CHAPTER 11
FUNDAMENTAL KNOWLEDGE

The self-sustaining discharge of electrons in a non-uniform electric field
between a thin wire and a coaxial cylinder is called a corona discharge. This name
is descriptive of the glowing light effects found when the applied voltage is several

kilovolts. High vacuum is not alway. uired and corona discharge can be

pressure needs not be low for
pre ,corona is not visible. The
luminous part of the dischafg€ iSusually restricted 10 a region close to the wire
surface, which may be pogiiVe .6 spative with respect to the cylinder. One

distinguishes between posiuVe ar ative ¢ -nh the applied positive or
negative voltage of the cental e ki S/ | \

Coronas are by 1 iS o] St ciall uced. It is the natural
phenomenon of the glow ororgna s ITo , di hg the sun but is only visible during a
W T es' them between and within
electrically charged clouds. A ;)' ! rification attributes this process

-

to the corona on and arg ' ACcording to this theory,
corona is not only the etiect but J‘ ce of charged clouds

and therefore of lightnin@nd thundersto
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between the anodeqdlnd cathode as shown in Figure 2,1. In the highglectron energy
region, frﬂeﬁﬁs@ﬁ&ﬁeﬁmﬂﬂ%ﬁ} wycraaﬁlgccelerated.
Surrounding gas molecules will be ionized after collision with these free electrons
and negative ions are produced. In the transient region, the electron energy is just
enough to dissociate gas molecules to produce neutral radicals. In the vast region

of low-energy electrons, electrons are prone to be captured after collision with gas



molecules. Cluster formation and electron attachment reaction generally take place

in this region.

High energy region

Low energy region

Figure 2.1 ¢ 4l ) eorone -.» arge reactor
2.1 Electron attachment reagti \

When low-energ onegative gas molecules,
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some electrons are ’-‘& --------------------- - Sgative ions are formed.
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This phenomenon is catled issey, 1976). Electron

1y
attachment depends on the S_lectron energy level, the structure of the gas molecule,

and its electrongZafi "P‘%w %J w ] ﬁﬁeen the electron

attachment probability o

R e
Massey, 30 19¥9)! etore, el negati ities “of “Very dilute

concentration become negative ions by electron attachment, and they can

€ gas mo s and that of the carrier gas. This high

effectively be separated from the neutral gas (for example, N,) in an electric field.



In the case of excessively high-energy electron colliding with a gas
molecule, the molecule would not only be negatively ionized but may be
dissociated or be positively ionized due to the loss of one electron from the
molecule itself. In contrast, if an electron whose energy is too low reaches the
molecular orbital, the electron can not be captured by the molecule. It is necessary
to take into account the moderate (appropriate) range of electron energy when the
attachment probability is to be enhanced. A great deal of effort has been devoted

to generate or utilize electrons with a variety of energy range via quite a number of

gas-discharge devices. Howeve | iate range of electron energy

contributing exclusively to el ed by such devices has not

been clarified because of th evices and/or techniques.

At the exact mome by a gas molecule, the

molecule would be placed me stable, the molecule
must release the exces collision with another

electron, by collision wi being decomposed, or by

radiation. Various proce ;If -.4‘r on aftachment reaction have been
Iy [ e e

Bgs. (2.1), (2.2), and (2.3). A

“an_appropriate third body, M, is

reported (Moruzzi and Phelp
mixture of an electron-attachln_&g;ﬁ

=
considered in these proce
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dependent 3pon its electron affinity, it is reasonable to expect that a molecule that

contains one or more atoms with high electron affinity would have high probability
of electron attachment. For example, in a comparison between SF4 and N,, the
electron affinities of S, F, and N are 200 kJ/mol, 333 kJ/mol, and —26 kJ/mol,
respectively. So it is not surprising that the probability of electron attachment for
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SF¢ molecule is reportedly 10'' times that of N, molecule (Hickman and Fox,
1956). This huge difference in the electron attachment probability among various
kinds of gas molecules results in high selectivity in the formation of the
corresponding negative ions. Therefore, even a specific gas component whose
concentration is extremely low can effectively be separated from the main
(neutral) gas in an electric field by utilizing the electron attachment reaction. Also

