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ELECTRIC FILTER: WITH MOVABLE BELT ELECTRODE

Background of the Invention

The United States Government has rights in this invention
pursuant to Contract No. W-7405-ENG-48 between the U.S. Department of
Energy'and the University of California for the operation of the
Lawrence Livermore National Laboratory. . The present invention relates
general]y'to methods and apparatus for ﬁurifying airstreams employing

" “electric filters, and more particularly to electric filters including

at least one movable belt electrode.

Numerous methods and apbaratus are known and utilized to remove
‘airbofné.cbntaminahts from airstreams; One éommon]y uséd apparatus is
the electric precipitator, which generally involves a two-step process
to remove liquid droplets or solid particles from the gas stream where
they are suspended. In the firgt step, the suspended particles pass
throughzéh electric discharge area to ionize the gas. The ions
produced collide with the suspended partjc]es and confer on them an
electric charge. '

" In the second step, the charged particles are precipitated on a
series of electrode plates that have a high voltage gradient imposed
between the electrodes. Electric precipitators can also be designed so
that the particles are both charged and precipitated in the same area,
e.g., a one-step process. Efficiency of electric precipitators is
lTimited by the resistance of the dust to be collected, and the area of
the collector plates relative to the volume of air cleaned. Dust
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particles must generally have resistivities between 5 x 103 and
2 x 1010
particles are not efficiently collected, and therefore significantly

ohm/cm to be efficiently collected. Qutside this range,

restricts the aﬁp]ications 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
iarge, the large number of collectors in a typical filter medium makes
the overall effiéiency very high. This large collection area in
mechanical filters accounts for their higher efficiency when compared

- to e]ectrié precipitators. Unfortunately, the larger collection area

in mechanical filters also produces higher restrictions to air flow

than electric precipitators.

An improvement in filter performance is realized by electrifying
the filter medium to increase fi?ter 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 filters include precharging aerosols,

“polarizing the filter media with electric fields, andzpermanentTy

charging the fibers.

" Compared to a conventional filter, the electrofibrous filter has
a much higher efficiency. When an external electric field is first

- applied to the filter medium, the only capture mechanism is due to the
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forces between the polarized medium and the polarized or charged
particles. The electric field instantly polarizes the medium, which
then attracts both charged and'polarized particles. Charged particles
that deposit on the medium then gradually build up a charge. Increased
filter efficiency is thus due to a time-independent attraction between
polarized medium and_aerosd]s, and a time-dependent attraction between
charged medium and_aeroso1s. Exemplary electric filters are disc]osed
in U.S. Patents Nos. 3;800,509; 3,375,638; and 3,537,238.

" The electric filters disclosed in the preceding patenté'all pull
the medium over stationary electrodes. Although electric filters using
stationary electrodes have a generally simple design, they suffer from
excessive tension on filter medium that is required to overcome the
frictional forces between thé'filter medium and the stationary
electrode. This tension on the filter medium greatly restricts the
choice of médium which may be employed, and generally requires that the
medium possess high tensile strength"at'a cost of decreased
efficiency. A further limitation of the above-referenced electric

“filters s their failure—to provide maximum filter medium surface area,

e.g., the filter medium traverses in a direction generally
perpendicular-to air stream flow. This geometric configuration
significantly decreases eff1c1ency, wh11e increasing air flow
res1stance of the electr1c filters..

': Summary of the Invention

Accordingly, an object of the ‘invention is to provide a method
and apparatus for removing airborne contaminants entrained in a gas
stream, wherein filter efficiency of the electric filter is maximized.

- Another object of the invention is to provide a method and -
apparatus for removing airborne contaminants from an air stream in an
electric filter, wherein air flow resistance is minimized.

Yet another object of the invention is to provide a method and
apparatus for removing airborne contaminants found in a gas stream,
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wherein frictional drag of the filter medium within an electric filter
is minimized. ’

Sti11 another object of the invention is to provide'a method and
apparatus for‘fijtering out airborne contaminants in a gas stream,

wherein tensile strength of the filter medium is not maximized.

A further object of the invention is to provide a method and

.apparatus for removing airborne contaminants in a gas stream, wherein a

variety'df filter medidm_materia]s may be employed.

