cas— neveral m- 

dia are need to meet different meds, and this foot is shown.

The side headings represent the various questlons that were ashed in

the survey. Many of these required only • "yes" or "no" reply others

needed more detail. Where an essential pie— of information was too lengthy

to fit into the chart body, it is shown — a footnote.

Arthur D. Little, Ino.
Cambridge, Kassachsetts

September, 1953

•=



I 16

OrKanlaatloc or ABC Area

Air Sapling Euipment Compan

9UESTIONNAIRES

Location

CLveland, Ohio

1W

Individual

Mlliam L. M l—o

Anerican Cya ii—l i1 Company 
Idaho Reactor Testing Sta. 
Ch—1—1 Processing Plant

Idaho R. E. Hayden

Ames Ar— orfice, ABC 
Iowa State Coilege

Ames, Iowa Allan P. Skoog (Dr.)

Argonne National Laboratory 
Radiological Physics Div.

Illinois J. B. Rose

Battella Memorial Institute Columbus, Oho S. Chapman

i
Brookhaven National Laboratory 

Health Physics Division 
Depts, of Fhysics» Chawla try. 
Nuclear Engineerings and 
Mediaino

New York Lee 0—nail

Brush Beryllium Co.
Cloveland Plant.

Cleveland, Otio r. R. Wolaicz

Luckey Plant Luckey, Ohio F. R. Wolowicz

Harshaw Ch—Irai Company Clevelar, Ohio A. J. Stefanec

Vitro Manufacturing Co.
Health and Safety Dir.

E. A. McCabe

California, University of
ABC Project
Contract AT0-1-GE-12

Los Angeles» California Robert J. Buettner

Radiation Laboratory Los Angeles, California M. D. Thaxter

California Research 6 De- 
velopment Company 
Li—ore Research Lab.

California R. C. Thorburn

Carbide and Carbon Chemicals Co.
Paducah Plant

Paduc mh R- C. Baker

-12 Area Edard 9. Str—

K-25 Area, C * CCC J. C. Bailey
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OMMAIRES RECEIVED (Cant* A)

Location Individuml

Chaney, Albert L. Laboratory Los Angeles, California Stanley R. Hall (Dr.)

Columbia University
Control Aerosol Lab.

New York, New York Prof. V. K. LeMer

Dept, of Chemical Eng. law York, New York Arthur Humphrey

Connectcut State Dept, of
Health
Bureau of Industrial Eygiene
Industrial Bgieno Lab.

Connecticut Allan L. Coleman

Daw Chemical Canpany
Rocky Plata Plant

Qeneral Electric, IMF, Evendala Evendale J. A. Martin

Industrial Fydiene Foundation 
for America, In.
Mellon Institute

Pittsburgh, Pennsylvania

Johns -Manvilla Research Center
CS Contract (not coruvantad 
with ABC)

Kanville, New Jersey David Sinclair

Knolls Atonic Fa war Lab.
Hoalth and Safety Unit

L. J- Cherubin
JU 2. Bouton

Loa Al—as Scientific Lab.
H-1 Radiological Monitoring 
Section of H Div.
Santa Fe Operations office

Loa Al —» Wav Mexico

Los lit—a, New Kexico

Dean D- Meyer

H. r. Schulte
Ed Hyatt

Hei —gr B. Elkins

Dept, of Labor * Inustries
Division of Oocupationml Egiene

Monsanto Ch—1nal Co.
Mound Laboratory

Mamisburg» Ohio J. E- Bradle

Motional Burea of Standards
U. 8. Dept of Commerce
Heating and Air Conditioning

Section

R. S. Dill

Natiomal Lead Compan of Ohio 
Fernald Area

Ohio R. C. Scat hart —
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II

GUESIIGAIRES

Organlaation or ABC Area

National Roactor Testing Station
Health FfEjaten Di dm an 
U.S. Weather Bureau Office

Worth American Aviation, Inc-
Atonic Energy Research Dept.

Oak Ridge National Laboratory 
Health Phynics Divsion

Phillips Petroleum Co.
Materials Testing Reaction

National Reactor Testing Station
Rochester, University of

Atonic Energ Project

IVED (Cont’d)

Location

Idaho Falls, Idaho

Wow York

L8

Individuual

P. Griffiths
C. W. Sill
Paul A. Humphrey

Alan 4. Jarrett

Da Ka Davis

J. W. McCaslin

Robert B. lson

l Savannah River Plant
duPont Health Physics Dept.

