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SUMMARY

New gquarters were obtained to provide working space for
making and testing model filters. Equipment located there in-
cludes a slitting machine, sméll pleater, circular and band
saws, and other tools necessary for filter'manufacture and
test equipment construction.

Sketches are presented to show various designs of cone
seals, large filter installations, and general applications
| for the hollow cube and roll typeAfiltérs.

Test data on 24" x 24" filters indicate that an increase
in capacity of from 30 to 50% can be obtained over comparable
size Chem. Corps filters.

Accelerated aging tests show that the plastisol used for
end sealling the pleats is appreciably affected by storage for
one month at 100° C. Further tests are planned to determine
aginé at probable working temperatures.

Photographs of modifications to the hollow cube and the
roll type filters are presented. x

Test data from the portable media tester at Brookhaven
show & very slow build up in pressure drop, indicating fe]a~
tiveiy clean air.

Small scale models of high temperature filters show prom-
ise. Ignited high mineral content paper and compressed fine

fiber glass mats both show potentialities as high efficiency,

Arthur D. Little, Inc.




high temperaturs media. Ssaling methods and frame design need
nore considsraticn and work.
A
ak paper K
to pﬂodn
.

Equipmen® end techinilques for “he sveluaiblon of Filters
and media in out
Actual tests

Conferences wers held at Oak Ridgs on May 10, 104U, to
discuszs on Mey 26, 1940 to
discuss filtration cooling alr. A4 summary of our work
and the exhibitvion of modols was Te e Stack das

! A
Working Group Juns 21 S, Lok,

The chemical resistance fesis on Chamical Corps naper 1s
vresented 1n Appendix A. data show thai ths paper is re-
sistent tc low comecauntration of zoms chemical reagsnis,

Filter Comsiruction Fagi

To provide room Lo accomnodst and Tfacili-
tles required to comstruct Jargs size filters, spase ai & near- .
by locaticn was obtainsd. A %

Lested Lo dehermine performarce '
I

A paper sliither manulaciu
which wilil accommodats a raper width of up te 40mis used to cun
the long strips of papsr necsssary to meke large capacity fil-

ters. The slitting is done by passing the paper batwesn a

Avthyr D, Little, Inc.
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roiler and a sharp hardenadlsteel wheel under spring tension.
A tempered steel blade 1s located directly behind the wheel.
This blade assures complete seﬁaration‘of the paper cut by the
wheel. This slitter‘operates very well cn the relatively soft
and fragile filter paper.

The small Chandler Coo‘pleating machine which is used %o
make sharp pointed corrugated kKraft paper 1s alsouin this new
location. This small pleatiﬁg machine turns out 1/8 to 3/8"
pleats, which are now used principally as spacers for circular
filters, and was mentioned in the last report.

In order to cure the rlastisol which 1s used to seal the
ends of the pleats, a hot plate was constructed. This plate is
1/2" thick, 40" loﬁg, and 8" wide, and is chrome plated to give

a smooth surface. The heating 1s accomplished by four chromo-

-3

lox strip heaters together with & thermostatic temperature con-

<

trol, which holds the femperature within 27 of 130°.C.

An 8" circular saw is avallable for cutting the wood fil-
ter Prames to shape and for other miscellaneous work. To trim
the ends of the pleais for gealing, a band saw has been modi-
fied so0 that the pleats are cut at & 10° angle from the vertical.
When the blade is at this angle, it cuts the paper and corru-
gated spacers evenly, but if the filter is trimmed without this
angle between the blade and the work, the result is a torn and
ragged edge. A ragged edge of course gives a poor seal,

The large‘sca]e testing apparatus consists of a ducty

Arthur D. Little, Inc.
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which contalins a low measuring orifice and taps for meazuring

the pressure drop across the filter being tested. The air flow

Two large size tables are prowvided for working

R
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the construction of filters and for bullding specia
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involved iun the manufacture or testing of filters. Sufficient

hend and power tools are on hand or being purchassd to Jo the

mum of convenlence and protection Lo personnsi servicing an in-
stallation. In the foliowing sketches wambared I o XIT in-

