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I:'l this p~pcr the results of' prali:ninury pcrfor•nnnco ttists aro pro-

sented for the "Eloctro-polnr Fil tor", an CX?Crimentl'.ll oust collector 

devclopod by tho \\"est'3rn Preci i=ii ta ti on Cor poratior;. The objoct'i ven of' 

the field and laboratory testin~ proGram on conmsrciel dust cbllectors 

have bee:i covered in a previous i.-eport by our laboratory (1). Those 
,· 

• 
studio::is e.-:-e intended to dctermJ.ne collector perforrnnnce in accordance with 

applications Suf:cested by° the manufacturer and also to investj r,a:te new 

epplicntions by means of rnino:r operatin6 or design changes. The proper 

e-.ralu&tion of these data servo as a guide to the J\tor:iic Ener 1~~· Comn1ission 

and its· contr&ct;ors in the sel':lction and a2plic£;.tion of com:norcially 

e.vailbble nust collection npparet~s. 

The· Elect:-o-polar Filte~ now under test was developsd by the 

manufacturer's rosea.rc.:h de?artme:-it a:td would. probably".be subject to design 

chane;es prior to marketing. AEC representatives, CO!ltacted by the vrester"Q. 

~recip1tation Corporu~ion ccnsidarod it advisablo to have the unit tested 

by the Air Cleanin0 Labor~tory so thut its practicability as an air clea!ler 

for lo• ..... dust load syste!Tls could be determined. Since th~ Eloctro-poh.r 

Filter is an expcrimo:-i.tnl :nodol there is little background do.tn with which. 

. 
to cor:ipare its performance. l!owover, tho unit O'Tlploys PF 105 or pt> 316 

Fiberglas modin as tho primary filtr~tion elomcnts. The3e pads have a 

basic wcir,ht colloction efficiency of approxlmntoly 70 to 80 por cent 

n~uinst ntmosphoric dust ond are sui tub le only for low .. dust concc:i~rut). 0·1s. 
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By plucin~ ·tho Ct•or pnd.:> wlthi.n n stl·onr. oloctric field, ol·::cLrostntic 

forcos nro oxpoctt)d to suc:iploriwnt tho u:.;uul filtrntion mccho~i~ms (impiction, 

intorcoption o.nd diffusion) thus i:nprovin:; tho pcrfon:innco of tho U.'1:t •. 

Dcscri:>tlon o~ Elcctro-polnr F'Hter - 1'.o<lol K 

263 

The Electro-polar Filtor consists essentially of n dielectric filt~r 

moaium of fino glass f ibcrs placed in nn electric field. Filter mediu 

01nployod ure P!." 316 mats or one to two loye.rs of Pf 105. The fibor code 

designation is that or tho Fiberglas Corporution. PF 316 is a three micron 

~inrnoter resin conted glass fiber sup~licd in l inch thick bats at a pncki~g 

density of 1 lb./ft.3. PF 105 is e. one micron ciiamotor resin coated fiber 

supplied in 1/2 inch bats at e. psckbg density of 0.6 lbs ./rt3. The elect:-ic 

field is furnishod by placint:; the fiberglas :r.at between two vertically ulicned 

metnl screens. The upstron:n screen is i'nsula.tcd and 11aintnined at a positive 

potential of 15 kilovolts; the do'vrnstream screen, l inch romoved., is grou..1:5.ed 

to the unit. Scro on constr•;ction consists of a stamped dinr..ond s'.la::_Jed 

grating with a free oree of approximately 80 percent. Totnl filtration e.ree. 

co11prises five identical screen sections (20 inch~ 60 inch) arra:"lged in a 

row and all insu1e.ted from ench other. The entire screen section (totnl 

area = 41.5 square feet) is cligned diagonally in a rectan6ulnr housinG heving 

o~erall dimensions of 2.5 x 8 x 5.5 feet. This permlts a gradual reduction 

·1n cross section of the entry plenum so that better air flow distribution 

may bo obtained. 