C. N. Patterson

Stanford Research Insttute Stanford, California Konrad S—ran

( Sylvaria Electric Products, Ino. Barside & Hcksville, 
Long Island

Robert P. Gleason

[
[

Westinchouse Electric Corp.
Atomic Power Ditsion
Industrial Hygiene

Paul R. Bolton

[
c
[
[ Arthur Da Little, Inc.

Cambridge, Massachusetts

I 
t

8<it onher, 1953



SURVEY Of AM SAMPLING MEDIA USED ATAEC.AND OTHER AREAS

QUEST I ONNA I BE
EPLY INFORMATION

September. 1853

AREA AND MEDIA
USED

_____ MOmSATO
BROOKMHAVEN NATIONAL LAB. CHEdcA CO ua“vTLLe

MOUND LAB. RES. CENTER

UIVERSITY OF 
CALIFOMIA
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UMIvERSIT OF CALIF— IA
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OF 
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SAMPLING CONDITIONS
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»I ■«I PHOHUgUCS OF VARIOUS F11.TM1M0 KUDLA

FOR ATMOSPHERIC DUST SAMPLINO
by Melter J. Smith and Norman F• Surprenmat

\

I

In sampling for atmospheric dust and tor testing atmospheric dunt con- 

dttiona, a mmber of methods are in use vhich depend upon filtration to arrest 

the dant particles. The effective w of any such method or even its success 

can depend, to an Amportant degree, on the filter medium that is selected. Be- 

amano they may be no Amportant, the properties of any filter medium should be 

wean undoratooa before Ata use is recomended for any test nothod. It is our
7I

I

1

I1

1
7

present perpesi to compare and discuna properties of beveral filter mediA with 

rowpewt to varioun air sampling requir—sets. All of the modia to be con- 

sidered are now available, and most of then are being used forcair.anomj work.

There an various vaccine for collecting a sample of atmospheric dust, and 

the purpose to be served will influenco selection of the filtering eadS ne. To 

mention aomo of the reasons or purposes of sampling, we have measurement of 

mane conoentraion of dust in the air, particle size distribution, cjhanl cal 

analyain of the particulates, toxicity assay, radionctivity measurementa, study 

of organisma, and evaluation of noiling characteristics.

Conditions under which the sailing must be done nay also influence selec­

tion of a nodinn For example, glass fibers would not be used in an atmosphere 

known to contain an appreciable amount of hydrofluoric acid vapor.

In somo oases a particular filter medium is used in a certain application 

only becaune of long standing practice vhich, for consistency is kept un- 

changed. However when the need arises to select a filter for sons new or

-1-



available media should be useful in miring an 1 nt el 11 gent chooe. It la our

The problems associated ith selection and use of air sampling filter

Energ Comission and held at Ames, Iowa, Sept. 11-17, 1952. As a result of

that meeting -a study of filter media and asapling practioen was undertaken 

Arthur S. Bittle, Inc. . A quest ieri noire survey of some bo laboratories, most

of them within the Atomie Energy Comiasion operating areas but including also

a mumber of outside laboratories, provided a list of air e angling modia that

are in current use at these laboratories.

W• assembled a group of samples regroe acting nearly all of the media 

that were mentioned in the survey This paper describes and dincusnes air

filtration test results obtained for those modia and for a few others1 that 

were included because of their special interest. Our toot methods have in-

oluded di-octyl phthalate nmoke penetration, atmospherlo dust penotration.

and pl wiring rats oa at an spheric dust. A range of performance characteris-

tics is provided which may aid one in selecting a filter material for any

dust sampling purpose.

Di-Octyl Phthalate awoke Penetration Test»

The di-octyl phthalate moke penetration meter or "DOP tester" M it U

called mor commonly, was developed by the armed servioes during the war and

has become a well known and highly respected device for aval noting high effi-

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

“AEC minoral papers were added to the group.

- 2 -



ip anti on haw bom B d well la the 1iterature 1,2,3). For our noeds

bare a very brief description will serve. There is a amol * for pro-

dhucing a controlled, mono-dluperwed 11quid aeroeel of d-oct1 phthalate Thia 

la acccmpltshoa by cendensatton f>ea the neper state ana the droplets so formed 

are held very clone be 0*3 alma dim. Parttole londing le oh net $o miozogrems 

per cu, dacimater, Ano a 11g neat tori ng chumber la providod udth sensitive

photoel
tion.

