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ELECTRIC FILTER: WITH MOVABLE BELT ELECTRODE 

Background of the Invention 

5 
' 

The United States  ~overhment has r igh t s  i n  t h i s  invention 
pursuant to  Contract No. 14-7405-ENG-48 between the U.S. Department of 

Energy and the University of California for  the operation of 'the 
Lawrence Livermore National ~ a b o r a t o r ~ .  . The present invention re1 ates  

10 genera l .1~  to  methods and apparatus fo r  purifying a i r s t r e a m  employing 
- . -  . . .. - -- - - - - . - -. .- . 

e1,ec ' t r ic-f ' i l ters ,  and more part icular ly to e l e c t r i c  f i l t e r s  including 
a t  l eas t  one movable be1 t electrode. 

Numerous methods and apparatus are known and u t i l i zed  to  remove 
. , . . 

15 .airborne-contaminants from airstreams. One commonly used apparatus is  
the e l e c t r i c  precipi ta tor ,  which generally involves a  two-step process 

to remove liquid droplets or sol id par t ic les  from the gas stream where 

they are suspended. In the f i r s t  step,  the suspended part . icles pass 
through. an e l e c t r i c  discharge area to ionize the gas. The ions 

. 20 produced col l ide  with the suspended par t ic les  and confer on them an 

e l e c t r i c  charge. 

, 
In the second step, the charged par t ic les  are precipi ta ted on a  

se r i e s  of electrode p la t e s . tha t  have a  high voltage gradient imposed 

25 between the electrodes.  Electr ic  precipi ta tors  can a1 so be designed so 

tha t  the par t ic les  are both charged and precipitated in the sane area, 

e.g., a  one-step process. Efficiency o f  e l e c t r i c  prec ip i ta tors  i s  
limited by the resis tance of the dust to be col lected,  and the area of 

the col lector  plates  re la t ive  to the volume of a i r  cleaned. Dust 



particles must generally have resistivities between 5 x lo3 and 

2 x 10'~ ohm/cm to be efficiently collected. Outside this range, 
particles are not efficiently collected, and therefore significantly 

restricts the applications of electric precipitators. Electrostatic 
precipitators are capable of removing only particulate matter, not 

objectionable gases. Exemplary electric precipitators are disclosed in 

U . S ,  Patents Nos. 3,626,668; 2,579,440; 3,581,468; and 3,701,236. 
. . 

Another type of apparatus frequently used to remove airborne 
contaminants is a filter, designed as an assembly of very small 
obstacles such as fibers or spheres, integrally bound together or a 
loosely bound aggregate through which the dirty air flows. In some of 

these devices, the clean filter acts to support a layer of particle 

deposit which is the primary filtering agent. The mechanical filter 
captures particles because the particles' inertia and diffusion causes 

a collision with the filter media. Although the collection efficiency 
for the individual collectors comprising the filter medium is not very 
large, the large number of collectors in a typical filter medium makes 
the overall efficiency very high. This large collection area in 

mechanical filters accounts for their higher efficiency when compared 
to electric precipitators. Unfortunately, the larger collection area 

in mechanical filters also produces higher restrictions to air flow 
than electric precipitators. 

An improvement in fi 1 ter .performance is realized by electrifying 

the filter medium to increase filter efficiency and filter life. In 
this regard, electric filters represent the best technology for 
removing such airborne contaminants. These filters are based upon the 

concept of either charging or polarizing a filter medium and generating 

an electrical force between the medium and particles. Primary methods 
for generating electric f i 1 ters include precharging aerosols, 
polarizing the filter media with electric fields, and permanently 

charging the fibers. 

Compared to a conventional f i 1 ter, the electrof i brous f i1 ter has 

a much higher efficiency. !Jhen an external electric field is first 

applied to the fi 1 ter medium, the only capture mechanism is due to the 



forces between the polarized medium and the polarized or charged 

par t ic les .  The e l e c t r i c  f i e l d  ins tan t ly  polarizes the medium, which 

then a t t r a c t s  both charged and polarized par t ic les .  Charged pa r t i c l e s  
tha t  deposit on the medium then gradually 'build up a charge. Increased 
f i l t e r  eff ic iency i s  t h u s  due to  a time-i ndependent a t t r ac t ion  between 
polarized medi um and aerosols, and a time-dependent a t t r ac t ion  between 

charged medium and aerosols. Exemplary e l e c t r i c  f i l t e r s  a re  disclosed 

in U.S. Patents Nos. 3,800,509; 3,375,638; and 3,537,238. 
. ' 

