CHAPTER V

RESULTS AND DISCUSSION

5.1 Definition of removal efficiency

This section describes the various definitions of the removal efficiency.
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v = 5.1
5.1.2 Removal efficien
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At steady state, the equation of continuity requires that p, (u, )A, =p, <vz )A2 :

Since 4, = A, and p is a function of the gas temperature, the gas velocity at

temperature 7, will be faster than its velocity at room temperature 7. Thus the
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; : ; : 14
mean residence time 6, = Z_%’/T of this gas at 75 is shorter than 6, = W at room
L, 14, L )4,

temperature. Here V, is the effective volume of the corona discharge reactor. The
removal efficiency per unit residence time is defined so as to take into account the
effect of shortened residence time on the observed removal efficiency as the reactor

temperature is increased.

5.1.3 Electron-based efficiency

‘ (5.4)

-a

(/jelec =
The electron-basJ i \\‘g\t\k the number of gas
molecules removed by ' cotre \

(qoul ,0mA yj;
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Where qou, 0 mas G !ﬂ ﬁ a ﬂlﬁw target gases at the
reactor outlet thro current, the molar flow rate of the target gases at the
reactor ogﬁt muagqﬁz?fﬁﬂﬁ Uii png\-ﬂcgllsnfﬁgﬂespectively.
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5.2 Influence of temperature
5.2.1Influence of temperature on electron energy

The voltages required to generate corona discharge are measured at different
gas temperatures. From the experimental results, the voltages required to generate
0.2 mA in the removal of 200 ppm CH3;CHO, 200 ppm NH;, and 200 ppm (CH;);N
from N, - CO, are, respectively, 12.5, 8.6 and 11.5 kV at room temperature, and

these voltages decrease to 4.6 , 4.2 and (¢ pectively, as temperature rises to

300°C. These voltages are appi er when the target gases are

vaﬁpond to the profile changes

in the electric field stren ifside ur:vn hile the gas temperature

removed from N, - O; - COypuiii

also affects the gas de \ e that the electron energy

corresponds to the ele gas density, E/N. To

approximate E/N, the el (5.6) is used.

E=V/{rln(D\/D,)} (5.6)

V, r, D,, D, are the applied voltag - nce from the cylindrical axis, inner

diameter of the cylind * ire cathode, respectively.

Thus, the mean E/N is apjproximated by Eq. (5 panichakoon et al. 1998).

Dﬂﬂ )

(2nr)(E/N) d,

dm"%ﬁﬁﬁ%ﬂﬂ§Wﬂﬂﬂi

amﬂﬁ;ﬁm URIANYIA Y

N is calculated as p/{R (273+7)}, where p, R, T are total pressure, gas constant,
and gas temperature, respectively. From this correlation, the average <E/N> in the
case of CH3CHO is 7.0 kV m? mol™ and 5.8 kV m? mol” at room temperature and
300°C, respectively. E positively affects the electron energy because the electrons
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emitted by the corona discharge are accelerated by E. On the other hand, N
negatively affects the electron energy because the frequency of collisions between
electrons and gas molecules becomes higher as N increases. In the case of toluene
removal at high temperatures, there exists a general tendency that <E/N>, the
averaged value of E/N across section of the reactor, in both N, and air decreases
with temperature in the high temperature range (Dhattavorn, 2000). A similar
tendency is also observed for the present cases of CH;CHO, NH; and (CH;);N.

This is primarily caused by a decrease in the required voltage associated with the

temperature elevation. This voltage drop & d with temperature elevation may

be explained as follows: (1) the vo corona discharge breakdown”

which initiates ionization ai ath'de m proportional to the reactor
temperature (Uhm, 199

detachment and decom

so that the effective ' /& charges. in the gas becomes high
(Mnatsakanyan et al., 19 | ' 2 csults, onger mean free path of
charged particles (Uhm, ¥ geydrop associated with the
temperature elevation, if of gas expansion on N is
relatively more significant thah that-of th e-induced voltage drop, the
temperature dependency of <E/ : 1eversed. This phenomenon is often

Since the elect:

is elevated, the electronExer at put to beﬁ)proximately 17% lower
than at room temperature. ‘Generally, the ekytron energy level should affect the

reaction mechamﬂ. Tjrgaﬁ %w ﬁa%ﬂ (}ﬂ ‘jccur when electron

energy is relativelyf low (Massey, 1976 Moruzzi, 1966 Caledoma 1975), while

TR T TINE A
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5.2.2 Influence of temperature on removal mechanism

Rigorously speaking, the relevant reactions contributing to the removal of
CH;CHO, NH; and (CH3)3N are affected not only by the change in electron energy
level but also by other effects of the elevated temperature. To consider the reaction
mechanism, one must take byproduct formation into account. As for the gaseous
byproducts, CO and O; were detected mainly in the low and NO, in the high

temperature ranges. In fact, the measurements of O; concentration during the

removal of toluene from N, - O, mi at Os is produced up to 1370 ppm

at room temperature but it rapidly 0 ppm at 100°C. When 7 is
further increased above 3& 0 tmes negligible (Dhattavorn,
2000). This is because L.
Held, 1989; Devins, 195
in the high temperature

Contrary to O3 _ kmown tha uction of NOy by the
discharge process is favo b erPbfat s\is also confirmed in our
experiments. While the o was negligible at room
temperature, its concentratio with temperature and reached
300ppm at 400°C. Since NO, ° be attributed to the reaction of
discharge-induced N raﬂcals WLth‘O;_ ow.+1995; Mukkavilli et al
1988), N radicals should-also eoritribu ‘styrene and/or NHj from

both N, and air at hlghmmp tlﬁremoval from air, there
should be the extra effect og,O radicals produced by electron impact to O, and by O;

decomposition (Pﬂrﬂﬂ yr}ﬂ B;Iierdjrw Ef%‘ ﬂdjjzlane et al., 1990).

Therefore, the rem@yal etficiency from air at high temperatures should be enhanced

by O rad ug ¢t al. (1989)
s1mulatedim ﬁﬁfﬁf?m g’]aﬁqj in pmeﬂ(ﬁ@dgwrge in the
presence of O,, and showed that temperature elevation brings about higher O radical
concentration and lower O;.

When H,O is present in the gas stream, H, OH and a few O anions are

expected to be produced by dissociative electron attachment to H,O molecules at

low temperature (Massey, 1976; Moruzzi and Phelps, 1966). The selectivity for
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these ionic products should depend on the gas temperature and electron energy. At
high temperature, electron detachment would become significant so that radicals of
O, H, and OH may play a more important role than their anionic counterparts.
These radicals are also expected to contribute to the removal of the target gases.
More specifically, OH is believed to dissociate NH; to produce an aminogen radical
(NH>) and H,O (Bityurin, Potapkin and Demisky, 2000).

In non-thermal corona discharge in the air at room temperature, electrons are

sometimes captured by O, to form negative ions, O, O, 05, and clusters via

ent process, however, becomes

significant at high temperatiire, cansing lusters to become unstable
(Mnatsakanyan, Naydis and Solozobov, L'87)ﬂ-prev1ous works indicate that
the corona discharge reac( \mmnt reactions and relevant

Okasaki, 1996). Howe ) f lemperaturc effects such as electron
detachment and radical

the absence of CO, and H,0, NF posed to N,. From a NH; - CO,
. ?,-_'n:'_,-,.l, -

mixture, (NH,),CO w§ formied 'ﬁfé’lfgf{ NH; d )osition over both calcined

limestone and CO,. |,. BT, =1 mixture, (NH,),CO was

not formed (Tadaaki Shl- Zu ived to be less reactive and

its efficient catalytic com&ersion has remai&ld elusive. Since CO, is a highly

ot oA Y A B I s ot i

certain high energy substances or electro reductlve processes Catalytic

hydrogen mﬁ ryx zﬁg 1on. Recent
research Zi a :ﬁg cy, yiel rate o reacuon can be

obtained from CO, with the used of optimum conditions and catalysts (Ryoji Noyori
et al., 1995).

When CO, is present in the gas stream, CO; and a few O anions are
expected to be produced by dissociative electron attachment to CO, molecules at

low temperature (Price and Moruzzi, 1966).
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In the case of NH; removal, the removed NH; was converted to needle-like
bright crystal, which was observed inside the reactor and the gas line downstream. It
is reported (Sugimitsu, 1998) that NH; does not react with O; to directly form
NH4NOs. Instead the following consecutive reactions are mentioned:

2 NH; + 40; = NH4NO, + H,0, + 40,; NH,NO, + H,0, = NH,NO; + H,0. Our
result is also consistent with published reports that NH,NO; solid is produced by
corona treatment of humid air containing NH; (Bityurin et al., 2000; Kanasawa et

al., 1998; Urashima, Kim and Chang, 1999). The mechanism for NH4NO;

When O, is prese | mixture, it feadily reacts with electrons of
, ‘l\ has been reported in the
literature (Morruzzi and Phélp Mﬂ as: ' : Rapp and Briglia, 1976;

Moruzzi and Phelps 1966) report that the reaction in Equation (a) occurs in
p

1 L1 AT L

Equation (b) occus in the higher electron energy range. Also in a corona -

discharge ﬁlﬁﬁjﬁﬁ)ﬂ le‘a wﬂ mral igher their
energy leve energy electron near the cathode wire

in the corona-discharge reactor, production of O is expected as in Equation (b).

