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FURTHER STUDIES OF FABRIC DUST COLLECTORS

by

Charles E. Billings, Richard Donnis
' and
Loslio Silvorman
Harvard School of Public Hoalth
Department of Industrial Hygione
55 Shattuck Streot
Boston 15, Massachusetts

I. Introduction

In conjunction with studies on commercial dust-collectors, this
labo;atory‘has conducted performance tests on'sa Simon Suction Filter
(Entoleter) furnished by the Safety Car'Heatigg and Lighting Company,
Inc;, {Entoleter Division), Arranéements for the loan of this device
(originelly menufactured in Great Britain) were made through the New
York Oporations Office of the Atomic Energy Commission. .

The Entoleter unit is a multicompartment bag collector omploylng
cyclic gutonatic rapping (assisted by back flow air) to keop bag
pressure losses within a limited range to insure a hearly constant air
handling capgcitj. The collector was intended primarily for use in the
flour milling industry and has & fiitration capacity of ten cubic feetl
.por minute por square foot of cloth, ’ ’

The purposo of tests conducted by this laboratory'wore to determine
porformaned charscteristics of the Entolotor unit oa fino asrosols, i.e.
talc and fly-ush, 2.5 and 16 microns mass moedian diamotoer roape;tively,
when oporstod at rated capacity (10 cfm/sq.ft.).

Comparison of teost datu with that obtained from a Horsoy rovorso-jot
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collootor oporating with similar eorosols and filtration volocities pormits
ﬁuttor ovaluation of tgo efficiency and pﬁossu;e loss churacteri;tics of
the Enfolotor unit. No data has beon'publishcd (except preliminary data .
4n NYO 1588 (3)) on the Entoleter collector with dusts whose sizes aro in
tho range 1.0 to 20 microns. Tho ﬁerformunco of tho reverse-jot filt;r
has boon discussod in several AEC reports (1,2,3,4) and by Caplan (5,6)
and Mason (7).

The results of tests on tho Entoleter collector do not Indicate

porformance of cyclicly cleaned multicompartment units used industrially

at usual low filtration velocities (1 to0 3 £pm)

II. Desoription and Operation

© A. Entoloter Unit

| Tho Entoleter unit tested has Lour compartments connected on
the bottom to & common inlet header and hopper, end on the top by moans
of individual daempers to & comnon outlet header.’ Each compartment con-
tains eight sateen woave cotton bags six feeg long and oight inches in
diamotor (100 sq. ft..of cloth). The Eags are éttachod at the bottom to
a manifold plate and at the top to a frams., The m;nifold end frame sro
conneoted rigidly together by rods so that when & section is rupped the
bags sre lifted end droppéd (abou£-1 1/2 inches) es a unit, thus preventing
"distortion or collapso of tho filter tubcs; Tho dampors at the top of the
unit connect to the lifting gear so that when a cgmpartment_of bags is
rappod, primary air flow to tho fan shuts off and the compurtment vents
to atmosphore pqrmitting o current of back-flow uir to assist the rapping
in dust removal. |

In normrmal opora£ién dusty air enters the bottom of all iubcs, passes

up tho inside, filtors through the c¢lolth, and leaves thoe compartimont .
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through tho'd;mpur sections, During its 5.2 minute cycle, each section is
simultancously lifted snd dropped in rotation while shut off from tho
fan and vontod to atmosphoro, The cleaning oporation consisté of four
such raps’with back-flow air, - The compartment is ropluaced in sorvice by
* shifting tho damper automutically to its opon position. 1In the test
.unit tho total air flow to the‘fan is governod by the number of compart-
monts filtoring, and the amount of back-flow air enterihg whon orosection
is cleaning.

B. Hsrsey Unit

The reverse=~jot air filtor consists of = cylinder of wool felt

. 18 inches in diameter coanected to a top inlet plenun and & bottom hopper,
Dust deposits on the insido of the c¢ylinder and is blovm into tho hopper
by a reverso-air jet from a slotted ring travgrsing the outsids of tho bag.
Procsure drop through thé bag controls cleaning action by regulating the
smount of rinz travel. (In many applications the ring runﬁ'nll of the time).
Fabrio #elocity veried from 10 to 30 cfm/sq.ft. Previous_laboratéry data
roporéed (3) prossure drops from 1,0 inches wgtor gage to 4.5 incheg water
gage on 1,0 grain/bu.ft. of fly-ash to 8.7 grainé/bd;ft. of telc, respoctively.
Effluont loadings were in the rangs 1075 to 107° grains/cu.f:. It wﬁs slso
" reported that the intensity of reverse-jot aétion and filtra?ion velocity

both diroctly affect the offluent loading.

III. Porformanco Dota ) . -

It is possibio to compare pressurc loss end penetration charecteristics
of the Entoloter and reverse-jot unit from tests at normal industrial
oporu%ing conditions (Teblo I). Loadings range from 0.1 to 1.0 grain/eu.ft.

with tale at filtrotion volocitivs of 7 and 8 cfrn/sq.ft, and from 1,0 to
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5.0 gruinS/Eﬁ:Ft. with ru§u$ponduﬁ (Cottrall préoipitatéd) fly-ash at 10
cfm/sq.ft. |
A. Prossure Loss

In Tadble I, soveral comparisons may be made of pressure loss at
constant inlet loading and filtration velozity. For example, in Tést 1
the roverse-jet unit has a resistance of 1.6 inches water gage at 0,10
grain/bu.ft. of telc and in Test 2, the Entoleter unit has & resistance of
- 3.3 inches water gagze at the same loaaing of the same material, The
Entoleter resistance is doubie aud the average ratio for all tests is 2.3
(sa50 serosol at canstant losding). Although tho reverso-jet unit has a

wool felt baeg which is higher in clesan felt resistance, cleaning by a

TABLE I

Comparisons of Resistance and Efflucent Loading
' for
Hersey Reverse-Jot and Entoleter Bag Collectors

Test ' _Aerosol Capacity Resistence Loeding - gr./cu.ft, Passare
# - cfm/sq.T¢. iwg Inlet Outlet A

1 Hersey® Tale 8 1.6 0.10 0.011x107°  0.011
2 Entoleter " 7 3.3 0.0 1.4 x107% 1.4
3 Hersey " . 8 2.5 1.00 0.27 xlé'3 0.027
4 Entoloter " 7 4.7 . 1.00 2.1 x107° 0,21
5 Herscy Fly-ash 10 | 1.3 1.00 0.36 x10™°  0.036

6 Entoloter " ‘10 IR 1.00 2.2 ;10'3 0.22
7 Horsoy L 1.6 5.00 0.80 x10™°  0.016
8 Entoleter " 10 " 4.6 5.00 4.2 x107%  o0.084

+ 160/ Blow Ring Operation, Slot Velocity 2000 fpm talc,
4200 fpm fly-esh.

. e w " @e wem
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roverso-jot . of air rosults in a lowor operating rosistanco. The cotton

.

.suLOOn usod in tho Entolotor unit does not get the samo degreo of cleaning.
Tho revorse flow air in tho Entoloter amounis to a maximum.of 306 cfm
distrituted over 100 Square feet of'cloth, Oor an sverage reverse ai£ velocity
of 3 fpm, It shoulé bg noted that the primary function of the révcrsé eir
in this device i# to remove the suspended dust dislodged by repping ihe
bags.and to prevent dust leakage to the c¢lean eir side of the unit. The
reverse-jot oporates in the range of 2000 to 4000 fpm over a very small
area at any given time, but travels constantly over the whole filter surface.

If the Entoleter collector were operated at 3 cfm/sg.ft. es in usual
bag filters, instead df 7 or 10, the resistence would be 2 to 3 times lower.
For a given exhaust air volume this would require more collector area, but
it would not reoquire cleaning the bags é; frequently to maintain & specified

.resistanco,

i

~

L

In evelueting these collectors (both at maximum cleaning capacity) it
may be noted that the reverse jet resistances are based on 100 percent blow

Ting operation, The Entoleter cleaning mechenism, howsver, operates only
: / .

«40 minutes per section in 5.2 minutes total cycle and corresponds to 30

- 4 x .40
perc?nt )

possible to estimate tho additionel resistance thet would be reguired to

\ . .
X loejoperation. From NYO 1586, p. 26, Fig. 8, it is

operate the reversc-jet cleening mochenism gt"30 percent. This increase
will bé 25 percent if the 100 percent blow ring operation resistance is

5.0 inches water gage., With loﬁer resistances as indicsted in Tests 1, 3,
5, and 7 the increese 1s probably highor (up to as much as 50 ta 75 percent
for low resistances of 1.5 to 2.0 inches water gage). This will not cause

the roverse-jot rosistanco to exceed thot of the Entoleter, but will put

thom much closor togotlior,
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All rosistances aro oxprossod as averages, Somo indicatlons of tho
ranfo associatod with the avorage oro includod below. In test numbor 8

tho Entoleter rosistance is listed at 4.6 inchos water gage. Tho averagg

nosistnﬂco or prossureo drops across the four sections ware rospectifely

4,2, 4.4, 4.7 and 5.0 inch;s water page. Just bofore shaking Unit IV

(highest) the value was 5.3; immediately after shaking the veluo dropped

to 4.8 inches water gage. Tho averago listed is the average of the four

units (et equilibrium), each wnit at its average operating resistance, In
/

test nunber 7 the reverse-jet resistance is listed as 1.6 inches water

gege. The variation in resistance during one cycle of the blow ring is

~.

from 1.6 (dovmstroke) to 1.7 inches water gege (upsiroke).
B. Penetration | .
The amount of dust leaving the collector per unit air volume is
also geen to be lower in the roverfe—jot collector, The Entoleter (Test 1)
effluent loading at .10 grain/cu, ft. inlet loading of talé’is seon to be
1.4 grains/1000 cu, ft. of air, compered to>0.011 grains/1000 cu., ft. for

AN

the re&erse—jet (Test 2) at the same inlet loading. The effluent loading
from the Entoleter is 130 times higher, 1In tosts 7 and 8 (5.0 grains/cu. fé.
'fly—ash) the Entoleter is only 5 times higher in effluent, On the basis of
all éhe tests shown the Entoletor effluent exceeds the Hersey by a factor

of greater than 5 when the inleb loading {s less than 5.0 grains/&u. ft,

At 8n oversge industrial loading of 1.0 grain/cu. ft. the factor is sbout

-7 for both test dusis.

In filtration through porous materials the deposited surface dust cale
is the principal filtering mochunism (8). In the reverso-jet unit this cake
is dislodgod at only & small arece snd the inconing dust can re-deposit

imnodicstoly in this more porous aron. (Somo question exiects es to how much

:
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of tho dopositod cake is removed), With tho removal of large emounts of

the surfacd cako in tho Entoletor unit moro timec is required to creato a

layor over the larger cleansd area and ponetrntioﬁ is hlghor. This would
be particularly true undor light loading conditions when insufficient

material entors to "bridge" the spaces betwoen fibers. With largor aerosol
poarticles (250 - 60 i) the differoncos between these collectors may becoms
less marked.
C. Eveluation of Different Bag Materials in the Entoleter Unit

As oxplainod above in Section II, the Entoloter unit shakes the
filter bags without appreciable distortion in conjunction with 100 toISOO
¢fm of back flow air, so that it is péssible to use bags of materisls othor
than cotton sateen with lower tensile strength, ﬁigher heat resisteance, qtc.
The following tsble gives comparative déta for cotton séteon, wool felt
(1ight and heavy), Orlon (woven) end glass (wovon, lubricated with siliconoc).
These are compered for light loadings of.atmospheric dust (0.5 p) and copper
sulfate (1 p) without shaking, to get basic performance data.. They are thren
compa%ed with tele and resuspended fly-ash at an average loading of 1,0
grain per cubic foot to get an indicetion of ectual industrisl performeance
while cleaning;:ﬁo standard cycle,

‘ The spproximate order of these fabrics for light loadings with no
shaking, from highest éfficioncy isg gléss, héavy wool, cotton, Orlon, and
light wool. It cen be soon thot the higher efficiencies are associated with
higher resistances, Tho uso of‘henvy loadihgs changes the ;rder slightly,
from lowest penotration: glass, heavy wool, 1igﬁt wool, cotton and Orlon.
A considoration of tho smoothnoss of fiver, and woave (or felt) poro size,
will tond to confirm the sccond list above, Since the dog?eo of depositod

Ny
ooke filtration doponds on tho charactor of tho wmodium upon which tho cake

[
S

2

o7
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Comparisons of Efficiency of Filter Media

A. Atmospheric Dust at 10 cfn/sq.ft.

Fabric Averago Inlet Height
. Resistance Loading Efficiency
S dwg gr/cu.ft, %
Light Wool 0.07 0.10x10-3 75
Orlon 0.10 0.13x1079 60
Cotton 0.29 0.15x10-3 81
Heavy Wool 0.34 0.22x10-3 85
Glass 0.56 0.,058x10"3 82
B. Copper Sulfate at 10 cfn/sq.ft.
Light Wool ' 0.89x10~° 41
Orlon 0.81x10-3 46
Cotton 1.0 x10-3 64
Heavy Wool 1.0 x10-3 71
Glass 0.90x10-3 81
C. Talc at 5 cfm/sq.lt,
Passage
%
Light Wool 5.0 1.0 T0.074
Orlon 8.5 " 0,033
Cotten 5.5 oo 0.098
Heavy %Wool 5.6 " ' 0,034
Glass 5.9 " 0.0063
' : D, Fly-ash &t 10 cfan/sq.ft.
Light Wool 2.6 1,0 0.026
Orlon 2,4 " 0,56
Cotton 3.0 ’ " 0.14
Heavy Wool 2.7 o 0.030
Gless’ 4.7 "

. 0.012
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TABLE II1I

Febric Comparisons
. with
200 gr./sq.ft. of Asbostos Floats, at 10 cfm/sq.ft.

‘aterial Initial Final _ Passajo
Resistanco Resistance .
iwg iwe, %
Orlon ' 0.16 " 0.95 - 1.4
Cotton ‘ 0.36 1.4 ‘ 1.1
Heavy Vool » .- 0.36 0.90 0.72
Glass' 0.81 2.2 0.40

| is deposited, as indicatod sbove (8) as well as the cake itself,

‘

As stated before (NYO 1586, p, 47) the use of the above fsbrics for
low loadings (<0.001 gr./cu.ft.) of radioactive particulstes woulé require

meny hundreds of hours of operation before filter efficiency increased to

90 parcent or grester. Therefore, the above bags have been treated with

asbestos floats as a filter aid and the efficiency aZzain compared on copper
Sulfgts. Those data are given in Table III for a total of 200 grains of
asbestos per square foqt of filter-Surface. The bags were not shaken
during the testing. The same order of rating of fabriﬁ is obtained as

was found in Table II for the basic éfficiency on copper sulfate. (The
final resistance 18 not & direct measu}e of perforéanco}.

The use of asbestos "floats" and glass or Orlon bags can substantially

“incrouse the operating temperature limit for filtration of light serosol

loudings in tho Entoleter colloctor,
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IV. Conclusions
"~ A comparison of the Entoloter collector with iho roverso-jot filtor

at equal filtration velocities, dust loadings and with maximum cloaning

capacity shows (Table I) that Entoloter penetration and rosistanco aro

on the avorage of 7.1 and 2.3'timos highor, rospectively, Theoso data aro

basod upon "standard" fabrios supplied for each unit; cotton for tho

Entoleotor and wool felt for tho reverse-jot unit. |

¥ith wool felt in both collectiors, ponotrations are found to bo
sbout equal for each aerosol tested. Rosistances.of tho Entoleter, howevor,
woré found to be twice as high with fl&—ash and 3.5 times higher witinh tale,
s those of tho reverso-jet filter, ’

Tho wool felt is concludsd to be a better filter fabfic than cottbn
sateen, at the same filtration velocity and the reverss-jet is found to be
& supeorior mathod of ﬁlaaning wool felt,

The Entoleter unit offers tho possibility of & wido choice of £iltor
fabr%cs for spesoial applications, chiefly synthotio fibers for corrosivo
problems, snd glass fiber; for higher.tgmporature tpplications, subjcct to

field sorvice life tests not possible to mocomplish in the laboratory.
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PERFORNMANCE CHARACTHE:x . [CG OF TWZ MODEL K ELECTRO-POLAR FILTHR
-Proliminary Report

by
Richard Dennis, Charles E. Billings and Leslie Silverman, Harvard

In this paper the results of proliminary performance tosts are pre-
sented for the "Electro-polar Filter", an experimental cust collsctor
devecloped by the Westsrn Precipitation Corporation, The objectives of
the field and laboratory testing program on commarciasl dust collectors
have been covered in a previous report by our leboratory (1). Those

studies are intended to determine collzctor perforwance in eccordsnce with

o

epplications suggested by the manulacturer and also to investigate new
applications by means of minor operating or design changes. The proper
evalustion of these dabta serve as a guide to the Atomic Enerygy Commission

end its contractors in the selection and applicatidn of commercially
evailable Aust collection apparatus, ’

‘The Electro-polar Filter now under test was developsd by the
manufacturer's research department and would probably:bc subject to design
chénges prior to marketing. ﬁEC representetives, contacted by the Vestern

,?recipitation Corporation considsred it advisable to have the uﬁitAtested
by the Air Cleaning Laborgtory so thut its practicsbility as an air cleaner
for low dust load systems could be detormined. Since the Eloctro~polar
Filter is an experimonta}_model there is littie background data with which
to conpare its performanco; Howovef, tﬁe unit emp10y§ PF 105 or Pw 316
Fiterglos media as tho primery filtration elements, The3e pads have a
basic weight colloction efficiency of approximatoly 70 to 80 por cent
egainst atmosphoric dust end are suitable only for low,dust éonccntru£i0ﬂs.