The e l e c t r i c  f i l t e r s  disclosed in the preceding patents  a l l  pull  
the medium over s ta t ionary electrodes. Although e l e c t r i c  f i l t e r s  using 
s tat ionary electrodes have a generally simple design, they su f fe r  from 
excessive tension on f i l t e r  medium that  i s  required to  overcome the 
f r i c t iona l  forces  between the f i l t e r  medium and the s t a t iona ry  
electrode. This tension on the f i l t e r  medium great ly  r e s t r i c t s  the 
choice of medium which may be employed, and generally requires  tha t  t he  
medium possess high t ens i l e  strength a t  a cost of decreased 

eff ic iency.  A fur ther  l imitation of the above-referenced e l e c t r i c  
f i  1 t e r s  i s -  t he i r  f a i  lure--to provide maximum f i l t e r  medium surface area,  
e.g., the f i l t e r  medium traverses in a direction generally 

perpendicular - t o  a i r  stream flow. This geometric configuration 

s igni f icant ly  decreases eff ic iency,  wh'i l e  increasing a i r  flow 
resis tance of the e l e c t r i c  f i l t e r s . .  , . 

. . 

Summary of the Invention 

. . 

' . ~ c c o r d i n ~ l ~ ,  an object of ' the -invention i s  t o  provide a method 

and apparatus fo r  removing airborne contaminants entrained in a gas 
stre'am, wherein f i l t e r  efficiency of the e l ec t r i c  f i l t e r .  is  maximized. 

Another object of the invention i s  to provide a method and 
apparatus for  removing airborne contaminants from an a i r  stream in an 

e l e c t r i c  f i l t e r ,  wherein a i r  flow resistance i s  minimized. 

Yet another object of the invention i s  to provide a method and 
apparatus fo r  removing airborne contaminants found in a gas stream, 



wherein f r i c t iona l  drag of the f i l t e r  medium within an e l e c t r i c  f i l t e r  

i s  minimized. 

S t i l l  another object of the invention i s  to  provide a method and 

apparatus f o r . f i l t e r i n g  out airborne contaminants in a gas stream, 

wherein t ens i l e  strength of the f i l t e r  medium i s  not maximized. 

A fur ther  object '  of the invention i s  to provide a method and 
.apparatus for  removing airborne con.taminants i n  a gas stream, wherein a 
variety,  of f i l t e r  medium mater ia l s  may b e  employed. 

Additional objects,  advantages and novel features  of the 

invention will  be s e t  for th i n  part  i n  the description which follows, 
and i n  part  will become apparent to  those sk i l led  in the a r t  upon 

examination of the following, or may be learned by prac t ice  of the 
invention. The objects and advantages of the invention may be realized 
and ,attained by means of the instrumentali t ies and combinations 

par t icu lar ly  pointed . .  . . out in the appended claims. 
. . 

To achieve the foregoing and other objects,  and in accordance 
with the purpose of the present invention as embodied and broadly 
described herein, the e l e c t r i c  f i l t e r  may comprise a movable, endless, 
perforated be1 t electrode, having a plural i t y  of pleats  arranged 
generally in a longitudinal direction with respect to  the  flow of a gas 

stream t o  be purified. A grounded electrode, adapted t o  f i t  i n  a 

cl  osely-mated, spaced-apart re1 ationship with the be1 t electrode along 
the area of the pleats ,  i s  also provided. The grounded electrode 

includes a p lu ra l i ty  of perforations,  to  permit the flow of a gas 

stream therethrough. Sandwiched between the two electrodes is a f i l t e r  

medium, engaged w i t h  both electrodes and advanced within the e l e c t r i c  
f i l t e r  by movement o f  the be l t  electrode. Means for  supplying voltage 

to the be l t  electrode, and motor means connected to  the b e l t  electrode 

are also included. The motor means provide the power which advances 

the be1 t electrode and f i l t e r  medium. 