Tho high voltngo supply is furni~hed by a power pack with a rut~d 

output :rc.n~ine; fro:n 11 to 17 kilovolt~. Thre'.:! hundred microe.mpercs ere 

a.vnilnblo at 17 Kv. and nt currents exceeding 750 µ~ (r~sul~ing from 

shortinc or arcing) n snfoty control relny turns orr tho power. 

- • ' ••• 1 
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ihc powor pnc~ is cnclosod inn l~ x 16.x 9 inch box which occupios 

m10 corner of tha collector housinG• To red~co oxco$sivo dust loadings 

and prcvont sci·eon shortinc; by gross contnminants "Dustop" roughing filters 

(in a l>llnk of 3) v.re located at the inlot to tho collector. 

Rntod Operutin~ Conditions 

· Tho Electro-polnr FiltQr is desi~ned to opernte nt 3500 cfm ~~th n 

1 inch lnyor of PF 316, 2900 cfm withe. 1/2 inch lnyer of PF 105 and 1700 

cfm with two, 1/2 inch layers of PF 105. The manufacturor recommends 

thnt filters be replaced when pressure losses reach 2 inches of ~~tor 

e.lthoug;h fe.n capacity or exhaust require'.Tlents may modify this figure. 

Rocoffimendod screen potential is 15 Kv. Arcin~.betwoon grounded and high 

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

screen surfaces. The high curret'lt accompanying arcing will e.utoinstically 

activate the overload control switch and turn off the power supply. In 

so~o instances of arcing a sizable holo may be burnt in tbe filter ~nich 

llill, require patching;. 

Theory of Operation 

It is evidont that ths glass fiber media employod in the Electro-

polar Filter are reasonably good filters for atmospheric dust ~nthout 

superimpo:;ed electrost&tic effects. Preliminary tests indicate weight 

collection efficiencies ra~ging from 70 to 90 percent against atmo:;pheric 

dust at n filtration velocity bf 85 fpm (PF 316 modia). Previous tests (1) 

havo also sho-.·m that similar fiborgles media (PF 105 and ?F. 314) oporo.te 

in tho sa:ne ionoral effici.ency nmge. 

Electrostbtic cho.q:;o rncnsuro:.ion:.s upon PF' 105 modia havo indicatod 

potontiuls of 700 volts rcsultinG fro~n hnndlins alono. Ilie;h static cho.r0cs 
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may bo producod th1 .:>u~~h ccirdinr; :i-s illm1trnto4 by tho rosin-wool filter (2). 

This informntion indicntos thnt clcctrostuiic so~orntin& forcos como into 

plny in fibor colloctors regurdloss of cxtcrnolly uppliod oloctricnl fields 

and in addition to usunl colloctin~ mochunisrns {impaction, intorcoption 

o.nd diffusion). 

By intensifyini; tho eloctrostatic offocts throur;h placin~ tho fibeq;las 

:nedin within an eloctrico.l field tho mnnufacturor has ·sought to imi)rove 

tho overall dust removal charucterist)cs. 

The presence of dielectric fibers within an electrical fiold produces 

divergencios in field intensity such thut the regions of hichest field 

strength are conccn~rntod about the fibers. Dust particles, which become 

polarized by passinc through the electricnl field, migrate towo.rd the 

regio=1S or highest field int.ensity. It should bo notod that ~he pnrticle 

:notion is a.lwnys toward the Z0!1u of higher field strength regardless of 

field direction. Hi~hor dust concentrations in the immedia~e vicinity of 

the fibers cs.use increased agglomerntion and enhance the probability of 

capture by inertial mechanisms. 

Althou~h mathorr:atic&l forr.1Ulas have boon presented by Pohl (~) to 

quantitato the precipitation or solids from liquids in a hiEhly divergent 

field, no si:nple relatior.ships can. be advanced at the present time to dcnl 

with particulate deposition in fiber beds·. Pohl describos a system con-

sisting of a single, positively charged .central electrode o.nd n concentric 

cylindricnl negativo electrode, used to precipitate a g;re.phite-tolu0no sol. 