‘ Additiond]-objects, advantages and novel features of the
invention will be set forth in part in the description which follows,

-and in part will become apparent to those skilled in the art upon

examination of the following, or may be learned by practice of the
invention, The objects and advantages of the invention may be realized
and attained by means of the instrumentalities and combinations

barticu1arly 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 electric filter may comprise a movable, endless,
perforated belt electrode, having a plurdlity of pleats arranged
generally in a longitudinal direction with respect to the flow of a gas
stream to be purified. A grounded electrode, adapted to fit in a
c]dse1y—mated, spaced-apart relationship with the belt electrode along
the area of the pleats, is also provided. The grounded electrode

- includes a plurality of perforations, to permit the flow of a gas

stream therethrough. Sandwiched between the two electrodes is a filter
medium, engaged with both electrodes and advanced within the electric
filter by movement of the belt electrode. Means for supplying voltage

~ to the belt electrode, and motor means connected to the belt electrode

are also included. The motor means provide the power which advances
the belt electrode and filter medium,

In a further aspect of the present invention, in accordance with
its objects and purposes, a method for removing contaminants found in
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an airstream may comprise providing an electric filter characterized by
a movable, endless, perforated belt electrode having a plurality of
pleats arranged generally longitudinally with respect to the flow of
the gas'stream. The filter also includes a grounded electrode, adapted
to be in a closely-mated, spaced-apart relationship with the belt
é]ectrbde, and. a filter medium sandwiched between and engaged with each
electrode. Thé filter medium is polarized by forming én electric field
between the electrodes. Thereafter, an airstream is passed through the
electric filter in a direction generally longitudinal with fespect to
the pleats of the belt electrode. Contaminants dispersed throughodt

" the airstream are then collected on the polarized filter medium.

By providing an endless movable belt electrode, frictional drag
on the filter medium within the filter is greatly reduced. Reducing
frictional drag alleviates the requirement that the filter medium
possess high tensile strength. Hence, greater variety in terms of
filter medium choice is permitted. Generally filter medium choices
with 10wef_tensi]e strength yield enhanced filter efficiency. Pleating

"fhé'hEVBBTé‘éhHTé§§MBETf"E1ectrode within the electric filter along the

longitudinal flow direction of a gas stream to be purified, resulting
in a similar pleating effect on the fi]ter medium therein, increases
the surface area of the filter medium and maximizes filter efficiency.

Brief Description of the Drawings

The accompanying drawings{ which are incorporated and form a part

of the spécificatjon, illustrate many embodiments of the invention,

and, together with the description, serve to explain the principles of
the invention. '

- Figure 1 illustrates a schematic view of one embodiment of the
electric filter, employing a movable endless belt electrode and a
stationaryAgrounded electrode.

Figure 2 illustrates a perspective view of the electric filter of
Figure 1, and shows the pleated configuration of the movable belt
electrode after the stationary grounded electrode has been removed.
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Figure 3 illustrates a schematic view of a second embodiment of
the electric filter, employing a movable belt electrode and a movable
grounded e]ectrqde.

Figure 4 illustrates a schematic view of a third embodiment of
the electric filter, employing a movable belt e]ectrode and a grounded
electrode attached to the filter medium.

Detailed Description of the Invention

The e1ectric filter 10 illustrated in Fig. 1 comprises a movable,
endless, perforated belt electrode 12, which includes a plurality of
pleats 14 arranged generally longitudinal with respect to the flow 16

-.of a gas stream which is to be purified. A grounded electrode 18,

adapted to fit in a closely-mated, spaced-apart relationship with belt:

electrode 12 along pleats 14, includes a plurality of perforations (not

shown) to permit the flow of the gas stream therethrough. A filter
medium 20 is in engagement with and sandwiched between the two
e1ectrodes and is advanced through electric filter 10 by movement
therein of belt electrode 12..

Power means 22, connected to belt electrode 12, is included to
éubp1y high voltage to the electrode. Suitable power means include Tow
cost so]id'state power supplies which effectively step 110 volts up to
approximately 15,000 volts with very'litt1e current output.

>'Preferab1y, the power supply is d.c. rather than a.c., in order to

maintain a charge build-up on the filter medium. Power means 22

- . -provides about 8,000 to 12,000 volts to belt electrode 12 at a low

30

3

current less than 100 u amps.