262 | WASH-170
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By placing -tho fivor pads within a strong eloctric ficld, eolsclrostatic
forces arc oxpoctod to supplemont tho usual filtration mecchonisms (impaction,

intorcoption and diffusion) thus improving the performancoe of the unit.

Descriptlon of Electro-poler Filter - Model X

The Electro=-polar Filter consists essentially of s dielectric filter
modium of fine glass fibers placed In an electric field. Filte; media
employed Are Pr 316 mats or one to two lay§rs of PF iOS.A The fiber code
doesignation is that of the Fiberglas Corporstion. PF 316 is a three micron
‘diameter resin coated glass fiber supglicd in 1 inch thick bsts at a packing
density of 1 1b./ft.3, PF 105 is & ons micron diamoter resin costed fiber
supplieé in l/kAinch bats. at s pacliing density of 0.6 lbs./ft3; The electric
field is furnished by placing the fibergles mat betwéen two vertvically aligned
metal screens, The upstregm screen is insulsted and maintaiﬁéd at a positive
potantial of 15 kilofolts; the downstresm screen, 1 inch removed, is grounded
to.the unit, Scraen.conétruction coﬁsists of a Stsmped dismond shaped
gratinz with a free arée of epproximately 80 percent, Total filtraiion érsa
comprises five identical screen secgions (20 iﬁch ¥ 60 inch) erranged in a
row and all insulated from each other. The entire screen section (total
area = 41.5 square feet) is aligqeﬁ diagonally in & rectanguler housing having
overall dimensions of 2.5 # 8 x 5.5 fest. Tﬁis permits a.gradual recuction
in c;oss section of the entry plenum so that better eir flow distribution
may be obtained. ‘ . o -

The high voltage supply is furnished by a powcr pack with a rat;d
output ranging from 11 to 17 kilovolts., Three hundred microeamperecs ere
aveilable at 17 v, and at currents exccoeding 750 pip (resulting from

shorting or ercing) a safoﬁy control relay turns off the power,
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The powor pack is cnclosed in a 16 x 16 x 9 inch box which occuples
ono cornor of the collector housing. To reduce excessivo dust loadings
and prevent screon shorting by gross contaminants “Dustop" roughing filters

(in & bank of 3) are locaoted at the inlot to the collector,

Rated Operating Conditions

" The Electro-polar Filter is designed to oporate at 3500 c¢fm with a
1 inch layer of PF 316, 2900 cfm with a 1/2 inch lajer of PF 105 and 1700
cfm with two, 1/2 inch layers of PF 105. The manufacturor recomnends
that filters be replaced when pressure losses reach 2 inches of water
although fan capacity or exhaust requiréments may modify this figure.
Reéommended scrsen potentiel is‘15 Kv, Arcing betweon grounded and high
voltage screens may occur as a result pf high points or sharp edges on the
screen surfaces. The high current accompanying arcing will automatically
activate the overload control switch end turn off the power supply. 1In
s0mo instanceé of arcing a sizable hole may be burnt in the filter which

will require patching.

Theory of Operation

It is.evidont that tﬁs glass fiber media employod in the Electro-
poiar Fﬁlter are ressonably good filters for aimOSPheric dust without
superimposed electros?atic effects. Preliminary tests indicate weight
collection efficiencies ranging from 70 té S0 perbent against stmospheric
dust et a filtration velocity of 85 fpm (PF 316 modia). Previous tests (1)
have also showvm that similer figorélas modia (PF 105 end PF 31%) operate
in tho same gonoral efficiency range. .

-

Electrosteatic charge measuromonts upon PF 105 modiam have indicated

-

potentials of 700 volts rcsulting from handling elono. High static charges

“ -

o

ye .

it A o,
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may bo produced thioush cerding as illusgtrated By tho resin-wool filter (2).
This information indicnéos that electrostutic seperating forces coms into
play in fibor collectors regardless of extcrnully applied electrical fields
and in addition to usual colloctigg mechanisms (impaction, intorception
and diffusion). |

By intensifying the electrostatic effects through placing thé fiberglgs
mediu within en electrical field tho manufacturer has 'sought to improve
tho overall dust removal characteristics, |

The prescnce of dielectric fibers within an electrical field produces °
divergencies in field intensity such that the regions of highest field
strength are concentrated sbout the fibers. Dust particles, which beconme
polarized by passing through the -electrical field, migrate toward the
regions of highest field intensity, it should be noted that the particie
motion is always toward the zone of higher field strength regardless of
field direction. Higheor dust conc;ntrations in the immediaﬁa vicinity of
the fibers caﬁse increased agglomsration and enhance the probability of
capture by inertial mechanisms. |

Although mathematicsl formulas have beon presedted by Pohl (2) to
guantitate the precipitation of sblids from liguids in a highly divergent
field, no.simple relastionships can be advenced at the present time to deal
with particulate deposition in fiberbbcds; Pohl describes a system‘con—
sisting of é siﬁgle, positively charged_ceﬁtral eléctrode and a concentric
cylindrical negative electrode, used to precipitete a graphite-tolucne sol.
In this case, it is possible to cvalugte tho field strongth at asny point
as a function of the potential grad{enﬁ and the electrode dimqnsions.

Equating viscous forcos to eloctrostatic forces pormits estimetion of

partlclo migration velocitios.
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" *Ya a generol equation migration volocity (v) r.ay bo expresscd as a

L
t .

function af the difforenco bebtween the dielsciric constant of the fluid and
particulats compononts (k) - kp), porticls radius (a), fluid viscosity 97),

absolute value of the ficld strength (E) and its divorgence Q;Eéér)-

, v = (k- k) ﬂz_g_%lz W77 D)

- Since no data are available to define fiold divergzencies in randomly
oriented fiber bads, vﬁrying in surfacé characteristics and having non-
uniform resinous coatings, the ebove ecuation hes only a qualitative signifi-
cance as far as the Electro-polar Filter is concerned. It should be noted
elso that in desling with & dynamic system it would be necesSary to combine
vectorially the inertial snd electrostatic forces. 1In practical spplicstion,
Equation.I suzgests that increesed perticle size and field potential should
improve the collection efficiency of .the Electro-polar Filter. For particle
diaﬁeter555 microns, however, electrostetic forces are insignificant in
comparison with the inertial effects, Similariy, if appears that variation
in filtrsation velocity wog}d effect collectionvefficiency only througa

.

inertial or diffusional mechenisms,

Test Procedure

Inlet and outlet atmosphoric dust loadings werg.determined gravimotricelly
with high volume samplers and pleated filters (4). | tain efficiency measure-
ments were made with & film badge densitometcrlpn Wnotmsn No., 41 filter discs
and count efficiencies werc determined Qith a Bausch and Lomb dust counter,

Copper sulfate lbadings wero sampled with AC electrostatic precipitators

and thz concentrations determined by chemical anelysis. The method of
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gonerating coppor sulfato microspheres end complote details on all sanpling

mothods havo boecn doscribed in previous NYO reports (1, 5).

Tost Rosults

Proliminary tests on the Eloctro-polaf Filter were designed toldetarnino
if the use of an eloctrical field significantly improved the basic pc;formunce
of the Pr 316 fiber media. As shovm in Table 1, tests 1 and 3 with stmospheric
dust and tests &, 6, 8 and 9 with copper sulfate indicate a#erage efficiency
incraasgs of 15 and 11 percent, respectively, when rated screen voltage (15 7v)
was applied, Filter plugsing, however, illustrated by slightly higher
pressure losses in tests 2 end 7, indiéatos & gradual improvement in besic
fiver efficiency. Table III compares bverull co}loction efficieﬁcy as
obtained by simultaneous weight, stain and count metﬁods for operations atb
no voltage and 15 Kv,. -

~ & dbrealdown of wéight collection efficiency appears in Teble I since
the "Dugtop" performence is not governsd by the electrical field, Overell
unit efficiency, therefore, shows a smaller increese (ecproxinateiy 8
percen£) with appliéation'of screen foitage. At lower screen veliages
(11 ¥v) a very slight decrease in efficliency wes ob;erved for copper sulfato
‘(tes? 10). | |

Filtration velocities fﬁnging.from 36 to B85 fpm snd screon volteges
VBryiﬁg from 11 to 18 Xv showecd no significant éfficiency changes with
etmospheric dust (Teuble IT) according to stein meusurements, However, it

~is expected thet sdditionzl Ltests with a copper sulfete aerosol will pernit
better corrolation ¢f these vesrisbles. Changes in concentreticen end particle

size distributicn of atmospheric dust were partly responsible for irconsistencies

in the cato.
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Humid air also was obscrvecd to roduge colluction efficioncy wlthcugh the
measuremonts wero qualit;tivo.

In ordor to ¢climinato tho effect of changing bed characteristics duo
‘o reterntion of copper sulfate, tests 5, 6, 8, 9 and 10 wverc run with selterncte
sc;eon sections blocked off. Air flow was reduced proporticnately to maintein
constanrt veleocity (85 fpm) thrcugh the PF 316~media. Since the Dustop filier
area wgs not changed, the velocity through this secction of tho unit varied
with total air flow (Teble I), Weight collection efficiencies for Dustcp
~
~ filters were a direct function of'velocity indicating that inertial separsaticn

vas the primary collecting mechanism, ’

Discussion of Tests

Test data indicate that the use of an electriéal field incresases
the overell weight collection efficiency ol the Electro-polar Filter by
about 8 éercent‘with atmospheric dust and copper sulfate microsgheres,
It appea;s that the overell edvantage of the electrical field will decreese
with fi}teriusage since the efficiency of fiber béds increases with piug—
‘gi;g. Preliminery tests indicate this trend even thQugh gressure losses
are still below the rated vaiue of 2 inches of water:

No data has yet been obtained for PF 105 medie which, becuuse of its
small diameter (1 micron), should bé & more effective filter,

Final comment regarding the utility oé the Electro-poler ?ilter 65 &
high effﬁciency cleaner for low cust concentrations is withheld ponding

0y

completion of tests. B . .

L wes




"TABLE I

Effect of Screen Voltage on Collection Efficiency of Eleéctro-Polar Filter
. with Rated Velocity (85 fpm) through PF 316 iedia

- — —— . et f——

Test  Inlet Loading Screen  Pressure Loss Filtratien ﬁeiéiﬁ.c?llection
Greins/1C0C £t.° Voltege PF 316 Hedia Velocity Zoieiency p
Kv Inches water through Dustop F¥ Z1€ Cverell.
Dustop fom
e, Atmosphoric Dustw
1 0.118 0 1,07 420 52 32.5 21.6
-2 0.036 0 1,16 420 | 52 37.6 94,0 =
3 0.179 15 1.07 420 52 97.0 92.6 2
4 0,097 15 1.13 420 - - 98.2 =
: . ]
b, Copper Sulfate Microspheresws ©
5 T, 0,306 0 1.24 168 30.7 85.5 ©0,2
6 0.281 L. 0 l.24 168 17.0 87,3 29,5
7 C.206 o l.27 420 46.0 30,1 9.6
8 0.216 15 l.22 252 34,8  97.5 82,3
9 10.185 15 l.26 252 34.8 57,6 93.4
10 C.187 11 « - 130 - 252 34,8  95.7 97.2

»

¥ass Median = 1.0 microns, Geometric Standard Deviation 1.6,
«#  Vass Medien = l.2 microns, Geometric Stendard Devietion 1.7.

692
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TARLE 151

Effoct of Voltago and Velocity Variations on Stezin Lfflelency Tests
with A% mouphorlc Dust

' ) Test Inlet Loading - Screen Filtration Overall Stain

Grains/1000 re.® Voltago Velocity Efficioncy
Kv fpm , %
11 0.037 11 85 ' 08
4 0.098 15 - 85 95
12 0,125 18 -89 ‘ . 98
11 0.087 11 85 93
13 . 0.123 11 61 93

14 0.208 11 ‘ 36 : o8

TABLE II1I

Effect of Screen Voltage on Simultaneous Weight, Stain and
Count Efficiencies for Atmospheric Dust at Rated Capacity

(3500 cfm)
..Test Screen Voltage ~Gverall Collection Bfficiency
Kv a
: VWeipht Stein Count
1 0 92 80 54
3 15 98 85 80
- SUMAARY

-

Results of preliminéfy performance tosts are prescnted fér the Electro-
polér Filter, a dust collector developed by the Vestorn Precipitation
Corporation for high off1C1cncy removal of particulates, Soparétion is
achievod through a combinution of the mechenical filtration propertics of
FF 316 or PF 105 fiberglas andc oleotrostatic effocts procuced by loceting

- e
R . ’ 4
1
:
P

eten
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tho fibors within an cloctrical ficld (crgatod by two molul ccrecus, one
maintained et 15 Kv rolentiel and tho other prounded). Theory of operation

is based upon migrction of polarized dust particles to the regions of high . -

field intensity surrounding the glngs fibcré.
' Test results on clean fibers indicote that application of reted scrcen
voltege (15 XKv) incroases overall collection efficiency of atmosphoric dust
end cépper sulfate microspheres by sbout 8 percent. Filter plugging, howecver,
results in higher base efficiency for the fiber whicﬁ tends tc lessen the
edvantare of the electrical field.

" Current tosts include a study of the effect of voltage and velocity

veriations on collection efficiency. Final evaluation of collector utility

is withheld pending analysis of all test data.
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PRELIMINARY REPORT
S on
COTTON AEROSOL FILTER STUDIES

by

Richard D, Coleman
Sonior Assistant Sanitary Enpgineor
U. S. Publio Hoalth Sorvice
on assignmmont to
Harvard Univorsity
Air Clcaning Laboratory

Y. Introduction

Tho discharpge of sevoral materials to tho atmosphore can croato publio
health probloms. Consequently, the further devolopwent of satisfactory low
cost air cleaning devicos may play a part in health proiection by oncouraging
the uso ané installation of ealr cleaning facilitios. The use of cotton fibers
85 filtor modia has prospocts for eoonomi becauso ocotton has a relativoly low
initial cost, has low ash (less than 9.1% (1)) for gdonomicai disposal and is
feadily availedblo, )

During the past yoar, studies have beop conducved at tho Harvard University
Alr Cloaning Laboratory on the filtrotion characteristics of various ocotton
fivors for eimospheric dusts., Four natural fibers and'two ion exchange coatings
wero invostigated.

In conjunction with the basio cotton work a parallel study was conducted
on the correlation of waiiht, stoin, and count efficliencies for etmosphoriec
dust; If an empiriéal relntionship cun be develéped using atmospheric loadings,
considorable timoc can bo saved in obteining en indox of count and wolght offi~
ciencies from a simple stain techniquo,

In an sttompt to roduco tho woeight efficloncy variation cauzod by a fow

largo porticlos o prefilter wac used. This introducod a third phase of the

272 WASH-170
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atudy which ‘had as its goal tho ovaluation of tho profiltor as a moans of obtain-

"ing a rolativoly consistont aorouol for filtor rating.

II. Equi pawont
Figuro 1 is a schomatic dia rum of tho test sotup. Tho profiltor had a

faco aroa of 0,143 squaro foet and consisted of 10 layora of Kotox mist
oliminator scroeon coatod with SAE 30 motor oil.

The ngppod cloth was used to interlace ﬁith the tost modiwm to ninimize
odgo leankago. | |

Fibor Description s

A oqfton fibor has boen described as an epidorm@l cell of the sesod, It
consists of an outer wall, secondary wnllhand a lumen, With growth, the
socondary wall thicknoss increases until the lumon is neafly closed, With the
drying thst occurs affer pioking, thoe lumen collapses and for mature [{ibers a
kidney or olliptical shap; ié attained. In immaturo fibors,the secondary wali
is tﬁin snd upon collapse of the lumen the fibér atfains a twisted ribbon or
U-shape. Matthews (2) indicotes that wall thickness may vary from 0.35 to 15
&nd ribdbon wldths from 11 to 20 u. o :

The fibors tested in this sor;es were sized by Roasaeno (3). The mean
diamotors prescntod in Table I are the geomsirioc means of single transverse
moasuremonts of over 200 fibers for each grade.