L tion through a teat epecimen

ef filter medium is then read off directly la per cente

f—e the > ere e el particles at 0.3 micren dlem. are la the qoproamate

ipt eally visible atmoupherio dart par-

tioles, the DOP test gives efficienay values that parallel there obtained ly

d

u • are mado at 28 lin. fest per min.

through a -5 ine dimm- cireular area of the medtum• in th work to be do- 

sorwed, Uda area sime wns unod foz flee inter up to 28 feet per min. To 

zanah the maghar flow valocittcs (up he TOO 11n. feet per de.) a tast area or

1.75 in. iam. was uned.

Itisa very severe test and la now need primar1ly be rate abeoluto-tpe fillore. 
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Mhon we are dealing with nodi e intended to coltect balk dust or to mnalyao 

for atmospherie dust on a weight bede, very fine particlos contribute to a 

minor degree and booem unimpertant; the DOP test then has meh less signifi- 

canoe. However, if our interest extends to the sub-micron alee dust particles 

or the atmosphere (and these are by far the most mmerous) then the DOF tester 

can tell no a great deal ebout that we can expect a filtering material to do.

An interestine feature of the data shoun in Table X la the relation of 

DOP filtering efficienay to flow velocity for the different types of filter 

materials. Mb have plotted sets of data eelected free Table X to show sane

characteristic curves.

Fig- l to for C 46 paper. At a low air flow rato, it la very efficient, 

mam is a fortunate ctreustance because this type of material is used princi-

pally for making large volume high efficiency apace filters in which face velo- 

city through the medium ia only five lin. feet per minute. Mth increase of 

flew rate, mmeim pemetrution inereases to a earl awn at about 30 feet per min.

again falls off, and pro-As the flow rate is further inormeody penstrati

gressively. Thia behavior has been studied by and of the

Haval Research Laboratories Qh)e They attribute the low velocit poeitive 

elope to the infuence of arnusional collection while the hidher velocit 

negation elope la eqplaima by anfluence of inertial effects. In addition to 

flew velodity, rhese ethors show how the character of the curves is centrolled 

by narano particle nize, particle donmity, dimeter of the filter fiber, and

inter fiber •pacinE•

Prenmre drop, plorred separately in Hig- 1, is mearly linear with flow 

rate indicating viscous flow through the medtum.

-L-
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All of the high efficiency papers, AEC#l,AE mineral fiber pepers, and 

w TO (IB nil) show curves mimilar to that for Cw #6-

ng. 2 show, the plotted data fbr a still more hiely efficiem: medium- 

mis is a amplo of dana fiber peper made by the Hurbut Paper Co. and con- 

tmimang a recin binder. The fibers in the sheet haw a diameter of about 1/2 

macran. The zemulting curve also shows the peak typical of high efficiency

i

i
i

Chemical filter pepers as i1lustrated by the Mhatman papers are made in 

soveral types, and they givo a variety of curves. Hig- 3 shows a pint for 

rr Mo. L1 which is typical of meny of the cellulose pupers.

Pupe Mo. L2 (Tobin X) la remarkably efficient for an all-col in Inee 

ehcat. This errciency la attained at low flow velocity, bat pressure drop

la highe

MBA typo wg» filter which in used succesafully for high volume air 

ammpling (5) shows an unumually uniform DOT efficiency level over a broad 

reap. af flow rates (ig. 4). while all of the other filter specimens com 

la flat sheets, type uge la different. It has a molded shape of concentric 

convolutaons fled pooi* to provide a large filtering area. A piece was cut from - 

a reasonably flat area and used as the test specimen.