Motor means 24 is provided, and connected to belt electrode 12 in
order to provide a mechanism to advance the belt electrode. Such motor
means -is we11 known in the art, and can include, for example, gears
connected to belt electrode 12 and powered by an electric motor. Both
electrodes are housed in a filtration chamber 26 which includes
apertures dfsposed within opposing wall members 28 and 30, to permit
the entrance and exit of the gas stream therein. Positioned at the
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exterior of filtration chamber 26 is a filter medium container 32,
housing a continuous supply of filter medium for the electric filter.
As the medium within housing 32 becomes depleted, fresh filter medium
is introduced into the housing, théreby perMitting a continuous flow of
the medium into the electric filter. Preferably, the filter medium
disposed within housing 32 is in a pleated configuration, as to
maximize the amount of medium disposed within the housing at any one
time, allowing the end of one medium sheet to be attached to the
beginning of another medium sheet. Also positioned at the exterior of
filtration chamber 26 is a collection vessel 34, for receiving filter
medium from electric filter 10 which has become saturated with the
collected airborne contaminants removed from air flow 16.

Stationary structura]vsupports 33 are included with filtration
chamber 26 to provide structural support for belt electrode 12. This
support permits the use of less expensive belt electrodes, and
additioha]]y allows for an increase in the amountAof belt perforation.
Structural supports 33 have a relatively large open area to permit air

Included withiﬁ'the interior of filtration chamber 26 are a
plurality of roll members 36, operatively connected with motor means

24, in order to enable the advancement of belt electrode 12 therein.

Ro1l members 36 are of conventional design, and may be pulleys, disks,
or (preferably) chains and sprockets touching the electrode 12.
Included within the interior of filtratiom chamber 26 are a plurality

'of‘chainfdriVen sprockets 38 disposed within each pleat 14 between

filter medium 20 and grounded electrode 18, to assist in advancing the
filter medium. Ro]} members 36 and 38 may be separately placed, as
shown in Fig. 1, or may be fastened on the same shaft.

In operation of electric filter 10 illustrated in Fig. 1, air
flow 16 passes through wall member 28, and enters the interior of
filtration chamber 26 through the action of an external pumping or
blowing system (not shown). A high voltage of about 8,000-12,000 volts
is applied to belt electrode 12, resulting in the polarization of
filter medium 20. Air flow 16 passes through groundéd electrode 18,
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‘contacting the polarized filter medium 20. Airborne contaminants

entrained in air f]ow 16 becomes deposited on filter medium 20, and
thereafter paéses fhrough the filter medium to belt electrode 12. From:
thére, the air f]ow travels through belt electrode 12 and exits from
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 veiocity of the air f1ow"shou1d be kept to a
minimum. o '

" Movement of belt electrode 12 and filter medium 20 within
filtration chamber 26 may be continuous, at a predetermined rate in

-order to enable efficient collection of airborne contaminants.

Alternatively, belt electrode 12 may be advanced in a stop-and-go

manner as filter Medium 20 becomes clogged or loses efficiency due to

the collection of airborne'contaminanfs. 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
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
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.

In choosingla proper filter 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 prevent short circuiting belt electrode 12. Low
filter medium packing density and compressibility are desirable in

‘order to increase the contaminant-holding capacity in the filter
- medium, and hence promote filter éfficiency. Minimum water absorption
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for the filter medium is necessary to minimize surface conductivity on
the medium. As previously mentioned, increased conductivity leads to
increased current flow across the filter medium, and eventually results
in short circuiting belt electrode 12. A further requirement for the
filter medium is low flamability. Suitable materials for the filter
medium typically exhibit ohe or more of the above characteristics;
however, the material may be lacking in other characteristics. For
examp]é, g1a$s fibers are non-flammable, but are moderately
conductive. In contrast, p]éstic fibers such as polypropylene have
vefy Tow conductivities, but are flammable. Choice of filter medium,
therefore, is dependent upon the use to which the electric filter is
employed. Additioné]]y, the choice is dependent on the nature of the
airborne contaminant. For exadp]e, a glass fiber mat would be an

" appropriate choice for removal of acids such as HF and HN03, as well

as particulate contaminants. For the removal of organic vapors,
activated cafbon is suitable. Suitable filter medium materials
iné]ude, but are not Timited to, granular carbon, fiberglass, sand, and
other loose aggregate materials. ' ’