L]

Sketph No. I shows s cube type filter azsembly cowmposed

ar filters supported in a wood frame. I this
fiiter air enters the bottom opening and paszes outwardiy turough
thie plseted paper sides. Contaminatiorn is then containsd within
the structurs which acts sz a shield to rtrotact thoze who must
handle the filisr when 1t is remdvedg

A cone base (machined casting) is shown in Sk. No. I

which segts into 2 conics

fipy 1
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a machined chanfiel and making the seal between the cone flanges.
The conical surféces in this second .case serve only to position
the filter. Scheme "C"léhows a mounting without coné base in
which the filter is»élamped direétly to aymounting plate with

a bolted:latch and sealed by compression of & rubber gasket.

Sketch No. III illustrates the installation of'a hollow
cube filter over a space , or duct from which alr is drawn for
filtrahiono' It is evident that the pressure drop through the
filter multiplied by the cross sectlon of the cone opening must
be less than the toﬁai welght of the filter,_or the filter will
11ift up. This will allow alr to eécapa past the seal. Under
some condltions 1t may be.necessary to usethcldﬁ cwn latches
to maintain the seal. This sketch also indicates the ease with -
which a filter assembly of *this kind can bé removed by remote
means of control.

Sketch IV shﬁﬁs s cube filter located 1n a low pressurs
duct into which air is drawn from a contaminated ares.

Where filters are to be installed in a wvertical wall,
adaptef plates may be used so that filteré are sested 1ln an
upright positiona Feyer fiitefs éf this type are regulred to
replace the flat face type since 1s 1is eétimaﬁed that cubs
filters would be made in capacities of 1000 CFM. Sketch V
illuétrates this use.

| Sketch VI pictureé the use of a light weight sealing bell

in a simple pent-house exhausting system. Since all contamination

Arthur D. Little, Inc.
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ié retained within the filter the bvell may be removed safely for
replacing the filter when necessary.

Sketch VII anothsr method of using a sealing bell is
shown. Here the filter unit and bell are mounted on = truck.
Tnls provides a movable exhaust chamber which can be coupled to
a ﬁorking cell or other area requiring the removal of contam-
inated air. When a filter change is needed the whol@ device
can be taken to a servicing room for removing the beil and re-
placing the filter. Again the<daﬁger éf exposing perscnnsl to
radlation and contact with contamination is reduced to a minimmmj

Where gir i1s to be filtered in s lar

gz duct banks of hol-
low cube filters may be mounted upright in horizontal ievels.of
a barrier wall bullt into the duct. Skero% VIII illustrates the
method. Here one step is shown in the barrier. For a large

volune of alr flow a large level ares or ssveral stepped levels

would be required.

p...

A cylindrical or roll type filter is shown in Sketeh IX.

The cutaway view allows thé seal locations to bs seen. Tha
Filter 1s wound on a oeztvaj cors of paper board or wood ch‘1
alsc in ?he sketeh. An ordinery fiber shipping drum is the
outer casing. 'This kind of filtér 1s simple, compact, light
,

welght, disposable by combustion and retains g11 contamination

o

within. It can be made in small sizes only with the capacitie
of 300 or 400 CFM as the maximum. As a replaceabls cavrtridgs

filter it should find use in ventilating smell areas

eells, and dry boxes.

Arthur D. Ll‘tieg Ina.
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Sketch X suggests a very simple arrangement for use of a
cartridge filter in a cell exhaust system.

Sketch XI has a cartridge filter located at the top of a
hood. In this sketch the filter could acquire contamination on
the exterior surface. A better arrangement would have the f1l-
ter outside of ,the hood between the exterior wall and exhaust
- duct. | |
Sketch XII is a dry box installation end the remarks in

the previous paragraph apply here also.

sl » oh" Saugre Pleated Paper Filters

Several 24" x 24" 0.D. square filters have been made and
tested to obtain a comparison with the standard Chemlcal Corps
filters now used. Two 6" deep filters were made using B end C
flute corrugated spacers. A 6" filter using A flute is undsr
construction now, and has not been tested. A 12" deep filter
using "A" flute corrugated spacers has been made and tested.
These fiiters show a conglderable increase in capacityvfor the
same pressure drop when compared with similar Chem. Corps fii-
ters. The pertinent data for the filters is shown in the table.