Membrane filters have been described as molecular doves. Collection ap­

pears to be almost entirely at the surface. It is perhaps for this reason that 

thay fill up rapdily on an oil smol (like DOP) and so may not show up to boot 

adventage in this test.
All fiber filter matexials "fatigue" in the DOP tester. After running on 

DOP for several mimutes, the smoke penetration increases. One explanation

- 5 -
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offexred la that elctrostatic effecte la the filter body are lont de to e0- 

cumalation of liquid* It la known that filters depending on elsotrostatio 

errects fail qucly whhen used on oily smoiceo, eo there 18 some basis for the

suggested explanati For the present, it is only mportant to mention thab

a DOP test should be made over a short period of timo

Efficiency by Atmoepherlo Duet Counto»

It was stated earlier that DOP test results are comparabl with effi- 

ctency as Measured v counts on atmospheric dust particles. Thia is shou 

by the data in Table II. Here the DOP filtering efficiencies of the various 

media are given, calculated from Table I. Atmospheric dust count efficiencies 

are shown for comparison
To measure these efficiencies -n atmospheric dust, a high-speed impactor (9) 

(6) was used for collection. Particle concentrations were measured before and 

after the filter. In most cases, four tests were made on each filter and 200 

counts were made each time. Efficiencies were calculated from counts on the 

sonic velocity stage of the impactors particles were one micron and smaller in 

diameter. No counts were obtained on the clean side of the very efficient me- 

Hi. even after running the impactor for six hours. It should be borne in mind 

that the great numbers of atmospheric dust particles are less than a micron in 

di amatar. Rating of a filter by counts on such dust is the sane as rating that 

filter for perforance in those me all particles.

Even those who have been aware of the relation of DOP efficiency to par- 

tide count efficiency may be surprised by the close correlation of those sep­

arata methods. The results strongly indicate that the DOP tester can be relied 

upon to evaluate all Mlter media with respect to efficiency against sub-micron 

- 6 -
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sise atmospherio dust particles.

Bfflcienay by Partialo gleet

Xn the mothods just described we dealt only with sub-micron alee particles.

When we inoludo consideration of larger partioles, our attention becomes

United to the cellulose fiber filters on our Hat. Larger particles do not 

penetrate the other media of the group.

Table XXX shows the partice size analysis for unfiltered Laboratory air

and for the same air after passing through each of several cellulose fiber fil-

I tore. Xn every case, the count peek ia shifted in the direction of the smaller 

particles aa would be expected, go particles larger than two microns were ob-

served to have passed any of the filters. Tino did not permit ua to Inoludo all

of the 0011111000 fiber filterss we did try to select a representative group.

Efficienoy of filtration by partiole size is shown in Table IV. Here again 

efficienoy was measured by pactiole count on high-speed impactor plates, go

particles were found above the aloe of two microns, and all of the filters showed

good to excellent efficiency on particles in the one- to two-micron range. When 

G
the primary interest is in weight of duet collected, these flters are generally 

adequate since large dust partishea contribute most. The weight contribution of 

n a particle ia measured by the cube of its dl enet ir.

All of the results reported have been on fresh samples of media. Allowe nos 

should be made for the feet that all filters improve in efficiency aa they fill.

As a practical matter, ell of the media tooted here will perform much better in

use than our figures indioata.

Life Teeto»

Xn many air sampling applicatione, rate of a filter medium ia not

• 7 -



a problem. But in those cases where it la desired to e Mylo over a long period 

of tine or to accuulate a sizeable quantity of particulate matter, the rats at

vhich plugging occurs may b scene importante At tinea flow resintance or the

development of flow resistance may even determine the feamibility of taking the

sample.

A life test or plugging rate test consists in operating a Alter bamplo at 

some selected flow rate and observing the increase in pressure drop with time

The kind of equipment we hare used fbr this is shown in Fig. 5. It consists of

separate test stations in which samples of filter materials mag bo mounted and

operated over long periods of time. Each station has a numple holder that takes 

a 3 1/2 in. diai. disc or the medium ana exposes a test area 3 in. In diam. A

calibrated orifice meter and control valve allows each semple to be run at a 

selected rate. Our testers are arranged in two banka of twelve unite each* all 

twelve stations in a bank exhaust into a single manifold line which is connected

The flow rate tend- to fall off, of course, as the Aitor fillo with its 

accumulated dust load. This necessitates periodic adjustment of the valve to 

restore the proper rate. Pressure drop across each test nample is measured 

with a "U tube water manometer.