The Lockett seomplo containod about 93ﬁ mature flborb and the Lemphls
immature about 38%4 mature fibers, -

Tho ion oxchango troatmentis whioh were tested had been applicd to § x P
fibors by the U. S. Dopurtment of Lgriculture. The rosin treatmont was

imprognation by Rosiloom HP, an unmethylatod mothylolmolamine resin which has

found use in ion exchango columns., The amlnizod cotton haed beon treoted with
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2-zminoothylsulfuric svid and sodium hydroxido. Aminizod cotton has anion
oxchhngc proportios and tho treatmont facilitatos tho uso of acid dyes,

Test Proccdure

A. Bod Preparastion
The f{ibers testod had ﬁcon fu;nishod by tho U, S. Dopartment of

Agricultu;e, Burcau of Agricultural and Industrial Chemistry, New Orleans,
Louisinﬁa. They were recoived.as card slivers and diffioculty was experienced
in obtecining reproducablility. The fibers wero csrded Again and £aken off as
card wob which was folded into boxes for storago. Companction in storasge made
most of the individual layers of the web indistinguishable. The layors were
soparated by hand as woll &5 possible and cut into six inch squares. The
wolght necossary to give a packing density of 2 lbs. per cubic foot (porosity
0.98) was computed (cptton specific grnvity 1.59). Depending upon the typo of
fiber and tho dogreo of compaction, five to ten layors wore rogquired por inch

of finel pad. These layors woré loosely placed in the plastic box and comprossed
to tho desirod bed depth by insertion of the inside section., With this technique
packing densities cpuld be satisfactorily reproduced, |
"Be Operatgon of Test Apparatus .
The combined operation of the upstream and dovmstream high volums

samplers 3rought roonm air into the plenum through the prefilter at 50 cfm
(face volocity of 350 fpm). éne-half.of this flow went to tho upstream high
voluﬁo sampler and the othor half wont throug# the test soction to the downstream
high volumo sampler.

Stairmend discs were used as orific; moters to detormino the rOSpoﬁtivo

flow rates. The 25 cfm rato through tho teost section gave a faceo velocity at

the tost pad of 100 fpm. Continuous operution of from 48 to 80 hours on Boston
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air was roquired to.éroduco significant ipcroasy 1. tho weight of the downstroam
sampling filters,
c. Sumpling
Sumplés wore taken at three points; -1, Room air (upstream of
profilter), 2. Uéstrenm (downstream of prefilter, upstreum of cotton pu&), 3.
Downstroam (dowastroanm of cotton pad).
Teight loading was determined at those three points by detefmining tho net
woipght incrcase of typo S pleated filters, The room air sample was collocted at

fuvll flow of the high volune semplor which varied from 70 ¢fm to 40 ¢fm. Both

.upstream end downsiream semples wore tagén at 25 ¢fm with the entire volume
’éassing ;hrough the test pad collected for the downstream sample,

After from 10 to 20 hours of oporutionf and again 24 to 48 hours later,
mevdbrane filter samples wore taken at 0,7 ofm f;r count loading and stain
elfficioncy determinations, The.room air membrane filter sample was taken near
the profilter and the upstresm and downstreem samples were téken through probes
in the tost soctioh. These samplos were taken for 45 to 120 minutes, depending
on the rate of stain bulildup, At intervals of 15 to 20 minutes the stain
donsity of each membrane filter was detefmined by use ‘of a Photovolt, Model 2004
transmission densitometer,

"A blenk for zeroing the densitometer on each membrane filter was obteinod
by btacking each filter with Vhatman #1 paper to wh;ch & 5/3" circle of cellophene
tapo was attached. With this backing, the stain was deposited in an annular
pattorn and the contor portion of the filter remained cioan. ‘

D. Anal&sis
Tho stuin readings wore plottoed apgaintt time for each filter and

the timo to roach a constant stoin vas dotorminod from each curve, Tho stain

officioncios wore thon detormined from the relationship
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l ' % Efficioncy =( ! .
[ ) * Tt°2' 100

The mombrano filter stains wore thon counted and sized microscopically
under oil immorsion (90X objoctive and 25X eyepiece) to detormine the count
loading and size distribution at each sampling point, Total efficioncy, by

count, and sizo fraction efficiencies wore dotermined from those loadings,

Tost Rosults

Analysis of the data has not boen completed, but a summary of woight, stain
and count efficiencies is presented in Table I for the wvarious fibers tested.

’

These efficioncies are tabula#ed in order of decreasing wsight efficioency,.
The preésu?a drops listed in Table I are th§ final dro?s observed in the

rospective tests. These values represent no-abpreciable increase over the

drop in the clean beds for the sh§fter operating periods (48 to 60 hbdrs).

For resin treatod § X P and Memphis Immature beds there wore 7 and 11 percent

TABLE I

Efficlencles of 2" Pads of Various Cotton Fibers on Atmospheric Dust
'Packing Density 2i£/f3

Face Velocity 100 fpm .
Cotton ¥ean Fiber Weight Stein Count Pressure Loss
Diamoter Efficioncy Efficiency  Efficiency
© % % _ % Inches of Fater
Momphis 10,0 82.5 - 78,8 63.5 - 5.8
Imnaturo )
lminized 10,0 80,5 ' : 8T - . 3,0
Sx?P .
Untreated 9.4 77 , 72,7 58.5 ‘ 4,0
Sx?P
Resin Treatod 10,3 74.8 72.5 . 61 - 3.6
Sx P :
Lockott 140 13.4 71.3 _ 46 39 2.4

Tquitos 15.5 67 46 1.6

— PUREES
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To dato, tho. only v.riablos studioed huve.boon type of fibor and bod dopth,
Furthor studies are plannod tb tost tho fibor at difforont packling donsitiocs
and face volocities., Tt is plannod to delay further cotton studigs until tho
proscent data on relationships of woight;stain and count~stain eofficiencles aro
.ﬁoro complotely analyzod and tho valuo of tho prof;lter is establishod. Using
the prosent techniques, nbout b Aays are roequirecd for each run in order to colloct
woighablo samples and count end size the 6 molecular filters, Froﬁ a-proliminary
inspection of tho woight-stain relationship it apéears that empirionl rolation;
ships might be doerived which will roduco the time from dajs to ﬁours for each run,

IT theso relatlonships do not prove relieble, a synthetic test aerosol will

be genorated and the cotton tests continucd. Future studies will evaluate the

effeots of various packing densitles and varlous facoe velooitiocs.

Prefiltration

Pertial analysis of the date indicatos tha; the prefilter causes little
changé in aorosél composition, The avorage size fraction efficioncios of tho
profiltor wero dotermined from the data of 28 runs. The average cloud com-
éosition for roon nlr was dotorminod from the same data, This average
ocomposition was piottcd on logarithmie probability papo;‘and, using the aversge
gizo fraction efficienciés, s second c¢cloud was synthoesized which reprosontod a
¢loud loaving a profilter of average pérformance. The line represcnting this
gooond cloud on logarithmio prébability papor'was s&lmoct suporimposed on the
initisl line., This approach cloarly shows that prosont slzing techmiquos are
ingensitive to any changos mado in the aerozol composiéion by this typo of
profiltor,

It 1z folt that tho major boenofit to be dcriyod from the proefiltor 1s in
thoe romoval of largo particloes which'muy disvort any ompirically detorminod

rolationshiyp belwoon stnin and wolight efficlenclos,




FIGURE 1

COTTON TEST EQUIPMENT
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INCINERATION OIF COMBUSTIBLE WASTES
USING TANGENTIAL QVERFIRE AIR

By
oy 2/
L. A. Spano and R, C, Corey

U. S. Buroau of Mincs

INTRODUCTION

At the request of the U. S. Atomic Encrgy Commission,
the Bureau of Mines initiated a systematic investigation of incineration,
The ultimate purpose‘of this investigation was to design a packaged
incinerator for disposal of radioactive combustible wastes incidental
to operations at off-sitec research laboratories,

The prime ;:'equisites of any incinerz;.tor are: (1) maximum
' combustion effiéiency, so that smoke, tar, and malodorous constituents
are not discharged to the atmosphere; (2) maximum retention of particulate
matter within the combustion chamber to obtain the lowest possible
dusf-loalding in the stack gases; (3) maximum reduction of charge volume,
80 tha.t the least amount of residue mu.st be handled,

Knowledge of the complex hcat-and-ma.ss transfer processes
which control combustion in solid-fuel-fired furnaces,.is meager. Con-
sequ.ently, design of efficient combustion chambers is generally empirical,
particularly in the field of incineration., ‘No sound enginecring data have °
yet been published relating such factors as :temperature, gas residence

-or contact time, and turbulence to the burning process of solid fuels,

.

1/ Chcmical Engincer, Combustion Rescarch Section, B1tum1nous Coal
Utilization and Preparation Branch U. S. Burcau of Mines,
Pittsburgh, Pa.

2/ Chief, Bltummous Coal Utilization and Preparation Branch, U. S.
Burcau of Mines, thtsburgh Pa.
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ports, 180 dé-gr_ecs apart, located at different levels of the drum. Figure 1

, _i's a s'c.hg‘nmti(; diagram of the model in;incrator.

- Thc pi-incipal objective of the model studies was to establish
the rclationship of the various process paramecters to the burning peffor-
mancc‘rof' the incinerator, The variables studied were: (1) air rat.c, (2:)
port arca, and (3) height of ports above the grate, All tests were made
with sawdust whose proximate analysis on the as-fired.basis was

_-nominally 8 percent rhoisture, 74 pcrcent.volatile matter, 17.5 percent

fixed carbon, and 0.5 percent ash, The gross heating value of the sawdust

.was approximately 8200 Btu per pound,

1

The unit was.ch_arged at the beginning of each tet;'t with 10
pounds of sawdust, ignited, and operated at various predetermined con-
éi;ions. Each test was considered compl'eted when the last embers were
seen to burn out, . .

'i‘he principal observations in each test were: (a') the time
required to burn the charée completely; (b} the cdmposition and the tem-
perature of the stack gases, and (c) the relative quantity of smoke and
taf in the products. of combustion, ' .-

- Four quantities were used to characterize the pex;formance of
the unit: (a) the observed burning rafe, that is, the pounds of charge
consumed per hour, as denoted by the elapsed tiine between ignition and
-completé burn out; (b) the calculated burning rate, derived from the mass
air flow ratec and the composition of both the charge and the stack gases;

. {c) the combustion cfficiency which is the ratio of the calculated to the

obscrved burning rate; (d) the rclative smoke content of the stack gases.

cea®
3
<
3




282 WASH-1T0 ’ |

In designing the incinerator for disposal of radioactive wastes
several factors, such as handling the residue and the design of the gas-
cleaning system had to be considered. However, the most urgent need
was to achieve high combustion efficiency and maximum retention of

" particulate matter, consistent with a reasonable burning capacity.
Generally, incinerators are required to perform satisfactorily
over a wide range of operating conditions, For example, the refuse charged

generally consists of different kinds and proportions of solids and semi-
solid wastes whose heat of combustion and burning characteristics vary
widely., Moreover, when charged randomly, as it is normally done, the

flow rate and distribution of air through and above the burning charge
vary radically. Observations of various types and sizes of incinerators
have clearly indicated that unsatisfactory performance is largely the
result of inadequate control of the quantity and distribution of undergrate

and overfire air,

The investigation comprised three phases: (1) Disposal of
ash residues by fluxing them in molten Na{OH). This has been completed
and reported upon., (2) Evaluation of the process parameters with a
model incinerator. (3) Design and evaluation of the performance of a
prototype unit, based on the results obtained with the r;fxodel incinerator,

The objective of this paper is to discuss the operation and
performance of the prototype incinerator.

MODEL INCINERATOR STUDIES

Before discusesing the results obtained with the prototype
unit, it is necessary to review briefly the studies made with the model
incinerator,

The model incinerator consisted of a 55-gallon steel drum

with a small axial stack at the top of the drum and four pairs of tangential
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Figure 1. Schomatic diagram of model incinerator.
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OBSERVED BURNING RATE, POUNDS PER HOUR
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Figure 2. Average observed burning rate as a function of
air rate and port area.
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WASH-170 o 287
RESULTS AND DI:SCUSSION .OF.RESULTS

Corrclation 01; the results showed t.hat the obs'cx:ycd bu‘rning
rate increased almost linearly with the air rate, and for a given air
rate, the burnihg rate also incrcascéd as the port arca was decrcased.
Figurc 2 shows the observed burning rate as a function of air rate and
port areca. Since the observed burning rate is based on the time-rcquired
to consume the weighed charge, it docs.not_Show the amount of combustibles
in the stack gases. The theoretical burning rate, shown as a broken line,
is the rate at which the sawdust would burn comélcfcly to COp aﬁd water
vapor for a givén air rate, if no excess air were necessary, and serves
as a .guide in comparing the burning rates achic'ved. When combustion
is complete, t‘he.burning rates lie on or below this line, and the distance
“below it is a relative measux"e of the excess air., Itis possibl.e., however,
" to have unburned combustibles in the prescnce of excess air. Although
the d.ata failed to show a marked effect of the port height, it will be shown
later that this variable does have a s;rnall effect on the performance ;>f
the prototype unit. In general, higher combustion cfficiencies were
attained when using the uppermost ports,

The results shown in figure 2 suggestcd that the burning rates
could be correlated with a dimensionless parameter charactcr.izing the
flow conditions in the tangential ports. A’ccordingly, the results were
plotted as a function of the Reynolds ﬁumbcr of the air in the tangential
ports. The effect of Reyn'olglsa number ;>n both the‘ observed and calculated

burning rate is shown in figure 3,

Since the obscrved bui'ning rate -represcnt.s' all of the fuel that

is consumed, and the calculated burning rate only the portion that burns

—o="
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Figure 4. Combustion efficiency as a function of Reynolds number
of air in tangential ports.
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Note: Zero radius is axis of incinerator, circled numerals are the
height of the probe above the fuel bed in inches.
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to CO, and watcer, the sprcaq between these turves is related to the amount
of combustible matcrial in the stack gascs. Thclz least spread between

theé two curves was found at a Reynolds number of approximately '15, 000.
This is shown more clearly in figure 4,

The burning conditions in the combustion chamber can be
characterized by the composition of the hot gases swccéing the surface
of the burning charge. Figure 5 shows the composition of t‘he gases at
different elevations inside the chamber for a fixed air rate of 117 pounds
per hour but for two differcnt Reynolds numbers, 19,400 and 28, 840.

It is evident from thesec data that at the lower Reynolds number
excess oxygen was present throughout the chamber, but at the higher
Reynolds number the dxygen disappeared at a radiu's of approximately
4 inches, and CO was formed., Figure 6 shows thfee stages-of the actual
burning conditions in the chamber for a fixed mé.ss flow rate of 115
pouﬁds per hour but at three diff.erent linear velocities in the ports.
These flow conditions correspond to Reynolds numbers of 56, 700,
23,500, and. 19, 400. The angular path of the incandescent particles is
clearly evident from these photographs. Comparing the i;i'nal stage of
burning at 35 and 130 feet per second, it will.be notcd that the average
radius of the path of the particles is greater at the higher velocity,
-which, ‘oil course, i tp be expected, |

In figure 7, the operatiné conditions for a Reynolds number
of A19, 400 are given, Special attentioﬂn is called to the s;‘nokc data- at
the top of the figure., The gray circles are reproductions of the smok.e
discs, which were taken at the time indicated on the abscissa, Their

densities agrce quite well with the corresponding photometer results,
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In figurc 8, thg results are giv‘cn for’a Reynolds number of
29,000. The discs for this test were gencrally darker than for the test at
the lower Reynolds number.,

PROTOTYPE INCINERATOR

On the basis of thoso xjesults a prototype unit approximately
five times as large as the model was designed, It consists of a cylindrical
cormnbustion chamber with an axial stack at the top and a c‘onical ash hopper
i’]angcd to the base of t};e combustion chamber. Figure 9 shows a
schematic diagram of the incinerator and the ash-fluxing pot-furnace
when assembled for c;pération. Air to the incincrafor is admitted
through three pairs of rectangular tangential ports, 180 degrees apart,
located at three different levels of the chamber., _.The ports are valved and
connected to a manifﬁld so that any pair or combination of pairs can be
used. The area of each port can be varied by means of retractable inserts
located in the rectangular section of the ports., The grate conSists of
two semicircular, cast iron plates hinged in the centér, and counter -
balanced f‘or case of manipulation, Two quic.k-closing doors, one for
overhead charging and one for side-charging, were installed for use during
the investigation. However, the final unit will be provided with a charge-
bix; sealed by a guillot'inc—type door; similar to the Los Alamos unit,
Figure 10 is a photograph of the prototype incineratox:.

An auxiliary gas burner, with safety interlock devices, is
used to ignite the charge, |

The total cost of this unit including installation was approximately
$10,000. A commercial model of similar sizc could be constructed for
s&mcwhat less by eliminating .ﬁuxiliury test equipment, which is not

rcquired for satisfactory cormincrcial operation,
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EXPERIMENTAL CONDITIONS
The unit is charged batchwise with' 100 pounds of sawdust
packaged in cylindrical cardboard containers. Fiftcen cartons comprise
a charge for each test, To ignite the charge the gas burncr is turned on
for. one and one-half minutes and Qxcn turncd off for the remainder of the
test, Each test is considered completed when the last embers are scen

to burn out, The burning conditions in the chamber weré noted through

‘an observation port located at the top of the chamber.
Several tests were made at air rate.s ranging from 500 to
1000 ﬁounds per hour, using each pair of ports at the\different elevations
of the chamber, and various tangential port areas, In addition, some
preliminary tests were made with sawdust containing as much as 40
pcrcent-moisture. ,
DISCUSSION OF RESULTS
Since the factors that were varied with the prototype were
the same as those for the model iﬁcinerato.r, similaf parameters were
used to correlate the results, Figure 11 shows the re.lationship between
the bbser\'ed burning rate az‘ad air rate for three different port areas,
The ports were located 66 inches above the grate in each case. These
data show that the observed b.urning xl'a'te increases with air rate, How-
eve.r, varying the port area at a fixed air rate had li.ttle effect, ‘In the
model unit the port area had a much more pronounced effect upén the burning
" rate, ) H |

Similar trends were found with ports located at 53 and 40

inches above the grate,
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This diffcrence between the model.and the prototypc suggests
that the gas-{low p:xtlcr-n‘ established in the largcr'unit dcpends largely
‘on the total quantity of air used, and ox;ly to a minor extent on the linecar
velocity of the air in the port's. Thesc results are in marked contrast
with those from the x;aodcl stvéxdies, in which port area had a pronounced
| .effcct upon incinerator perforrﬂance. One possible explanation for this
inconsistency may be the differences in geometric rclationships‘; between
the diameter of both the ports and incinerator, which would affect the

/
transfer of linear momentum of the air in the ports' to angular momentum
in the chamber, ;I‘hat is, the expansio'n losses are greater in the proto-

type unit than they are in the model.