The performance curves of pressure drop vs flow rafte
are shown in figure I, together with a 24" x 24" x 6' Chem.
Corps fllter which we have for test purposes. The pressure
drop for the Chem.Corps filper at the rated flow pf 36@ CEFM is

slightly lower than that indicated by Chem. Corps data.

Arthur D. Little, Inc.
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Pressure
drop
of paper Flow Rate
at 28 - at 1"
Pleat No. of ft/min Ft“of Pressure
Filter No. snd Type Depth Pleats mmﬂHgg paper Drop
(oY
CWs #A666 | 5 1/4" 50 110% 82 360 CFi
‘I;.

ADL #2 "C" flute 5 1/8" s 105 112 u7n
ADL #3 "B" flute 5 1/8" an 105 14y 550 "
Cwa 21 1/2" deep 0.D.*  * 10 1/2-11" 50 110% i6h 560 ¥
ADL #4 "A" ylute 11 1/8" " 67 123 232 81n

*FPigures are approximdte

The inside dimensions of the framej or the dimensions of
the face of the filter are 22 3/8" x 22 1/8" for the ADL filters,
except in the case of filter #2 with "B" flute corrugsaited spacers,
which has dimensions of 15 3/8“ x 22 3/ ”@ The information in
the above table and in figure I are tnebactual date for this {11-
ter corrected to. the larger size. Some error may arise from the
difference in the pressure drop of the paper i1tself in these var-
lous filters; this correction was not made and may introduce an
error of 10% in the calculations. However, the differences in
the flow rates at the same pressure drop fof these filters is much
greater than the probable error due to omitting this correction.
The general accuracy of the data is estimated to bes betier than
107,

The increase in capacity of the 6" deep filters over the

present 6" Chem. Corps filter amounts to approximately 30% in the

Arthur D. Little, Inc.




cese where "C" flute corrugated paper i1s used as a soacer and
approximately 55% when "B"™ flute is used., At 600 CIN the ver-
formance of the 6" deep "B" flute filter is nearly identical
with that of the C.W.5., 11 1/2" deep Tilter (Chem. Corps daia)@
The ADL 12" deep filter shows un increase in capacity of anprox-
imately 4% over the 11 1/2" Chern, GCorps filters at the saue
pressure drop.

The incrcase in Qupucity of the present .DL filters over
comparable CJS filters 1o srobubly due to & combination of the

following factors:

N
!

1. Nore paper area can ve pluced in the ADL filters because
of the smaller distance between nleats. This ig the major

factor effecting an increase in capacity.

2. A much greater portion of the total filbter naper area in
the .DL filters is cffective area when comnared with CWS
filters; the comb-like spacers and seal in Chem. Corps

iy

filters close off approximately 10% of the paper area.

3. The closely spaced flutes in the corrugated paper spacers
provide & uniform pleat spacing. The 2" spacing of the

5

Cher., Corps cardboard spucers allow the paper to ve
presged togethcr in the center by the pressure drop
through the paper, thus blocking out filtering areaz. The

corrugated naper spacers,‘however, have more resistance

te flow down the pleats.

Arthur D. Little, Inc.



The factors which control the performance of pleated type

filters are being studied and sufficient data are belng assem-

‘bled to allow correlations to be made. It is believed that by
e

this method, a filter can be designed and constructed which will

give the maxirwm flow per unit faée ares at a glven presaure
drop. This filter would be the optlmum as far as space required
for an instaellation is concerned, but may not be the best filter
in regard to other considerations. These considerations would
include the cost of filter per unit of air filtered, effective
filter 1ife, alr moving costs, partlculate concentration, and

would be different for different lnstallations.