It seemed best to life test all of the media at the same tine ao that ar 

question of varying dust conditions in the air would not enter in. This brought 

up the natter of flow rats at which to run, for direct comparison, all should 

be run at the same rate. The very low rate of fire Un. foot per min. was se- 

looted as a start with the intention of increasing the rate after the rapidly 

plugging a ar?— had been removede When pressure drop.beceme too high for any 

annurtar, that test was stopped. After 480 hours of running* the flow rate 

- 8 -
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was steppod upto lie. foot par min, for all surviving specimens ezcept the

membrane flters. Only neven specimen filters were renal art ng 120 hours later*

Atmospherio dust loading over the time period of the run was measured by —1,^1 

leg the total dust land on a membrane filter*

Table V includes life testa for the entire group of owniT** Mith can ez-

ception, the test hpoolnw were flat dscs. The exception, NBA trpe "8", an

mentionnd before is a molded filter with concentric convolutiom. Mb need a

whale filter and adjusted dr flow to allow t»r the grester area vich we en-

timated to be TS Ml* in.

It la interesting that the media vhich plug most rapidly are not 

1ly the most efficient nor those with hichest initial proa oar e drope As a class 

the abend eaT filter papers tend to plug nest readily. Ugh efficiency popers

show much better life. The membrene filters are very nterestings pr

drop is hich initially but incresses only a little as dust load eccumlates.

In ear experience and to the best of our knovledge, the rate ad vhich a

filter becomes loaded does not determine Ite life, regardless of time the pres-

sure drop tiara a^i a sempling filter is fixed bo the amount of a mi pawl at od dust*

Operattng at low flow rota merely extends the tme; dust inerting in the adr

(assuming a constant dust composition) and the total mmount of air passed are

the controlling variables* In our life tecta we used vers lew flew rates*

For this reason Table V gives a slow notion picture of pinealne retes. Life 

for arv other flow or dust loading can be act 1 wet art free the data given.

Dlacuaaion of filter Fropertieat

For convenence of reference. Table VI cewtad.no some general information

on the various filter media we have been die nue sing. Mb de not consider this

Table to be complete in any way. It contains some of the acre obvious quantise

-9-
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ite of ear ovm. Values for ash content of the chemical

terlal. Such propertes are important and must be panel bored along with filter-

lag performame vhen a ■■gill ng aadiwa la being melected.

Choalaal Alter papers appear to be seed aero widely than any other type of 

air ansay meium. This any be because they are nearly always at hand la a labora-

Por those purposes vher the filter must be destroyed to isolate or con-

centrete the dust, the low ash chemical filter pupers mre particularly usefule

Hgh surface reflectence of l4ght from chemical papers have made them pop-

alar for those toot methods which are booed on discoloration of the collecting

surface.

Although oh end o al Aitor papers probably were never ntended for air sam- 

pllag work, they haw proved to be most popular. Many knda are available and

data la the Tables of this report show the range of per fb re anna characteristics

that can be expected. There are some properties inherent la paper and other fi-

la oaaae canes. Thene will be mentioned at

the end of this diecusaon.

Chemical papers in particular often are found to contain pinholes. When

this occurs, it is l1kely that ewen save very large dust particles will pane- 

trate.

Paleae an air filter medium is manufactured especially far the purpone, Ito

istics are l1kly to vary free lot to lot. Chand n al filter

primarily for wet Miltrations. Therefore it is not murprising that wide varia­

tion la air filtration is often found for chemical filter paper. Table VII

- 10 -



I lists som experimental results that illustrate thia point.

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

all-round assay medium (7,8). It is highly efficient, may be obtained in white 

or black, particles accumulate only on the surface, refractive index is such 

that the filter structure itself becomes invisible for oil immersion microscope 

vieving, and the filter can be dissolved if need be or it may be destroyed in 

other ways. Because they are very delicate, the membranes must be handled care­

fully and supported during use- To generalize, there appear to be more useful 

properties associated with membrane filters than with any other one medium.

The felt-litas papers CMS AEC and the AEC mineral fiber papers were 

designed for efficient air cleaning ani serve that purpose effectively. They 

are not so mail suited for most essay work. Dust particles penetrate the struc- 

tore so that the are buried and lost for some types of radioactivity measure­

meats (Ct counts). These papers are so high in ash that they are not at all 

useable where the filter must be destroyed to perform analysis of the dust.

I If suitable precautions are taken they may be used for gravinetric sampling 

on even the finest of dusts ani fumes.

HV 70 is a closely formed paper and has found use particularly in radio­

I activity monitoring.

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

and made to a limited extent by several paper companies, are to be rec n—ended

for high temperatures or in the presence of corrosive fumes or gases. In our 

series the Hurlbut glass paper ia an example. These papers are made of very 

fine glass fibers and are the most efficient of fibrous filters. Sum have 

resin or other binders, and this should be burned out before using the sheet 

in most kinds of test work. In gravimetric work care must be taken that loose

- 11 -
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fibera are not lost from the sheet.