The effect of varying the port height on the burning performance

of the prototype incinerator is shown in figure 12, It is significant to
note that both the observed and calculated burning rates decreased when

the port hei;ht.was decreased. Moreover, a lower combus{ion efficiency
was ac hieved when the ports closez-;t to thc fuel bed were used. This
is better illustrated in figure 13, which ig a plot of the ratio of the cal-
Ct'zlated to the observed burning rate as a function' o{. air rate. Itis
evident from.these results that higher capacities, as well as higher com-
bustion efficielncics, are attainable when all the air is admitted through
the uppermost ports, : o

Since occasionally wet charges are' incinerated, some pre-
liminary tests were made using sawdust containing up to 40 ;;erccnt

moisture, No difficulties were encountered in burning the wet charge,

except that it was necessary to operate the gas burner somewhat longer

299
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to attain satisfactory igx‘xition. Table 1 shows the results of two tests

'
using sawdust with 7.8 and 40. 3 percent moisture, Comparing the data
within the heavy boundary lines, it is secn that both the observed and the
calculated burning rates do not vary appreciably, Howcver, when the
calculated rates are .computcd on the moisture-and—as;h free basis,
the charge containing 40,3 phrccnt moisture showed a 25 percent dccrez;sc.
It is significant to note that no auxiliary burner was used during the
tests other than to igﬁite the charges at the beginning of each test,

| CONCLUSIONS

Alt.hough a great deal remains yet to be done, the results
obtained with the prototype are sufficiently cozfxclu.sive to draw the
following general conclusions:- |

1. Low ash, high volatile wastes with relatively high moisture
content may be burned with high combustion efficiency in a cylindrical
combustion chamber using only tangential overfire air, This confirms
simiiar conclusions based upon the model studies, A commercial
unit six;qilar in size to the prototype incinerator will burn efficiently
approximately 80 cubic fecet of wasté per day., This :based on a bulk
_density of 10 pounds per cubic foot.

2, Var;’tations of air mass flow rate showed approximately
the samc effcct on the burning rate in the prototype. unit as it did in the
model unit.

3. Tbc-effect of porg arez;' and port height on the burning rate
in the prototype unit_ was not consistent with the results obtained 1n the
model studics. In the prototype unit, variations of port height had relatively
.grcater effect than variations of port area, whercas, the opposite was
'true for the model incinerator,

.
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Table 1,

Comparison Performance Tests of Prototype Incincrator
Using Charges with Different Moisturc Content

Test No. 2 Test No., 3

Composition of charge burncd:

Moisture _ 7.80 L0.30
Volatile matter 72.30 L6.80
Fixed carbon 19,50 12.60
Ash ’ 0.40 0.30
: 100,00 100.00
Ultimate ) .
H 6.50 8.07
c . 47.00 30.54
N 0.10 0.02
S : 0.10 0.01
Ash : 0.40 0.03
g A 100.00 100.00
Gross heating value, Btu/lb. | 8070 5250 |
Operating conditions: . :
Weight of charge, ‘ lbs. 106.50 147,00
Approximate density of charge, -lbs/cu.ft. 10.65 14.70
Air rate, lbs/hr. - L‘ 854, 8?241
Air temperature at the orifice,- ©F 166.5 163.0
Linear air velocity o
in tangential ports, ft/sec. - 70.6 73.9
Reynolds number, in tangential ports, " 49,800 51,000
Operating time, nminutes 62.0 82,0
?esult v
Observed burnlrg rate, ' lbs/hr. - 103.0 107.5
Calculated burning rate ' K
(as.charged) . Ibs/hr. 87.2 99.0
Calculated burning rate
(Moisture,Ash,Frec basis)  1lbs/hr. 80.0 59.0
Maximum stack gas temperature, oF 1625 1385
Mean stack gas temperature, °F : 1270 1050
Maximum CO, content of stack gas, percent 18.9 12.8
Mean COp content of stack gas, percent 11.6 8.4
Theoretical COp content
of stack gas, percent 20.L° 20.%
FPounds of residue, 1bs, 0.559 0.72
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4, Both the combustion effi¢iency and burning capz;.city of
the prototypce unit were h/ighcst when using 'thc uppermost sct of ports,
This confirms the results of the model studies with respect to combustion’
efficiency, but is in contrast with the results in the model with respect
to burning capacity,

It should be emphasizcd that these conclusions are based on
a limited investigation of only a few factors. The effect of such variables
as the bulk density, ‘chemical composition al;ld moisture content of different
waste materials has not been determined. It is evident that these factors
mu'st be i;'xVestigated before a complete evaluation of the unit cva.n be ,

made,




PROPERTIES OF VARIOUS 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=-
cause they may be so important, the properties of any filter medium 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 wvith
respect Lo various air sampling re?uirements. A1l of the media to be con~
slidered are now avallable, ard most of thoem are being used for 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, toxdcity assay, radioactivity measurements; study
of organisms, and evaluation of soiling characteristics.

| Condi tlons ﬁnder which the sampling must be done may also influence selec-
tion of a modium. For example, glass fibers would'nét be used in an atmosphere
. known to contain an appreciable amount of hydrofluoric dcid Vapor,
In soms cases a particular filter moedium is used in a cgftain,application

only because of long standing practice which; for consistency, is kept un~

changod. FHowever when the need arises to solecp a filter for soms now or
WASH-170 , ' 30
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spbcial purpose, an uaderstanding of the genoral filiering propcfties of
available media should be yscful in makigg an intelligent cholice. It is ou;
- purpose to contribute to the fund of such information.

The problems associa@cd with selection aﬁd use of air sampling filter
media were discussed at the Air Cleaning Seminar, sponsored by the Atomic
Energy Cormission and held at pmes, Iowa, Sept. 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 40O laboratories,: most
of them within the Atomic Energy 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 sanples representiﬁg nearly all of the media
that were mentioned in the survey. This paper describes #nd discusses air

1 inat

filtration test results obtained for these media and for_a few others
ﬁore included because of their special interest. Our test methods have in~
cluded di-ociyl phthalate smoke penetration, atmospheric dust penetrationg

and plugéing rave on atmospheric dust., A range of performance characteris-

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

dust sampling purposes

Di-Octyl Phthalate Smoke Penetration Test:

"The di-octyl phthalate smoke penetration 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 evaluating:high eff{i-

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 %n the 1;teratgre (1,2,3)s For our needs
herc.a very brief dcscripti;n will serve, Therc is a smoke gencrator for pr§~
ducing a cohtrdlled, mono--dispersed liquid acrosol of di~octyl phthalate. This
is accomplishpd by condensation from ihe 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 is provided with sensitive
photcelectric pickup means for aczcurate 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 1s 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 pare-
ticles; the DOP test gives efficiency vaiues that parallel those.qbtained Ey
atmospheric dust counts,

Under the somevhat standardizcd‘;onditibns 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 flbw rates up.to 58 feet per min, To
reach the highef flow velocities (up to 200 lin. feet per min.) a test area of
1475 ine diam. was useds

Tsble I shows DOP smoke penetration efficiencies over a rahge of air flow
' velogities for ourAwhole group of air sampliﬁg mediae It is evident immediate-~
1y that there is a very great difference in efficiencles as measured by this

test, - Perhaps this is the point at which we should stross that DOP smoke pene-

tration alone must not be taken as a general measursc of usefulness for all filters.

It 16 a very severe test and is now used primarily to rate absolute-type filters,
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then we aro dealing wath mgdia intended to-collcet bulk dust or to analyzo
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 same
characteristic curves, )

Fig. 1 is for CWS ##6 paper. At a low aif flow rate, 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 increasedy; 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 tho filter fiber; and
inter~fiber spacinge | .

Pressure drop; plotted separately in Fige. l; is nearly lincar 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 CWs #6,

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

Chomical filter papers as illustrated 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.

Paper No. L2 (Tsble I) is remarkably efficlent for an all-cellulose
sheets This efficlency is attained at low flow velocity; but pressure drop
is highe |
_ MSA typo "Sh filter which is used succesgfully for high volume air
sempling (5) shows an unusually uniform DOP efficienby level over a broad

range of flow rates (Fig. L). Wnile 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 plece was cut fronm
a reasonably_rlat arca 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 fill up rapdily on an oil smoke (iika DOP) and so may ﬁot‘show up to best
advantage in this test,. . |

A1l fiber filter materials %fatigue® in the DOP tester. Afteé running on

DO? for soveral mirutes; the smoke penetration incrcasocs, 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 time,

¢

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 efficiencies 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 modia with respect to efficiency agsinst sub-micron

A
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silzc atmospheric dust particles, -, . .

Efficiency Ly Particlc'Sizes

In the methods Just described we dealt only with sub-micron size pafticlcs°
Wnen wo include consideration of larger particles, our attention becomes
limited to the cellulose fiber filters on our list. Larger particles do not
penetrate 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 file
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,

Efficlency of filtration by particle size is.shown in Tablo IV, Here again
elficiency was measuroed by particle count on hiéh-speed impactor flateso No
pérticles were found above the size of two microns, and «ll of the filters showed
good to excellent efficlency on particles in the one~ to two-micron range. Vhen
the primar& inte?est Is in weight of dust coilected, these filters are generally
adequate since large dust particles contribute most. The weight contribution of
a particle is measwred by the cube of 1ts diameter,

A1 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 £ill,
fg a practical matter; all of the ﬁodia tested here will perform much better in
usc than our figures indicate, L -

Life Teststg _
In many alr sampling spplications, plugging rate of a filter medium is not
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a problem. But in those cases where it 1s desircd t.» sample over a long period
of time or to accunulats a gizcablo quantity of particulate matter, the ratc at
which plugging occurs may become important} At times flow resistanco or the
development of flow resistance may even detennlne the feasibility of taking the
"sample, | L

" A lifc test or plugging réte test consists in operating a filier sample at
gome selected flow rate and observing the increasec in préssure dfop with time.
Phe kKind of equipment we have used for this is showm in Fige 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 sample holder that takes
a 31/2 in. diam. disc of the medium and exposes a test area 3 in. in diam. 4
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 stations 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 valve to
restore the proéer rate, Pressure drop across each tes; sample is measured
with a YU¥ tube water manometer,

It seemed best to life test &ll of the media at the same time so that amy
question of varylng dust 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 2t thé samo r;teo The very low rate of five lin., feet per min, was se-
lected as a start with the intention of iﬁcreasing the rate after the rapldly
plugging samples had been removed. Wheﬁ pressure drop became too high for any

manomcter, that test was stopped. 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
mceabrane filters. Only seven specimen filters were romaining 120 hours later,
Atmospheric dust loading over tho time perioed of the run was measured by weiph-
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 ush, as
mentioned before is a molded filter with concentric convéolutions, 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 efficlent nof those with highest initial pressure drop. As a class
the cheanical 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 experience and to the best of our knowledge, the ﬁate at which a
filter becomes loaded does not determine its life, regardless of time the prese
sure droﬁ through a sampling filter is fixed by the ampunt of accumulaied 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 air passed are
the controlliny variables. In our life tests we used very low flow rates.

For' thls 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 Propertles:
For conveniconce of reference,Table V1 contelns some general information
on the various filtor medla we have bcen discussing. Ve do not consider this

Table to bo cowplete in any way. It containy some of the more obvlious qualities
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| alonp 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 suitabildty Sf a given ma-~
terial., Such properties are important and must be considered along with filter-
.ing performance when a sampling medium 1s belng selected.

Chemical filter papers appear to be used more widely than any other type of

alr assay medium, This may be because they are nearly alﬁays at hand iﬁ a labora—
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 particulsr often are fourd to contain pinholes, W¥hen
this occursy, it is likely that even some very large dust particles will pene-
trateo_ | ' _' |

Unless an alr filter medium is manufactured especially for #bé purpose, its
performance characteristics are likeiy to vary from lot'to lote Chemical filter
papers arc manufactured for chemical laboratory work. They are made ;';v.nd used
primarily for wct filtrations. Therefore it is not surprising that wlde varia-

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

The manbrane filter is relatively new, but 1t holds great promise as an

all-round assay medium (7,8). It is highly efficient, may be obtained in white" _
or black, particles accumuiate only on the surface, 'refractive index is such |
that the filter structurg itself becomes invisible for oil immersion microscope
\;iewing, and the filter can be dissolved if need bs or it may bé destroyed in
other ways. Because thgy_ar_e very delicate, the membranes must be handled care-
fully and suppor'ted during use. To genoralize, 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 alr cleaning and serve that purpose effectively. They
are not so well suited for most assay work. Dust particles penetrate the struc-

ture so that they are buried and lost for some 4{ypes of radioactivity measure-

‘ments (O:counts)'. These papéfs .are 8o 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 ard fumes,. '

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

activity monitoringe.

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

and mads to a limited extent by severalipaper companies, are to be recommerded
for high tenperatures or in the presence of corroéive fumes or gasess In our
series t};te Hurlbut _glass paper ls an example. These paperé are made of very
fine glass fibers #r.d 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 kinds of {test worke In gravimetric work caroc must be taken that loose

ceen
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fibers arc not lost from the shecet,

All .fibrous'filters, celluioso or glass, have water associated or adsorbed
in their structures, The amount depends upon atmospheric 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 every weighing
and to weigh the filter in a closed container. |

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

studies under the microscope on most paper filters,

SUMMARY ¢

A group of atmospheric dust sample media has been studied for performance
characteristics. The medla were selected to represent tlkrose in use in a number
of laboratories, "I‘est methods used were di-octyl phthal te smoke penetration,
atmospheric dust penetration, efficiency by particle size, and plugalng 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 hes been demonstrated that efficiency measureme'nts by the DOP smoke
test follow very closely the results-given by atmospheriec dust counts.  This
suggests that tk;e fast DOP method can be used to rate any filter medium on per

cent of atmospheric dust penétration by particle count.
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TAOLE 1

Erfect of Flow Kate on Fressurs Drop*s and OOP Jmoke Penetration®: for Various Alr Jampling hedla

Flow Iate
Lirear Feet ASS w3 HV 70 Huriout ¥hatman Chemical Filter Papers stS Membrane Filters AES yineral rilters
Psr  ¥Yinute [0 Y 46 9 =il 18 wil Clazs Paver Fl - JL=-FR-FLO- FL) - ALIK - # U2 L -4 50 7604 " HA" * AL Glass-lad, Ali=Slase Y34 Trpe *3°
b £ Penetration— 0,022 0,015 8.0 0.47 0.001 7. &, 3.7 da. 9. 9. s. . 6.5 30. 93. 0,002 0.002 0,029 0,008 LS.
' Pressure Drop— 0.7 0.57 1.1 1.2 1.08 1.9 0.5 7.2 2.5 035 O0.Ls 8.7 7.7 9.5 0.35 5.4 1'% ] 0.7 0.75 .3
S 10 0.036 0O,C2) 5.0 0.%3 0.301 . 68, 81, 3.0 28, &, 89. 2. L.% 13. 90, 0,002 0,002 0.0%2 0.0 %2,
1.L5 1,48 2.2 2.L5 <.2 3.75 0.95 W.6 5.1 0.8 0.9 ~17. 15.3 17.7 0.7 10,9 8.% 1.45 1.48% 0.6
- 20 0,045 0.04 3.5 0.6% 0.003 3. 7. 0.45% 16, . 8. 0.7% 1.4 3.0 85. 0.0 0.01 0.071 0.038 52,
y 2.9 2.9 L6 4.9 A 7.7 195273 10 L35 L9 3. 28.6 35.2 1.5 21.6 1.8 3.0 3.05 1. =
T 28 Q.08 0.057 2.0 0.59 0,008 7. 7. 0,35 8, 5. 7. D.22 0.5 0.9. . 0,005 0.01% 0.073 0,05 . 2. E
h. 4.05 6.3 5.9 6.1 10.6 2.8 38, 15. 2.0 2.7 A5.5 40. L8.5 2,1 31, 24.5 .25 4.25 - 1.6 [
. - s
' . v ) -J
<0 0.0, 0.8 .7 0.4L% 0.00% 1. 62, 0.3 2.8 67, 6S. 0. 0.2 0.15 67, 0,015 o.@ 0.08 0,081 si. o
el 6.7 7.5 9.4 13, 10.8 19.6 5.8 69%.4 25.3 .8 5.% g1, 7. 8.0 3.9 59.5 J9. 7.8 1.7 3.0
[ .
100 0.031 0.m7 0.2 0.1 0.005 1.2 25, - 0,23 M.  Wa- - - - 3. - - 0.0 0.5 LS.
L. 13.3 17.0 21,8 27. 19.8 40.5 11.% - SL. 8.1 1L.$ - - - 8.% - - 16.0 15.2 6.9
- . .
: . .
150 0.021 0.018 0.1 0.3 0,903 03 2. - = 29, ‘21, - - - 18 - . 0.018 0.013 .
: 22,5 25,5 .5 38.2 32,8 - "0, 181 - - 12,8 17,0 - - - 15. - | - 26.7 5. 20.8
x0 0,011 0.0 - - - - - - - 15. 3. - - - 7. - - - - - 28,
29.5 5. - - - - - P 1 T - 2y - - - - 16.3
‘®pressure Drop in inches of water, ' ‘ .