Around the periphery of filtration chamber 26 and along the edges
of the filter medium, leakage of air flow 16 may be encountered. To
alleviate this problem, a compression‘éeal is provided along the.edges
of filtration chamber 26. The compression seal is achieved by
providing a continuous slot (not shown) in the chamber along the path
where filter medium 20 travels. '

Referring now to the persbéctive view of electric filter 10

illustrated in Fig. 2, beit electrode 12 is shown as a mesh screen

drapéd'over supporting rods 12a, forming a belt. Belt electrode may be
formed from a metal substance suéh as stainless steel, or a lightweight
p1astic screen covered with a conductive coating. Roll members 36 are
utilized to provide pivotal points for changes in belt electrode 12
direction. Rol1 members 38 are utilized to provide pivotal points for
changes in filter media direction. As shown in Fig. 2, the roll
members 36 and 38 are fastened on the same supporting rod 12a. Because
a high voltage is applied to belt electrode 12, it is insulated from
filtration chamber 26 by providing sheets of a nonconductive material,
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such as polyethylene or polycarbonate. In addition to this insulation,
all other connections to belt electrode 12, e.g., roll members 36, are
made from similar nonconductive materials. Belt electrode 12 hot only
advances f11ter medium 20 throughout filtration chamber 26, but
additionally prov1des support for the filter med1um Because of this,
it is necessary that belt e]ectrode 12 have more structural support
than the grounded electrode. For this reason, approximately 40% of the
surface are@ of belt e]éctrode 12 is perforated, whereas approximately
80% of the grounded electrode is perforated. ‘ '

. Fig. 3 illustrates a second embodiment of the electric filter,
replacing grounded electrode 18 of Fig. 1 as a movable ground belt

~electrode 18a, similar to high Vo]tage belt electrode 12. As shown,

grbunded}e]edtrode 18a moves in conformity with high voltage electrode
12, and is in operational contact with motor means 24 and detection

- means 40. In this regard, movement of filter medium 20 through the
o ~ filter is enhanced by the movement of both e]ectrodes thereby

minimizing fr1ct1ona1 drag on the med1um

A third embodiment of the'electric filter is illustrated in

.Fig 4. In this embodiment, the grounded electrode is affixed to

filter medium 20, e.g., a sheet of an electrode 18b (maintained at
ground) is’ affixed to the filter medium, and advanced within electric
filter 10 by movement of belt electrode 12 which in turn moves filter

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

Fig. 1 and the force of air flow 16 against electrode 12 provide
sufficient engagement of filter medium 20 with electrode 12. Thus as

'e1ectrode 12 advances filter medium 20, with 1ntegra1 electrode 18b,

also advances

In'a fourth embodiment, the filter medium consists of granular
material constrained by the grounded belt electrode 18a and the high
voltage belt electrode 12 shown in Fig. 3. Because the granular medium
has no structure, means must be provided for introducing the medium
into the filter and for removing the spent media. Although a great
variety of means oflinfroducing the medium into the filter are

envisioned, a motor-driven, screw-fed mechanism (not shown) may be
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employed. In the alternative, the granular medium may be disposed at a
higher elevation than the filter, allowing gravity to provide the feed
and removal of medium.

The electric filters of the present invention are particularly
useful as pré-fi1ters in combination with high efficiency particulate

air (HEPA) filters, commonly used in the nuclear industry. . HEPA —_—

filters generate a significant volume of radioactive waste, and are
costly to purchaSe and operate. Use of electric filters in combination
with the HEPA filter reduces operational costs and minimizes the volume
of radioactive wastes which are generated. Of course, the electric
fi]ters of the present invention will find use in-most environments

~ wherein the removal of airborne'contaminants from a stream of gas or

air is desirable.

The foregoing description of preferred embodiments of the present
invention has been presented for purposes of illustration and

description. It is intended that the scope of the invention be defined

by the claims appended hereto. -



- Abstract of the Invention

A method and apparatus for remov1ng 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 filter medium through the filter, and reduces frictional
drag on the filter medium, thereby'permitting a wide choice of filter
- medium materials. -Additionally, the be]f electrode includes a
p]ura]wty of p1eats in order to provide maximum surface area on which
to collect airborne contaminants.
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