one can expect the method based on electron attachment to be one of the most

V/

electronegative gaseous componeiis, electron attack

efficient methods of gas purlﬁcanon

Since most malodorous“ee matory emission are highly

nt seems to be one highly
effective way to remove thei flélectric field. With further advancement of the
technology and the use ofmultistage teactor, reasonable to aim at the
simultaneous removal of bof! : (1 \ particles since the basic
principle of corona discHarg 7 ’ the anode is similar to
that of an Electrostatic Precipit ! I (W lite, ); Oglesby and Nichols,

1978; Ogawa, 1984). Thiss of this work.

ptior

Escharge reactor (Tamon
et al, 1995). The corona’discharge is empleyed here because it is an efficient

method to supplﬂ Mﬂ@%&% &ﬂsﬂ @ gas stream. The

cathode is a wire ?tlretched along the axis of the reactor and the ouger cylinder acts
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induce cordha discharge in the reactor. Electrons generated at the cathode drift to

Figure 2.2 illust by the removal of an

impurity, AB, from an lmrt gas in a cylindrical corona

the anode along the applied electric field. During their drift to the anode, a portion
of them collides with the gas molecules. Negative ions, A", are thus selectively
produced by electron attachment and they likewise drift to the anode as the

electrons do.
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In an ideal case, the number of electrons generated in the reactor is
sufficient for all gaseous impurities to hitch up with the electrons and all negative
ions thus generated are able to completely deposit on the anode surface. In other
words, the outlet gas is devoid of unwanted impurities and complete removal is
achieved. In reality, upon their arrival at the anode, certain kind of negative ions
might simply discard their charges without depositing on its surface. In this case
these gaseous impurities can not be separated using the simple deposition-type

reactor. In any case, it is most desir b’eIII to capture most of the negative ions

arriving at the anode surface. The i

will be described later.
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Figure 2.2 Principle of gas purification
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Besides the above - mentioned removal mechanism associated with electron
attachment reaction in the corona-discharge reactor, it is believed that other
removal mechanisms may simultaneously contribute to the removal efficiency.
When single negative ions are produced in the reactor, they may possibly interact
with other adjacent gas molecules via their electrostatic forces and negative - ion
clusters may be formed. Each cluster then contains multiple gas molecules
targeted for removal. When the clusters drift to the anode and manage to deposit

there, the removal efficiency is greatly enha ced

Another possible mecha anism ¢ ntrlbl@ removal efficiency is the

so-called radical reaction. When dissociative electron attachment also takes place
Ve 16 ,/. el A58 Poan radicals are produced. In
4 // )¢ pre \\i\ immediate vicinity of the

It is logical to assume

in the reactor, not only neg
particular, the radicals ma
cathode surface where high
that the removal effici€nc bﬁ" m\ adical reaction, which,

however, often results in tHe géng ati n oducts.
w2
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The reaction of targeted gasa ith'O; is frequently mentioned.

Ozonation reaction usually takes plaee v gen coexists in the gas stream.

High-energy electron *,.-5 0

T EE— b“‘

dissociatively produce ©f ra

vith O, molecules to
with O, molecules to
produce O;, which is rative with various Kinds of J' Hence, ozonation
reaction is expected to cohteibute to the oxidative destruction of a number of

gaseous impuritieﬂ ugs’armﬂm;im&ﬂnjl efficiency while

yielding by-produa'!
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2.3 Types ‘of reactor

As mentioned in section 2.2, in some cases certain kind of negative ions
produced by electron attachment would drift towards but do not easily adhere to

the anode surface. Thus they end up as uncaptured negatively charged or
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uncharged impurities at the outlet of the conventional deposition-type reactor, and
cause a decrease in their removal efficiency. It is therefore essential to find out
how to effectively remove such negative ions at the anode. This has motivated