Next O; is produced from the reaction of O with O, (Loiseau et al., 1994; Hadj-
Zaine et al., 1992).
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In short, not only O,” and O radicals but some ozone (O) is also produced.
Since O; is very reactive, the ozonation reaction is used in some commercial
devices for deodorization and sterilization. The same ozonation reaction as well as
the oxidation reaction with O  radicals is expected to contribute to the
decomposition and removal of gas impurities in the present corona discharge reactor.
The O radical is also expected to contribute to the formation of ionic clusters and
removal of the gas impurities.

To substantiate the role of the ozonation, two identical reactors are connected

serially. Figure 5.1 shows the experime ﬁ used to confirm the O; effect. N,

3 by corona discharge. Then
the first reactor, and the
resulting mixture is introd'( ocdng eact voltage is supplied to the
ond reactor, which only
provides space for the r . Then the change in the

concentration of the imp actor 1s measured. The

decrease in the outlet conc gives the O; effect
Chaichanawong (200 on of O3 from N, - O, mixed

gas (N, 65 cc/min and O, ..;: actor, N, - O, mixed gas is

carried out at the dlscharge curren --‘ the effluent stream is mixed with

CH;CHO (2000 ppm ba@ce W 1 1S Elxed with N, 70 cc/min
before feeding in the secox;d reactor. [CH3CIQ_IP]'" and [CH;CHO],, are 600 ppm

and 583 ppm, reﬁ tu:ng Eﬂﬂ (w]es @ﬂ,ﬁq‘ﬂ)@pm balanced with

N, ) at 30 cc/min i§jmixe O, effluent stream (N, 65 cc/mln and O, 5

W 13T T 0 PN 1

ppm to 380 ppm. It can be confirmed that O; has an important role on CH;CHO
removal efficiency.
In addition, the effect of O; on the removal of (CH;);N was also investigated

as shown in appendix K. The results were the same as in the case of CH;CHO. In
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the case of NHj, O; also has an important role on the removal efficiency (Chaiyo,
2001).

S.4Blank test for the investigation of the effect of temperature on acetaldehyde,
ammonia and trimethyl amine removal

The experimental results in the Appendices D - K show the results of the

on acetaldehyde (CH;CHOQj Ny 0, There appeared a

concentration drop at ro® cred to be due to physical

adsorption inside the rg e effect of adsorption

inside the reactor slightly ificrgasg & 16 actor temperature increased. However,
the outlet concentration of G, ' fecr 300°C. The reverse effect
at this highest temperature m he thermal decomposition. Figure
5.3 shows the results of the bl igation of temperature effect on

the results of the bla@ tes , % a temperature effect on
trimethylamine (CH3);N ig E; 0, - COyymixture. It is found that the outlet

conseation oRAIRIRIBEIADHI LIRRS some cxranons

peaks were obsef¥ed in the gas clgxomatogram of the efﬂuent stream which

R RTRIN IR TRHA Y
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Figure 5.2 Blank tests for the removal of CH;CHO 200 ppm
from N, - 0,(10%) - CO»(10%)
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5.5  Removal of acetaldehyde (CH;CHO)

5.5.1 Effect of temperature and coexisting CO, on the removal of CH;CHO
from N,

In most actual applications of gas purification, several kinds of gas
components often coexist. Therefore, it is necessary to study the influence of

common coexisting gases on the removal efficiency.

Figure 5.5 shows the removal

W y' of CH;CHO versus temperature.

From Figure 5.5 (a), we seex ature increases, the removal
efficiency ' decrease from ). 200°C, then the tendency
reverses up to 300°C be : | of d COy5™ is strong at low

temperature but the m

decreases as the reacto i " s, This phenc on is attributable to the
fact that the gas mixtuge® fl = its volume expands
Obviously, the presence of tthe removal efficiency. It is
postulated that CO, is less eléc H3CHO but the bonding strength
of CO, molecules with the an ager than that of CH3;CHO. Thus, at
low temperature when a smaller n Tons are available at low discharge
currents, most electror:iattaﬂﬁ _ ar on the anode wall is
composed of mostly f—»——-——;,;;-:fr" perature. €1sjan excess of electrons

that can attach to CO,. Dlh nt ﬂthe anode surface, they
replace (drive off) some of }he previously deg}snted CH;3CHO. The higher the CO,

concentration, th ‘ a highly oxidized,
BTSN G

thermodynamicallyystable compound, 1ts utilization requxres reactlon with certain

high - en m alwzm @yagenation is
one of thﬁi) t pr g roac Wﬁ ecent research has shown

that high catalytic efficiency, yield, and rate of reaction can be obtained from CO,
with the use of optimum conditions and catalysts (Ryoji Noyori et al., 1995). Figure
5.5 (b) reveals that when the negative effect of reduced residence time is taken in

account, the value of " increases with temperature up to 100°C.
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At room temperature, 100, 200 and 300°C, y,,. of CH;CHO at 200 ppm -
CO; (10%, 20%) are 3.9, 3.5, 1.0, 1.3 and 4.5, 3.7, 1.3, 1.2, respectively.
Interestingly, v, at 200°C of CO, (10%) become lower than 300°C, thus indicating
the possible existence of an optimal temperature. The high values of V... at low
temperature reveal that ion clusters may be produced. It has been reported that
dissociate electron attachment of CH;CHO may produce O°, C,0", HC,O", CH;CO,
or CH;™ (Dressler and Allan, 1985). The selectivity to produce these ions depends

on the level of electron energy. Howeve igh temperatures, electron detachment

would become significant so t ! / ect of these ions is negated.
Moreover, at high tempera the A f t of the attached CH;CHO

molecules on the reactor wa

the lowered adsorption
equilibrium to overcome action, thus significantly

reducing the net rate of C itioh on the walliHowever, v, at 200°C of

CO, (20%) becomes high ; 5Cause v fect of reduced residence
time and removal efficiengy i s JOY (20 higher than CO, (10%).

Obviously, the presence ignificantly enhance the removal efficiency.

5 coexistingiC0y.a h 1 of
5.5.2 Effect of tempe-rature a'};@ UngIeey nd O on the removal o
CH;CHO from Ny

. CI—@IHO versus temperature.

From Figure 5.6 (a), We‘sg.e that, as thedpmperature increases, the removal

efficiency - remﬁsﬂﬁi’ fgoﬂf&]n‘ﬁoﬁ twgtﬁqeﬂ;ﬁ 300°C because of

the effect of O, C&lj and O anion at low temperatges and variouwdicals at high

cove TREPGFIAL 4448 D94 B384 0n b o

corona discharge reaction and is quite stable at room temperature. At room to

Figure 5.6 shows@e reme

moderate temperatures, electron attachment reactions contribute to, and relevant ion
cluster formation enhances, the removal of numerous electro - negative compounds
(Sano et al., 1997; Bityurin; 2000). N radicals should also contribute to the removal
of CH3CHO from both N, and air at high temperatures. In addition, in the removal
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from air, there should be the extra effect of O radicals produced by electron impact
on O, and by O3 decomposition (Peyrous, Pignolet and Held, 1989; Loiseau et al.
1994; Hadj - Ziane, 1990). Therefore, the CH3CHO removal efficiency ' at high
temperatures should be enhanced by O radicals although O; oxidation is not
effective. And the presence of CO, does significantly affect the removal efficiency
of CH3CHO from N, - O,. Figure 5.6 (b) reveals that when the negative effect of

reduced residence time is taken in account, the value of ' increases with

| A& . 0f CH3CHO at 200 ppm-O,
. éﬁ 3.0,2.7, 0.8), (4.0, 3.0, 2.7,

0.8), (3.3, 2.7, 2.1, 0.6) respe: : r‘*- w as.the temperature increases,

temperature increases.

At room temperature, 100,

an optimal temperature.

\-.\ hat electron attachment

reactions contribute to, ang 2 CIus 1 nenhances, the removal of
numerous electro-negative gé : 2 : 997, Bltyurm 2000). This can
be attributed to the fact tha sduceddfrom ©, by the corona discharge
v : adicals should also contribute to

the removal of CH;CHO from bothNs and air gh temperatures.