In a fur ther  aspect of the present invention, in accordance with 

i t s  objects and purposes, a method for  removing contaminants found i n  



an airstream may comprise providing an e l e c t r i c  f i l t e r  characterized. by 

a movable, endless, perforated. be l t  electrode having a p lu ra l i ty  of 

pleats  arranged generally longitudinally with respect t o  the flow of 

the gas stream. The f i l t e r  also includes a grounded electrode, adapted 
to  be in a closely-mated, spaced-apart relationship w i t h  the be l t  

electrode, and. a f i l t e r  medium sandwiched between and engaged with each 
electrode. The f i l t e r  medium i s  polarized by forming an e l e c t r i c  f i e l d  

between the electrodes.  Thereafter, an airstream i s  passed through the 
e l e c t r i c  f i l t e r  in a direction generally longitudinal with respect t o  

the p lea ts  of the be1 t electrode. Contaminants dispersed throughout 
the airstream are then collected on the polarized f i l t e r  medium. 

By providing an endless movable be l t  electrode, f r i c t iona l  drag 
on the f i l t e r  medium within the f i l t e r  i s  great ly  reduced. Reducing 
f r i c t i o n a l  drag a1 leviates  the requirement tha t  the f i l t e r  medium 
possess high t ens i l e  strength. Hence, greater var iety i n  terns  of 
f i l t e r  medium choice i s  permitted. Generally f i l t e r  medium choices 

with lower t ens i l e  strength yield enhanced f i l t e r  efficiency. Pleating 
the movable-endless-belt-electrode within the e l e c t r i c  f i l t e r  along the 

longitudinal flow direction of a gas stream to be purif ied,  resu l t ing  
i n  a similar pleating ef fec t  on the f i l t e r  medium therein,  increases 

the surface area of the f i l t e r  medium and maximizes f i l t e r  efficiency. 

Brief Description of the Drawings 

The ac,companying drawings, which are incorporated and form a part  

of the spec i f ica t ion ,  i l l u s t r a t e  many embodiments of the invention, 
and, together with the description, serve to  explain the principles of 

the invention. 

Figure 1 i l l u s t r a t e s  a schematic view of one embodiment of the 
electr ' ic  f i l t e r ,  employing a movable endless be l t  electrode and a 

s ta t ionary  grounded electrode. 

F.igure 2 i l l u s t r a t e s  a perspective view of the e l e c t r i c  f i l t e r  of 

Figure 1, and shows the pleated configuration of the movable be l t  

electrode a f t e r  the s tat ionary grounded electrode has been removed. 
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Figure 3 i l l u s t r a t e s  a schematic view of a second embodiment of 

the' e l e c t r i c  f i l t e r ,  employing a movable be l t  electrode and a movable 

grounded electrode. 

Figure 4 i l l u s t r a t e s  a schematic view of a th i rd  embodiment of 

the e l e c t r i c  f i l t e r ,  employing a movable be l t ,  electrode, and a grounded 
electrode attached to  the f i l t e r  medium. 

Detailed Description of the Invention 

The e l e c t r i c  f i l t e r  10 i l l u s t r a t ed  in Fig. 1 comprises a movable, 
endless, perforated be l t  electrode 12, which includes a p l u r a l i t y  of 

pleats  14 arranged generally .longitudinal with respect t o  the flow 16 

:of a gas , stream whi.ch i s  to  be purified. A grounded electrode 18, 

adapted ' t o  f i t  in a closely-mated, spaced-apart re1 ationship w i t h  be1 t . 
electrode 12 along pleats  14, includes a p lu ra l i ty  of perforat ions (not 

shown) t o  permit the flow of the gas stream therethrough. A f i l t e r  
medium 20 is i n  engagement . . .  . with and sandwiched between the two 

. . 

electrodes,  and i s  advanced through e l e c t r i c  f i l t e r  10 by movement 

therein of b e l t  electrode 12.- 

Power means 22, connected t o  be1 t electrode 12, i s  included to 
supply high voltage to  the electrode. Suitable power means include low 

cost sol id  s t a t e  power supplies which ef fec t ive ly  s tep 110 vol ts  up t o  
approximately 15,000 volts w i t h  ver.y l i t t l e  current output. 
Preferably, the power supply i s  d.c. ra ther  than a.c.,, i n  order t o  

maintai'n a charge build-up on the f i l t e r  madium. Power means 22 

provides about 8,000 to  12,000 volts to  be l t  electrode 12 a t  a low 

current less' than 100 p amps. 

