CHAPTER 111

LITERATURE REVIEW

Gas purification involves the removal of vapor-phase impurities from a gas
stream. Many methods for gas purification have been proposed, and the primary
operation falls into one of the following three categories; 1) absorption into a

liquid, 2) adsorption on a porous s

1‘? 3) chemical conversion to another
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liquid (mist) from a gas using € electrost: oree. One may realize that the

corona-discharge reactor for the gaseaus pol

aluatant remover used in this work has
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tion on ESP however focuses on

the same working princip
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the removal of partick :,o posed in this work,
ce electron attachment

reaction, aims at separating’ gaseous im&ur]itiis'from a ﬁm. Application of

the electron atta %J& Qn?ﬂ (&J grm e&ltraffie

produce negative mns), first proposed¢by Tamon et,al. (1989), isgstill innovative
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Many publications on electron attachment and other reactions of electron

utilizing low - energy @ctrons In gas discharge to !

gas molecules to

with many kinds of gas molecules have appeared but most of them involve only
the reaction kinetics (Moruzzi and Phelps, 1966, Caledonia, 1975 and Massey,

1976). In fact basic information on gas purification using electron attachment and
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the proposed use of the selectivity of electron to remove the electronegative

gaseous molecules are still scarce.

Applications of gas discharge technology conducted to date are reviewed as
Jfollows.

Castle, Inculet, and Burgess (1969) discussed briefly about surface

oxidation of discharge electrodes used i tube electrostatic precipitator.
The rate of ozone generatio i the precip it 1 stainless steel and copper
wires was clarified. The réaction-ra 0ZOne - ded on the intensity of
electron flux through the gas*The conéen ". Si-of zone generated was a linear

function of current but decze? gad te 5@ ature increased.

Dorsey and Davi reported n ‘assess! \L ent of the contribution of
contaminated wires and electrostatic air cleaners. It

was found that runaway contamination of electrode

surfaces was a limiting fa . (7 weeks) effectiveness of
electrostatic air cleaners. The corana dis ggraded to streamers after only

two weeks, causing incr pation alone can increase

1]
O]
of electrostatic air cleane 1' Lﬂ

Chemicl ﬂpuxﬂ ABYAI WENN Torwgevie ot

electrostatic air cleaner causes the coraha current tosdecrease more ghan 95% at the

same voliage &fted FD\Er{ dpcialigu). dihiy phenaidhb-wad Bbwh by Jan H.

Davidson & al. (1998). Neither current drop nor deposition occurred when

ozone generation. Thesé fi or the safe operation

operated with clean or dry air (after 2 days).
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Several types of DC energized point - electrode reactors have been
developed and tested for gas chemistry applications. Although designed with

different purposes in mind, the configurations could be put to other uses.

Castle, Kanter, Lee, and Kline (1984) tested a narrow - gap, multipoint-to-
plane geometry device in which the gas passed through a corona discharge at high
velocity (approximately 100 m/s). The upper multipoint electrode (cathode) was

de) by acrylic spacers that electrically
% ion of the corona. The narrow

filled with corona induced

separated from the lower flat electrode |

plasma. However, the latéfal"§pacing of the ¥ as_allowed major fractions of the

gas flow to bypass the coronas#0iné ' cutren ‘was applied to the multipoint

pins through current limitingffesiste L . \
. ey A

An experimental dfive gl ' been \ cted by Chang, Jen - Shih et
al. (1988) to obtain electfod face'temperature pro

es of cylindrical hollow
electrodes under corona di 2 5o esul 'i\n “that a slight temperature
increases (about 5 Kelvin wi he0 W discharge power level) occurs
near the edge of the cylindrical hot ; Q us, the corona discharge still

can be categorized as ¢

X

The pulsed electroA technology has @lso been shown to be capable of

generating ozond{Ehaei rbifelstanl decdriplsi shbrkldorwanted gases as

well as aerosol pa’}icles. ¢

ARIAINTUURIAINYIAY

HigaShi, Sugaya, and Ueki (1985) and Weiss (1985) conducted the

reduction of CO, the in exhaust gas from a diesel engine vehicle. It was shown

that CO, concentration in a N, - CO, or even pure CO, gas could be reduced by
DC and pulsed corona discharges, respectively. Further experiments for soot

elimination and NO, and SO, reduction in a diesel-engine exhaust by a
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combination of discharge plasma and oil dynamics have been investigated by
Higashi, Uchida, Suzuki, and Fujii (1991, 1992).

Chang (1989) and Chakrabarti et al. (1995) found that the removal of NO,,
SOy, and aerosol particles could be achieved when NH; or H,O was introduced
into a pulsed streamer corona reactor. The pulsed electrons have been shown to

cause reactions between oxidizing radicals such as OH, O, and O; on the one hand

and NOy and SOy on the other hand at the concentrations found in flue gases to
form several acidic aerosol particles wi O injections.

