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Abstract

A vertical wetted-wall corona discharge reactor was used for removal of acetaldehyde in air. The reactor consists of a wire cathode
sustained at the center of a cylindrical anode. Acetaldehyde laden air was fed either upward or downward through the wetted-wall reactor,
in which water was circulated as a falling thin film on the inner wall of the anode. Ozone and short-lived species such as ions and radicals
were generated in the reactor by gas corona. When some of these short-lived radicals drifted and reached the water film, reactive OH radical
was produced in the water. Since gaseous acetaldehyde was readily absorbed into the water before the gas mixture entered the corona zon
decomposition of aqueous acetaldehyde by OH radical was considered as the main mechamistiation did not play a significant role
in the present condition. It was found that there are a minimum current and a maximum inlet concentration of gaseous acetaldehyde for
highly effective decomposition of aqueous acetaldehyde and TOC, resulting in steady state operation. It was calculated that one electron
removed approximately 13 molecules of acetaldehyde. In comparison with the deposition type, the wetted-wall type exhibited clearly
higher removal efficiency and lower byproduct formation. In addition, the effect of gas flow direction was discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In fact, the wetted-wall corona discharge reactor has
been used for water treatmefi|. Short-lived radicals, O,
Electrical discharge technique, for examples, dc corona H, and OH, and ions, O, O;~, O3~, H™, and OH", are
discharge[1,2], pulse corona discharg3,4], electron produced in the gas phase by corona dischfgg&0]. Neg-
beam([5], and barrier dischargf6], has extensively been ative ions are naturally expected to reach the wetted-wall
studied for gas purification. In dc corona discharge, low anode by Coulomb force. lonic drift along the electric field
energy electrons are employed to remove toxic gases withis found to create an ion wind whose velocity is of several
high removal efficiency and low byproduct formation. The meters per secor{d1]. A portion of the uncharged radicals
wetted-wall corona discharge reactor proposed by Sanois expected to be carried to the anode by the ion wind.
et al.[2] can enhance the performance of the removal pro- When the radicals and ions reach the water film surface and
cess. In this reactor, some of the negative ions produced bysubsequently react with 20, aqueous OH radicals which
electron attachment are absorbed into a falling liquid film possess a profoundly stronger oxidation power than ozone
on the anode surface. This absorption of the ions improvesare produced7,12,13] The agueous OH radical along with
the removal efficiency of soluble gas components. In addi- Oz is expected to decompose aqueous organic compounds.
tion, the anode self-cleaning action makes the wetted-wall In the present work, a wetted-wall corona discharge re-
reactor suitable for a long period of operation. actor is used to purify acetaldehyde laden air. As one of
the hazardous chemicals which are exhausted from diesel
engines and waste incinerators as well as from building
_— materials that cause the so-called sick house syndrome,
* Corresponding author. Teh:81 792 67 4845; faxi+81 792 67 4845. .
E-mail addressest kajornsak@chula.com (K. Faungnawakij), gcetaldehyde is ch_osen for a target compound because of
sano@eng.u-hyogo.ac.jp (N. Sano). its human and environmental effects. The treated gas and
1 Co-corresponding author. circulating water used for the wetted-wall are sampled for
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Nomenclature

Cig influent concentration of gaseous
acetaldehyde (mol-ppm)

Cog effluent concentration of gaseous
acetaldehyde (mol-ppm)

Cw concentration of aqueous acetaldehyde
(mol-ppm) or (mg 1)

e elemental charge (602 x 10-1°C)

I corona discharge current (mA)

J energetic efficiency (mold)

N Avogadro’s number (©2 x 1073
molecules mot?)

Ne the number of electrons produced by the
corona discharge per unit time (mof9

Qq gas flow rate (crimin—1)

Q water circulation rate (cAmin—1)

Og gas mole flow rate (mofs)

Re Reynolds number (-)

t time (s)

TOC total organic carbon (mgtil)

\% applied voltage (kV)

w water volume (crf)

w mole of water (mol)

Greek letters

v removal extent (-)

Ne electron efficiency (-)
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Fig. 1. Experimental set-up.

To determine the contribution of ozone to the decompo-
sition of aqueous acetaldehyde, gaseous ozone is injected
into the aqueous acetaldehyde mixture. (@1 cn? min—1)
is fed to an ozone generator to produce ozone at approxi-
mately 10,000 ppm, and the ozone laden gas is bubbled into
the water containing acetaldehyde around the bottom part
of the wetted-wall reactor (A ifFig. 1). The aqueous ac-
etaldehyde mixture is prepared by passing thebilanced
gaseous acetaldehyde (250 ppm by mole at 7on—1)
through the wetted-wall reactor. With these gas flow rates,
the concentrations of all gas components at reactor inlet be-

chemical analysis to evaluate the performance of the reac-come similar to those found in the experiments with corona
tor. Then the removal mechanism is proposed and discussedlischarge.

based on the experimental results.