5.5.3 Effect of tempelﬁ e a on the removal of
CH;CHO from

Figure S. %M ETL gnn ﬂﬂ?yw (g'L’lJ Q jrersus temperature.
From Fi e removal
efficienc Qﬁ;la ﬁﬁMﬁﬁﬁﬁWﬁ EIl tendency
reverses up to 300°C because the mean residence time of the gas mixture inside the
reactor decreases as the reactor temperature rises. For the effect of H', OH', a few O
anions and COj;” should contribute to the removal of CH;CHO at low to moderate

temperatures. At 200°C, the presence of H,O and CO, slightly retards the removal

efficiency of CH3;CHO because at low discharge currents, the relatively much
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smaller number of electrons tends to attach mostly to H;O and CO,. In addition, N
radicals are consumed by their reaction with H,O at high temperatures. Obviously,
the presence of CO, does significantly affect the removal efficiency. The higher the
CO; concentration, the higher the removal efficiency. Figure 5.7 (b) reveals that
when the negative effect of reduced residence time is taken in account, the value of

' increases with temperature up to 100°C.

At room temperature, 100, 200 and 300°C, y,,. of CH;CHO at 200 ppm -

H,0 (5250, 10500, 21800 ppm) - CO,, (10%., 20%) are (3.2, 2.3, 0.6, 1. 0), (3.8, 2.8,
1.3, 1.3),(3.5,3.0, 14, 1.3), C.%a 3 0,14, 1.3)%(4.1,3.125,1.5)
ases V... decreases, thus,

respectively. Interestingly,
e. The high values of y,,,

indicating the possible exi

at low temperature reve and these clusters increase

when the inlet conce ported that dissociative

(Dressler and Allan, 1985 ese ions depends on the
level of electron energy. athi h mperatures, electron detachment would
become significant so that ( et 5€ ions is negated. Moreover, at
high temperatures, the rate of de tached CH;CHO molecules on the
reactor wall is suﬁickifgtly ' adsorption equilibrium to
overcome the effect of= ystatic attraction, tt ticantly reducing the net

rate of CH;CHO deposiﬁn n th oned - flier the high values of

V... atlow temperature re\‘pal that electron attachment reactions contribute to, and

relevant ion clusﬁ %ﬂo@% ﬂeﬁ%ﬁq‘tﬂ ‘Eus electro-negative

compounds (Sano &f al., 1997; Bltyurlr;, 2000).

ARAINTUNAINYIa Y

5.5.4 Effeét of temperature and coexisting CO,, O, and H,O on the removal of
CH;CHO from N,

Figure 5.8 shows the removal efficiency ' of CH;CHO versus temperature.

From Figure 5.8 (a), we see that, as the temperature increases, the removal
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efficiency ' remains nearly 100% from room temperature up to 300°C. This can be
attributed to the fact that O; is produced from O, by the corona discharge reaction
and is quite stable at room temperature. At room to moderate temperatures, electron
attachment reactions contribute to, and relevant ion cluster formation enhances, the
removal of numerous electro-negative compounds (Sano et al., 1997; Bityurin;
2000). N radicals should also contribute to the removal of CH;CHO from both N,
and air at high temperatures. In addition, in the removal from air, there should be
the extra effect of O radicals produced by electron impact to O, and by O

decomposition (Peyrous, Pignolet and ; Loiseau et al. 1994; Hadj - Ziane
1990). CO;, H, OH and a fe contribute to the removal of

__#
CH;CHO at low to m?’l q temperatures, electron
detachment would become significafi so the adicals of O, H, and OH may play a

\ presence of CO, does
rom N, - O, - H,O. Figure

account, the value of ,~ incrgase h
The effects of coexistin C - ' e shown in Figure A and B. The

Similarly, the influence (Econcen (ra O'in' the rang@f (5250 — 21800 ppm) at
fixed concentrations of O, dnd, CO, was examined and shown in cases C, G and K

to evaluate the etﬂtux&b.’]}ew \&]cﬂ @ w tﬁ e’ﬁeﬂ ﬁboth CO, and H,0

in this concentration range. This is begause the cong.entration of Odﬁ excessive for
o O] G PR TN G s
concentratidns of CO, and H,0 are changed.

The experimental results from the removal of NH; and (CH;);N from single,

double and tertiary components could also be explained as mentioned above.
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5.5.5 Preliminary summary
Generally, two other types of removal efficiency are reported for a corona-
discharge system. The electron - based efficiency v, (-) is defined as the number

of gas molecules removed by one discharged electron, and the energy-based

efficiency y,,, (mol gas .J') is defined as the mole of gas removed per energy
consumption (J). At 33, 100, 200 and 300°C, the experimental values of y,,_ and

¥ .. Of the CH3;CHO 200 ppm removal are as follows:

N, - CO, (10%), (1=0.2 mAY: ’,y
... =3.9,3.5,1.0, 13 48,@4
2

N, - 0, (10%) - C

W =3.9,23,1.8,0.6
N, - H,0 (10500 ppud
W =35,3.0,1.4,13
N; - 0, (10%) - H,0 A _ 50, (10¢ ), (I=0.2 mA).
W =4.1,33,2.6,09 -

Generally y,,. aad “tends to dec gas-temperature increases.

This trend may be ascrifigd o t > dIresidence time and the
shift in removal mechanism. Interestingly, in the Case of 3- CO,, v, and y,,,, at
200°C become lower than#at=300°C, thus ingdicating the possible existence of an

optmat i, 1 £ 4 VI8 VI T WEITTI D

In actual aﬂ)lications of gas purification, A is importantnsp consider the

R ) U AR Yy oo

from 100 ' 200°C for minimizing the operating cost when air is purified because

the values of y,,,, are high.
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5.5.6 Byproducts dected on the removal of acetaldehyde

Figure 5.9 shows the concentration of the main byproduct CO versus
temperature in the presence of CO,. In Figure 5.9 as the temperature increases, the
byproducts CO decrease starting from room temperature up to 200°C, then the
tendency reverses up to 300°C because the mean residence time of the gas mixture
inside the reactor decreases as the reactor temperature rises. It is known that CO can

be produced by dissociative attachment reaction. This is also confirmed in our

experiments.

Figure 5.10 shows th

temperature in the presence i me temperature increases, the
byproducts NO, increase:

process is favored at high'tegape; ' This is also confirmed in our experiments.

While, the outlet conce

in the presence of O, and QO, temperature increases, the
byproduct CO decreases as the se at high temperatures O; is
unstable. :
‘_, i j,"‘ o f‘l - .f-l" - i )
Figure 5.12 sholxs the oenc&ltfatlj of by t Qs versus temperature in
the presence of O, and7COF I Figur erature increases, the

byproduct O3 decreases ﬁ the S 1saecause O; is unstable at
high temperature (Peyrous, yfglolet and Held. 1989 Devins, 1956).

Figure sﬂ ﬂc&l& ?%ﬁ%ﬁ%ﬂﬂ ﬂpﬁduct NO, versus

temperature in thé)jpresence of O, an Flgure 5:13 as the temperature

TN %IIET? (1151
then the tendency reverses tempera e byproduct

O3 decreases with temperature rises and the mean residence time of the gas mixture
inside the reactor decreases as the reactor temperature rises.

Figure 5.14 shows the concentration of the byproduct CO versus temperature
in the presence of H;O and CO,. In Figure 5.14 as the temperature increases, the

byproducts CO increase. At low temperatures, the presence of CO, and H,O in the
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gas stream CO;’, H, OH and a few O anions are expected to be produced by
dissociative electron attachment to CO, and H,O molecules (Massey, 1976;
Moruzzi and Phelps, 1966). At high temperature, electron detachment would
become significant so that radicals of COs, O, H, and OH may play a more
important role than their anionic counterparts.