Motor means 24 i s  provided, and connected to  be l t  electrode 1 2  in  

order to provide a mechanism to advance the be l t  electrode. Such motor 

means . i s  well known in the a r t ,  and can include, f o r  exaxple, gears 

connected to  be l t  electrode 12  and powered by an e l e c t r i c  motor. Both 

electrodes are housed in a f i l t r a t i o n  chamber 26 which includes 
apertures disposed within opposing wall members 28 and 30, t o  permit 
the entrance and ex i t  of the gas stream therein. Positioned a t  the 



exter ior  of f i l t r a t i o n  chamber 26 i s  a f i l t e r  medium container 32, 

housing a continuous supply of f i l t e r  medium fo r  the e l e c t r i c  f i l t e r .  

As the medium within housing 32 becomes depleted, f resh  f i l t e r  medium 

i s  introduced into the housing., thereby permitting a continuous flow of 

the medium into the e l e c t r i c  f i l t e r .  Preferably, the f i l t e r  medium 

disposed within housing 32 i s  in a pleated configuration, as t o  

maximize the amount of medium disposed within the housing a t  any one 

time, allowing the end of one medium sheet to  be attached to  the  

beginning of another medium sheet. Also positioned a t  the ex ter ior  of 

f i l t r a t i o n  chamber 26 i s  a collection vessel 34, f o r  receiving f i l t e r  

medium from e l e c t r i c  f i l t e r  10 which has become saturated with the 
collected airborne contaminants removed from a i r  flow 16. 

Stationary s t ruc tura l  supports 33 are  included with f i l t r a t i o n  

chamber 26 to  provide s t ructural  support f o r  be l t  e lectrode 12.  This 

support permits the use of less  expensive be l t  electrodes,  and 

addi t ional ly allows fo r  an increase in' the amount of be1 t perforation. 

Structural supports 33 have a re la t ive ly  large open area t o  permit a i r  
. .  - . . - . . - - - .. -- - - . . - - --i__ _ 

to  pass through. . . 

Included within the in te r ior  of f i l t r a t i o n  chamber 26 a re  a 
t 

p l u r a l i t y  of ro l l  members 36, operatively connected with motor means 
i 

24, in order to  enable the advancement of b e l t  electrode 12 therein.  I 

Roll members 36 are of conventional design, and may be pulleys,  disks,  

or (preferably)  chains and sprockets touching the electrode 12. 

Included within the in te r ior  of f i l t r a t iom chamber 26 are  a p l u r a l i t y  

of chain-driven sprockets 38 disposed within each pleat  14 between 

f i l t e r  medium 20 and grounded electrode 18, to  a s s i s t  in advancing the 

f i l t e r  medium. Roll members 36 and 38 may be separately placed, as 

shown in Fig. 1, or may be fastened on the same shaft .  

In operation of e l e c t r i c  f i l t e r  10 i l l u s t r a t ed  in Fig. 1, a i r  

flow 16 passes through wall member 28, and enters the i n t e r i o r  of 

f i l t r a t i o n  chamber 26 through the action of an external pumping or 

blowing system (not shown). A high voltage of about 8,000-12,000 vol t s  

i s  applied to  be l t  electrode 1 2 ,  resul t ing in the polarization of 

f i l t e r  medium 20. Air flow 16 passes through grounded electrode 18, 



contacting the polarized.filter medium 20. ' Airborne contaminants 

entrained in air flow 16 becomes deposited on filter medium 20, and 
thereafter passes through the filter medium to be1 t electrode 12. From. 
there, the air flow travels through belt electrode 12 and exits from 

5 filtration chamber 26 through wall member 30. Inclusion of pleats 14 

as part of belt electrode 12 decreases the face velocity of air flow 
. 16. Face velocity used herein is defined as the flow rate divided by 

the filter .medium area. For highest filter efficiency and lowest air 
resistance; the face velocity of the air flow'should be kept to a 

10 minimu'm. . . 

Movement of- be1 t electrode 12 and filter medium 20 within 
f il tration chamber 26 may be continuous, at a predetermined rate in 

.order to enable efficient collection of airborne contaminants. 

15 A1 ternatively, be1 t electrode 12 may be advanced in a stop-and-go 
manner as f i 1 ter medi um 20 becomes clogged or loses, eff i ci'ency due to 

the collection of airborne' contaminants. To this end, detection means 
40 are provided and operatively connected with belt electrode 12 and 

. - .  .. 