In this ca~e, it is possible to cvuluato tho field stron&th at any point 

as n function or tho potentinl Gradient and the olectrodo dlmcnsions. 

~quntinc ViECOUS forcos to oloctrostatic forces permits esti~~tion or 
I 

partlclo mi~ration volocitios • 

... , ·. 
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•In a gcncr~l nquutio11 miurntion voloc.it:1 (v) r.:iy bo exprossod r.u:; a 
t 

funct5o:i. or tiic dif'f'.:·ron .. co bc~w·eon the • .H13lectric constnnt of tho fluid nnd 

ptlrtic:1late co:~1pn1111\;s (k1 - k2 ). port3ch3 rndius (a), fluid viscosity 9). 
absolute v\iluc ':.'Jf the fioU. strcnc;th (E) and its divori;enco {JE~r)• 

v = (k1 - k2) a
2 ~ (i ff l (I) 

Since no data nre nvailnblo to define fiold divur~encies in randomly 

oriented fiber b9ds, varyin~ in s~rrace chnracteristics a~d having non-

u~iforo resinous coatings, the ebove eou~tion hes only n qualitativo signifi-

ca~ce as far ns the Electro-poler Filter is concerned. It should be notod 

also that in deoline; with e. dyna::iic syste11 it wo·uld be necessary to co:.ibine 

vectorinlly the inertial and ele6trostatic forces. In practical application, 

Equation I su~gests that inc~eased particle size end field potential should 
" 

i:nprove the collection efficiency of .the Electro-polar Filter. For particle 

c~ametersiP5 riicrons, however, electrosl;atic forces a.re insignificant in 

comparison with the inertial effacts. Similarly• it nppe'ars that vnriation 

in filtrstion velocity would effect collection efficiepcy only through 
. I 

inertial or diffusional mechanisms. 

To st Procedure 

!nl9t e.nd outlet at::iosphor ic dust loacii.nss v1ere. deterr.Uned .gra.vi'r.iotricu lly 

witb hiih volume sa~plors and pleated filters (4). Sta.in efficiency measure-

'1ents wer-:: made with e. i'ilm badr,e densitor:i~ter on W"nat:r:on Ho. 41 filter discs 

e.nd count efficiencies were dctcr'ilined with a Bausch o.nd Lomb dust counter. 

Copper sulfa.to loadin0s wcro sa:np1r.:d ~·:ith AC electrostatic prccipitntors 

nnd th~ co~centrntions detcrMinod by chemico.l enolysis. The method of 

. .. . 
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f;0!1cro.tin.:; copp<Jr sulfnto :::icro:;pho:·:;Js nnJ cor.iploto aotnilc on o.11 :;n:::pli~& 
. . . . 

mothods hovo bocn doscribed in previous HYO reports (1, 5). 

Tost Rosul ts 

Proliminory tosts on the Eloctro-polor Fil tcr wore dcsign')d to c!et.:ir:"lbo 

if the use of £irl eloctr icnl fiold sir;nificnntly improved the basic pcrfor:nnncc 

of th9 Pr Jl6 fiber media.. As shoYm in Table 1, tests 1 and 3 with ntr.iospheric 

dust nnd tests 5, 6, 8 and 9 with copper sulfate indi~ato averaGe efficie~cy 

increasos of 15 and 11 percent, respectivel~~1en rated scr~cn voltage (15 Kv) 

was applied. Filter plug~in;:;, hov!ever, illustrated by slightly hit;hcr 

pressure losses in tests 2 and 7, indicntos n cradual improvement in basic 

fibor efficiency. Table Ip compares overall collection efficiency as 

obtainod by simultaneous vreit;ht, stain and count methods for operations at 

no volte.go and 15 Kv • 

. A breakdown of weight collect.ion efficiency appears in Table I since 

the "Dustop" per!'oru.o.nce is not governed by the electrical field. Ove:-e.11 

unit efficiency. therefore, shows n smaller increase (approxi-;inte:y 8 

percent) with application· of screen voltage. At lower screen vcltat;es 

(11 Kv) n very slight docroase in efficimic~· was observed for copper si.;lfat.o 

· (test 10). 