Figure 5.15 shows the concentration of the byproduct NO, versus
temperature in the presence of H,O and CO,. In Figure 5.15 as the temperature
increases, the byproduct NO, increases. It is known that production of NO, by the

temperature, its concentration gradually i?rea@le temperature rise.
Figure 5.16 showsOTaetetui
in the presence of O,, O4. , igure b as the temperature increases,
the byproduct CO dec i , temperature tise.'Since CO, and H,0 are
present in the gas stre | 1 a few anions are expected to be
produced by dissociative i €1 (), and H,O molecules at low
temperature (Massey, 1976; Phe
Figure 5.17 shows the etitt he byproduct O; versus temperature
in the presence of O,, H,O and CG ] € 5.17 as the temperature increases,

the byproduct O, decrefes with the te ture ecapse at high temperature,

Figure 5.18 shdiys theﬂbyproduct NOy versus

temperature in the presence of O,, H,O and CO In Figure 5.18 as the temperature
P p ‘D gu

increases, the byﬁdﬁ ﬁﬂﬁ%mweram‘s up 200°C,
C

then the tendency q’:verses up to 30 As the temperature starts to increase, the

i\ 1S T LM 015

than their anionic counterparts. However, the mean residence time of the gas

mixture inside the reactor decreases as the reactor temperature rises.
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5.6 Removal of ammonia (NH3)

5.6.1 Effect of temperature and coexisting CO, on the removal of NH;from N,

Figure 5.19 shows the removal efficiency ' of NH; versus temperature.
From Figure 5.19 (a), we see that, as the temperature increases, the removal
efficiency ' increases monotonically from room temperature to 300°C because of
the effect of CO;” and O” anion at low temperatures whereas at high temperatures, N

radical is consumed by their reaction wuth CO,. Obviously, the presence of CO,

positively affects the removal efficiency igher the CO, concentration, the

higher the removal efficiency: Since C : oxidized, thermodynamically
.-J

stable compound, its u mith certain high-energy

substances or electro reduc \ ent tesearch has shown that high

catalytic efficiency, yield \ btained from CO, with the

use of optimum conditions aj E . _-’ y6ji N \ ., 1995). Figure 5.19(b)

reveals that when the negati ffeét of red ‘residence time is taken in account,

At room temperaturgy 1§ 00: andB00°C. s of NH; at 200 ppm-CO,
(10%, 20%) are 0.2, 0.5, 0.7, 076 4 : 3 , respectively. Interestingly, at
CO, 10%, as the temperature increases, /. ifieféases from room temperature up to
200°C, above which tilg oy s however. at €4

has adverse effect beca

d‘{‘i 0%, high temperatures
gas mixture inside the

reactor decreases as the rédctor temperature increases.

‘a Q/
AUEINENINEING
5.6.2 Effect of temperature and coeki ti : 2 e ﬁﬁgral of NH;
BN V11 90 AL 14NN T
Figure 5.20 shows the removal efficiency ' of NH; versus temperature.

From Figure 5.20 (a), we see that, as the temperature increases, the removal

efficiency ' remains nearly 100% from room temperature to 300°C. As mentioned

previously, this is due to the effect of O3, CO5 and O anion at low temperatures but
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various radicals at high temperatures. This can partly be attributed to the fact that O
is produced from O, by the corona discharge reaction and is quite stable at room
temperature. At room to moderate temperatures, electron attachment reactions
contribute to, and relevant ion cluster formation enhances, the removal of numerous
electro - negative compounds (Sano et al., 1997; Bityurin; 2000). N radicals should
also contribute to the removal of NH; from both N, and air at high temperatures. In
addition, in the case of removal from air, there should be the extra effect of O

radicals produced by electron impact to O, and by O; decomposition (Peyrous,

sveals that when the negative

effect of reduced residence time S #aks account;.the value of , increases as the

At room temperaturgs , NHj; at 200 ppm - O,
(10%, 20%) - CO, (10%
2.151.3),(3.8,2.8,2.2, 1

230, 2.3, 1.6).4032 9.7
entioned in the previous

section, as the temperature us indicating the possible

existence of an optimal temp¢ s of y,,. at low temperatures

,?-7—“v

reveal that electron attachme nt-ieactions cof o, and relevant ion cluster

formation enhances, ""-:{ﬂ;fi--w-:"-’?i-re-t%i-:-fiéw-'-ﬁg-f%&-. ive compounds (Sano
et al., 1997; Bityurin, 2080). € ] Li should contribute to the

removal of NH; from bothi N, and air at high temperatures.

AU INENINYINS
AN TUNNINGAY
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5.6.3 Effect of temperature and coexisting CO, and H,O on the removal of
NH; from N,

Figure 5.21 shows the removal efficiency ' of NH; versus temperature.
From Figure 5.21 (a), we see that, as the temperature increases, the removal
efficiency ' increases from room temperature up to 200°C. Then the tendency

reverses up to 300°C. As mentioned above, the effect of H, OH", a few O anions

and COj; should contribute to the removal of NH3 at low to moderate temperatures.

At high temperature, the tendency fe ause the mean residence time
: effect of reduced residence
time is taken in account, 1ncrease as the temperature
increases.

At room tempera
(5250, 10500, 21800 ppm
0.9);(1.0; 0.7, 0.7, 0.6),

respectively. Interestingl

: )and (0.1,0.2,0.1,0.1)

increases from room

elec

temperature to a moderat bove ich the v, tend to significantly

decrease again because the mean fesidence time of the gas mixture inside the reactor

decreases as the reactor temp

5.6.4 Effect of temperylllire and coexnstmg CO;,, O, and H,0 on the removal of

N“’f"’“‘ﬁuﬂ’.mﬂﬂ‘mﬂ’]ﬂ‘i
o mﬁmﬂmmﬂmﬁi N

efficiency ' remains nearly 100% from room temperature to 300°C. As mentioned
previously, this is due to the effect of O;, H, OH’, CO;” and O™ anion at low to
moderate temperatures but that of various radicals generated from CO,, O, and H,0
at high temperatures. This can be attributed to the fact that O; is produced from O,

by the corona discharge reaction and is quite stable at room temperature. At room to
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moderate temperatures, electron attachment reactions contribute to, and relevant ion
cluster formation enhances, the removal of numerous electro - negative compounds
(Sano et al., 1997; Bityurin; 2000). N radicals should also contribute to the removal
of NH; from both N, and air at high temperatures. In addition, in the case of
removal from air, there should be the extra effect of O radicals produced by electron
impact to O, and by O3 decomposition (Peyrous, Pignolet and Held, 1989; Loiseau
et al. 1994; Hadj - Ziane, 1990). At high temperatures, electron detachment would
become significant so that radicals of CO3, O, H, and OH may play a more

5.6.5 Preliminary su

Generally, two o are reported for a corona-

discharge system: the elec fidie \4 -) and the energy - based

Poitris < 2

efficiency y,,,, (mol gas .J™). At 33,100 1d 300°C, the experimental values

Of Welec and Wzner Of the’ A b
N, - CO, (10%), 57 |
w.. =02,0.5,0.7,0.6 .,/m,><1o-°—o32102122Iﬂ

i °2<"ﬁ>‘19‘EWW%J?ﬂ@ W EJ’lﬂ‘i

W =38,2.9,249.7 W x10° #4.6, 3.9, 3.823

N b iob oo ;Mmm 18 Y
Vae =1.0,0.7,0.7,06 . x10° =16,14,18,1.8

N; - 0, (10%) - H,O (10500 ppm) - CO, (10%), (I=0.2 mA):

Ve =38,29,23,1.7 W,.x10%=47,41,39,39



70

Generally, y,,. and y,,,, tend to decrease as the gas temperature increases.
This trend may be ascribed to the combined effect of the reduced residence time and
the shift in removal mechanism. Interestingly, in the case of N, - CO,, y,,. and
Yoe tend to increase as the gas temperature increases, thus indicating the possible

existence of an optimal temperature.

In actual applications of gas purification, it is important to consider the

energy-based efficiency y,,,,. From the above results, it is recommended to operate

in the range from 100°C to 200°C sq as inimize the operating cost when air is

purified, Compared to the case ¢

NHj; at 200°C is approximately.-20% lows thdthe case of CH;CHO, thus
indicating the operating co8t o’ noval of NH; from N, - CO, are lower than
that of CH;CHO.

AULINENINYINS
AN TUNMINGA Y



71

5.6.6 Byproducts dected on the removal of ammonia

Figure 5.23 shows the concentration of the byproduct CO versus temperature
in the presence of CO,. In Figure 5.23 as the temperature increases, the byproduct
CO increases because of the effect of O™ anion and CO;” at low temperature. At high
temperatures, electron detachment would become significant so that radicals of N, H,

O, CO; and OH may play a more important role than their anionic counterparts. As

mentioned previously, production of CO by dissociative attachment reaction is

% the byproduct NO, versus

temperature in the presence of CO,. In Flgrre temperature increases, the

known.

Figure 5.24 shows

byproduct NO, increases. own that production of

NO, take place by the di v | 1d Ny at high temperatures. This is

also confirmed in our i "houg wthe, outlet concentration of NO, was
negligible at room tem ( - . dually increases as the
temperature rise. ‘F‘ "

Figure 5.25 shows thefco ehﬂE byproduct CO versus temperature
in the presence of O, and C 1€ temperature increases, the
byproduct CO decreases as the te beause O3 is unstable at high
temperature

in the presence of O, a@C'z. as the _ﬁnperature increases, the
byproduct O decreases. Thli‘s is because O is wtable at high temperature (Peyrous,

Pignolet and Helcﬂ"u m PENINEINT

Figure 5 shows the concentratlon of the byproduct NO, versus

R
1ncreasesua room temperature u C, then the

tendency reverses up to 300°C.