. . motor means 24 to measure the air resistance or air flow across filter 

20 medium 20, or alternatively the concentration of airborne 
contaminants. For this purpose a differential pressure gauge is 
suitable.. Once a predetermined air resistance, air flow, or 

concentration of airborne contaminants is reached, as measured by 

detection means 40, a signal is sent from detection means 40 to motor 

25 means 24 which advances movement of belt electrode 12 within filtration 
chamber 26. Suitable detection means include a pressure transducer, 

differential pressure gauge, hot wire gnemometer, or other appropriate 

: . .  analytical instrumentation. 

3 0 In choosing a proper fi'l ter medium, the following parameters are 

preferably minimized: conductivity; medium packing density; 

compressibility; and water absorption. Relatively low medium 
conductivity is desirable in order to maintain filter medium 

polarization,,and preve.nt short circuiting belt electrode 12. Low 

35 filter medium packinj d~nsi ty and compress,ibility are desirable in 

order to increase the contaminant-holding capacity in the filter 

medium, and hence promote filter efficiency. Minimum water absorption 



f o r  the f i l t e r  medium i s  necessary to  minimize surface conductivity on 

the medium. As previously mentioned, increased conductivity leads to  
increa.sed current flow across the f i  1 t e r  medium, and eventually r e su l t s  
i n  short  c i r cu i t ing  be l t  electrode 12. A fur ther  requirement f o r  the 
f i l t e r  medium i s  low flamabili ty.  .Suitable materials fo r  the f i l t e r  
medium typica l ly  exhibi t  one or more of the above charac ter i s t ics ;  

however, the material may be lacking' i n  other charac ter i s t ics .  For 
example, glass  f ibe r s  are non-flammable, b u t  are moderately 

conductive. In contrast ,  p l a s t i c  f ibe r s  such as polypropylene have 
very low conductivit ies,  but are flammable. Choice of f i l t e r  medium, 
therefore,  i s  dependent upon the use to  which the e l e c t r i c  f i l t e r  i s  

employed. Additionally, the choice i s  dependent on the nature of the 
airborne contaminant. For exaiple ,  a glass ' f i b e r  mat would be an 
appropriate choice for  removal of acids such as HF and HN03, as we1 1 
as par t icu la te  contaminants. For the removal of organic vapors, 

activated carbon i s  suitable.  Suitable f i l t e r  medium materials 
include, b u t  are not limited to,  granular carbon, f iberg lass ,  sand, and 
other loose aggregate materials. 

. .  - .. . -- .- . - -- -.- --L--.-.-,.-- 

Around the periphery of f i l t r a t i o n  chamber 26 and along the edges 
of the f i l t e r  medium, leakage of a i r  flow 16 may be encountered. To 
a1 levi a te  t h i s  problem, a compression 'seal i s  provided along the edges 
of f i l t r a t i o n  chamber 26. The compression seal i s  achieved by 

providing ' a  continuous slot- (n'ot shown) in the chamber along the path 

where. f.i 1 t e r  medium 20 travels.  

~ e f e r r i n g  now to the view o f  e l e c t r i c  f i l t e r  10 

i l l u s t r a t e d  in Fig. 2, be l t  electrode 12  i s  shown as a mesh screen 
draped. over supporting rods lZa, forming a bel t .  Belt electrode may be 

formed .from a metal substance such as s ta in less  s t e e l ,  or a lightweight 
p l a s t i c  screen covered with a conductive coating. Roll members 36 are  
u t i l i zed  to  provide pivotal points fo r  changes in be l t  electrode 12 

direct ion.  Roll members 48 are u t i l ized  to 'provide pivotal points fo r  

changes in f i l t e r  media direction. As shown in Fig. 2 ,  the ro l l  

members 36 and 38 are fastened on the same supporting rod 12a. Because 

a high voltage i s  applied to be l t  electrode 1 2 ,  i t  i s  insulated from 
f i 1 t r a t ion  chamber 26 by providing sheets of a nonconductive material ,  



such as polyethylene or polycarbonate. In addition to  t h i s  insulation, 

a l l  other connections to be l t  electrode 12, e.g., ro l l  members 36, are  

made from similar nonconductive materials. Belt electrode 12 not only 
advances f i l t e r  medium 20 throughout f i l t r a t i o n  chamber 26, but 

addi t ional ly provides support fo r  the f i l t e r  medium. Because of th i s ,  
i t  i s  necessary tha t  be l t  electrode 12 have more s t ruc tura l  support 

than the grounded electrode. For t h i s  reason, approximately 40% of the  

surf ace area. of be1 t electrode 12 i s  perf orated, whereas approximately 
80% of the grounded electrode i s  perforated. 