Plastizcl Seal

The plastisol described in previous reports still is the
best pleat end sealing material. The wmethod of appiyiﬁg the
plastiscl to the pleats has remained essentially as pravicusly
described, with some modifications, and refinemsnts of pro-
cedure. A discussion of plastisols in general and a desceription
of the plastizol nowy used is located in Appendix A.

The problem of sealing the plastiscl %o the wpoﬁ frame 13
now receiving attention. The solvent type cement composed of

Hycar rubber and Durez resins which 1s described below, has some
" serious shortcomings which arose from 1ts nature. The rubber
aﬁd resins are dispersed in a solvent, which mist diffuse '
through‘the wood or through the plastisol in order fto provide a

.
i
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Several sections of [ilter which had besn

lastisol wepre expozed wltra-violet light generabed by a
A o .

Henovia hilgh pressur@ merceury iamp for ons month. Under The

nditions of this test the plastisol showed cousidsrable dark-

~
¥

[

(

ening, although some degree of flexibility remained. The pager

alsc became darkened and apparently lost str 1gtuq Tnis test

is frequently used Lo test the aging gqualiities of plastica,
Other sections of plastiscl segled filter were placsd in
an oven at 100° C. for a period of one month. These samples
changed from a light tan color to almost black and lost 211
flexibility after 1t had cooled down after the test. Ths papsy

took on a light brown color. It is difficult to iuntesrprst

results in terms of strength and sealing properiies. e tests
also ahow that the paper deterlorates tc some extents.

Tne mechanism by which plaztic materials fgil of cour2s
iz different for different materials. For sowme wvinyl Ctype plas-
tics it has been found that the Ffailure time iz a logarithmic
function of .the temperature. This means that e materisl which
is relatively stable at room teamperatures may deteriorats in a
shorg.time at high temperatures. Apparently the hydrccehloric
acid released from the decomposition of vinyi chioride plastics

catalyzes further decompositlon. There aliso may be some losg of

ﬁ

plasticizer at high temperatures. More comprehensive tesis are
planned to determine the probable effective life of the plastiscl

at various temperatures.

Arthur P. Little, Inc.




Miscellansous Filher Testa
1

Aerciurn unit discussed in previcus Peports has

4 e d ~ ke =97 - LA SS % ~$ - 3wy oy s
rlnuing; the resulits of which will bhe discuss in future re-
portg. Because of the pressure and importance of otfh work Lo

filters similar %c those which are being inztalled at Brookhavai:.

at hign

lntake

o
O
P(:(
Q
(3% ]
3
ot
Q
b
=
o
}:19
[N
o
=
)
[f2]
-fu

ts at Brookhaven

In Merch a portable medla tester was construcied
to the Brookhavsn Daﬁlonal Laboratory af Upton, 'L;’Ioﬁ N.¥Y. A
dezcription of ths unit was glven 1n our rsport no. 4 of *his
sevries {ALI-13). The purpcse was to determine what wmight be ex-
pected of certain filter wadlae operating in that ares. Test

samples of media wers installed in the four positiony of

-
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test instrunent es follows i

layer FG=25, 1 laysy FG=50
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- {d) 1 layer #6 Chen. Corps paper

Although performance date had been obtained for thsse fil-

ter nmaterials on outdoor air at Cambridgs, Mazs.
nized that the sea ssgli particle concentratlion in
at Brookhawven might bhe enough greater to result ino

ging of filters used at the pils alr intake.

At Brookhaven the tester ile mounibsd at the b

Cing Tower ). It was pla
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than at the pile bullding teo avold the sonormal dust

by conztruction activity. The meteorological group

hawven has been mest cooperative and hsas maintalnsed

i »
|
|
paper was held at 15 linsar feed per
the glsss filibers corresponds Lo that
) -
filter installsation whersas the nory
paper 1is 5 linear feet per mlnii
| At the end of the testz it is inhended to we

Arithur D.
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fiiﬁers‘to find amount of dust accumulated and to analyzs for
its charaéter° .
Figﬁre I shows the data obtained by the meteorological

. group at Brookhaven to May. 27. Pressure drops are shown in
inches of kerosene (spolgro .82 at 70° F.) because cold weather
et the beginning of the run would not allow the use of water.
Shown also are coacurremt readings of temperature, percent rela-
tive humidity, and wind direction and velocity.