Figure 5.28 shows the concentration of the byproduct CO versus temperature
in the presence of H,O and CO,. In Figure 5.28 as the temperature increases, the
byproduct CO increases from room temperature up 100°C. Above 100°C the CO

concentration tends to decrease because at high temperatures, H,O is unstable and
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the mean residence time of the gas mixture inside the reactor decreases as the
reactor temperature increases.

Figure 5.29 shows the concentration of the byproduct NO, versus
temperature in the presence of H,O and CO,. In Figure 5.29 as the temperature
increases, the byproduct NO, increases. It is known that production of NO, by the
discharge process is favored at high temperatures. This fact is also confirmed in our
experiments. While, the outlet concentration of NO, was negligible at room

temperature, its concentration gradually increased as the temperature rises.

in the presence of O,, H,O a )
the byproduct CO increases {Ioi bm e l@ 200°C, then the tendency
reverses up to 300°C. At‘l( t in the gas stream, CO;’,
H, OH and O anion
attachment to CO, and
At high temperatures C

by dissociative electron
zzi and Phelps, 1966).
as the temperature rises.

On the other hand, the m 1 ¢.tife of the gasumixture inside the reactor

Figure 5.31 shows the itk .: 9fthe byproduct O; versus temperature
in the presence of O,, H,O and CG o 5.31 as the temperature increases,
the byproduct O; decre ase & 51 es, 3 is unstable (Peyrous,
Pignolet and Held, 19807 Devins: 1956)—=v

Figure 5.32 shﬂs . th@byproduct NO, versus
temperature in the presencq‘of 0,, H,0 and CO In Figure 5.32 as the temperature

increases, the byﬁdw EP’J!eWﬁ lﬂfjow E]ﬁrﬁﬁup 200°C, then the

tendency reverses @p to 300

Q‘Wﬂaﬂﬂim NN Y
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5.7  Removal of trimethyl amine (CH;);N

5.7.1 Effect of temperature and coexisting CO, on the removal of (CH;);N

from N,

Figure 5.33 shows the removal efficiency ,* of (CH;);N versus temperature.

From Figure 5.33 (a), we see that, as the temperature increases, the removal

efficiency ' remains nearly 100% from room temperature up to 200°C. In addition,

the reduction of (CH;);N concentration : ermal decomposition at 300°C may

contribute to the enhancement of \:\ moval ¢ cy of (CH3);N. Obviously, the

presence of CO, does significa antly-affect thm efficiency. The higher the
CO; concentration, the - Since CO, is a highly

oxidized, thermodynamie / \

certain high - energy . n\ \ cesses. Figure 5.33(b)

reveals that when the negafivefe (fe - ce e\\" deneeitime is taken in account,

tilization requires reaction with

the value of ,» continues tg ase empere ncreases.

5.7.2 Effect of temperature and ¢
(CH;3)sN from iz

), and O, on the removal of

Figure 5.34 shovﬁthe wo ki V2 effﬂency of (CHj;);N versus

temperature. It is found thak, as the temperatuuncreases the removal efficiency

and ,» equal to ﬂ’%&b’a %ﬂe‘}q ﬁtwt&})’}lﬂﬁharge at 100°C to

300°C. This mean¥ that the thermal‘decomposuﬂl of (CH3)3 contributes to

complete anma:@ﬂ 6-5 ﬂlj NW’T{}WEI r} a:rE}t effect of

thermal decomposition, the removal efficiency w' and y» are arbitrarily shown as

zero. As mentioned previously, the improved removal efficiency for (CH3)3N can be
attributed to effect of CO;,, O; and O anion at low temperatures and various
radicals at high temperatures. Obviously, the presence of O, does significantly

enhance the removal efficiency of (CH;);N.
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5.7.3 Effect of temperature and coexisting CO, and H,0 on the removal of
(CH;);3N from N,

Figure 5.35 shows the two kinds of removal efficiency of (CH;);N versus
temperature. It is found that, as the temperature increases, the removal efficiency
and ," equal to 100% even in blank tests without corona discharge at 100°C to

300°C. As in 5.72 the thermal decomposition of (CH3);N concentration contributes
to the complete removal efficiency of CH;);N above 100°C. As mentioned

previously, H, OH,, CO; and

, , ) #} d contribute to the removal of
(CH;);3N at low to moderate ‘te €s. , the presence of H,O does

significantly enhance the r ; ieriCy o

5.74 Effect of temperatu and H,O0 on the removal of

!

(CH;);3N from
- & [‘L.r
Figure 5.36 showssthet kmﬁ’ ofire d al efficiency of (CH;);N versus
’ 1) ' ;
temperature. It is again foling tﬁg" t‘fés,. e Increases, the removal
LEN

efficiency , and ,~ equal to J" o &V b st without corona discharge at
100°C to 300°C. As mentioned previgusl Ous| j’ >H, OH’, O; and O anions should
contribute to the removal.of (CHz):N at low to moderate: ,y_; peratures. Obviously,

the presence of O, and | -"}J efficiency of (CH3);N.

5.75 PreliminaFT 'Bﬁ ﬂ ¢1N 9

Generally, t“o more types oﬂremov? 101ency are often reported for a

corona-di qt d;c mﬁ[?m e energy -
based effici ﬁ m,a gas ! g 0°C, the experimental

values of y,,.. and v, of the (CH3);N 200 ppm removal are as follows:
N; - CO; (10%), (I=0.2 mA):

Ve =4.5,3.9,3.0,00 . x10®° =6.1,5.9, 5.9, 0.0
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N; - 0, (10%) - CO, (10%), (I=0.2 mA):
Voo =3.8,-0.6,-0.1,0.0 . x10° =4.4,-88. -8.7, 0.0
N; - H,0 (10500 ppm) - CO, (10%), (I=0.2 mA):
Veee =3.9,-0.1,0.0,0.0 y,,, x10”° =5.3,-0.13, 0.0, 0.0
N, - O, (10%) - H,0 (10500 ppm) - CO, (10%), (I=0.2 mA):

Veee =2.9,-0.5,0.0,0.0 . x10™° =3.3,-0.7, -0.07, 0.0

Typically, v, and y,,,, tend: as the gas temperature increases.

This trend may be ascribed to th e reduced residence time and

the shift in removal mechanisH. intere in“', n_some cases y,, and vy, are

negative because (CH;); en, without corona discharge

but the corona discharge rgsfilte de \\&\\\\ 33N, thus indicating a high

,. \\\ NN

electron energy level could gffe
\ in portant to maximaze the

In actual applicatiog
energy - based efficien , it is recommended to
operate at 300°C when air igfpurified.‘€o f\ e case of the removal of
CH;3;CHO and NH; from N, - CO5.¢h lue y,,, of (CH3);N is lower than
that the case of CH;CHO
NH; by approxunatel g %o. This indicat

of (CH;;N from N, - cgz are

h ﬂuaqwﬂwsWﬂwni
AN TUUMINYAE

er than that the case of

Afinle costs of the removal
1:CHO but higher than that of
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5.76 Byproducts dected on the removal of trimethyl amine

Figure 5.37 shows the concentration of the byproduct CO versus temperature
in the presence of CO,. In Figure 5.37, as the temperature increases, the byproduct
CO increases due to CO5” and O™ anion at low temperature. At high temperatures,
electron detachment would become significant so that radicals of O, H, and N may
play a more important role than their anionic counterparts. As mentioned previously,

production of CO is caused by dissociative attachment reaction.

of the byproduct NO, versus
, as the temperature increases,
the byproduct NO, increaseseAs r ly, it is well known that
production of NO, také™ 7 scharge process is favored at high
temperatures. This phenom rmed i1 ou experiments. While the

outlet concentration of gib Foom, temperature, NO, concentration

Figure 5.40 shows the con 7 :
in the presence of OAﬂd CO,. Inf ' 0, : gffiperature increases, the

Pignolet and Held, 1989-ijevin -
Figure 5.41 shows _the concentration of the byproduct NO, versus

AT (YT p—

increases from rodth temperature up %00°C the byﬁxoduct NO, d&;eases then the
e W IRIATNN 1IN A &

gure 5.42 shows the concentration of the byproduct CO versus temperature
in the presence of H,O and CO,. In Figure 5.42, as the temperature increases, the
byproduct CO increases from room temperature to 100°C, then the tendency
reverses up to 200°C and increases again at 300°C. At low temperatures, since CO,
and H,O are present in the gas stream, CO;", H, OH and O  anions are produced by
dissociative electron attachment (Massey, 1976; Moruzzi and Phelps, 1966). At
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200°C, the presence of CO, and H,0O slightly retards the production of CO because
at a low discharge current, the relatively much smaller number of electrons tends to
attach mostly to CO, and H,O. At high temperatures, electron detachment would
become significant so that radicals of CO;, O, H, N, and OH may play a more
important role than their anionic counterparts. The mean residence time of the gas
mixture inside the reactor decreases as the reactor temperature increases.