Filtration velocities rnncir.g from 36 to 85 fpm £ind scrcon voltages 

varying fro~a 11 to 18 Kv shovrncl no sii:;nificunt efficiency che.n[;CS vlith 

e.tmospheric dust (THble II) according to ste.in F.10usure'.1"1ents. However• it 

is expected th&t addition&l tests.with a copper sulfoto aerosol will pcr~it 

bottcr corro lntion cf these v£irie.bles. Cho.n~e s in co~ccntrc. tic·n P.~d particle 

size distribution of atrao:.phcric dust were portly responsible for ir.cc:;,siste::ciei:; 

in the co.to. 

·-----------· 
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Hu:nid nir also wns obscrvoc to roduc;c coll.octior. o.fficioncy c~Hhcuc;h tho 

mens i..;rc:nont s wcro CJ uc.l i tH t.: vo. 

In orJor to oliminnto tho effect cf cho!i~in& bod charnctcristics rluo 

to rotcr.tion of' copr;or sulfate, tests 5, 6, 8, 9 n:ld 10 wero run with c..lt<.:rnr.te 

screen secti'ons bloci:od off. A:r flow wr.n reduced rro?ortionntely to ::lllintl'.'in 

CO!iStnnt velocity (85 fpm) thrc'L:gh tho PF 316 medin. Sinco the Dustop filter 

e.ren wns not chnn[;od, the velocity throur;h this section. of tho unit vnrieci 

with totnl air flow (Table I). Weight collection efficiencies fer Dustcp 

filters were a direct function of velocity indicatinr that inortinl sepnr&tion 

vres tho primary collecting mechanism. 

Discussion of Tests 

Test data indicate that the use of an electr5cal field increases 

the overoll weight collection efficiency oT the Electro-polar ·Fil tor by 

about 8 percent with atmospheric dust and copper sulfate microsphercs. 

It appears that the overall aci.vantnt;e of the electrical field will decree.se 

with fi.lter ·usage since the efficiency of fiber beds increases ;·;ith plug­

ging. Preliminary tests indicate this trend even thQugh pressure losses 

are still below tho rated value of 2 inches of water. 

N.o de.ta has yet been obtained for PF 105 media vrhich, becc.use of its 

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

Final co:nrr.ent r6garding th~ utility of the Electro-poler Filter &s a 

hibh efficiency cleaner for low dust concentrations is withheld pondins 

completion of test~. 

,• 
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TABLE I 

Effect of Sere.en Voltage on Collection Efficiency of Electro-Pol&r :'il";er 
with Rated Velocity (85 fpn) through PF 316 Hedie. 

Test Inlet Loadine; 
Greins/1000 ft. 3 

Screen 
Voltege 

Kv 

Pressure Loss Filtration ''/~~u'r.• -C '1~ ·~o~ 1.., - t... • ...,, 0... -C . .,, ~ .j, 

PF 316 Media 7elocity 3ffi cier~cy % 
Inches ~~ter through Dustop F? 3le Overell. 

