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ELECTROSTATIC DUST PRECIPITATION

i} Univ. of Industry, Phvsics Group)
orewor:
IInder the guidance of Chairman Mazo's revolutionary
course, our Socislist enterprises are ranidly developi

Fowever, the induetrial progress &lso brings up the problen

of how to treat the "three wastes" and protect the

In Capitelism countries, the Capitalists totall)
‘ isnore the health of the mass people only to make enormo
profits. They are not concerned with the air beir

ted and the water contaminated. Ignoring the fict thit

11i0 of labor workers die from profession
to the pollution, they are still enjoying ti

ion in their seashore resorts.

the

fore ,l1iberation, the Chinese working class wi nder
opnreseion, and numerous people died from profession:

seases such 28 the silicon-lung, etec. Since, liberation,
the party @&nd the people's government have been muct

concerned with the people's heclth, and much efferts have

beern made to fight ageinst the "three wastes" pollution.

v

n these measvres  one of the very powerful technigues

to eliminate the smoke and dust is to use the method of

electrostatic dust precipstation (EDP). This advanced tech-

nique has been extensively employed since it is featured
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re f is the friction coefficient, 4 the f] gt isco
[ Al partic ¥ radius,. T} riction experience

- - - ’ } 5
oyancy force rted by the fluid
c ,Fb,

(M—M,)g = (p—ps)Ve = %""(P-Pn)'.
by equating F.=F_. we obtain

6nnru = _;_ mr*(p — Ps)8,

2r'(p — Pa)e
97 g

From this, we see that @s r becomes smaller and £ approaching

(/o , the falling speed u becomes very

due to the random collisions of air molecules in Brown
Qi

.ro*-.lor:./\:-..z’s ulance, density distribution vs height, &#nd the

electrostatic force (which will be discussed later), the

small, In addition,

: » a3 § i 4
gaseoue gystem reaches a dynamic stability'and no precipita- "

. o ¢ ' eqgulibyriumw
tion can be easily achieved. " A

(“({‘to the oy mrf‘b"‘\

From an electrostatic point of view, \th; dust particles

with the air

*‘ (’o not defined in the original .
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and become chavged

rays, the s can also become ionized. All the liguid and
olid particles formed around an ion are charged. rticl
of Tl me kind carry th me type of charges, and they

b 5 o 3 PR 4 } 3
relel 10 NoO yrecipltat « Woreover, |9 b rgea

narticles t a lower altitude tend to keep ths harged

~

particles 1 higher altitude from fallin:
Tnothery wevys - i 5
O?“f_“:.’\ he density istribution of +t}

charged particles result Y Y DWEaY f ld, whic
nrevents th chareged particl from f 117 own. Y

o

t is a necessity to ted. For instance,
n t production lot of ‘tax xist 3l i ywhilck
11 eventually clog the pipe lin nd tagnate the

combustion, znd even explosion can be triggered due to the
strong reaction of the small particles with the
the air, because the particle~-s have large intrinsi
chemical energy and large contact surface for reaction.
ctories @and warehoumes of these materials should 8lso

have dust precipitaion facilities. As for those factories that gee
involved with toxic gases (such as organie@ solvent

are velated to the
benzene, acetone, etc) and those that Aroiuonow

& substance (such as mercury, lead, arsenic berillium, etc.)

e
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th the worker's health being measures chould

be taken to eliminate the smoke, dust and fog of these

There are many ways to filter out these particles,
such as using water spray, activated carbons, bubble

materials, blankets and paper pulps, etc. The particles

car 1so be separated by centrifugzal method. However, these

techniques are limited by the types of smog @and the size

of the particles. The EDF technique, on the other hand, c

be used to collect all kinds of dust and smog particles

with radii ranging from C.1 mu to 100 p, and densit

. - / Ny 8 » < . 27 . s
ranging from 0.5 gm/m- to 50 gm/m~-. This technigue is more
+

dvanced; and the oper:

fficiency of 99.f’$4 can be achleved, A combination of
this EDF technique @and other schemes would give a eve

higher efficiency.

1. Charge interaction

It has been experimentally shown that there is ar

interaction force between two charges. Charges of the

like repel each other; while the opposite charges attract.

For two point charges, the force is proportional to the
product of the charges, @nd inversely proportional to the
square of the distance. Makhematically it is given by

q1Q2
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‘rom this we see that the lagger the product of the charge:
nd smaller the distance, the stronger the force becomes.