Figure 5.43 shows the concentration of the byproduct NO, versus
temperature in the presence of H,O and CO,. In Figure 5.43, as the temperature
increases, the byproduct NO, increaseés. It'i; wn that production of NOy by the
discharge process is favored at higl emp &is fact is also confirmed in our
ticﬁx was negligible at room

temperature, its concentr increased as the temperature rises.

experiments. While the outlet—concen

Figure 5.44 sho 10n of the by uct CO versus temperature

in the presence of O,, (he temperature increases,

the byproduct CO incr 00°C, then the tendency

reverses up to 200°C but i C \ reason was given in relation

to Figure 5.42

Figure 5.45 shows the ! Atio “Ofthe byproduct O; versus temperature
in the presence of O,, H,O and - "; .45 as the temperature increases,
the byproduct O3 decrease: i auge” Os is unstable at high

-

temperature. T Y )
Figure 5.46 shﬂr 0 th@ byproduct NO, versus
temperature in the presencet(}goz, H,0O and 2 In Figure 5.46 as the temperature

increases, the byﬁ)%tm%ﬁ%ﬁ %’}eﬁﬁ up to 200°C, then

the tendency revefies up to 300°C. The reasons were iven prev1ously in relation
¥ p B

ETRARIANNTIU AN Y
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Cin trimethylamine=200ppm, I=0.2mA, SV=55.8 hr"' at room temperature :

® CO,(0%) A CO,(10%) M CO,(20%)
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Figure 5.42 Byproduct (CO) on the removal of (CH3);N  from N,-H,0-CO,:
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5.8  Simultaneous removal of acetaldehyde and ammonia

5.8.1 Effect of temperature and coexisting CO, on the simultaneous removal

of CH;CHO and NH; from N,

Figure 5.47 shows the effect of CO, on the simultaneous removal efficiency
of CH3CHO and NH; from N,. The inlet concentrations of CH;CHO and NH; are
150 ppm and 1,000 ppm, respectively, while the discharge current is 0.3 mA. It is
found that the presence of CO, has

simultaneous CH3;CHO removal efficiencs

a_significant enhancement effect on the
P i Figure 5.47(a). As the temperature

increases from room temperatire-up to 200 oval efficiency ;' decreases

then the tendency reverses up (0.300° the effect of O™ anion and CO;” at

low temperatures and the redu€cdineé e gas mixture inside the
reactor. As mentioned pre a/ S pastulate CO, is less electronegative
than CH;CHO but the borng ll w1th the anode surface is
stronger than that of CH,QF v/ temperatures en a small number of
electrons are available af a flo - st electrons attach onto
CH;3;CHO, and the deposit ¢ s a Jis np ed of mostly CH;CHO. At
high temperatures, there is anf€x¢gs st clee that can attach to CO,. When the
CO, ions deposit on the anod 1557“' dr gplace (drive off) some of the
previously deposued "H;CH( imilarly, in Figure S.47 (b), as the temperature
increases, the removal ‘& fig roirfoom temperature up to

200°C, and then the ten cy reverses up to 300°C. As*€xpected, the presence of

CO, has a s1gn1ﬁ(FT ﬁrgrae% Wm@iﬁ ‘inoval efficiency of
QW']ENﬂ‘iﬂJ UAIINYAY
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5.8.2 Effect of temperature and coexisting CO, and O, on the simultaneous
removal of CH;CHO and NH; from N,

Figure 5.48 shows the effect of CO, and O, on the simultaneous removal
efficiency of CH;CHO and NH; from N,. The inlet concentrations of CH;CHO and
NH; are 150 ppm and 1,000 ppm, respectively, while the current is 0.3 mA. In
Figure 5.48(a), as the temperature increases, the removal efficiency ' of CH;CHO

decrease from room temperature up to 300°C because of lesser O3 generated from
p P g

O, and reduced mean residence tirs mixture inside the reactor at high
temperatures. Similarly, in he temperature increases, the
removal efficiency ' of Ni ses owemture up to 300°C. The
presence of CO, does signi >nha : wal efficiency of CH;CHO and
NH; from N, - O,.
5.8.3 Effect of temperagiire ;co'ez'n?;s_r; _, _‘ O O on the simultaneous
removal of CH;CH@ anc .'
Figure 5.49 shows the effi €05 andiH,0 on the simultaneous removal
efficiency of CH;CHQ™ N,. The inle eitrations of CH3;CHO and

1’ ent is 0.3 mA. It is
gnificant e&ncement effect on the
simultaneous CH3;CHO renfoual efficiency , qin Figure 5. 49(% as the temperature

s fom. ol b 9NN

CH;CHO decreases, then the tendency 'reverses upae 300°C becauge of the reduced

mean es AN G e bl e bkt e rescor

temperature rises. As mentioned previously, H, OH’, O anions and COj5" should

NHj; are 150 ppm and, ] 0 p
found that the presencg of CO , has"a

| efficiency ' of

contribute to the removal of CH;CHO at low to moderate temperatures. At 200°C,
the presence of H,O and CO, slightly retards the removal efficiency of CH;CHO
because at low discharge current, the relatively much smaller number of electrons

tends to attach mostly to H,O and CO, In addition, N radicals are consumed by their
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reaction with CO, and H,O at high temperatures. In Figure 5.49(b), as the
temperature increases, the removal efficiency ,' of NH; decreases from room
temperature up to 200°C, then the tendency reverses up to 300°C because this
condition, the synthesis occurs of NH; again. On the other hand, the mean residence
time of the gas mixture inside the reactor decreases as the reactor temperature rises.

Obviously, the presence of CO, does significantly enhance the removal efficiency.

5.84 Effect of temperature an is tin; 5, O, and H,O on the

Figure 5.50 sho - the simultaneous removal

efficiency of CH;CHO and ¥ entrations of CH;CHO and

\\\ ~
NHj are 150 ppm and 1,000 spective C discharge current is 0.3

mA. It is found that the pfesafca’of CO a8 asign s\ hhancement effect on the
simultaneous CH;CHO removal ¢ STICY . in R sure 5.50(a). As the temperature
increases from room tempegatuge ﬁ 00,C \ val efficiency ' decreases.

As mentioned previously, CO’, H 0] O™ anions should contribute to the

removal of CH;CHO at low to _;_T_:gg‘ ;&'_ es but at high temperatures CO,,
05 and H,O unstabl yimilarity in Figure 5.50(b), as té j,; perature increases, the
--,‘ 0 300°C. The presence
|

of CO, does significan 1' enhance the removal efficie o of NH; from N, - O, -

‘” ﬂuaqwﬂwiwaﬂni
ammmmumqwmaa

removal efficiency i
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5.85 Byproducts from the simultaneous removal of acetaldehyde and ammonia

Figure 5.51 shows the concentration of byproduct CO versus temperature.
In Figure 5.51 as the temperature increases, the byproduct CO decreases from room
temperature to 100°C, above which the tendency reverses up to 300°C because of
the effect of O™ anion and COj5™ at low temperature. At high temperatures, the mean
residence time of the gas mixture inside the reactor decreases.

Figure 5.52 shows the concentration of byproduct O3 versus temperature. In

Figure 5.53 shows thg Siice s @t NOy versus temperature.
In Figure 5.53 as the teMperamtorineraa th ~=~ duct NO, decreases from
room temperature up 200 rses up to 300°C because the
byproduct O3 decreasessWithathg'ténipe at e TiSe 0'does the mean residence

time of the gas mixture ip§ide

AUEINENINYINS
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5.9 Simultaneous removal of acetaldehyde and trimethylamine

5.91 Effect of temperature and coexisting CO, on the simultaneous removal of
CH3CHO and (CH;);N from N,

Figure 5.54 shows the effect of CO, on the simultaneous removal efficiency
of CH3CHO and (CH3);N from N,. The inlet concentrations of CH;CHO and
(CH;3);N  are 150 ppm and 100 ppm, respectively, while the discharge current is 0.3

mA. It is found that the presence of CO significant enhancement effect on the

simultaneous CH;CHO removal effi igure 5.54(a), as the temperature

increases, the CH;CHO rem ffic s from room temperature up

—
to 100°C, above which the iency tends to significantly

/ NN . .
decreases because effe : an ) mperatures and CO, is

unstable at high temperatiire ), as the temperature

increases, the (CH3);N remaévalfe fficie '_ 3 iner \ Om room temperature up to

100°C, above which the (CI ends to significantly decreases

because effect of O™ anion iemperatures and the reduced mean
. , WA ||
residence time of the ga tureldpsidesthe reaCtor decreases as the reactor
pr o
P

temperature rises, and some case eg “€ven in blank tests without corona

discharge. The higher_the “ igher .the removal efficiency

becomes. I 4

iy

QS 11 e itou A
AEIRIDIUANIINIIALL. e

efficiency of CH;CHO and (CH;);N from N,. The inlet concentrations of CH;CHO

o

and (CH;);N  are 150 ppm and 100 ppm, respectively, while the discharge current
is 0.3 mA. It is found that the presence of CO, has a significant enhancement effect

on the simultaneous CH3CHO removal efficiency , in Figure 5.55(a), as the

temperature increases, the CH;CHO removal efficiency , decrease from room
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temperature up to 300°C because O; and CO, are unstable at high temperatures.
Similarity, in Figure 5.55(b), as the temperature increases, the (CH;3)3N removal
efficiency ' increases from room temperature up to 300°C, and some case equal to

100% even in blank tests without corona discharge.

