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In this pspor the results of praliminory pcrformnnco tests aro pre- 

scnted for the - "Clectro-polar Filter", an cxpcrimsntnl uust collector 

Jevclopod by the Kestsrn Precipitation Corpora-';ior;. The objoct'ives of 

the field and laboratory testinr, procram on conmsrciul dust; collectors 

have been covered in a previous report by our laboratory (1). Those 
.' . 

studies are inte:lded to determIne collector performance in accordance with 

applications suggested by t'ne manlZacturer and also to investj*yate new 

applications by moans of minor operating or design changes. The proper 

evaluation of these data serve as a guide to the Atomic Energy Comnlission 

and its'contractors in the selection'and application of commsrcially 

available dust collection apparat)Js. 

The' Electra-polar Filter now under test was developsci by the 

manufacturer's research department and would prohably'be subject to design . 

changes prior to marketing. AFC representatives, contacted by the Western 

Precipitation Corporation conur -:derod it advisahlo to have the unit tested 

by the Air Cleanins Laboratory so that its practicability as an air cleaner 

for 10:~ dust load systems could be detorntined.' Since the Eloctro-polar 

Filter is. an experimental model there is little bnckground data with which 

to compare its perfornaaco. Iiol:uver, ' the unit employs PF 105 or PP 316 

Fiberglas media as the primary filtration elomerlts. Those pads have a 

basic weight collection efficiency of approximately 7G to 80 por cent; 

nzainst atmospheric dust and nro suitnble only for lov::,dust conccntrutio*>s. 



By plucin~ %ho f;tlor pnds withig a strong electric field, olcctrostntic 
. 

fqrcos arc expoctad to supplomont the usual filtration mcc}laniems (impaction, 

intarcoption and diffusion) thus ixpr-dving tho pcrformnco bf tho u?Lt. . 
. 

Descri?tlon of Elcctrb-polar Filter - ?~odel X --- - 

The Slectro-polnr Filter consists c sscntially of a dielectric filter 

medium of fino glass fibers placed in nn electric field. Filter media 

employed are P. 0 316 mats or one to two layers of PF 105. The fibor code I 

designation is that of the Fiberglas Corporation. PF 316' is a three micron 

'diameter resin coated glass fiber supp,lied in 1 inch thick bats at a packing 

dansity cif 1 Ib./fL3. PF 105 is a one micron diamotor resin coated fiber 

supplied in l/2 inch bats at a packing dansity of 0.6 lbs.,/ft3. The electric 

field is furnished by placin S the fiberglas mat between two vertically aliEned 
. 

metal screens. The upstronm screen is insulated ahd -naintalned at a positive 

potential of 15 kilovolts; the downstream screen, 1 inch removed, is grounded 
, 

to the unit. Screen construction consists of a stamped diamond shaped 

grating with a free area of approximately 80 percent. Total filtration area 

comprises five idsntical screen ssctions (20 inch k 69 inch) arranged in a . 

row and all insulated from each other. The entire screen section (totnl 

area = 4i.5 square feet) is aligned diagonally in a rectangular housing having 

overall dimensions of 2.5 x 8 x 5.5 feet. This permits a gradual reduction 

In cross section of the entry plenum so t'nat better air flovr distribution 

may bo obtained. 

The high voltnge supply is furnished by a po~cc pack with a ratrd 

output ranging from 11 to 17 kilovolts. Three hundred microamperes are 

available at 17 Xv. and at currents exceeding 750 \~,a, (resulting from 

shorting or arcing) a safety control relay turns off the poncr. 



T)lc powr p. c 61 k is enclosed in a lfi x 16-x 9 inch box which occupies 
. 

one cornor of the collector housing. To redxu oxcossivo dust loadings 

and prevent screen shorting by gross contaminants "Dustop" roughing filters 

(in a bank of 3) are located at the inlot to tho collector. . . 

Rntod Opertltinq Conditions -- 

. The Electra-polar Filter is designed to operate at 3500 cfm with a 

1 inch layor of PF 316, 2900 cfm with a l/2 inch layer of PF 105 and 1700 

cfm with two, l/2 inch layers of PF 105. The manufacturer recomvnends 

that filters be replaced when pressure losses reach 2 inches of water 
, 

although fan capacity or exhaust requirements may modify this figure. 

3ecommondod scrsen potential is 15 Kv. Arcing,betwvcon grounded and high . 

voltage screens may occur as a result of high points or shtirp edges on the 

screen surfaces. The high current accompnnying arcing will automatically . 

act.ivate the overload control switch and turn off the power supply. In 

somo instances of arcing a sizable hole may be burnt in the filter which 

will require patching. 
. 