'hen a particle carries a net charge (unequal amount of
o 5 e . Caligd a v:}-‘u:.
positive and negative charges) it 1s éhrrpwﬁA Jue
to the charge interaction, charged particles also exert
forces on each other,

2. Effects of E field on charge

q S . e -

t round charged particle, there exists an electric

field, and the interaction between charged particle ]
rezlized through the electric field he force experienced
by a charged particle in an E field is proportional to

t fiel ength, E, and the charge, g, it carries i.e.

ore, to increase the force on & charged particle, two
aches are usually employed; i.e. either to increase
field, or Thovbhwrya on the particle,.
CMmount of

3. Motion of charged particle in a uniform E field

An electric field of constant strength everywhere is
called a uniform field. For example, as shown in Fig. 1,
the & field inside two parallel plates which are oppositely
charged can be viewed a$g a uniform ffld. The direction of
the field is indicazted by the arrows, directing from the
positive plate to the negative plate . The direction of the
force acting on a positive charge is in the same direction
ag the field; while that for a negative charge is reverse.
The field strength is proportional to the applied voltage,

but inversely proportional to the separation o¢ the electrodes £,

-
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ich } proportional to the charge #nd voltage but inversely

proportional to the separation of the plates.

L, Motion of & charged particle in & non-uniform ield

In 2 nonuniform field the strength of the field varies
from point to point. It could have any distribution. A
frequently encountered nonuniform field is the one that is
produced by long ;irr nd @ coaxiel cylinder oppositely

charged. Shown in Fig, 2a is the field frequently used
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o 2 } 0 ¢ 1 can 1ine : 4 ooy
i ot of chai nerated. Tt chat 0 Pro
;o o1 = + mo ( t B char
01 1y i not Ccor LAY I um , ince mo
g the oleculc re neutz yarticl . However whe
Come 1Ot 1 by son ) v S 1 v X to cor
' r 1 1 with the proce8s of ioni +. there i
o3 e recombination takir ) 1EC th I t 2
t proc cl dynamic equilibrium; that is, t
m of ctac eing ionized i jual to that reco {
f no ternal voltage i pplied there 1] no net
current flowir However wher n electric field i ppli
the positive ior ill move toward the n tive plate ar
the n tive ions ( the molecules attached wit! lectro:
#ill move toward the positive plates A current is therefo
flowing and a gas discharge established. The relationship y
etween the discharge current and the applied voltage i §
hown in . 4. When the voltage is small, the electron: n




| b S FENton betore +hey '
At t t { ur i 3 2
{ olt ¥ I LO ) 1 ] t J )
Y Y, 0 2 e ¢h Tl )
! LY J Y i \ ! ()(" “ //.' { 4
X the current corr yondingly inc: -
show n
nd 1 tl O portion ex- th 2uUrv in Fig,
of A
cont 1 Nner the volta, meking the
f ntl l&ree, all tr lectror 1d ions 1]
t to the electrodes. However, after certalr
point furt incy e of voltage does not draw mor
ﬁ y } constent current i call ratlol
Y %, cwhich ] termined by the total number of Tthe
1o cAron o l¢ble generzted by the ionizatic
nte, i 4 ndencndert of +h nnlied voltos
ren? nted by the AR portion on the curve.
- If we p on increasing the voltage, the kinetic
ot of the charged particles is further enhancedd
hen t} particl have gained enough energy, they car
ioni the neutral molecules by collisions. The new ions
ill then be &accelerated by the field, and Will a tura
| orize other molecules. Thus the number of ions quickly
mul ti f".)';.s nd the current rapidly goew up. This corresponde
%0t} > portion of the curve. This process is called
collision ionization. At this point the discharge can be
; maintained by itself even without external ionization agents
his kind of discharge is called self-custained discharge.
! Contrast to this is the non-self-sustained discharge.
B
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sparking mey repeat, Thus the spark char not
céntinuous process, but rather intermittenly. For thij
re on, t ] lso callcs Clasr ischarge
hen the gap distance between the electrodes is v
mall and the the power of the line source or the dis-
g harge capacitor is large enough to cause ion bombarment

on the corona electrode, secondary electron emission from

the incandescent electrode will be resulted. Now the
collision ionization in the gas is primarily caused by the

not simply by the ions. This make:
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the current go up many times and an arc digcharge is formed.
lashes and arc discharges are the two phenomena that

4.-'.6")(r[‘t-'v\r\ : =
the EDI A‘ld must be eliminated.
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The two non-uniform fields previously described are
commonly used for filtering in EDP. The voltage i
mzinteined in the range of corona discharge. Sometimes
is kept just below the voltage of spark discharge to give
enough charges for attachment and yet prevent & complete
?I@hkdovn{'h“hrnpenxlihiﬁ is called flash operation.

In general a negative corona provides a better pre-
cipitation effects than & positive corona; mainly due to
the following three reasons:

1. In a negative corona, as the positive ions wmove toward
the corona electrode, they not only ionize the gas but
also bombard the corona electrode and liberate a lot of

electrons, In the case of positive corona, however, the

16
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