Fig. 3 i l l u s t r a t e s  a second embodiment of the e l e c t r i c  f i l t e r ,  
replacing grounded electrode 18 of Fig. 1 as a movable ground b e l t  
e lectrode 18a, s imilar  to  h i g h  "01 tage b e l t  electrode 12. As shown, 
grounded electrode 18a moves in conformity with high voltage electrode 
12, and is in operational contact with motor means 24 and detection 
means 40. In th i s  regard, .movemen't of f i  1 t e r  medium 20 through the 
f i l t e r  i s  enhanced by the movement of 'both electrodes,  thereby 

minimizing f r i c t iona l  drag on the medium. 

A th i rd  embodiment of t h e ' e l e c t r i c  f i l t e r  is i l l u s t r a t e d  in  

Fig. 4. I n  t h i s  embodiment, the grounded electrode is affixed to  

f i l t e r  medium 20, e.g., a sheet of an electrode 18b (ma.intained a t  

ground) i s  i f f  ixed to the f i l t e r  medium, and advanced within e l e c t r i c  
f i l t e r  10 by movement of be l t  electrode 12,which in turn moves f i l t e r  . ,  

medium 20: The combination of chain-drive sprockets 38 disclosed in 

Fig. 1 and the force of a i r  flow 16 against electrode 12  provide 
su f f i c i en t  engagement of f i l t e r  medium 20 with electrode 12. Thus as 

electrode 12 advances, f i l t e r  medium 20, with integral e lectrode 18b, 
-. 

a1 so advances. 
. . 

In a fourth embodiment, the f i l t e r  medium consis ts  of granular 

material constrained by the grounded be l t  electrode 18a and the high 
voltage b e l t  electrode 12 shown in Fig. 3. Because the granular medium 

has no s t ruc ture ,  means must be provided f o r  introducing the medium 
in to  the F i l t e r  and for removing the spent media. Although a great 

var iety of means of introducing the medium into the f i l t e r  are 

envisioned, a motor-driven, screw-fed mechanism (not shown) may be 



employed. I n ' t h e  al ternat ive,  the granular medium may be disposed a t  a 
higher elevation than the f i l t e r ,  allowing gravity to  provide the feed 

and removal of medium. 

5 The e l e c t r i c  f  i  1  t e r s  of the present invention are par t icu lar ly  

useful as p r e - f i l t e r s  in combination with.high eff ic iency par t icu la te  
a i r  (HEPA)'fi l ters,  commonly used in the nuclear industry. . H E P A  - 
f i l t e r s  generate a s ignif icant  volume of radioactive waste, and are  

cos t ly  to  purchase and operate. Use of e l e c t r i c  f i l t e r s  in combination 

10 with the HEPA f i l t e r  reduces operational costs and minimizes the. volume 
of radioactive wastes which are generated. Of course, the e l e c t r i c  

f i l t e r s  of the present invention will  f ind use in most environments 
wherei,n the removal of airborne contaminants from a stream of gas or 

. . 
a i r  i s  desirable. 

15 
The foregoing description of preferred embodiments of the present 

invention has been presented fo r  purposes of i l l u s t r a t ion  and 
descr-iption. I t  i s  .. intended .. . that  the scope of the invention be defined 

. . - . . -. -. -. . -. . - . . . . - - - - - . . . - - .. - - - - -- - - 
by the claims appended hereto. 



Abstract of the Invention 
. - 

A method and apparatus for removing airborne contaminants 
entrained in' a gas or airstream includes an electric filter 
characterized by a movable endless belt electrode, a grounded 
electrode, and a filter medium sandwiched therebetween. Inclusion of 

. . 

the movable, endless belt electrode provides the driving force for 
advancing the f i 1 ter medi um through the f i 1 ter ,, and reduces frictional 
drag on the filter medium, thereby permitting a wide choiceof filter 

medium materials. -Additionally, the belt electrode'includes a 
plurality of pleats in order to provide maximum surface area on which 
to collect airborne contaminants. 