Tamon et al. to propose three types of reactor, as shown in Figure 2.3

2.3.1 Deposition-type reactor

Some negative ions readily adhee to the anode surface of the reactor after

releasing their negative charges there. hey may form solid particles or

react with the metallic anode. “Fhe s¢ a thin deposition layer on

In some uncommon gase -;-." tive 1oms do not easily deposit on the
anode surface but change back'tq/fheorigina arged molecules after releasing
electrons at the anode surfae.‘___ Sich casgithe deposition-type reactor is not
ities) are not removed but

, the sweep-out-type

reactor, which uses a 1' 1 nm'e
recommended. A small mn of the carriet ﬁs around the anode surface is

swept out by sBhobdtliduch Pkl fodr it obiolnd diffusion of the

concentrated elect%negatlve impuritigs so that th ¢.removal efficiency would be

kept highl) T Syeptoft Byt qucﬂ@hﬂ chricentfalidn |of the gas

impurities ¢an then be treated using a suitable conventional method.

d metal as anode is



13

2.3.3 Wetted-wall reactor

Another option to remove negative ions at the anode surface is the wetted-wall
reactor. Negative ions reaching the anode of the reactor can be absorbed into a
down-flowing liquid film on the vertical anode surface. This absorption of the
ions improves the removal efficiency. The most important advantage is the self-

cleaning of the anode, which makes it suitable even for dirty gas streams

ts. The major drawback is the need for a
%em. Anyway, the corona-

containing both dust and gaseous pollu
liquid (mostly water) treatmen :
discharge reactor to be inve

type because it is easier to ¢ ’
the fundamental study in a

be limited to the deposition

(a) Deposition-type (b) Sweep-out-type (c) Wetted-wall

Figure 2.3 Types of corona-discharge reactor
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2.4 Effect of coexisting oxygen (ozone effect)

When O, is present in a gas mixture, it usually reacts with discharged
electrons. Electron attachment on O, has been reported in the literature (Morruzzi
and Phelps, 1966; Massay, 1976; Rapp and Briglia, 1976; Chantry and Schulz,
1967).

Oy o =" 0Oy 24)

0, + ¢ —> O ””/ (2.5)

Moruzzi and Phelps . g at-the reaction in Eq. (2.4) occurs in

the low electron energy ra \\ n ntrast, the reaction in Eq.
)in the corona-discharge
reactor, the closer the ele } t m - the higher their energy

?ﬁ*?\ \\ \_

wire in the corona-disch » ‘ ~ xpected as in Eq. (2.5).

level. When an O, mol cctron near the cathode
Next O; is produced from 1 oo ith ‘ , (Loiseau et al., 1994; Hadj-
Zaine et al., 1992).

In short, =,51 [ . Is very reactive, the
ozonation reaction is V cs-for deodorization and
sterilization. The same amnation reaction 1s expected to mntribute to the removal
of gas impurities in the [)reklhcorona discha %t reactor.

e INeY wmm‘

2.5 Effect of neg?tlve-lon cluster ¢

If a“negative ion induces the formation of a cluster of multiple gas
molecules, the removal efficiency of the impurities will be improved. This effect is
significant because one negative ion and several gas molecules constitute a cluster

that drifts to the anode and deposits on it.
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2.6 Effect of temperature

The influence of gas or reactor temperature on the relationship between the
voltage and the current has been confirmed (Sano et al., 1997). As expected, the
higher the temperature, the lower the required voltage becomes. Reportedly,
several factors may be considered as the reason for the temperature dependency of
the voltage-current relationship. They are (1) the positive change in the frequency

of the thermal electron emission from

e, cathode surface to initiate the corona

As for the tempera ;:-7. ¢ ' \ ectron attachment of O,,
it was reported that th ate increased when the
temperature increased. This » - he formation of clusters

is inhibited by temperature ion .r' b r be ion clusters are thought to be less
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