Z

\

Mizuno, Clements, a avis (1986; yared the performance of the
pulsed streamer corona, DC co cleetron.. beam processes. It was found
energy electron beam*A pos ona’ discharge in a non-
uniform electrode geomgy showed better energy efﬁcimcy and higher removal
performance than a DC corena discharge. Béased on the delivered power, the

pcd sicamer Blrlpiokeo i dudlito (i 997 cf Bl withat et o

times better powerﬂfﬁciency than the gnergetic electron-beam procgss.

Mastida, Sato, and Seki (1‘98>4) develdped a high - efﬁciency ozonizer using
traveling wave pulse voltage. The test results relating to the pulse-induced ozone
generation showed a great enhancing effect on the speed of reactions by positive
pulse corona producing streamers bridging across the entire electrode gap. It was

believed that the ozone generated in a corona discharge was a two step process:
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generation of oxygen free radicals by ionic processes and generation of ozone by
free radical reactions. It was found that the ozone generation processes were
substantially reduced by increasing the gas temperature, while the ozone loss
processes were significantly enhanced by increasing the gas temperature. It was

therefore recommended to operate an ozonizer in lower temperature conditions.

High-voltage pulser was used in a pulse-induced plasma chemical

processing unit (PPCP unit). This pulsev omprised a synchronous rotary spark gap

that produced a very sharp negatl‘ e pulse . _High electron energies could be
achieved by both units since hi electri e allowed in surface-corona

and pulse - corona systéms than in di : systems because of the

lied a dielectric-barrier
discharge for ozone gefier oxyigen. | The resulting efficiency of the

generation was reporte was the theoretical ozone

generation efficiency calc heéory. He also estimated the

maximum ozone generation or pure oxygen by analyzing

a Boltzmann equation. The actu;

200 g/kWh for pure|g : npared to the theoretical
N TEN—— hY )

# not only in producing

ation efficiency was approximately

values. It was beca
the ozone but was also R J'.lnd the electrodes of the
ozonizer. Also some of thé mlﬁroduced was destroyed fi' the heat.

PIUEIVENINWE

After the Vyork of Eliasson etgal., there has, been attemptgto improve the

oone R BT S0 A b bt e

efficiency fh the silent discharge showed a rise of 3-6% by the radiation of ultra-

sipated 1n heating the test ga

violet ray from the discharge in nitrogen gas. Later, Hattori, Ito, Ehara, and Miyata
(1992) reported the superposition effect of two types of discharge in the same

discharge space, silent and surface discharges, on ozone generation. Their ozonizer
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had two power sources with a variable-phase shifter. A 22-30% increase in the

efficiency was observed in their ozonizer.

Yamamoto et al.(1996) demonstrated a new concept -single-stage, catalysis-
assisted packed-bed plasma technology, to decompose CCl,, one of the ozone-
depleting substances. The objective of the concept was twofold: to enhance the
decomposition efficiency catalytically, and to selectively reduce the by-products.

Either BaTiO; or SrTiO; pellets were packed in the ferroelectric packed - bed
reactor employing an AC power suppl :é guration employed a unique

O; pellets were coated or

The effect of carbé

Tadaaki Shimizu et Al (1995)investigated deebmposition of NH; to N,
over limestone, the effect ¢ { i : €O, and H,0, on catalytic
decomposition of NH; over limes the nce of CO, and H,0, NH; was

0, mixtur 6 jwas formed through
NH3 decomposition ovef: b

NH; - CO, - H,0O mixtur%’l—[z)zc O was not formed.

coit vl W AN NI S ogomin o

carbon dioxide w?lllch is used in industry instead because effegst of CO, is
prcived®) P13 RIERT RASHARN LB B romaie
elusive becduse CO, is highly o>.<id»ized, .thermodynamically stabl-e compound, its
utilization requires reaction with certain high energy substances or electro
reductive processes. Catalytic hydrogenation is one of the most promising

approaches to CO, fixation. Recent research has shown that high catalytic



22

efficiency, yields, and rates of reaction can be obtained from CO, with optimum

conditions and catalysts.

The so - called non - thermal plasma including corona discharge has been

widely studied

A non - thermal plasma chemical process with an AC powered ferroelectric
packed - bed reactor was again tested by, 7 ’
i
compounds gathered from animal houses. , eactor packed with BaTiO,
pellets produced high energy fiee e ectronsand 1 adicals, which in turn,
decomposed the targeted 1

ang, Yamamoto, and Bundy (1996). In

this work, the targeted gases to: were ammonia and odorous

Hour. important parameters affecting the
Y A N
ot ," ; \

frequency and initial ammogmia gbnee
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reactor performance were jn¥ me, power voltage, power

Tamon, Sano, a novel method of gas

separation devices using
either photocathode or glow ¢ ,-" as.ele source were constructed. They
reported high efficiency for ,#,:: : )
concentrations. Rece ,-_,é,,#&,%w,.m&m\z;. of corona discharge

o

remove from nitrogen

iitrogen of SF¢ at very low

reactors; deposition-typé:

dilute sulfur compouncm dilute 1odine and oxygen. ﬁey also discussed the

purification mechanism dhdspresented sinfulation models for predicting the

removaleicind] $ubfehucbe Tahdh) e 4ok 996) invesiat

the influence of c?existing oxygen and water vapor on the remoyal of six sulfur

o e TV GRS o 3 e

vapor increfised the removal efficiency.
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Sano et al. (1996) used a new type of corona-discharge reactor, the wetted-
wall reactor, and the conventional deposition-type reactor to remove iodine and
methyl iodide from nitrogen. The removal mechanism of I, and CH;l in the reactor

was also discussed.