For the first four days there was a decrease in pressure
drop at each of the four tester stations, then a distinct rise
over the next seven days. Thereafter for two months the in-
crease was very slight for stations l'énd 3 and almost no in~
crease was perceptible for stations 2 and 4.

Concluslons which méy be drawn tentatively a® this time
are:

(1) The filter media combination {b) ir the tabls,

selected for use aft the pile air intake should
£111 up but very slowly at the érookhaven site.

(2)' Changing weather conditions do‘not cause any

appreciable corresponcing changes in flow re-

sistance of the air filters.

High Temperature Filters

There is a need in thekécope of A.E.C. for a filter which
will not deteriorate under service where air temperatures mey

e

—be as high as 500° F. There are two lines of approach which

Arthur D. Little; Inc.
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are being pursued fto this end at the present vims.

ent. It has been found that paver made 1n the first A.E.C. i
run, which conteins 40% aspestos and glass, increases in el ~
ficiency when the organlc fibors are burned out. Typlcal re- ‘ -
sults of such burnlug are shown below, which data were obtained
on the smoke tesiter. The ceonditions of this test are a linesr
face veloclity of 20 fi/min., and ¢.3 micron diameter diloctyl
phthalate particles,
Pressure % 0.3 micron
Dron mn HaO smoke passing Iy
Before ipgnition 130 4o 1.8
After ignition a5 L0136 3.6
After further ignition 68 02T h.z
The figures shown sbove representc an appreciable increase
in the organic maltter has been
burned However, the sirengih of the paper is pgreatly re-
duced and & method of reinforcing using a medium such as glass
geuze or web must e found. s
For the high temperatur:
has been pleated probably can b )
tering element can he sealsed
cement. Some small models ha
but design details must be worked out before sz
Tfiiter is made. )
.

oy e LT .

Arthur 0 Iitvls, Ino.
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The second line of attack 1s based on the compression of

the 1/2% 0.6 1bs/rt3 AA fiberglas mat to dimensions which can

be pleated. It seews evident that the oniy way g high effic-

by pleating. This line of attack is based on the following

has been called FG-50 1n previous

+
a
b
}-Jn
;_;5

G ma

wa

data. This basi

I’ep.}’ntr_) [

Presaure
Drop % 0.3 micron
mn H-0 smoke passing E

Blank FG-50 1,/6% thick 15 1S ‘ -~

FG=-5n - Binder ignited 15 12 B
Taree layers - 1 1/2" thick 70 ,13 L.l
Three layers - 1/4Y thick &5 055 3.0

(ignitsd)

s

The resultbts ahove sesm to indicate

of the binder dees not seriously

{1} That the iganitio
erfo ganve and

affect the p
{2} The compression of the fibers incrs
F.: 1’» . -,

sure drop and decreass
ing through.

Theze tests are indicatlons only, and more carefully

4 filter constructed in the above mannsy may b morse
resistant to chemical fum@s‘ﬁhan’%hw present Chewm, | w“pa PALeT
although the paper {ilters are reasonably resistant
Pume concentrations. The tests are described in anothzy part

of this report.
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fiilters and medila with respect to partiecle transmizsion. IT has

mally-occurring atmozpheric dust particles are wanted. An air

micronizer will be mounted so that prepared dusits of known zlze

-

ay be initroduced without danger of agglomerastion. Fressurs
arop across the sample will ve induced by a melti-zta
Turbine blower of 85 (FM capacity and a suctlon of 18" of water.
With the eguipment that has been construchted and that
which is nearly ready for use we are ln good pesition o svaliu-

ate filters and media in terms of acitual particies.

Arthur D, Little, Inc.
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a teat apecimen of paper located in the cha: through a
o L ¥ b}

flow meter end finally discharges through a menifold {bpzhind
the panel) and is exhausted outdoors through a blower.