All fibrous filters, cellulose or glass, have water associated or adsorbed 

in their structures. The amount depends upon atmospheric humidity and will vary.

in weighing the amount of dust load collected by such filters, it is very im­

portant to condition the filter at a kncwn humidity level before every weighing 

and to weigh the filter in a closed container.

Dust collected on a fibrous filter will penetrate the filter body to some 

extent. For this reason it is very difficult, if not impossible, to make dust 

studies under the microscope or most paper filters.

SUMMARY:

A group of atmospheric dust sample media has been studied for performance 

characteristics. The media were selected to represent those in use in a number 

of laboratories. Test methods used were di-octyl phthalate smoke penetration.

atmospheric dust penetration, efficiency by particle sise, and plugging rate on 

atmospheric dust. A wide range of properties were shown.

The filtering properties have been discussed and the suitability of the 

media for various applications have been indicated.

It has been demonstrated that. efficiency measurements by the DOP smoke

test follow very closely the results given by atmospheric dust counts. This 

suggests that the fast DOP method can be used to rate any filter medium on per 

cent of atmospheric dust penetration by particle count.
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TABLE II

Impactor Count Efficiency on Sub-micron Atmospheric Dust Particles
Compared with DOP Efficiency for Various Air Senpling Modi*

FLOW RATE 20 LINEAR FEET PER MINUTE

I

Filter Medium

Atmospheric Dust
Count Efficiency

Per Cent*’
DOP Effici 

Per Cent6-

a a.

is
4

3 & S

1 
L

32
2o
41 
LlH 
22 
Uh 
50

540

50.
15.
99.1
85.1 
26.5 
21.
98.8
97. .
92.
67.

57.
23.
99.5 
84.
23.
19.
99.2 
98.6 
97.
65.

#60 13. 15.

HV 70
HV 70

9 mil
18 mil

96.5
99.5

96-5 
99.3

MSA Type "S" 16. 28.

i
5

3

a £

Millipore Type "HA" 
Millipore Type "AA" 
3 6 3 Ultra Filter

99.9+
99.9+

• *I

Hurlbut Olass Paper

AEC Glass-Asbestos
ABC All-Glass

(No particles 
found after 

6 hours 
running.)

I

99.99+

99.9+
99.9+

99.9+
99.9+

Average of L tests, 

b’Calculated from Table I.

- 15 -
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Particle Size Distribution in Atmospheric Dust 
Before and After Filtration mrough Different Media

COUT ANALTSIS CFAIR BOHE PA z= CLE3 - PER cwt or EACH sus

*

Farticle Diameter 
- Micro* -

below O.4

-6 - 0.8

0.e - l.c

1.0 - 2.0

over 2.0

Unfiltered
Mr

- - - -F x I tered
Mhatman •L Mhatman44l

Air--

31.8

42.6

16.2

6.e

1.6

1.0

52- e

35-3

10.6

1.1

O.2

5.2

38.1

14.2

1.9

0.6

47-

40-3

9.1

2-

O.e

51.0

39-3

8.5

1.1

0.1

50.0

4 -e

7.0

1.0

0.2

Notes: Fl* Rates SC linear feet per minute 
through th medium.

Each value baned * counta for two 
ters with no fewer than 40 
counts each point esch f1l- 
ter.

Partcles collected sonic welocity im- 
pactor. CniK ■ and measure- 
mets by oil immersion micro- 
scope 1350x.
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1

6r
Lde Test - Pheng el Freserre Drep — I' — Air WUm wta •LE Tme

Fem hate
LU-r Fees

mmmdme 
Tme- 
dmrs.