B.10P Smoke Penetration in per cent. (U1-Octyl Phthalste particles 0.3 micron diametor, 50 mlerograns/liter of air.)
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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,
S5 lan .24 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.




Particle Diameter
- Microns -~

below 0.4
4 - 0,6
b - 0,8

0.8 - 1.0

1.0 - 2.0

over 2,0

TABLE I11

Particle Size Distribution in Atmospheric Dust
Before and After Filtration Through Different Media

COUNT ANALYSIS OF AIR BORNE PARTICLES -~ PER CENT OF EACH SIZE

Notes: Flow Rate: 20 linear feet per minute
through the medium,

Fach .value based on counts far two £i1-
ters with no fewer than 4O
counts each point each fil-

- ter,

Particles collected sonic velocity im-
pactor, Counts and measure-
ments by o0il immersion micro-
scope 1350X.

Unfiltered @ - - = == = = = = - Filtered Alr-e-o-e-ececea-- -
Alr whatman #1 Yhatman #4 Vhatman #41 Whatman #42 ¥3A "Sn

- 3L.8 ( 52,8 L5.2 L7.4 51.0 50.0
12.6 35,3 381 140.3 39.3 41.8
16.2 10.6 14.2 9.1 8.5 7.0
6.8 1.1 1.9 2.4 1.1 1.0
1.6 . 70,2 0.6 0.8 0.1 0.2
1.0 L - - .

0gE

OLT-HsVM



Particle Diarmeter
- Microns -

below 0.4
0.4 - 0.6
0.6 - o.ei
0.8 - 1.0
1.0 - 2,0

above 2,0

TABLE IV

Filtering Efficiency®¢ by Particle Size
for Each of Several Air Sampling Media

- FLOW RATE 20 FEET PER MINUTE

Whatman #1 whatmon #L, ° Whatman #41 Whatman #L2 MSA Type "S"

57b. 23b. 23b. 9gb. L8be
58. 32, | 28, 97. L7.
69. 38, bh 98. 7.
%2. 9. e 993 o2
95. . 0. 9.8 9.
100. . 0. . 100, 100, 100,

8.5pfficiency for.particle retention in per cent by count.
Particles above O.4 micron diameter collected by high-
speed cascade impactor, -

b.DOP smoke value used for particles below 0.4 micron dia-
meter.

0).T-TISVA
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TALE Y

Life Tests - Change of Pressure Drop Acrooss Alr Sampling Fedia with Operating Time

Flow hate Running
Linear Feet Tine- AL W3

HY 70 " Hurlbut ‘ Shatman Chemical Fllter Papers 's&s Vembrane filters - m: Yinersl Filters " Approx.
o fer_Vinute  Hours f1 £6 9=l 18ril  Glass Paper f1 fU&

2zt

OLT-HESYM

F2 FL0 L) AL FL2 AL #5004 “HA® AT Glass=asb, Alt-Slass &ﬁpﬂ"" Pust losa
. ~ 0 072 0.2 0.95 1.05 0.9 1.9 048 7.0 245 035 0.5 8.5 80 9.5 035 sS4 2.) 0.7 0.7 0.17 ~
T _ 2 om 0B L1 12 1.0 5.2 0.80 945 5.7 L2 0.85 26 165 2 045 5.3 2.3 0.1 o7 - o7 gl
i 07 075 e 128 1.0 6.2 1.15 1.9 6.85 1.5 185 - - - o8 55 28 o7 0.7 0.2
' 120 0.85 0.8 14 14 - 11 7.3 2.3 12.8 82 215 33 - . = = L8 ST 2 o8 - 0.7 0.2
'; E 192 0.85 0,9 1.55 . 1.7 1.1 . 8.0 3.2 - 9.0 2.7 4.5 . - - - 2.6 5.9 ) 2.6 0.9 .13 . 0.22 -
- : : .
p 268 0.95 1.0 1.8 1.95 1.2 8.5 3.9 - - ‘3.35 5.8 - - ' a 3.1 6.4 . 3.0 . 1.0 0.83 0.2% 3’
B P& 100 105 L9 2.0 1.2 - &1 -~ 39 - - = = 348 87 34 1.2 0.65 0.25 3
i e 1.08 1.0 1.9 2.0 1.25 - 415 . - - 4.0 - - - - 3.5 7.1 3.1 - 1.2% .95 0.25 'E )
) ! R Y ) 1.05 1.1 L9 2.1 1.25 - k.25 - - . k3 - - - = ‘ ).55:4 .1 '3.2 - 1.38 . -o.8% 0.23 ;
: . H
A:.' ’ ' . . . : . g
s Jest Continued u: 26 FPU | Gont'd at § FPY Gontinved st 28 7PN L.
“i T 0 56 615 1.0 1.7 2.0 81 3.2 7.6 875 1.2 S
Wi M A 58 63 s 121 . 7 SN XIS BT 7.9 o7 1.2
Ve A8 B 6.6 126 L2 7.4 Loss 32 e 3.0 1.2
fometede T gs e - - 7.6 D oass 3a - 5.23 1.25
120 7.0 7.4 = - Y * ( 8.8 3.4 - 3.6 .33 v
5 ' Figures show pressure émp in inches of wvater, s -
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Menuf acturer

“¥aterial Type or No. er Source
Chemical 1 W. & R, Balston
Filter L Ltd., England

_ Papers 32 : :
40 '
g 4L ‘
oy
£ L
50
540
StS 604 Schledcher &
Schuell Co.
Membrane THA" Lovell Chemical Co,
Filters HAAM
Ultra Filter S & S Co.
membrane type
HV - 70 9 mil Hollingsworth &
‘18 mil Vose
1 ‘ "'
MSA . ws Mine Safety

Glass Paper -

AEC Mineral Asbestos
Filter Glass

Appliances Co,

Hurlbut Paper C&.

Hollingsworth &
Vose

Arthur D, Little,
Inc.

TABLE V]

Some General Properties of Air Sampliﬂg Media

Thicknesab

Ach Content
Grems per Gcm

Diamcter Circle

Inches (unlecss other, stated)
.008 ©.00039 '
.008 .0005

.010 .00022
.010 00009
.010 00009
007 00004
010 . 000064
.008 ; .000051
005 S ,00016
006 | low ash
.oo8 0002

005 1.5% :
.005 1.5% -
005 - :
.009 ug
.018 uz

* 040 1.3% :
.010 958

00 ng
.CBQ 13%

.030 95.0%

. 4030 95.0%

Descriétion .

White cellulose papers

of various grades,

Noﬁ. thO 50, & 5‘&0
are hardened papers.

Parous cellulose ester

£3lms,

Asbestos bearing cel-

lulose base paper, |-

!

S
" Molded cellulose ~
* concentric convolutions

. Fine glass paper -

resin binder,

Felt-1ike paper as-
bestos & cellulose *

Glass & asbestos,
All-Glass
Both with resin

" binders,

" Present Application'

in Air Sampling

Tests depending on
discoloration or
change in light
transmission.

Analysis of parti-
culate by destrue~

tion of medium,

Particulate counts,
ident ification. by
microscope, "Final
" stage" for impacter
< counting.

General air assay &
radio activity moni-
taring.

High volume air
sampling.

High efficilency par-
ticulate removal,

High efficiency par-
ticulate removal,

High efficiency par-
ticulgte removal.

OLY-HSYM

€2t
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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;xlta - Range
o T AP In. of Mater- Penet, AP In. of Water- £ Pemst. Testedl.

1 T8 o o 9.5-12.8 : 2.2,
D P TP S
o2 T 38. 0.35 38. = LS.  +008 - 0.35 ‘_.1
Lo S T W |  13.-1'5. -1 2
wm a0 R 20- k2 L9i =TS n
an o _é.? % 21 16e-g2 2

L2 ' L5.5 022 e = 55, o0 - .9' 4

hh Lo, o 0.5_. 40, - b8, 0025 - 05 1

50 B 09 T -6l 03 -2 2

1Thrqe samples tested in each box. - _ , ‘
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SURVEY OF AIR SAMPLING MEDIA AND SAMPLING METHODS

USED AT A.E. C. AREAS AND BY OTHERS

"By W. J. Smith, A. D. Little, Inc.

o At the A.E.C. Mr Cleaning Conference held at Ameé, Towa, Septeﬁber 15-17,
y 1952, it was agreed that a survey should be made to assemble and summarize in- |
bformatlon on a1r sampllng media and sampling methods used by groups doing air
assay wo;k. This survey was to include both A.E.C. areas and others.,

The survey was conducted by queétionnaire, and an'eicellont and higply
'1‘cooperative response was received. A fund of inforﬁation has resulted Uhich
| should be of real value to all engaged in air cloaning and in the study of air-
- borne particulate matter. i ' |

An effort has been made to show in a single chart all of the essential in-
formation supplied by the survey. A copy of the chart is inserted at end of
report "For the most part it is Belf—explanatory.

Across the top of the sheet are given the laboratories and installations
along with the media favored at each site. In some cases several media are
used to meet different needs,” and this fact is shown..

. The side headings repreoent the varioﬁs questiorns that were asked in the
survey. Many of these required only a ﬁyes" or "no" reply; others needed more
detall, Where an essentlal plece of information was too lengthy to fit into the

. chart body, it is ghown as/a footnote.

e
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Organization or AEC Area

Ad1 Sampling Equipment Company
Anerican Cyanamid Company
. Idaho Reactor Testing Sta.

. Chemical Processing Plant

Ames Area Office, AEC
Jowa State College

Argonne National Laboratory
Radiological Physics Dive

Battelle Memorial Institute

‘Brookhaven National Laboratory
Health Physics Division

Depts. of Physics, Chemistry,

Nuclear Engineering and
Medecine

Brush Beryllium Co.
Cleveland Plant

Lucksy Plant

3

“Harshaw Chemical Company

~Vitro Manufacturing Co.-
Health and Safety Div.

~ California, University of

' AEC Project

Contract AT-O4-1-GEN-12

Radiation Loboratory

Califorria Research & De=
velopment Company

Livermore Research Labe.

'Carbide and Carbon Chemicals Co.
Paducah Plant '

Y-12 Area

K-25 Area, C & CCC

[ XXl EL]

_ Cleveland, Ohilo
. Idaho

snee
tooe
eore

WASH-170

QUESTIONNAIRES RECEIVED

lLocation

Ames, Jowa

Illinois

" Columbus, Ohio

New York

Cleveland, Ohio

Luckey, Ohio

Cleveland, Ohio

_LOS'Angeles, California

Los Angeles, California
Californla

Paducah

331

Tndividual

William L. Wilson

R. E. Hayden

'Allan P. Skoog (Dr.)

" Je Ee RbSe

S. Chapman

~Lee Gemmell

"F. R. Wolowicz

F. Re wolOWiCZ

Ao J. Stefanec

E, A.'MCCabe

" Robert J. Buettner

M. D. Thaxter

Re Ce Thorburn

"Re . C. Béker

Edward G. Strusness

- Js C. Bailey
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Organization or AEC Area

Chaney, Albert L. Laboratory

Columbia University
. Central Aerosol Lab,.

_Dept; of Chemical Eng.

Connecticut State Dept. of

Health e

.Bureau of Industrial Hygiene
Industrial Hygiene Lab.

Dow Chemical Company
Rocky Flats Plant

General Electric, ANP, Evendale

Industrial Hygiene Foundatioen

for America, Inc. C

Mellon Institute

Johns-Manville Research Center
CWS Contract (not commected
with AEC) :

Knolls Atomic Power Lab.
Health and Safety Unit

LOS Alamo.: S\zientific Labo
BE-1 Radiological hon1toring
Section of H Div,
Santa Fe Operations Office

L

Massachuéetts, Comnonwealth of Mass,

Dept. of Labor & Irdustries
Division of Occupational Hygiene

Monsanto Chemical Co,.
Mound Laboratory

National Bureau of Standards
U.S.Dept. of Commerce
Heating and Air Conditioning

Section

Natlonal Lead Company of Ohio
Fernald Area

¢
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Los Angeles, Califorhia o

New York, New York

New.York, New York

Connecticut

Evendale

Pittsburgh, Pennsylvania

Manville, New Jersey

Los Alamos, New Mexico
Los Alamos, New Mexico
Méssachuseifs
Miamisburg,’ohio'

Washington, D. C,

Ohio

.
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Individual

Stanley R. Hall (Dr.)

Prof. V. K. LeMer

" Arthur Humbhrey

Allan L, Coleman

Martin
C. L. Hemeon

David Sinclair

L. Jo Cherubin
Re Z. Bouton

Dean D. Meyer -

H. F. Schulte
Ed Hyatt

urHervey B. Elkins |

Je E. Bradley '

R. S. Dill

Re C. Heatherton
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nggbizéiignﬂor AEC Area Location
National Reactor Testing Station S -
UIS.A.E.C. " T

Health Physics Division
U.S. Weather Bureau O0ffice

North American. Aviation, Inc. N .
Atormic Energy Research Deple ‘
0ak Ridge National Laboratory ‘ S -
Health Physics Division
Phillips Petroleum Co. . Idaho Fblis, Idaho
Materials Testing Reaction f L
National Reactor Testing Statlon -
Roches£er, University of © New York
 Atomic Energy Project o
Savannah River Plamt B T -
duPont Health Physics Depte o .
Stanford Research Institute . Stanford, California
Sylvania Electric Products, Ince _ . Bayside & Hicksville,
' ‘ . . Lomg Island
" Westinghouse Electric Corps ' L -

Atonic Power Division
Industrisl Eyglene

ebuae
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Indiviaual

Po Griffiths
" Co W. 8111

Paul A. Humph}ey

" Alan A. Jarrett

D.M. Davis

| _JeHe MCCasliri

. Robert H. WilSon

CoM. Pattersoﬁ

Konrad.Semrau_.

Robert P. Gleason

Paul Re BOlton
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EVAIUATION OF THE KAPL, SEPARATIONS PROCESS STACK EFFIUENT

PRI o By J. J Fitzgerald GE, KAPL
ABSTRACT

The KAPL Separations Process stack effluent is e&aluated. The adequacy and
the effielency of all the sampling instruments are determined, The size of the

- particles entrained in the stack are studied under both the light and the elec-
tron microscrope, The mean particle size is less than 0,05 microns. Autoradio-
graphs ef the particulate material indicate that the majJority of the activity is
deposited on these sub-micron particles.

' Chemicel separations of the material deposited on the Hollingsworth and Vose,
B-70 filter papers &nd the ceustic scrubber are made. The rare earths comprise
the lsrgest portien of the particulate activity while Ru- 106 is given off in

‘pelatively larze quantities during the Head End Operation, :

The relative percentages of the activities given off during the most impor-

“{ant phases of the Separations Process are tabulated., The KAPL stack effluent is

then gvaluated on the basis of the MPC recommended in the Bureau of Standards

Handbook 52,

33k | _ WASH-170
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_EVAIUATION OF THE KAPL SEPARATIONS PROCESS STACK EFFLUENT

An evaluation of tho KAPL stack effluent from the operation of the gcpara-
tions process was conducted; to determine the environmontal and biological ef-

- fects of the Pilot Plant operations, to establish maoximum permissible limits for
discharge of the effluent to the atmosphero, and to determine whother more
siringent control of the discharge of activity would be required at higher (gm

~ Pufton U) oporating lovels.