5.93 Effect of temperature and coexisting CO, and H,O on the simultaneous

removal of CH;CHO and (CHj3);N from N,

Figure 5.56 shows the cifect.of P @ on the simultaneous removal
efficiency of CH;CHO and«(EHs)siN-fromN,. ﬁconcentrations of CH;CHO

and (CH;);N are 150 ppfil and«#00%pml respectively, while the discharge current
is O..'(” mA) It is found t: : i/ﬁ// of \t%\‘k\w 1cant enhancemgent effect
on the simultaneous CI SMoOV I f \\ ) "Figure 5.56(a), as the
temperature increases, 1€HO ngval efficiency"y,’ decreases from room
temperature up to 200°C, 1 " «‘\x \ p to 300°C. As mentioned

previously, H, OH, CO; ffang
CH;CHO at low temperatures.

»ns.should\ contribute to the removal of
ence of H,O and CO, slightly

retards the removal efficiency o -“‘.‘,'."";"5 ¢ at low discharge current, the

=

relatively much smaller'y

n :‘f)‘"g ostly to H,O and CO,.
In Figure 5.56(b), Compared to

x" ,0, the simultaneous

removal efficiency of (CH;);N 1s enha by the presen@ of CO,. Obviously, the

presence of CO, positively affects the remaval efficiency. The higher the CO,

concentration, thﬂi%ﬂe’}%&]eﬂiﬁcweg@sﬂ,@ome case equal to

100% even in blanl]tests without coropa discharge. . o/

ARIANNTIUARTINE IR Y
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5.94 Effect of temperature and coexisting CO,, O, and H,O on the
simultaneous removal of CH;CHO and (CHj;)3N from N,

Figure 5.57 shows the effect of CO,, O, and H,O on the simultaneous
removal efficiency of CH;CHO and (CH;);N from N,. The inlet concentrations of
CH3;CHO and (CH3);N are 150 ppm and 100 ppm, respectively, while the discharge
current is 0.3 mA. It is found that the presence of CO, has a significant

enhancement effect on the simultaneou 3CHO removal efficiency ' in Figure

5.57(a), as the temperature incre as he OTEGHO removal efficiency ' remains
equal 100% from room tem ciature >Beal e effect of O3, CO5", H, OH
and O anion at low temperatures an : siat high temperatures. And
some case equal to 100%.& Ank | -7 S ."‘1\ ona discharge. In Figure

s
\\\

ﬁ

5.57(b), as the tempera oval efficiency ' remains

equal 100% at room tempgf® 100°C to 300°C equal to

100% even in blank tests wigho

ﬂuﬁl’l‘l’lﬂﬂﬁwmﬂi
awwmmmumawmaa
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5.95 Byproduct from the simultaneous removal of acetaldehyde and trimethyl

amine

Figure 5.58 shows the concentration of byproduct CO versus temperature in
the presence of CO,. In Figure 5.58 as the temperature increases, the byproduct CO
increases from room temperature to 100°C, then the tendency reverses up at 200°C
above which the byproducts (CO) increase again at 300°C because effect of CO5
and O” anion at low temperatures. At 200°C, the presence of CO, slightly retards the

removal efficiency of CH3;CHO and(( because at low discharge current, the
relatively much smaller number o C ds to attach mostly to CO,. In
addition, N radicals are const ) @ CO, at high temperatures.
As mentioned previously( ) at production of CO by dissociative

attachment reaction.

Figure 5.59 sho . tion f'b produ D, versus temperature in
the presence of CO,. In Figufe : .: e \ increases, the byproduct
NOy increase. As mentioned prévi l_' 8w 11kn at production of NO, by
the discharge process is fa : Qﬁk fperafures. This phenomenon is also
confirmed in our experiments. While‘the outlétboncentration of NO, was negligible

at room temperature its concentra 0! #increased as the temperature rise.

byproduct CO decreaseﬁfro I ﬂ)% then the tendency

reverses up at 200°C above Wthh the bypro%’ct CO decreases again at 300°C. As

mentioned prevuﬁlﬁﬁt?ﬂ Eliﬂ ﬁséwaﬂaq ﬁ;%atures and at high

temperatures, O3 isjiinstab

o RN rI

byproduct O decreases from room temperature to 300°C. This is because O; is

unstable at high temperatures.
Figure 5.62 shows the concentration of byproduct NO, versus temperature in

the presence of O, and CO,. In Figure 5.62 as the temperature increases, the
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byproduct NO, decreases from room temperature up 200°C, then the tendency
reverses up to 300°C.

Figure 5.63 shows the concentration of byproduct CO versus temperature in
the presence of H,O and CO,. In Figure 5.63 as the temperature increases, the
byproduct CO increases from room temperature to 300°C because at low
temperature, the presence of CO, and H,O in the gas stream, CO;5, H, OH and a
few O anions are expected to be produced by dissociative electron attachment to
CO, and H,0 molecules (Massey, 1976; Moruzzi and Phelps, 1966).

Figure 5.64 shows the concentrat byproduct NOy versus temperature in

the presence of H,O and CO,, In Figure € temperature increases, the

evﬁs known that production of

NOy by the discharge p i ored at emperatures. This fact is also

byproduct NOy increases. A

confirmed in our experini€r /hilg’ the owtlet.con tion of NO, was negligible
at room temperature, its € i the temperature rise
Figure 5.65 show, O versus temperature in
the presence of O, and H,Q € temperature increases
the byproduct CO increases 200°C, then the tendency
reverses up to 300°C because ; » and H,O are present in the
gas stream, CO;’, H, OH and afe S.are expected to be produced by
dissociative electron ﬁa H ules (Massey, 1976
Moruzzi and Phelps, 1 266) Athigh't H,O are unstable

Figure 5.66 showﬂ.he DYPIO uc@); versus temperature in

the presence of O, and H20‘.and CO,. In Fi gure 5.66 as the temperature increases,

o s OPYRABTY Wﬁﬂ%wmﬂ@s i

temperatures.

ABAFIT b 00 Lo
the preseia rom re 7 as the temperature

increases, the byproduct NOx decreases starting from room temperature up 200°C,
then the tendency reverses up to 300°C. The reasons were given previously in

relation to Figure 5.38.
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Cinstrimethylamine=100ppm, I=0.3mA, SV=55.8 hr'' at room temperature :

[>>EII<>0

CO; (10%) - H,O (5250ppm),
CO; (20%) - H,O (5250ppm),

CO, (10%) - H,0 (10500ppm),
CO, (20%) - H,O (10500ppm),
CO, (10%) - H,O (21800ppm),

CO, (20%) - H,0 (21800ppm)
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5.10 Simultaneous removal of ammonia and trimethyl amine

5.10.1 Effect of temperature and coexisting CO, on the simultaneous removal
of NH; and (CHj3);N from N,

Figure 5.68 shows the effect of CO, on the simultaneous removal efficiency
of NH; and (CH3);N from N,. The inlet concentrations of NH; and (CH3);N  are
1,000 ppm and 100 ppm, respectively, while the discharge current is 0.3 mA. It is
found that the presence of CO, has & w t effect on the simultaneous NH,

' 8(a & mperature increases, the NH;

n@ure up to 200°C, then the

removal efficiency , in Fig

removal efficiency ' de

-

tendency reverses up to
again and the mean resi as mix inside the reactor decreases as
the reactor temperatur:

(CH3):N  removal effi

mperature increases, the

emperature to 200°C, at

Figure 5.69 shmm the effect of CO, and O, ofxﬂlw simultaneous removal

efficiency of NH;, and N from N.,. inlet concentrations of NH; and
(CH3);3N  are l,ﬁ mom;ﬂ ﬁpm‘lﬁhﬁnent is 0.3 mA. It
is found that the presence of CO, Was a signifieant enhancement effect on the
smandoy ) VB 6 Vb ik 1) empere
increases, l!he NH; removal efficiency ' remains equal 100% from room
temperature to 300°C because effect of O3, CO; and O anion at low temperatures
and various radicals at high temperatures. In Figure 5.69(b), as the temperature

increases, the (CHs);N removal efficiency y' at 100% from room temperature to

200°C and some case, from 200°C to 300°C equal to 100% even in blank tests
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without corona discharge. Obviously, the presences of O, positively affect the

removal efficiency.