az M
El 24

TO 
uhie. ei ehatmen Chemieal Filter Fwprs

JS
848 
m

Filtere AE Maeral Flivere
Mau dk

AFwe-

0.93 1.0 1.9 0-8 «-45 0.35 0.5 #.$ &.9 9.9 0.75 $-4 •J C.T 0.17

M

8

1*

A.W 0.T

O.T
0.9s Q.8

1-13

1.2

1-A

1- 1.0 $.7 1.2 MI ML 0-4$ $-4s 2.5 Ml 0.17

1.23 1.0 6.2 1.19 11.7 6.0 .5 1.6" 5-$ 2-8 0.7 0.2

1- Li 7-) 2.3 12.8 e. 2.15 3-) Lt 5.7 2.8 D.8 Q.T 0.2

E

138

38

0.05 0.9

0.9 Lt

.00 1.0

1.05 1.0

1-5 1-1

1.95

1.8

1.9

1.9

1.7 Ll

1.2

2.0

2.9

2.1

1.2

1.23

1-25

&.9 )-2

3.9

.15

4.13

4.2$

9.0 2.7 -$

3-79

3-%

4.0

a-8 2.8 0.T 0.22

3-15

3-3

3-%

3-95

b-4

7-l

Li

).0 1.0 Q-m 0.25

Li 1-2 G5 0.2

3-19 1-23 O.8 0.23

3-2 3.5 Q.25

!
i 
i

T
28 Fv 
emeept

Em

24

7- 
‘ y.a

4.15 11-0 1l-"

6.35 11.5 12.1 7-13

48 Li 6.8 14.6 4-2

Li 3-2 7. 1-2 3

4.2 )-23 7.8 2.2

3-4 8-) $-0 B 2

neted.

1 120

6-6

7.0

6.85 6.39 3-) $-23 1-23

a-< -39
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TABLE VI

$ Some General Properties of Air 3—pH ng Media

Katerial Type or No.
Manufacturer 

or Sonrce
Thickness 

Inches

Ash Content
Grams per 9cm

Diane ter Circle 
(unless other. stated) Description

Present Application 
in Air 5—pling

Chemical 
Filter 
Papers

f

I
4

' I
4

32 
40 
41 
41H 
42 
44 
50

540

W.&R. Bslston
Ltd. . Bagland

.008 

.008 

.010 

.010 

.010 

.007 

.010 

.008 

.005 

.006

.00039 

.0005 

.00022 

.00009

.00009 

.00004 

.000064 

.000051
.00016 
low ash

White cellulose papers 
of various grades.

Boe. 41H, 50, & 540 
are hardened papers.

S&S 604 Schleicher 4 
Schnell Co.

.008 .0002

Keertirane
Filters

"HA" Lovell Chemical Co.

Ultra Filter 3 4 S Co. 
a—brane type

.005 

.005 

.005

1.5%
1.5%

Porous ed lulose ester 
films .

HV - 70 9 nil
18 mH

Hollingsworth & 
Vo—

.009

.018
14%
14%

Asbestos bearing cel­
lulose ba— paper.

K S A "S" Mine Safety 
Appliances Co.

.QUO 1.3% Molded cellulose -

Glass Paper Hurlbut Paper Co. .010 95%

C M 3
ABC

#6 
fl

Hollingsworth &
Vo-

.030

.05 0
11% 
13%

ABC Mineral Asbestos
Filter Glass

Arthur D. Little , 
Inc .

-Ojo 
.OJO

95.0%
95.08

Tests depending on 
discoloration or 
change in light 
transmission.

Analysis of parti­
culate by destruc­
tion of medium.

Particulate counts, 
identification by 
microscope. " Final 
stage* for impactar 
K counting.

General air assay 4 
radio activity moni- 
taring-

High volume air
concentric convolutiom e—pH ng.

Fine glass paper - 
resin binder.

Felt-l1k paper as- 
be a to e A cellulose

Gla— 4 asbestos. 
All-Glass 
Both with resin 
binders.

High efficiency par 
ticulate removal.

High efficiency par 
ticulate removal.

High efficiency par­
ticulate removal.



TABIEVII

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

1. Mhatman Filter 
Wo.

Bap art nd Results 
(Table X) 

AF in. of Water- % Panot.

Range

AF in. of Water- % Petart.
Bo. Boxs
T—tod1

[
10.6 27. 12. - 28.

32

1*0

41

L1H

1*2

50

2.8

15.

2.0

2.7

65.5

1*0.

4B.5

73.

0.35

8.

75.

76.

0.22

0.5

0.9

2.2- 2.0

38.- 45.

13.-15.

2.0 - L.2

2.7

U. - 55.

1*0. - 48.

1*8. - 61.

72. - 75.

.008 - 0.35

8.-13.

L9. - 75.

76. - 82.

.05 - .9

0.25 - 0.5

0.3 - 1.2

L

5

2

1

2

L

1

h

1

2

smmples tested in each box.

t

- 20 -

f I
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