: The elr monitoring and air cleaning eystem for the separations process

operations is schematically illustrated in Figure KE-9A2403. This stack is ap-

_ Pproximately 100 feet high end 3 feet in diameter. The gaseous and particulate
material emanating from the separations procoss is passed through a caustic

- scrubber which takes out somo of the volatile components while the CWS-6 filters
are over 99 per cent efficient in the collection of most particles. The stack
effluent is sampled at the top of the stack after it has been diluted by a fec-
tor of approximately 103 by the room air. At distances from the stack, constant
air monitors are located in selected sites to check the radioactive concentrations
at verious points near ground level. Vegetation ssmples are collected and ena-
lyzed on a regular schedule to evaluate the accumulation of radicactivity on the

vegetation. S

The eveluation of the stack effluent required the knowledge of; tkhe total

- activity discharged, the particle size distribution of the activity discherged
from the stack, the isotoplc composition of this activity, and the dispersel of
the radiocactive material from the stack, Each of these requisites will bo dis-

‘cussed briefly. e - : :

- TOTAL ACTIVITY

. The determination of the total activity discharged from the stack involved
the investigation of; the adequacy of the saumpling units, the efficiency of each
of the sempling units, representative sampling, and the absorption of alpha and
beta activity in the filter media. _
‘ As illustrated in Figure KH-9A2403, the sampling eystenm consists of a fil-
‘ter unit to collect efficiently the entrained particulate material followed by a
- caustic scrubder to collect such radicactive componente as ruthenium end iocdine
‘Which mey bo readily volatilized, This sempling system was considersd adequate
“since it collects or detects a portion of the Tredioactivity ~ discharged =
Tfrom thé otack with a known efficiency. The efficlencies of the Hollingsworth .
Tand Vose, E-TO filter paper were determinod for a particle demsity of 2.7 gz/cmd

.-

i

!” over a wide renge of particle sizes and lincar face velocities, At an operating
face velocity of approximately 5 cm/sec the H-70 filter paper wes 97.7 per cent

. for 0.2 micron particles. Tho efficiency of the caustie scrubber shown in

Figure KZ-1104414 was determined for a varioty of flow rates, quantities of berl

saddles end of coustic soluticns. In tho range of operating flow rates the ef-

ficlency was 95 per cant for the collection of volatile ilodine. IR

Isokinetic sampling was considercd sinco it is not only necessary that the™ 7~
monitoring syctca bo edequate but that the sample taken be reprosentative.
~ Although the system was designod for isokinotic sampling, particle size analyses

!

i
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* mado tho nood for tho balancing of tho sampling and atack linocar flow rates loos
stringont.

Absorption studios of theo alphn and bota fission product activity of the
entrained particulate material collected in tho H-T0 filter papers revealed av-
erage absorptions of 55 and 25 poer cont for the alpha and bota activitiea, re-
apectively

-+ PARTICLE SIZE DISTRIBUTION OF STACK EFFIUENT

Since the stack effluent due to separations operations is composed of a
heterogencous mixture of entrained radiocactive and non-radioactive particles,
the particle size distribution was studied in relation to the physical size of
the heterogenoous mixture of the particles, and in relation to the radicactive
“distribution. - N

The molecular filter paper was used as a filtering medium to collect a
representative sample of the stack effluent. This type of filter peper was
_ chosen for its efficiency in the collection of submicronic particles and ease in
detecting particles in the same medium under the microscope., The particle size
distribution during vaerious chemical operations of the Separations Process are
illustrated in Figure KH-9A2354, The data reveal the abundance of sulmicronic
particles end the similerity of distributions during various phases of the
chemical process. A geametric meen of 0.2 micron in each case is readily ob-
served when the data are plotted on log-probit paper as shown in Figure KH-9i235L4.
An averege of 10 analyses during all phases of the process as shown in Teble 1,
indicated a geometric mean of 0.2 micron and a standard devietion of 2.7. Sixnce
the limit of detection with the light microscope is 0.1 micron, it was felt at
the time tbat the true gocmetric mean was less than 0.2 micron. This feeling was
later substzantiated by electron microscopic analyses of the filter semples and
by autoradiographic studies of the radicactive particle size distridbuticnm.

TABLE 1 oo

_.. SIZE DISTRI1BUTIONS OF PARTICULATE MATERIAL

Repetitive Separations  Gecmetric Mean,

Run Operation - microna Stendard Deviation
1 " Diesolving ’ 0.2 2.5
1 Diesolving .2 - 3.1
2 Dissolving C .2 2.9
2 Dissolving . 2 2.7
3 Dissolving ' T2 2.6
3 Dissolving 2 2.6
L Eead-End .2 2.5
- L EBoad-End W2 2.3
L Extraction . .2 2.9
5 Extraction .2 2.4

The modifiod caccede impactor with a molecular filtor paper in ths fifth
8tage was used to determine a relutionship botwoon particlo size and activity.

4
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Even with flow rates of 34 l/min through tho impactor, ncarly all of the activity
was deposited on the moluvcular filter paper, indicating that most of the activity
was composed of or deposited on sub-micronic particles.

- Autoradiographic techniques were investigated to determine further the re-
lationship between particle size and radiocactivity. A stripping film technique
similar to the methods employed by la Riviere* and Boyd** indicated the presence
"of many sub-microscopic particles and the need for electron microscope studies,

Samples were analyzed under the electron microscope at the General Electric
Research Laboratory. Silicon dioxide was evaporated on a small section of the
Millipore filter, under a vacuum of 0.1 micron of mercury. This section of the
-filter paper was then dissolved in acetone. Upon hardening, the silicon retained
an impression of the surface structure of the filter and served to hold the
sample particles in position, - The electron micro-graph of an unexposed filter
paper uwced for control purposes is shown in Figure 1121212, The surface of the -
Millipore filter paper under a magnification of 15000 1is seen in this electron
micrograph. The electron micrograph of a portion of an exposed filter paper
which had a geometric mean and standard deviation under light microscope studies
similar to those previously indicated, is illustrated in Figure 1121213, The
. number of particles in the range of 0.01 to 0.05 micron are far in excess of
those greater than 0.05 micron. The true geometric mean, then, is closer to
- 0,05 micron than 0.2 micron as determined- under the light microscope.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS DISCHARGED FROM PILOT PLANT STACK

Enowledge of the isotopes contribultling to the diacharged radioactivity was
- an important requisite in thils investigation. " The blological effects and con-
sequently the maximum permissible concentrations depend not only on the level or
radiocactivity, but also upon the body metabolism of the elements that comprise
the activity. To determine the meximum permissible concentration that may be
discharged from the Pilot Plant stack, the activity was isotopically analyzed
during all phases of the separations process for several repetitive runs.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN®THE PARTICULATE FORM

. The isotoplc composition of the radlocactive perticulate components precsent
in the effluent was determined by radiochemical aenalyses of the Hollingsworth
and Vose, type H-70, filter papers. These filter papers ere used as the particle
collecting media in the health physics stack monitoring system.

Radiochemical anelyses of the filter paper samples collected during all
phases of the separation process revealed that the redloactivity emitted from
the Pilot Plant stack in the particulate form was composed of the rare earths,
ruthenium, zirconium, niobium, barium, strontium, and iodine.

#¥USKRDL- 3&2 "An Autoradiographic Method of Detecting and Identifying Bota-
Active Particles in a Heterogoncous Mixture," by Philip D. laRiviere and Stophen
K. Ichiki, April 1952,

**UR—¢O9, "ctrjpninu Film Techniques for Histologicel Autoradiographs." by
Georgo A. Boyd and Agnos Williems, May 1948,
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During the initiul analyses of the stack effluent, separations process
operations without variation in procédurcs were repeatod. These pProcecoses were
called repetitive runs. Tho rolative proportions of beta-gamma emitting radio-
isotopos discharged in the particulate form during each of the chemical opera-
tions for seven repetitive runs and several non-repetitive runs were analyzed.
An analysis of the third repetitive run is shown in Figure MH-9A8127. The rare
earths predominated throughout nearly all of the operations, representing from

approximately 50 to 80 per cent of the particulate activity during the dissolv-
ing end extraction phases. Ruthonium-106 contributed the greatest portion of
the particulate activity during the head-end operations and, in most instances,
exceeded the rare earths* during the first part of the dissolving and latter part
. of the cake dissolution oporations (the third repetitive run shown here was an
exception). Tho cake dissolution operaticn usually tekes place following the
extraction cycle but it 1is physically a part of the head-end. Niobium was
enitted in varying amounts during all operations, represcnting from less than 1
per cent to approximately 50 per cent of the particulate activity. Zirconium
represented less then 10 per cent of the activity during all operations except
the cake dissolution. During the cake dissolution zirconium reached a maximum of
- 20 to 25 per cent of the particulate activity. OStrontium contributed from ap-
- proximetely 5 to 20 per cent of the activity during nearly all of the dissolving,
extraction, and cake dissolution operations of the third and fourth repetitive
runs. The strontium component was as high as 40 per cent during the extraction
cycle of the fifth repetitive run.

The relative proportions of the particulate fission products discharged
during 5 repetitive and 2 non-repetitive runs are listed in Table 2,

The rere earths end Ru-106 composed the largest portions of the total per-
“ticulate activity during repetitive and non-repetitive runs, The per cent rare
earth particulate activity in the stack effluent appears to be reduced signifi-

" - cantly when the cooling time of the slugs are reduced from 95 to 85 days., Some

variations in the isotopic percentage of actlivity discharged, however, are at-

tributable to the veriation in the decontamination factors obtained during dif-
ferent runs. During the dissolving, head-end and extraction operéuions, on the
- average, 5, 85 and 10 per cent, respectively, of the total particulate activity
was discharged. ' ‘-

ISOTOPIC IDENTIFICATION OF VOLATILE MATERIALS IN STACK EFFLUENT
‘ The total volatile activity, excluding the radiocective noble gases, col-
lected in the ceustic scrubber comprised less than 1 per cent of the total ac-
tivity discharged from the stack durlng all repetitive and non-repetitive runs.
Anslyses of the contaminated ceustic solution revealed varying percentages of
I-131 and Ru-106 collected in tho scrubber during operating phases., The volatile
componenta Kr-85, Xe-133 and Xe-135 detected by the constant air monitor con-
" prised the majority of the activity discharged from the stack, Detail analyses
of the percentago composition of these volatile materials during phﬂses of the
separations process cre given in KAPL-81L and KAPL-863. . .

#KAPL-814, Semi-Annual Progress Report of Rediological Development Activ-
ities Iin the Health and Safety Unit, Jan,~June 1952,
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TABILE 4

MAXTMUM PERMISSIBLE CONCENTRATIONS IN ATR AND STACK EFFIUENT

' Max. Percentage in MPC in Air, MPC in Stack,
Isotope ' - __Stack Effluent ucfcc ' pefee
: Beta-Gamma e o
Kr-85 + Xe-133 + Xe-135 \ - 99 . y x .10’6** (body) - b x 107%
Rare Earths & Y-91 ,. -11+ T x 10-9% (bone) © 5x 106
Ru-106 | 20 3x10°%  (xaney) = 2x 1070
Ru-103 o | 50 -2 x 107 (Kidney) 4 x 100
sr-89 o -1 " 2x 108 (bone) - 2 x 107%
2r-95 1 1 x 10°8%* (1ung) 1x 107
No-95 | b 4 x20"™  (bome)  1x 1073
Ba-140 a1 6 x 10-8*  (bone) <6 x 10k
I-131 1 3x 109 (thyrotd) 3 x 1075
Alpha -
Pu-239 L T 10 2 x 10°12% .(bene) 2 x 10710

*MPC listed in Netlonel Bureau of Stendards Handbook 52.' '
*%}MPC listed in Handbook 52 or calculated using formula in Handbook 52.
L RMPC czlculated using formule listed in Handbook 52,
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\- AEROSOL INVESTIGATIONS

\ : :
FOREWORD

" "H. F. Johnstone ,

Technical Director, Contract AT(30-3)-28 -

Engineering Experiment Station

University of Illinois
Urbana, Illinois

At the air Cleaning Conference at Ames in September 1952, reports vere

v'given by the Illinois group on the fundamental investigations on serosols which

were being studied at that time, The following reports have been prepared by
the members of the research staff to show the status of the current work.

Most of the work on the contract at Illinols is carried on by gradueste
students in Chemical Enginscring. Thesc men are being trained in research
methode and in the epplications of physics and mathematics to aerosol technology.
By working a3 a group, they have the advantages of using standardized procedures
and of group discussions. Of those who have completed their work, several have

.taken positions in university and industrial laboratories where they have con-

tinued their interest in fundamental and practical aerosol problems. Because of
the need for greater knowledge in this field of science in this country, it is
felt that the training of scientists is one of the important contributions, of
the work. . ‘ .

’ All of the work on the project is not supported directly by the AEC con-

"trect. A part of it is being carried on in the regular graduate thesis prograa

in Chemical Engineering. The work of Mr. H. ¥. Kraemer on properties of charged
serosols falls in thils category. During the past year, the Chemical Corrs,
through Contract No. DA-18-108-CML-4789, has expanded the investigation on the
theory of filtretion of very small particles, This work is being carried on by
Dr. C. Y. Chen, a Research Associate in the Engincering Experiment Station.
Since these studies are related to the fundamentel properties of eerosols, they
ere summarized here for the interest of thoase in the AEC who are concerned with
gerosol work. ,

Tnring the year, one phase of the theoretical studies and one experimental
prograx were completed. The results were reported in two technical reports as
follows: . .

"I, The Role of Particle Diffusion and Interception in
Aerosol Filtracion; II. Determination of the Drag on a
Cylindrical Fibor at Low Roynolds Number", Technical
Report No. 8, Serisl No, S0-1009, January 1, 1953; cf.
also errata shoeot issuod with Technical Report No. 9.

WASE-170 3k9
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"Particlo Size Distribution in Hygroscopic Acrosols”,

 Tecbnical Roport No. 9, Serial No. S0-1010, May 1, 1953.

This work was prosented at the Symposium on Fumes and
Miste at tho moeting of the American Institute of Chemi-~
cal Engineering in St. Louis, in December, 1953; the
paper wae published in Chemical Engincering Progress

Syuposium Series,




eee. = ... .. TURBULENT DEPOSITION AND TEE BEHAVIOR Ce e

OF DEPOSITS OF SOLID PARTICLES
.vby

S. K. Friedlander, Research Assistant

. When & gas containing particles flows in turbulent motion past a surface,
some of the particles are deposited even though there is no net velocity in the
direction of the surface. This turbulent. deposition results from the fluctuating
velocity component normal to the collecting area. It occurs in the movement of
eerosols through straight ducts, through diffuser sections, and on any body whose
boundery leyer becomes turbulent when passing through a ges conteining particles,
It undoubtedly contributes to removal in such devices as cyclones and cyclone
scrubbers operated et high levels of turbulencs.

In essence, turbulent deposition 1s a form of inertial removal in which

sudden gusts of fluld move towards the surface, change thelr direction, azd
" thereby cast out the particles which they carry. There is no reel distinction

between this phenomenon and impaction. For example, when a turbulent gas flows
past a flat surlace, the moticn of the eddies towerd the surface can be thought
of a6 & series of impactions on flat plates, for which we have experimentel end
theoretical data. Similarly, a spherical water droplet moving out of phase with
an eddy probably removes particles from the surrounding aerosol by impaction.
The difficulty in a theoretical analysle of. turbulent impaction derives from our
1nability in meost cases to characterize the veloclty and scale of the turbulence.
However, since impaction is the mechanism of deposition, the important parameter

should be the inertial group (2): S e
. ) >-CPP Vb‘w o “ o o
.‘: t w N ESar— dpe
: 18pudg
whero “ C = Cunningham correctioca factor

p, = particle density -

! _ 'vg = oddy veiocity

| d = some characteristic length
# = gas viecoolty

,dp = particle dliameter
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By studying the effoct of these variambles on turbulont doposition, one should at
least be able to correlate exporimental dnta, although prediction of results
from theory is more difficult,

EQUIPWEVT

In order to study turbulent deposition and the behavior of depoaits of
solid particles, the equipment outlined in Fig. 1 was set up. The aerosol em-~

. Ployed was carbonyl iron pcwder (Grade SF) manufacturod by the Antara Chemicals

Division of the General Dyestuff Corporation. According to the manufacturer's
catalog, the mass median diamoter of the particles was 3 microns with a geometric
standard deviation of gbout 1.4, This materiel was chosen because the particles
are quite spherical, casy to sce under the microscope, and easy to disperse.

"Tests disclosed that about 10 percent of the particles were agglcmerates and

most of these were doublets. It has the dlsadventage of a density (7.8 g. /cc )
considerably higher than that of the usual aerosol particles,

The iron powder was pleced in a brass "boat", about 1 1/2 feet long, wnich
was pushed forwerd by a threadsd steel rod of similer length attached to the
shaft of & small 10 rmm. motcr. In this way, the powder was fed at a steady
rate to an atomizing nozzle. In order to remove the larger perticles and in-
crease the homogeneity of the aerosol, & l-inch cyclone was installed after the
atomizer and before the mixing chember leading to the sexpling tube. The aerosol
concentration was determined by pessing a kmown volume of air from the sampling
tube through a Millipore filter (Lovell Cbhemical Co.). The main body of air
passed through a rotemcter and was expelled from the syatem by & Roots-
Connersvills blower,

T™wo sampling tubes have been used up to the present, one 5.% mm, I.D. and
the other 13 mm. I.D. Both tubes were of thin wall Pyrex, and each was ground
et ons point to permit observation of the lnner wall using a microscops with an
o1l immersion technique. The observation points for the 5.% and 13 mm. tubes
were placed 50 and 30 diamsters, respectively, from the entrance, to minimize
entrance effects., In order to rastrict the tests to a Imown particle size, only
those particles with diemeters renging from about 0.6 to 1 micron were counted
both on the Millipore filter (for determining concentration) and on thke tube
wall (for determining deposition), and & mean perticle msize of 0.8 microns was
assumed, S ‘

_ RESULTS

In general, when partlcles deposit on a surface, two steges can be rcecog-
nized, In the first, the individuel eerosol particles scatter about the surface
and, unless the valority is kigh (above 100 ft./sec.), there is little re-
entrainmeut In the second stapge, as a rosult of incrowsed deposition clumps of
particles appear end parts of these may break eway, even at moderate gas veloci=-
ties. Since the firat stage sccmed more amcnable to inweotigation, it has re-
ceived most attention in our exporimental work. ‘

The dopooitlion rate wes cheractorized dby dofining & particle transfer co~
efficiont, k, witk the dimonsions of cm. /min,
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k = N/c

where - N = deposition rato, particles/(cm.a)(min.)
¢ = particle concentration, particles/cc.