Dustop f pm 
~~~~~--~~~~~~~~~~~~-~~~~~~~~- -~~ 

a. Atr.osphor~c Dust* 

1 
2 
3 
4: 

b. 

5 
6 
7 
6 
9 

10 

0.118 
0.036 
0.179 
0.097 

0 
0 

15 
. 15 

Copper Sulfate MicrosphcreSt!<"' 

0.306 
0.281 
0. 206 
0.216 
0.185 
C.187 

0 
0 
0 

15 
15 
11 ' 

. 1. 07 
1.16 
1.07 
1.13 

1.24 
1.24 
1.27 
1.22 
1.26 
1.30 

420 
420 
4:20· 
420 

168 
168 
420 
252 
252 
252 

52 
52 
52 

30.7 
17 .o 
4:6.0 
3~.8 

3~.8 

34.e 

"' }f.£1ss ll:edian = 1.0 microns, Geometric Ste.nee.rd Deviation 1.6. 
•lfr ~foss Y.edinn == 1.2 microns, Gcor.iotric Stnndnrd Devintion 1. 7. 

32.5 
87.6 
97.0 

85.5 
87.3 
90. l 
97. 5 
97.6 
95.7 

91.6 
94.0 
9e.s 
95.2 

90. 2 
89.5 
9~.6 

93.3 
98.4 
97.2 

~ ... r . ...... ....... 
I 

-ti 
0 

ro 
C\ 
\0 
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TABLE II 

Effoct of VoltuGo und Volocity Variations on Stnin Efficiency Tests 
with Atmospheric Dust 

Test 

11 
4 

12 

11 
13 
14 

Inlot Lending Screen Fil troti on Ov£>r11ll Stain 
Groins/1000 ft.3 Vol tago Velocity Efficioncy 

Kv f pm % 

0.087 11 85 98 
0.098 1 fl 85 95 
o·.125 18 85 98 

0.087 11 85 98 
0.123 11 61 98 
0.208 11 36 98 

TABL3 III 

Effect of Sc:-een Voltni:;e on Simultaneous 1.Yoight, Stain and 
Count Efficiencies for At~ospheric Dust at Rated Capacity 

(3500 cfm) 

.. Test Screen Vol~age Overall C ollec-c ion Efficiency 

l 
3 

Kv 

.0 
15 

/ 

Weir;ht 

92 
98 

SlW.:t.ARY 

o1 
/0 

Ste.in Count 

so 51 
95 80 

Results of preliminary performo.nce to.sts are presented for the Electra-

polar Filter, e. dust colloctor developed by tho Wostorn Procip:itation 

Corporation for hich officioncy romovol of particulotos. Separation is 

achiovod throuch a co:nbino.tion of the mcch&nicc1l filtru.tion. proportios cf 

I'F 316 or PF 105 fibciq;las and. oloctrocto.tic offoct::; procucod by locetin~ 

•I ' 

. . 
' 
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tho fibers w.l thin i::n cloctricC1l field (cr~r.tod ~y two r.wLu l tcr·"'ous, ono 

mf1intnincci ct 15 Kv role:1tid o:id tho othor rrou!1doc). Theory of operation 

is bosod upon migr~tion of polnriz~d dust pnrticlcs to the rocion~ of hich . 

field intensity surrounding tho gloss fibers. 

Test results on clcnn fibers indicate that application of retcd screen 

volto.be (15 Kv) incrouscs overall collection efficiency of ntmOSIJhoric dust 

~nd copper sulfate microsphcres by nbout 8 percent. Filter plugging, however, 

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

advnntnr.e or the electrical field. 

Current tosts include n study of the effoct of voltage and velocity 

Yeriations on collection efficiency. Final evaluation of collector utility 

is withhold penciing analysis of all test data • 

. . • 

LITERATlraE CITED 

(1) First, M. W., Silverman, L., et al "Air Cleaning Studies, Progress 
Report, Feb. 1, 1951 to June 30, 1952''• .AZC Cantre.ct No. AT-30-1-841, 
US.ABC, NYO 1586, Rnrvcrd University (Dec. 16, 1952). 

(2) Rodebush. w. :1., "Handbook on Aerosols" Chapter 9, 'i'foshington, D.C., 
U. S. Atomic Energy Conmission (1950). 

(3) .Pohl, E. A., "The Mqtion and Precipitation of Susponsoids in Divergent 
~lectric Fielus", Jour. of App. Phys.; 22, 869-871 (1951). 

(4) Silverr.:an, L. and Viles, F. J., Jr., "A Rich Volume J.ir Sampling end 
Filter \'ioir,hinr; l~cthod for Curtain Aerosols''. Jour. Ind. }iyg. and 

·!ox., 30, 12~ (1S~3). 

(5) Silvcrmun, L., :'irst, M. YI., et E\l "Finnl ?regress Report", A"EC Contract 
no. AT-30-l-i341, USAEC, N'YO 1527, Jiorvu.rd Univcrzity (Fob. 1950) • 

. . . 