5.10.3 Effect of temperature and coexisting CO, and H,O on the simultaneous

removal of NH; and (CH;)3N from N,

Figure 5.70 shows the effect of CO, and H,O on the simultaneous removal
efficiency of NH3 and (CH;);N from Nz The inlet concentrations of NH; and

(CH3):N  are 1,000 ppm and 100 ppr ly, while the current is 0.3 mA. It

is found that the presence of ﬂz% 2

-

ffect on the simultaneous NHj
erature increases, the NHj

removal efficiency ' increases®because effect of B [, CO; and O anion at low

occurs of NHj3 again. efS. 70 as the temperature increases, the (CH;3);N
removal efficiency - at, b ffom reor temp o Ite t0 200°C, at 300°C equal to

100% even in blank tests w ot discharge. Obviously, the presence of H,0

5.10.4 Effect of tempef@;re 2 aa H,0 on the

simultaneous remoa;al of NH; and (C );N from N,

Figure Sq‘ Mfﬂl Q m«:&l qﬂ:g:’g ﬂm jn the simultaneous
removal effic ﬂi nﬁfgjtlon of NH;3
and (CH3QJﬁ }lﬁl\ﬁﬁ% Bjﬁpuj iwﬁi\ tis 0.3 mA.
It is found that the presence of CO, has a significant enhancement effect on the
simultaneous NH; removal efficiency ,+ in Figure 5.71(a), as the temperature
increases, the NH; removal efficiency ,' remains equal 100% from room

temperature to 300°C because effect of O;, CO;", H, OH and O anion at low

temperatures and various radicals at high temperatures. In Figure 5.71(b), as
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temperature increases, the (CHj;);N removal efficiency ' at 100% from room
temperature to 200°C, at 300°C equal to 100% even in blank tests without corona

discharge. Obviously, the presences of O, and H,O positively affect the removal

efficiency.

5.10.5 Byproducts from the simultaneous removal of acetaldehyde and

ammonia

Figure 5.72 shows the concen byproduct CO versus temperature.

byproduct CO increases from room

In Figure 5.72 as the temperature

temperature to 100°C, abeveswhich the tendeney=réverses up to 300°C as the

mentioned previously, it is kng vt production -\2(_.: by dissociative attachment

u.\'.\

Figure 5.73 as the temPeratuce increéases, the roduet O3 decreases. This is

reaction.
Figure 5.73 shows t O3 versus temperature. In
because Os is unstable at hif
Figure 5.74 shows byproduct NO, versus temperature.
In Figure 5.74 as the tempefature-increas ae byproduct NO, decreases from

room temperature up 200°C, then &;- ey reverses up to 300°C.

4
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5.11 Simultaneous removal of acetaldehyde, ammonia and trimethylamine

5.11.1 Effect of temperature and coexisting CO, on the simultaneous removal
of CH3;CHO, NH; and (CHj3);N from N,

Figure 5.75 shows the effect of CO, on the simultaneous removal efficiency
of CH3CHO, NHj3 and (CH;);N from N,. The inlet concentrations of CH;CHO, NH;
and (CH3);N are 150 ppm, 1,000 ppm and 100 ppm, respectively, while the current
is 0.3 mA. In Figure 5.75(a), as the temperature increases, the CH;CHO removal

efficiency ' decreases from room temperat 300°C. As mentioned previously,

this condition, the synthesis oecurs of NH: d at high temperature, CO, is
..J

@eases, the NH; removal

0.200°C, then the tendency

igure 5.75(c), as the

temperature increases, the )3 N 1 al jefficienc remains equal 100%

=01 the simultaneous
X

Figure 5.76, shows theseffect of CO,%hd O, on the simultaneous removal
efficiency of Cl‘al—u &l{ﬁnﬂ&3ﬂrim ﬁ}i‘nﬁ concentrations of
CH;CHO, NH; an&J (CH3:N  are 150¢fppm, 1,000,ppm and 100 ppm, respectively,
white the et 08 A in¥ighll e e dpetafpke iereases, he
CH;CHO rémoval efficiency ' remains equal 100% from room temperature to

200°C, and decreases at 300°C because at high temperature, O3 and CO, are
unstable. In Figure 5.76(b), in case, no coexisting gas CO,, as the temperature

increases, the NH3 removal efficiency , increases from room temperature up to

200 °C, above which the NH; removal efficiency tends to significantly decrease
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because of less O3 generated from O, and in case of the presence coexisting gas CO,,
as the temperature increases, the NH; removal efficiency ,+ remains equal 100%
from room temperature to 200°C, and decreases at 300°C because at high
temperature, O; and CO, are unstable. In Figure 5.76(c), as the temperature
increases, the (CH3);N removal efficiency ' remains equal 100% from room
temperature to 300°C because effect of O3, CO; and O™ anion at low temperatures

and various radicals at high temperatures. Obviously, the presence of CO, positively

affect the removal efficiency CH;CHO, and (CH;);N.

5.11.3 Effect of temperatu
removal of CH;C

H,0 on the simultaneous

Figure 5.77 shows

efficiency of CH;CHO, ) e inlet concentrations of
CH;CHO, NH; and (C ’

while the current is 0.3

- d 100 ppm, respectively,
o coexisting gas CO,, as
ICy ' increases from room
temperature up to 300°C and¥in/gaseo genice coexisting gas CO,, as the
temperature increases, the CH@ iency ' decreases from room
temperature up to 30026} Becau mperatures, 03 /and H,O are unstable.
perature increases, the
NH; removal efficienc 5

* increases from room temperature up to 200°C, above

which the NH; r ﬂ and in case of the
presence coex1stﬁﬂ ’Inmmqmremoval efficiency
w' decreases M lﬁfﬂ TeVerses up
to 300°C. ﬁﬁlﬁ{iﬁﬁu ;ﬁg:'ﬁ ij glt’ll urs of NHj

again. H, OH COs" and O anions should contribute to the removal of CH;CHO at
low temperatures. At 200°C, the presence of H,O and CO, slightly retards the
removal efficiency of CH3;CHO because at low discharge current, the relatively
much smaller number of electrons tends to attach mostly to H,O and CO,. In

addition, N radicals are consumed by their reaction with CO, and H,O at high
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temperatures In Figure 5.77(c), as the temperature increases, the (CH3);N removal
efficiency ' remains equal 100% from room temperature to 300°C because at low
to moderate temperatures, H, OH", CO;” and O™ anions are expected to be produced
by dissociate electron attachment to CO, and H,O molecules at low temperatures
(Massay 1976, Moruzzi and Phelps 1996). At 200°C or more, electron detachment
would become significant so that radicals of COs, O, H, and OH may play a more
important role than their anionic counterparts. Obviously, the presence of CO, does
significantly enhancement effect the removal efficiency of CH;CHO and (CH;);N

2

_d.
TE—

and significantly retard removal ef;

5.11.4 Effect of temperatur 2 and HO on the

simultaneous remo nd (CY 3)3N from N,

Figure 5.78 sho O on the simultaneous

3N from N,. The inlet
e 150 ppm, 1,000 ppm and 100

removal efficiency of
concentrations of CH;CHO
ppm, respectively, while the nes . = t i ound that the presence of CO,
“on the Simultaneous CH;CHO, NHj, and

o F X . .
(CH3):N removal efficiencysy ifi Figure 5. e temperature increases, the

= = : R
has a significant enhancement &£

CH;CHO, NH;, -y;—"——‘—’“ ecreases from room

red @m 0,, effect of I, OH,

CO;5™ and O anions from and CO, arg u nstable and reduction of the mean

i e off 9@%@1{1 SN RS R Grees
q RN TUUNINYA Y

temperature up to 300 (ﬂ)eca
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5.11.5 Simultaneous removal of CH;CHO, NH; and (CHj3);N from N,-O,-H,0-

CO; using two reactors in series

The experiments for simultaneous removal of CH;CHO, NH; and (CH;);N
from N, - O, (10%) - H,O (10,500 ppm) - CO, (10%) were studied using two

reactors in series to decreases byproducts and / or increases the removal efficiency.

The first reactor, it was found that (CH;);N was removed completely, but the

concentration of NHj still remained about 46 ppm and the concentration of

Then the second reagcierwis-added eI ith.the first reactor in order to
decrease byproducts and cy. The experiments were
CHO, NH; and (CH3);N were
d NO, increasesd, when, the
00 C, CH;CHO, NHj; and

, CO increased when the

divided into two cases. Ig
removed completely at 0
current discharge increaseg
(CH3)3N were removed ‘Com
current discharge increased, and NO, was removed

completely at 0.1 mA.
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