I . . . . . - o -
A plot of this coefficient as a function of velocity for both experimental tubes
is shown in Fig. 2. The data for both tubes fall essentially along the same
line. Most evident, however, is .the extreme effoct of increasing velocity on
" the transfer rate which is proportional to V2. The cause of this extrcme veloc-
* 1ty dependonce is not certain although e somewbat similar effect is found for
impaction on flat plates (1). In passing, it should be noted that at the very
high velocity (180 ft./scc.) in the smaller tube, 2.5 percent of the particles
were removed per inch of duct length. )

larger particles (those ebove 2 or 3 microns) appeared to have a greater
tendency to deposit than the smaller sizes and this tendency would be predicted
from the impaction meschenism; howevoer, the larger particles are also reentrained
considerably faster since they project into the higher velocily regions of flow.
Thus at hignh velocities, the initial deposit consisted mootly of smaller parti-
cles. This effect has also been noted by RmeP (3).
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COLLECTION OF AEROSOLS BY FIBER MATS

by

James B, Wong, Research Assistant

A major cless of aerosol filters consists of beds of individual fibers.
The efficiency of collection and the pressurc drop are the important practical
- considerations in the design of thesc fibrous filters. An understanding of the
mechaniems by which the particles ere collected on isolated cylinders and the
flow pettern eround the cylinders is fundamental in the design. In view of ths
several mechanisms of particle collection, it is best to investigate them in-
“dividually, In the present work, emphasis is placed on the mechanism of inertisl
impaction. This mechanism takes place when e particle approaching e fiver
crosses the streamlines because of its inertia and strikes the surfece of the
fiver.

-The work is divided into two parts., Part I deals with the impaction of
aeroscl particles on single cylinders (metallic wires) with axes perpendicular

" to the direction of the aerosol flow, Part II deals with the collection effi-

‘ciency and the pressure drop of fiber mats.

" PART I. IMPACTION ON SINGLE CYLINDERS (METALLIC WIRES)

The theory of impaction of particles on circular cylinders with their exes
perpendicular to the direction of flow has been studied by Sell. (12), Albrecht
(1), Lengmuir and Blodgett (9), Lendahl end Herrmern (7), and Davies (3). Devies
" indicates that the efficiency of inertial impaction should be a function of the
inertial parameter ¥ and the Reynolds Number based on the diesmeter of the cylin-
der. Albrecht, and Langmuir and Blodgett predict on theoretical grounds that a
critical value of ¥ exists below which inertial impaction does not occur.

" Albrecht gives 0,09 whercas Langmuir and Blodgett give 0.0625 for the critical

value. The other authors do not indicate such & critical velue.

- Since experimental verification of tho theoretical conclusions is lacklng,
the present work was undertaken with the purpose of ascertaining the correct
function of the efficiency of inertial impﬂction and the oxistonce or non-
eliatence of the critical value of ¥

‘One-mil and 3-mil platinum.w;res and 2-mil and 4-mil tungsten wires were
used as the circular cylinders, The averege diameters from measurements under
the microscops, were 29.0, 82.6, 53.1, and 105.7 microns, respectively, with a
waximum deviation from the average of less than 9 percent, Homogeneous sulfuric
aclid asrosols were used In the exporiments. The serosols were generated with a
condensation asrosol gonerator similar to that used by Sincleir and IaMer (13)
The perticle sizes wers measured with a calibrated Owl (\o G-2) obtainoed froam
the U. S. Army Chemical Corps. The acld concentration of the aerocsol was de-
tornmined by collecting a woigheble quentity of the partlcles In the cup of a
high velocity impactor (11) and analyzing tho contents of the cup by titrating

356 ‘ ‘ WASE-170
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with 0.1 N oodium hydroxido solution.

Tho experimontal procedure included genorating a homogeneous sulfuric acid
asorosol of tho desired particlo sizo, Impacting the aorosol particles on the
" wire which was perpendicular to the direction of the aerusol flow, collecting
the remaining particles in a glass fibor filtor train, end enalyzing the amount
of acid collected on the wire, In order to collect enough acid on the wire for
accurate ansalysis, a brass drum which could be rotated was attached to the top
of the impacting nozzle and about four feet of wire was unwound from the drum to
pass through the nozzle during a run. The wire, after being exposcd to the
aerosol at the nozzle throat, was passed down into an 8-mm, Pyrex glass tube,

At the end of the run, conductivity water was used to wash off the acid particles
impacted on the wire and the quantity of acid was determined by measuring the
concentration of the wash solution with a precision conductivity bridge and dip-
cell which accurately indicated concentrations as low as 10-6 N. From the quan-
tity of acid impacted on the wire and the total amount of acid in the aerosol
passing the nozzle, the efficiency of impaction could be calculated.
. Figure 1 shows the experimental impaction efficlencies on the four wires.

" The range of variebles represented are: , dlamster of aserosol particles, 0.56

“to 1.40 microns; Vo, velocity of the aerosdl stream passing the wires, 400 to
5100 cm. /sec.; and Reynolds Number (Npe = D¢ Vof@/H) based on the measured wire
diarceters, 13.0 to 330. The density of the sulfuric acid particles, Pp, was
substantially constant with an averege of 1.48 g./cc. C is the Cunningham cor-
_rection factor and U4 is the viscosity of the gas.

In the ranges of particle diemeter and aserosol stresm veloclty employed in
the experiments, collection due to the Brownian diffusion was negligible, Col-
lection by electrostatic forces was improbable since both the aerosol particles
- and the wires were uncharged. Gravity settling should also be unimportent with

. the wires in the vertical position. The collection due to interception wes esti-~
mated to be less than 10 percent of the totel collection in all cases, and thus
had very little effect ou the shape or position of the resulting efficiency
curve. The curve drawn through the points in Figure 1, therefors, represents
the experimental efficienciles of inertial impaction.

- The experimentel curve is S-shape, characteristic of the inertial imp&Cuion
mechanism on surface end body collectors. It indlcatés & critical value of V¥

of epproximetely 0.25, below which impaction does not occur. At high values of

- the inertiel parameter, the curve appears to be asymptotic to the value of 77 =

. X. The accuracy and rollebility of the results depend largely on the homogenelty

of the particle size snd thoe accuracy of the particle size measurements. The

impaction efficiencies were reproducible in terms of ny, in view of the tén-

fold variation in veloclty, the three-fold variation im particle slze, and the

insensitivity of the Owl for detecting small veristions in the particle size,

Comparisons of the data for the two platinum wires show that the higher the
Reynolds Nuzber, the higher is the impaction efficlency for the same valuc of
the inertial paremoter. The.same observation can be made on the two tungsten
wires, Tris egrees with the theoretical conclusions. Comperison of ths data
for the l-mil platinum wire with those for the 2-mil tungsten wirae, and the data
for the 3-mil platinum wire with those for the L-mil tungsten wire, however,
show opposite effects of the Reynolds Number, i.e., tke impaction efficiencics
on the 3-mil wire at lower values of the Reynolds Nucmber ere generelly higher
than those on the 4-mil wire for corresponding value of Y¥ , The explanation of
this 18 not epparent. When these wires woere ooserveu.undor the microscope, it
wvag noted that the surface of the platinum wire was much smoothor than tliat of
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the tungsten wire. Poosibly the acrosol particles adhere to the surface of the
platinum better than to the tungotcen wire,

. Figure 2 18 & plot of the expcrimental inertial impaction efficlency curve
togother with the various theoretical curvos proposed., The experimental curve
agroes closely with that calculated by Landehl and Herrmann based on Thom's
flow lines for the Reynolds Number of 10, up to V¥ = 1.4, For values of vV
betweon 0.4 and 1.2, the data indicate impaction efficiencies somewhat smaller
" than those showp by the curve of ILangmuir and Blodgett and considerebly smaller
than the values of Sell, and of Albrecht. This is to be expected since the
~ curves of Langmulr and Blodgett, and Albrecht were basod on the potential flow

«of an ideal fluid, and that of Sell was based on an observed flow pattern ob-

" tained at large values of the Reynolds Number on & 10 cm..cylinder. ©No compari-
sBon can be made with Davies' theoretical curve since it was based on viscous
flow at a Reynolds Nuzber of 0.2, far below the range attainable with the method
used in the experiment

For velues of V¥ greater than dbout 1.4, the experimental efficiencies are
‘higher than those according to the curves of Langmuir and Blodgett, and Landahl
and Herrmann, The reason for this discrepancy is not entirely clear. One point
. to be noted is that, for high efficiencies of inertial impaction, i.e., effi-
- clencies approaching unity, the particle trajectories must be nearly perallel to
the direction of flow end the particles must cut across the streamlines upstrezm

"' of the wire where the streamlines begin to spreed. In step-wise calculations of

particle trajoctories, it is not practicsl to start the calculation more then a
fow diemesters (of tho collector) upstream, It is possible that errors introduced
by this could cause the calculdted impaction efficiencies in the high efficiency
rengos to be lower than the correct ‘values,

' The critical value of v ¥ at approximately 0.25 shown by the experimental
{mpaction efficiencles agrees with the wvalues of 0.3 and 0.25 explicitly stated
by Llbrecht, and Langmir and Blodgett, respectively. The curve of Iandshl and
Herrmann also implies that the efficiency of inertial impaction is negl givle &t
the value of V¥ less than O. 25. : .

PART IT. COLLECTION EFFICIENCY AND PRESSURE DROP OF FIBER MATS

. The theory of the collection of particles on fibrous filters has been

studied by Albrecht (1), Langmuir (8), and Davies (3). Albrecht's theory is
based on the potential flow of an ideal fluid, a condition very different from
viescous flow which ordinarily takes place in these filters. ILangmuir's theory
takes into account only two mechanisms of collection, Interception and Brownlan
diffusion. The experimental date of LaMer (£), and Remskill and Anderson (10)
show that the mechanism of inertiel Impaction also plays an important part in
the collection efficilency of these filters. However, thsse authors have not
evaluated this mochanism quantitatively. Davies' theory takes into account all
of the mejor mochanisms of particleo collectlon., He proposod an cquation derived
on theoretical grounds for the efficlency of the fibers fn tho filter. The
Present work wes conducted with tho purpose of evaluating quantitatively the
mochanism of 1nercial impaction.

Prescurc drop aecross fibrous modla has beon studied on the basis of the
hydraulic radius concept of Kozeny (5) and Carman (2). Davies {3) studied the
Problem by dimensionsl analysis. Iborall (4) and Langmuir (8) derived theoreti-
cal equetions for the pressurc drop., The conclusions of these authors are not
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in godd'agrccmcnt Another obJect of the presont work was to test tho proposod

equetions experimentally. _
) By assuning (a) all fibers in the filter mat are perpondicular to the di-
roction of flow; (b) the fibers do not interfere with each other; and (c) the
ends of fibers have negligible effect, the followlng equations have been derived
for the collection officiency and the preasurc drop of the fiber mat

‘ (han)
7 mat = 1'- (Ny/N,) =1 -e \7Dg/

(1)

205 @ hep _ R L
-y . APs= ' _ i : (2)

s 1 7 ﬂDf

where
M mat = collection efficlency of the fiber mat
Np/No = fraction of particles penetrating the mat

@ = fiver volume fraction, i.e., volume of fibers per unit
volurne of mat

- i

diemeter of fibers in the mat

L=
H
i

b = thickness of the mat
p = density of thoe gas
| Vo = voluzstric velocity of the serocsol straam.paésing ﬁha-mat
. n = total efficiency of the single fiber a

- Cp = drag coefficient on the single fiber

In ectual fiber mats, none of these assumptlons 18 completely Justified, The
approach followed in the present work was to usc the cquations as beses for cor-
relating the exporimental dnta, incorporating all of the effects which were not
already teken into account as an effective fiber efficiency, Mg, and an effective
fiber drag coeflicient, Cpg, instecad of 7 end Cp in the cquaticns,

Tko fiber nats L”“d in tho present work werae formod from three typos of
glass fibers medo by Glass Fibers, Inc., Toledo, Ohio, unbonded "B" fibers, "L50"
yarns, and "150" yerns. Tho diomoters of the fibers woro measured under the mi=~
croscope and werc found to average 3.51, 6.24, and 9.57 microns, respoctivoly.
The mats wore formed by Arthur D. Littlo, Inc., Caxbridge, Massachuseits. Four
bulk densities of approximately 1.0, 1. 3, 1.6, ard 2.0 g. /uc were formed from
each type of fibor, Tho thiclkness of tho mats renged from 0.13 to 0.22 cm.

Most mats wore uniform after tho binding agent bad boen burned off.
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The experimontal procoduro was similar to thrt followed on the impaction o
single wires., The aorosol was dirccted to pass the mat which was placed in a
Iucite holdor with tho mat faco porpcndicular to tho direction of flow and tho
~ prossure’ drop was mecasured by mcans of inclinod end ordinary manometers, The
collaction efficiency of tho mat was calculated from tho quantities of acld col-
lected on the mat and in tho filter train following tho mat as determined by
titration with standard sodium hydroxide soclution and by conductivity measurc-
ment. . .. . o . ..
Figure 3 shows the experimontal collection efficiencies. The ranges of
variables ropresented are: diamoter of acrosol particles, 0.43 to 1.3 microns;
volumotric velocity of aorosol stream pessing mats, 17 to 260 cm./aec./ Reynolds

'Nuzmber based on the fiber diamoter, 0.0k to 1.4; fiber volume fraction, 0.045 to
" 0.098; and thickness of mats, 0.13 to 0.40 cm., The collection efficiency on the
mats renged from 0.04 to 0.998. '

- In the experiments, Brownian diffusion, electrostatic attraction, and grav-
ity sottling were negligible. The best curves for the effective fiber efficiency
through the points at the interception parameters (R = Dp/Dp) of 0.1, 0.2, and
0.3, therefore, represent the total efficiency of impaction, which includes the
inertial impaction and interception efficiencies, and the effect of fiber inter-
. ference, fiber ends, and non-uniformity on the total efficiency of impection.

At YV of approxirmately 0.4, inertial impaction beccomes unimportant and inter-
ception becames the controlling mechanism as shown by tha flattening of the
curves, This critical value of Y ¥ of 0.4 is betveen the values of 0.52 end 0.3
predicted by Langmuir end Albrecht, respsctively. It is greater then the value

" of 0.2 obtained expsrimentally by Ramskill and Anderscn. Filgure 3 showe that

the mechanism of inertial impactlion can be represented quentitatively in terms
- of the effective fiber efficiency, .’ .

Figure % shows the experimental pressure drop data correlated on the basis
of the effective fiter drag coefficient. The renges of veriables are the saxe
a8 thocse described for the collectlion efficiencies since the meesurements were
takeon eirultanecusly. The pressure drop across the fiber mats renged from 0.3
to 30 cm. of weter. The fiber volume fraction, @, has a marked effect on the
effective fiber dreg coefficient, Thoe higher the volume fraction, the higher
the effective fiber drag coefficient. The effective fiber drsg coefficient can
be predicted by reens of a theoretical equatlion based on an idealized mst wita
its fibers equally oriented in the three perpendicular directions one of which
is in the direction of flow and an empirical factor, 1 + 60¢1.8/Npe0.3, This
correction factor agrecd with previous conclusicns in that the drag on the fiber
increases with the fiber volume fraction and the drag decreasss with the
Reynolds Number, Curves for this equation for &« of 0,08, 0.04%, and zero are
shown in the figure. The figure also shows the theoreticsl and semi-theoretical
curves of Kozeny-Carmen, Devics, Iberall, end Langmuir. Calculated for « = 0,06,
the evercge fiber volume fraction in the exporiments, Tke Kozeny-Carman, Davies,
and Langmuir equetions ell predict the effective fiber drag coefificient to be
inversely proportional to the Reynolds Number, i.e., a straight line with a
slope of -1 in thic plot. The experimental data, however, show a definite cur-
vature. This indicates that the equations of these authcrs, while appliceble in
a limited range of the Reynolds Nurher for particuler types of fibrcus media,
are functionally incorroct. Iberall's theoretical equation ("Iberall I" in the
figurs) shows approximately the correct curvature. Tke reason thet his equetion
prodicts too kigh a pressure drop cean be explained on the basis of his errcncous
essunption that the drag fj;co por unit length for fibers paraliel to thoe direc-
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tion of flow was groater than for fibers porpendicular to the flow. it is con-
* e¢luded that the pressuro drop across fiboer mats can be correlated on the basis
of the effective fibor drag coefficient.

" From Equations 1 and 2 and the results of the exporimental work, the opti-

mum-fiber mat can be derived for filtration of aercsols in the range in which

inertial impaction is the important mechanism of collection. ) ‘

-
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FIG. 2. COMPARISON OF 'THE.ORETICAL AND 'EXPERl.MENTAL' EFFICIENCIES OF

INERTIAL IMPACTION ON CIRCULAR CYLINDERS
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FIG. 3. EXPERIMENTAL EFFECTIVE FIBER EFFICIENGIES
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FILTRATION OF SUBMICRON SIZE AEROSOLS
: BY FIBROUS MEDIA

'by ’ R :..-...'.