. 
Thecjry of Operation 

It is evident that the glnss fiber media employed in the Electro- 

polar Filter are reasonably good filters for atmospheric dust without 

superimposed electrostatic effects. Preliminary tests indicate woig:it 

collection efficiencies ranging from 70 to SO percent against ataos?heric 

dust at a filtration velocity bf 65 fpm (PF 316 modia). Previous tests (1) 

have also shoxn that similar fiborgles media (PF 105 end PF, 314) oporata 

in the sane gonoral efficiency range. 

Electrostatic chargo mcasuro-gon%s upon Pr' 105 modin have indicated 
w 

potentials of 700 volts resulting from handling alone. high static char;;es 
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may bo produced thla.~;;h cording ps illugtroto+ by tho rosin-~001 filtor (2). 

This lnformntion indicntos that elcctrosttktic SoporatinG forces coma into 

play in fibor collectors regnrdloss of oxtcrnnlly applied oloctrical fields 
. 

and in addition to usual collecting mechanisms (impaction, intorcoption 

and diffusion). 

By intansifyin g the electrostatic of'fects through placing the fiborglus 

media within an elOCtriCA1 field tho manufacturer has'sought to im;>rove 

tho overall dust removal charucteristjcs. 

The presence of dielectric fibers within an electrical field produces 

_ . divargencies in field intensity such that the regions of highest field 1 

! strength are concentrated about the fibers. Dust particles, which bocone 

polarized by passing through t!le electricnl field, migrate toward the 

regions of highest field intensity. It should bo notod that the particle 

n&ion is always toward the zone of higher field strength regardless of 
1 

field direction. Hi;hor dust concentrations in the immedia,te vicinity of 

the fibers cause increased agglomeration and enhance the probability of 

captuti6 by inertial nechnnisms. . 

Although mathematical formulas have boon preserited by Pohl (3) to 

quantitato the precipitation of solids from liquids in a highly divergent 

field, no'simple relationships can be advanced at the present time to deal 

with particulate deposition in fiber beds: Pohl describes a system con- 

sisting of a single, positively charged .central electrode and a concentric 

cylindrical negative electrode, used to precipitate a grhphite-toluone sol. 

In this case, it is possible to evaluate tho field strength at any point 
. 

as a function of tho potential grodien+; and the olectrodo dimensions. 
w 

Equating viscous forces to oloctrostatic forces pormlts estinat:on of 

particle migration voloiitios. 
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, l In 8 gcncr91 ncluatioil mi,, Tration voloc.ity (g) t.sy bo oxprossod as a 

Act ion or tic 
. 

diff‘?rewo bcL:vctln the dielectric constnnt of tho fluid and 

pw%i c.11at.s c0:r,y.3;10111;5 (kl - 'x2), particle radius (a), fluid..viscosity (y), 

absolute v~luo of the fio1.d strength (2) and its divorcence (dE/dr). 

Since no data are availnblo to define field divargencies in randomly 
I 

oriented fiber beds, varying in sWface characteristics axd having non- 

uniform resinous coatings, the above eouption has only a qualitative signifi- 
, 

cance as far AS the Electra-polar Filter is concerned. It should be notod 

also that in dealing with a dyla?ic systen it would be necessary to combine 

vectorially the inertial and electrostatic force?. In practical application, 

Equation I sub0 -rests that increased cnrticle size and field potential should 
\ 

improve the collection efficiency of,thc Electra-polar Pilter. For particle 

d:,ameters?5 microns, however, electrostatic forces are insignificant in 

comparison with the inertial effects. Similarly, it appears that variation 
. 

in filtration velocity wou,ld effect collection efficiepcy only through 
. 

inertial or diffusional mechanisms. 

Test Procedure 
‘.. 

. Lnlet and outlet atxosphoric dust loadings were.determined gravi'motricclly 

with high volume ssnplcrs and pleated filtsrs (4). Stain efficiency measure- 

ments vfw3 made with a film badge densitometer on Wnatmon No. 41 filter discs w 

and count efficiendies were dctcrninad with a Bausch and Lomb dust counter. 

COppor sulfato loadings were SAmpled a.ith AC oloctrostatic prccipitat ors 

and the CO:lCC~tI~AtiOIlS detcrminod by chemical analysis. The method of 
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goncratin~~,. coppr sulf’ato microsphers s and comploto dotnilc oi all sn::alirls . 

nothods hnvo bocn doscribed in previous NY0 reports (1, 5). 

Tost Results 

Preliminary tests on the Sloctro-polar Filter were des9gnsd to detsr:?ino 

if the use of an electrical field significantly improved the basic performance 

of the P?’ 316 fiber media. As shown in Table 1, tests 1 and 3 with atmospheric 

dust and tests 5, 6, 8 and 9 with coppr sulfate indicate average efficiency 

incraasos of 15 and 11 portent, resycctivcly,w!~cn rated screen voltage (15 Xv) 

was applied. Filter plug,einZ, however, illustrated by slightly higher 
, 

pressure losses in tests 2 and 7, indicates a gradual improvement in basic 

fibor efficiency. Table III compares overall collection efficiency as 

obtainod by simultaneous weight, stain and count methods for operations at 

no voltage and 15 Kv. 