Kittisak Larpsuriyakul et al. (1996) and Wiwut Tanthapanichakoon et al.
(1998) reported experimental results regarding the influence of the structure of the

corona-discharge reactor on the removal of dilute gases. The effects of the reactor

e shape, and the number of

cathodes, were investigated. Fhe at the thicker the cathode

for the number of cathodegsin a single reactor vessel, the single-cathode reactor

always exhibited higher remévalfeffie éncyathan the 5-c ode one.
: : b\ 9z
Paisarn Khongphas@rnk . _- tigate € application of electron
attachment to the removal ' IS using a corona-discharge
deposition-type reactor. It has" :_' h-fou _'__ e presence of O, enhanced the

removal efficiency of each im phancement was experimentally

al of (CH3)3N from 0,-
fhefency of (CH,):N and
CH3CHO. Furthermore, ) he high selectivity of electr

shown to be attributable
N, mixed gas. Water vapo!
attachment to electro

negative gas molecules Waswutilized in thie’ simultaneous removal of dilute

(CHa)aN-CH3CHﬂ ﬂd &,af%l %nﬁ)ﬂ gf&ﬂ:ﬁo NO,-CH;CHO

and CO, - CH3CH8| from the air in thessingle reactor, Compared togsingle impurity
cemors. %) 3§ SR B A ) 3 b ke v
efficiency But retarded that of CH;CHO in the single reactor. Some reaction by-
products generated could be avoided by using two independently operated reactors
in series. In the case of coexisting of NO,, it was noted that the lower the inlet NO,

concentration, the lower the discharge current that still yielded beneficial effect. At
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higher discharge currents, the retarding effect of CO, on CH;CHO removal was

obviously significant.

Han S. Uhm (1999) investigated the influence of the chamber temperature
on the properties of the corona discharge system. It was found that the critical
voltage V, required for the corona discharge breakdown was inversely proportional
to the chamber temperature T. The electrical energy w, required for corona

discharge breakdown was inversely pro onal to the square of the chamber

i
temperature T. Thus, the electric 7;/ tion for the corona discharge
system decreased significan &Jg increased. The plasma

generation by corona disc : I%much more efficient than

Wiwut Tanthapanic #al ;%\ ated the common gas
species emitted during i . frations of some organic
compounds can still lodgie They ~' arized past and recent

Nl
experimental results on the aﬁo Ssutfuscompounds, nitrogen compounds and
P v \

ence of oxygen and/or water

vapor in N, gas contribute to an INCTEase :{ emoval efficiency in the removal
et ety

= )
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efficiency in many cases. « ation negatively affected

the removal of SO,. E — : ’
Sano et aﬁOOl) applied a reactor using DC corona discharge of negative

olirflordsefofnloech Fidoker fikiere in the presence

polarity to remo
or absence of wat‘yr vapor for temperatures ranging from room gemperature to
s QB GRFRHUA G Bl
the removalefficiency. Mixing water Vapor with the process gés resulted in an
increase of the removal efficiency. The effect of the presence of water vapor on
improving the removal efficiency was significant under low temperature

conditions, while it was relatively moderate under high temperature conditions.
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Masaaki Okubo et al (2001). Investigated the removal of acetaldehyde
(CH;CHO) and ammonia (NH;), which is another odor component of cigarette
smoke. In the experiment, the ac barrier-type plasma reactor was used. In the
experimental, more than 90% of acetaldehyde removal efficiency was obtain under
dry air and N, environment. For NH; removal, almost 100% removal efficiency

was obtained with minimum reaction byproduct under dry air environment.

Wiwut Tanthapanichakoon et a 003) investigated a corona discharge
’ CHO) from N, and air from
room temperature up to 300°C."Fhe m | inlet concentration, the higher

the removal efficiency. The presence i OXygen or water vapor always

Wiwut Tanthapanichd of “al. (2003)"in afed the individual and

ultaneous removal of
, ona discharge reaction.
The presence of O, in N, alwaj cesithe removal of styrene and / or NH;
from N,. The presence of H,Ofin » T ces the removal of styrene and

oncentration is too high or the

= e

/ or NHj; but its presence retards of

temperature is 300°C. !-‘ 3 H,0. 5. found to substantially

retard the removal V J:‘"J. the sole effect of

coexisting Oy. ]
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