C. Y. Chen, Research Associate
Chemical Corps Contract No. DA-18-108-CML-4789

The object of this research is to study the filtratlion of aerosol particles
through a fiber mat both theoretically and experimentally, Much work has been
done on the development of new filter material and on tho measurement of penetra-
tion of amerosols through filter material, but not much has been done on the the-

“oretical prediction of the pemetration of filter meterials and on the experimentel
study based on the theorctlcal prediction. The preseant study is along this line.

- THEORY I

For filtration of uncharged submicron size aserosols with uncharged filtering
"medium, the particles might be removed either by inertial Impaction, direct in-
terception or Brownlan diffusion. To study the filtration of aerosols by fiber
mats, it 1s necessary flrst to learm the filtration or collectlon efficiency of
& single fiber which composes the mat, .

For single fibers, the efficilency of collection of aerosols {n) by any mech-
anism can be expressed as the ratio of the crocs sectional area of tha original
stream from which particles of a given size arc removed because their trajectories
"dntersect the collector surface to the projected area of the collector in the
directicn of flow. The efficiency of collection by inertia impaction is a func-
tion of ¥ =(Cpp dpe v)/(18u dr) and Ng,; by direction interception, 7 is a function
of R = dy/d. and Fge; and by diffusion, 7 is a function of D = Dpy/v & and Nye.
The collection by inertial impaction and diffusion increases with ¥ and D, re-
spactively, and always increases with increase of Npg. The importance of direct
interception increases with increase of R and decrceses with increase of ¥ and D.

Not much experimental work has been done on the collection efficlency of =a
single fiber especielly under the conditions present during the filtraticn by
fiber rats, that 18, very low Reynolds number, Until recently, the calculation’
of collection efflclency by lnertisl impaction was based on potential flow which
can hardly be in the cese in the fiber mats when the Reynolds number is usually
much less than 1. Daviea(l) calculated the inertial impaction and direct in-
terception on fibers assuming viscous flow,., From his results, M could be plotted
es a function of ¥ with R as a paramoter. Davies' recults indicated thet inertial
Impaction efficlency baczed on viscous flow is much lower than that calculated
from potential flow, Lengmuir {2) has derived cquations for predicting the col-
lection efficioncy of a single fiber by interception, by diffusion, and by inter-
cepticn and diffusion coxblned, Eo derived hils equations from lamb's squation
for viscous flow around & cylinder trzmsverso to the flow. Tigure 1 shows the
collection efficlency by difiusion and intercoption at a Reynolds number of 1072,

366 ' ~ WASE-170
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~ An intereoting conclucion from thosc calculntions is that the collection effi-
ciency due to both effocts 18 highor than the sum of tho efficloncies due to the
individual offocts alono. The same conclusion can be drawn from the Devies cal-
culation of the cambined cffocts of inertial impaction and interception. .

The ovecrall efficiency due to inertial impaction, interception ard diffusion
is very difficult to calculate. A recsonable assumption i1s that the overall ef-
ficiency will be equal to the sum of the efficiencies due to inertial impaction
and Intoercoption and that due to diffusion and interception. Calculated effi-
ciencles based on this sssumption for 2 g and 3 K diamctor fiber for different
particle size and velocity are shown in Figures 2 and 3.

The oricentatlon of fibers in ordinary fiber mats can be considered es lyirng
between two extreme cascs. In the first caso, the fibors are dispersed uniformly
and far epart and the neig hboring fibers ere staggered with respect to each other,
In the second case, the fiber in each layer of mat i1s lined up to form a group of
capillaries, The ordinary fiber mat with high porosity epproximates the first
case.

In a fibver mat of the first case with porosity approaching 100 percent, -all
the fibers are available for collection. It i1s possible to express the oversll
collection efficiency of this ideal fiber mat as & function of individuael fiber
total collection efficiency 7 as definsd above,

\

N L l-e L B ' : o
"ln—-—"-'-—,'n' — . . - (l)
No T € de S .

. This equation applies only when the fibers are far apart and there are no in-

terforence effects between neighboring fibers., Actually, the equation is ap-

proximntely true for high porosity fiber mats. It is reasonable to express the |

neighdboring fiber iInterference effect as & function of interfiber distance, or

. a8 a function of porosity only for the sams typs of mat within a narrovw rengs of
Rynolds nuzber. Thus, the following equation can be used to express ths fiber
-mat collection efficiency.

.

- XN L l-¢ L
. -In — = N s — + F (€) (2)
No~‘ s € dp

'F (€) has a limiting value of 1 for mats with porosity of 100 percent; it is
greater than 1 when tho porosity decreases, ond has an asymptotic velus for low
porosity mats, The function can be calculated from pressure drop measurements
across the mat. For a fiber mat with porosity aspproaching 100 percent with all
the fibors transverse to the flow, the pressure drop con be expresssd in tho fol-
lowing form, based on the Langmuir equation for the drag force of a single cylin-

" der transvorse to the flow when NRg is less than ono:

Ap = — . (3)
2-1n Mo dp” & :
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. White (3) bas shown that the viscous drag force for.a singlo cylinder in &
finite conteinor is higher than that predicted by Lamb's equation for an iso-
lated cylinder. The deviation is a function of tho ratio of the distance between
the fiber and the container and the fibor diameter. It can be expressed as a
function of porosity for fiber mats to account for the effect of neighboring
fivers. This function also has a limiting value of one for 100 percent porosity;
it increases to an asymptotic valuc for low porosity mats and will be approxi-

. mately the same function of porosity used above to describe the neighboring fiber
interference effect on collection efficlency. Thus the pressure drop across the

fiber mat can be expressed as : : :

16(1-€). kL
Ap =

P F () o m
2-1n Nge 45 &c S :

From this discussion, we are able to calculate the penetretion of a fiber
mat from the physical factors of the mat (thickness, fiber diameiler end porosity),
the pressure drop across the mat and the collection efficlency of a single fiber
calculated for the operating conditions (velocity, particle density and diamster). .

It 18 now possible to show whether a size of maximum penetration exists for
a certain fiber mat from the calculation of the single fiber collection effi-~
ciency. Table I shows the results for mats of 34 and 2#4 fibers. It is not sur-
prising from the table that the controversy concerning maximum penetration arises.
It is simply due to the fact that only a few experinents have been carried out
under very limited experimental conditions.

TABLE I, PARTICIE SIZE AT MAXINMUM PENETRATION
Particle density = 1 g./cc,

- For Fiber Size For Fiber Size

Averege Veloclty 3 microns 2 microns
cm./sec. - mlecrons microns
- 13 - - : - .
0.1 0.52 0.45
1 0.28 - 0.23
6 0.19  0.16
10 0.15 0.1k4
ko 0.11 0.10
100 | - 0.075 0.070

EXPERIMENTAL

A la¥er-Sinclalir type homogoneoué ligquid eexrosol gonerator was bullt for
this ctudy with DOP es aeroscl materlal. The porticle size was measured elther
by the polarization "Owl", tho growth method {4), or by tho diffusion battery (5)
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deponding on tho range of tho size’ of tho particles. Ponetration through the
mat wos measurcd by the NRL-E3 pontrometor. "Extensive penotratlon mesasurcmonts
on eir-formed B glass fibor mats are In progress. The preocnt mats uced contain
‘a wide range of fiber size. Some of the initial experiments indicate that the
theory 1s quite satisfactory. .

Table II contains somo emperimontal results compared with the theory assum-
ing the diameter of fiber 1s 3.5 microns. The actual size of the fibors has a

wide renge of distribution and the average Bize is about 3.5 microns.

" TABLE II, COMPARISON OF EXPERIMENTAL RESULIS
WITH THEORETICAL PREDICTION

B glass fiber mat porosity 98.65; thickness 1.2 cm.

Aerosol material: DOP; particle size, 0.304

S . r"

: ‘ ' n . by calculation
C Velocit From Expt. based on dp = 3.5
' cm, /sec. , -

26.8 2.29 x 1072 2.58 x 1072
12.0 2.61 2.38
- 533 2.70 L 2.76
- 2.98 . 2,66 3.16
1.69 " 3.85 ’ ' 3.48
0.89 4.35 4,18

,CONCLUSIOYS

Fraom the experimental data available at the present time, the resulta egree
with the theoretical prediction fairly well. Additional experimental work is in
progress, The results indicete that the penetration of a fiter mat for tke first
time can be predicted by theoretical celculetion. Also, the develomment of a
new filter rmateriasl can be msade on a scientific basls rather thsn by a cut-and-
try method. The controversy on whether a maximum penetration size exists has
been solved by theorctical celculations and the experimental conf tlon of the
theoxy will be presented in the near future. -

NOMENCIATURE - ) .-.'
C = empirical correction for resistance of air to the movemont of
small particles (at room temperature and atmosphoric pressure,
C =1+ 0.16/dp, wbore dp is particlo diameter in microms).
dp = particle diametexr

v = upstream velocity or avoraga volocity
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de = {iber aiamoter
DgM = Brownian diffusion cooefficient of“ aorosol particles
N/No = fraction of penotration of acrosol through fiber mat .-
. L= thiehlees of fibver mat

Ap = pressure drop across fiber mat

b, mass x ft.

gc = conversion factor, 32.2
: ' 1b. force x sec.2

F(e) = & function of porosity representing neighboring fiber inter—
ference effect

Dpy
v dp

- D = diffusion parameter,

R = interception pai‘ameter, dp/d.f

C L Py &t v
¥ = inertia parameter __— ~

~ 18 u 4p
i

P, = particle density
P = £luld density . o
# = fluid viscosity
7 = collection efficiency of a single fiber

€ = porosity of fiber mat ) e e

8
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FIG. 2. COLLECTION EFFICIENCY OF 24 FIBER, PARTICLE DENSITY I_G,/CC.
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FIG.3. COLLECTION EFFICIENCY OF 3 MleR(‘)NS'FIBER,- PARTICLE DENSITY I1G./CC.
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INFLUENCES OF ELECTROSTATIC FORCES
ON THE DEPOSITION OF AEROSOLS

by
: : H. F. Kracmer
. Ethyl Corporation Fellow in Chemical Engineering

In recent years several studies have been made on the mechanisms by which
particulates can be removed from an aerosol. Although emphasis has been placed
on the inertiel mechanism of collection, the effects of small electrostatic :
cherges on the eerosol particles and on the collecting surface must not be over- '
Jooked 3in promoting the collection efficiency. Many natural aerosols are elec-
trically charged, es are some collecting surfaces such as the fibers in & resin-
wool filter. TUncharged surfaces or aerosols readily can be given an electric
charge, thereby increasing the separation of particles from the eerosol.

The utilizaetion of electrostatic forces in promoting aerosol deposition may
be adventegeous in several ways. The foremost advantage is the high collection
efficiency (based on projected cross-sectiornal area of the collector) that is
possible. Although a collection efficiency of more than 100 percent is not pos-
sible when only inertial forces are used, efficiencies of 10,000 percent or
higher may be achleved if both the collector and the aserosol are charged.¥* The
collecticn efficiency using electrostatic forces remsins high even for sub-
micron particles, although inertial forces in this case may be negligible,
Another consideration is the fact that electrostatic mechanisms of collection
requiro low aerosol velocities of flow across the collecting surface. The pres-
sure 8ropa in the system consequently will be much lower than would be the case
for siniler collection by the inertial mechsanism,

A The purpose of the current research is to investigate the mechanlsms of
serosol deposition under the influence of electrostatic forces and to indicate
....-the conditions and types of equlpment wherein electrical charging may be bene-
flcial

TEEORY ’

. Studles ere beirng rmede of the motion of a charged aerosol particle flowing
past & sipgle spherical collector Figure 1. The collection efficiency can be
calculated theoretically if the outermost limiting trejectory is known for the
aerosol particles Just grazing the collector.

The differential equations of motion of a single aerosol paiticle approach-
ing the spaericel collector are given in Figure 2. The equations are derived
fram force balances of the fluid resistance and of the electrostatic forces of

| .

*The collection efficiency is defined as the fraction of the aerosol re-
moved frocm a fube of gas eubtendoed by the collecting obstacle as the gas flows
past, ‘
)
i
{
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attraction between (1) 2 charged collector and o chargod sorosol (paramoter Kg), -
(2) a charged collcctor and its image in an uncharged acrosol particle (paramcter
K1), (3) & charged acrosol and its image in an uncharged collector (paramcters

KM and Kg). The scveral elcctrostatic forccs can be shown to be approximately
additive. Potential flow streamlines and Stokes' law aro also used in doriving
the equations. Since the differential equations have been made dimensionless,
all of the experimental variables are contained in the dimensionless parameters
-Eg, K1, KM, Kg Figure 3.

- Although the solution of the two simultaneous differential equations is
possible only by a numerical method, order of magnitude solutions may be obtained
"by ignoring the bending of the air streamlines around the spherical collector

" and by considering only one collection parameter, Eg, K1, Kg or EyM, at a time,.
: The numerical solution of the trajectory equations has been completed by
meens of the electronic digital computer, the ILLIAC. Collection efficiencies
were calculated for a range of values of the four parameters, Kg, KI, Kg and Ky.
Some of the results are shown in Figure k.

In order to interpoleste betwecn solutions obtained with the computer, the’
collection efficiencies and the collection parameters may be correlateu by curve-
fitting with a high-order multivariate polynomial,

 EXPERIMENTAL FQUIFMENT AND PROCEDURE

The equipment is shown in Figure 5. A dioctylphthalate (DOP) fog is pro-
duced by condensation of the vepor in the presence of salt nuclei, The perticle
diemeter 1is about 0.8 + 0.2 micron. The eercsol 1s charged electrically by vess-
ing it through coexial electrodes in & state of corona, Charges of +10 to +80
" electronic units can be obtained. A description of the mechanism of the charg-
ing process and of the method of measuring the charges on the aerosol perticles
was given at the Ames Conference in 1952,

The charged aerosol then flows past the spherical collector which is a 7/16"
steel ball mounted on the end of a semi-conducting cone. The cone acts &s en
electrostatic shield eround the wire conmecting the sphere to & high voltage D.C.
power supply (0-10,000 volts). Without it, the electric charge on the wire af-
fects the collection on the sphere,

The electricel charge on the aerosol ls determined from the deflection of a
streamer of eerosol flowing in a transverse electric field. The aerosol is
carried -through the fileld by en envelope of moving alr. The size of the perti-
cles is measured by the "Owl" and by & high velocity cascade impactor. Thc mass
concentratlion of the aerosol is determined by precipitation of a aample in a *
small glass and platinum Cottrell precipitator. '

The collection efficiency is determined experimentaelly by measuring the
enount of aerosol deposited on ths sphers and in the sampling Cottrell precipi-
tator., The DOP is removed from the collecting surfaces by washing with ethyl
alcohol and the concentration found by ultra-violet spectrophotametry. Collec-
tion on the sphere ranges from 1 to 10 micrograms of DOP per minute,

EXPERT.ENTAL RESULTS |
Thoe preliminary date ere shown in Figures 6 and 7. The inertisl parawoter ¥

is about 10-6, According to theory, the inertial forcos should thereforo have a
nogligible effect con tho deposition.

——
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‘ The actual collvction agrecs approximately with that predicted by theory.
In the case of the uncharged aerocol flowing noar a charged collector, tho data
heve a high exporimentsl vaeriebility on account of the small emounts of DOP that

were collected and mcasured.

In Figure 7 the data are plotted versus a modified parameter. Whenever &
collector ie grounded, even through a ' high resistence, charges are induced on
the collector by all the surrounding charged particles. This induced charge
occura in addition to the image and void space effects described by ths param-
eters Kx and Kg. The induced cherge is calculated by an integration process and
its contribution to deposition is combined with that of the Kg parameter. The
~cambined parameter is Kg. Figure 7 1llustrates data in which the induced charge
. resulting from grounding the collector was the major factor influencing deposi-

tion. .

PRELIMINARY CONCLUSIONS

A practical epplication of electrostatic forces is illuatrated in the use
of charged water dropleis for collection of aerosol particleu which themselves
are charged by passage through a corona discharge. An electrified wet scrubber
would have several advantages over both the conventional wet cyclone and the
Cottrell precipitator. Compared to a conventional scrubber, the electrified
scrubber should provide better removal of submicron aserosol perticles, Con-
versely, it would require less water and could operate at lower velocities and
pressure drops for the same efficlency of serosol removal. Furthermore, 1t
would have eseveral advantages over the Cottrell precipltator. The precipltated
material would be removed continuously on the surfaces of the sprey droplets,
thereby eliminating the problems often encountered in precipitating dusts that
have & tendency for reentrainment. The retention time in an electrified scrub-
ber would be lower than in a Cottrell precipitator because an aercsol particle
must travel a shorter distence to the nearest spray droplet. Alsc, the elec-
trified scrubber would be operated at relatively lower voltages (1000 to 10,000
volts) since the collection distances are smaller.

An electrified sprey scrubber is now being constructed to evaluate ite
potentialities,

’
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