. A breakdown of weight collectjon efficiency appears in Table I since 

the "Dustop" performance is not governed by the electrical field. overall 
I 

unit efficiency, therefore, shows a smaller increase (acproxilately S 
. , 

percent) with applicationSof screen voltage. At lower Screen vcltazes 
. 

(11 Kv) a very slight docrease in officiel!c3. was observed for cOrJ;er sGlfat.o 

(tost 10). 

Filtration v0lOCitieS rangiq fron; 36 to 85 fpm and screen Folteges 

varying froa 11 to 1E; Xv showed no significant efficiency changes with 

Ltmospheric dcst (‘irib II) according to stain nuasureaents. Tiowver, it 

is expected thct additional tests,v:ith a copper sulfate aerosol will ?crmit 

bottcr corrolntion cf theso vmie.bles. Chanps in conccntrction and pnr'iicle 

size distribution of atmospheric dust were partly respansiblo for icccr,sistencies 

in the dnto. 
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1jumi.d air also WAS obscrvod to roducc coll.octior. officiotrcy clthcug?l i?~o 
. 

measurcmonts wore qu~litativo. 

In ardor to oliminnto tho effect cf changing bed charnctcristics duo 

to retention of copper sulfate, tests 5, 6, 8, 9 nnd 10 were run with altcrxte 

screon secti'ons %loc%cd cff. Air flow was reduced proportionntely to maintrin 

constant vo?ocity (85 fpm) thrccgh tho PF 316 media. Since the Dustop filter 

area \:ns not chnnpd, the velocity through this section. of tho unit varied 

with total air flow (Table I). Weight collection efficiencies fcr Dustcp 
L 

filters were a direct function of velocity indicating that inortinl sepnrhtion 

was tho primary collecting mechanism. l 
P 

Discussion of Tests 

Test data indicate that the use of an electrjcal field increases 

the overoll weight collection efficiency OT the Electra-polar *Filter by 

about 8 percent with atmospheric dust and copper sulfate microspheres. 

It appears that the overall advantage of the electrical field will decrease 

with filter 'usage since the efficiency of fiber beds increases vrith plug- 

ging. Preliminary tests indicate this trend even though pressure losses 

are still beloir the rated value of 2 inches of Water. 

No data has yet bsen obtained for PF 105 media which, because of its 

small diameter (1 micron), should be a more effective filter. 

Final comment regarding the utility of the Electra-polar F'iZter as a 

high efficiency cleaner for 10;~ dust concentrations is withheld pondinS 
. 

completion of tests. . . . 
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. TARLk II * 

Effect of Volt;ul;o und Velocity Variations on Stain Efficiency Tests 

.' with Atmosshoric Dust 

4 
-- 

, Test Inlot Loading 
Grains/1000 ft.3 

Screen Filtration Ovcrnll Stain 
voltA&o Velocity Efficiency 

XV fpm P. 

11 0.097 11 85 98 
4 0,09a 15 ' 85 95 

12 0',125 18 85 98 

11 . 0.057 11 85 98 
13 . 0.123 11 61 98 
14 0.203 11 ' 36 98 

TABLX III . 

Effect of Screen Voltage on Simultaneous Yoight, Stain and 
count Efficiencies for At'rcospheric Dust at Plated Capacity 

(3500 cfm) . 
, 

- ..Test Screen Voltage -- 

-_ s xv . 
Overall Collsction Zfficien? _ 

'rioiC;ht ss Count 
1 .O 92 SO 54 
3 15 98 95 80 

fiesults of pralininary performance tests are presented for the Electro- 

pol’ar Filter, a dust collector doveloped by the Xostorn Precipitation 

Corporation for hi,+ officioncy ronoval of particulatos. Soparation is 

achiovod throui;h A co&Tbination of the mechanical filtration propcrtics c;f 

PF 316 or Pi" 105 fibor~les and olectroctatic of'fucts produced 5y locatinrr u 



the fibers within r.n cloctricol field (cr+cLod by twu GWLLI~ :‘C~C’CIIS, ono . . 
meintaincd ct. 15 Kv Fotcntir.1 and tho othor krougdod). Theory of operation . 

5s bnsod upon migr&tion of polarized dust pnrticlcs to the regions of high _ 

field intonsity surrounding tho glass fibors. 
I 

Test results on clcnn fibers indicate that applicntion of rated screen 

voltcge (15 Xv) incroascs overall collection efficiency of ntmosphoric dust 

and copper sulfate microspheres by about 8 percent. Filter plugging, however, 

results in higher baso efficiency for the fiber which tends tc lessen tho 

advantage of the electrical field. 

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

rrriations on collection efficiency. Final evaluation of coilector utility 

is withhald pending analysis of all test data. '. 

. 
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