Fiow rates of air througn the filters are shown by the

¥

maencmeter readings of calibrated flov mebers and pressure arops

on other manometers.

h

across the filters are indicate

[42]

Samplez of Chemical Corps No. 6 filter were folded to

71

represent single pleats 2 3/8" deep. Dach sectlon was 1 3/4¢

vide, glving an exposed cies of . 1/ souare inches. One giich

o

sample wes located in each test chanmber end wes removable co

-+

nat a swmoke holding test (D.0.P.)} could be made at any ti

(o

vithout removol from its frame to determine ciliciency snd
tighceness.  Alr was passed through the filter st the rate of

mn
o

=
ot

cu . per min.

()

Table I is o condensed przscnbavio: of the experimental

results . We may summarize by ststing that thils work indicates

P

£ air from most areas where there is occasional evolution cf .

A

w

a3

reagent materials. It must be noted, however, that the te

o0
a-

desgcribed here are all for separate resgents. lixed reagent

might lntroduce unpredictable difficulties.

Chemical Corps No. 6 peper is particulaerly zensitive

o
@
<
[0
3
e
Ui
=g
O
=
{-'
b
I.J
P‘b
O]
O
Hy
o
o)
oD

to 80, Tumes. This is shown bv

|98
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test sample. Another experiment (not in the table) employed a
very much lower concentration of this acid gas. Here agaln

_the life was short and the paper falled by becoming gelatinized.

Arthur D. Little, Inc.
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Conference

&
e
?
§ o |
[e)Y

at Brookhaven

Date:
Place:

Personnel:

Subject:

May 26, 2649

Brookhaven National Laborstory, Upton, L.I., N.Y.

Dr. W. Page, Messrs. Maynard Smith, D. Mazzarells,

B. Manowitz, and Ritzert of B.N.L. and W. J. Smitn

of Arthur D, Little, Inc.

Filtration of pile cooling alr was discussed.
Performance curves for the medla samples in the
portable tester were studied. The indica
that the FG-25 -~ FG~50 combination m
for intake filters would probably give good ser-
vice life under the dust load sexlsting at the

site.

The Glastex filters to be used in the exit gir
stream were selected Ior tempersaiurs resistance,
They are less efficient than the intaks filters.
It was thought that efficiency might be improvsd
by priming the filters with some such wmaitsrial

88 hammermillsd ashestos fiber,

Arthur D. Little.
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APFENDIX A

General Dispussion of Plastiscls
Plastisol is a term g@neraily applied to digpe?si@na of

vinyl chloridepolymers in non-volatile 1iguidés which are poor
solvents for the polymers. Polyvinyl Ghiqridey polyvinyl
chloride-acetate and the copolymer of vinyl chloride-vinylidene
chloride have bheen ﬁseﬁ succezsfully. The liguid dispersing
medium consists of a mixture of materials which mixturs nust be
a good plasticizer for the polymer. The golubllity of the
resin in the liquid, the pariicle size of the resin and tte soi-
vent activity of the 1iquid on the resin all play lmporiant
parts in making a successful plaszitiscl. Plastizcls are mads by
grinding or otherwise dispersing the pcw@@reﬂ resin in
1iguid by means of a ball mill, & 3-roll mill or other sultable
means. During this step the resin particles must become su
ficiently swollen by the solvent action of the liguild, but the
1iguid must not be so good a solvent that the resin parﬁicleﬂl
getually go into sclution. |

| The resin dispersion at this stage, therefore, censiéis
of particles of resin, swollen by the liguid, dizpersed In the
remginder of the 1liquid. uch & mixture may be uséd gs an ad-
hesive, coating material, etc. After appiisation it is heated,
which completes the solutlon of the resin In the ligquid. The

1iquid plasticizer, therefore is a material or mixture of

Arthur D, Little, Inc.
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ELASTOMER CREMICAL CORPORATION
113 East Centre Street
N 10, New ?tfbbv

ELASTOMER NC. 105

Elastomer No., 105 i3 an essentislly novel, rubbsr-1liks

vinyl compound. It is s0ld In the form of a frea-flowl

viscous which will cure and.

eat without

process, and will take even

After curing it becomss a

- gy~ o~y or sy
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