2. Experimental

The experimental set-up is shown kig. 1 A stainless
steel (SUS) wire cathode (0.34 mm diameter) is sustained
along the center of a SUS cylindrical anode (34 mm inner di-
ameter; 200 mm length). A dc high voltage-e8 to —13 kV

The treated gas was analyzed by an FID gas chromato-
graph (Shimadzu, GC-9A) and ozone concentration was
measured by the iodometric method. Meanwhile, the circu-
lating water was analyzed by the FID gas chromatograph
and a high performance liquid chromatograph (HPLC) with
a UV-VIS detector (Shimadzu, SPD-10AVP). Total organic
carbon (TOC) and pH were respectively monitored by a TOC
analyzer (Shimadzu, TOC-5000) and a pH meter (Horiba,
pH meter F-22).

is applied on the cathode to generate corona discharge. The

effective length of axial corona discharge is fixed at 140 mm

for all experiments. Standard acetaldehyde gas balanced with3. Results and discussion

N> is mixed with @ and N, from gas cylinders and then fed
either upward or downward through the reactor in one pass,
whereas water, originally deionized, is circulated as a falling
film on the inner surface of the grounded anode. The gas
flow rate, water flow rate and volume of circulating water
are 100 crAmin~1, 1400 cn?¥ min~1 and 1000 crf, respec-
tively. The water film thickness, Reynolds number&(of
water and gas streams in the absence of corona discharg
are calculated as 0.4 mm, 870, and 4, respectiiety. The
temperature of the water is controlled at*@by passing it
through a heat exchanger unit.

3.1. Gas purification by wetted-wall reactor

Fig. 2shows the outlet concentration of gaseous acetalde-
hyde Co g during the discharge operation. The influence of
the corona discharge current, varied from 0.02 to 0.3 mA, on
the purification of acetaldehyde laden air is investigated here.
&ven in the absence of corona dischaf@gg initially drops
to essentially zero because acetaldehyde is readily absorbed
into fresh water. Howevet, ¢ significantly rises with time
as the water is incessantly contaminated with acetaldehyde.
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Fig. 2. Concentration of acetaldehyde in treated gas during corona Fig- 3. pH of _Wfllte" against dischqrgj timej g = 200 mol-ppm,
discharge operationCig = 200mol-ppm, Qg = 100cn?min~?, Qg = 100cn?min~!, Q) = 1400cn?min~t, W = 1000cnt, gas flow
Q) = 1400 cnd min~1, W = 1000 cn?, gas flow direction: upflow. direction: upflow.

When the corona discharge is generated, for instance at thdn the reactor, the gas stream also contains water vapor. Thus
discharge current of 0.1 mAG, 4 continues to gradually in-  electron attachment to® vapor should produce OHand
crease at early stage but levels off at around 8 mol-ppm afterH™, whereas dissociation of#® should produce OH and H

200 min. However, if the applied discharge current is lower radicals[8,9]. Acetaldehyde not absorbed into the aqueous
than 0.1 mA, the effect of corona discharge becomes weakphase would be removed by the reactions with ions, radicals,
andC, 4 does not level off at a constant value. It should be and ozone generated by corona reactions in the gas phase as
noted that the decomposition of the feed acetaldehyde takesshown inEgs. (4)—(8) [15-17]

place mainly in the aqueous phase as discussed in the lattegyy + CH3CHO — CH3CO+ H,0 (4)
section.
When the discharge current increases, the asymptoticHO, + CH3CHO — product (5)

value of Cy g is found to slightly increase. The result may

be attributed to corona induced turbulence in the gas stream® T CH3CHO — product (6)
flowing inside the reactor, which affects the residence time O3 + CH3CHO — product @)
distribution (RTD) of the gas in the reaction zone. When

the ion wind induces turbulence, the RTD in the reactor O~ 4+ CH3CHO — O~ [CH3CHOQO],, (8)

becomes closer to that of a continuous stirred tank reactors. the ob dval fBe. sh inFia. 2d d
(CSTR), which possesses a much broader RTD than a lam- Ince the OLSEIVEd vaies ot they Snown InFig. ~depend.
mostly on the absorptivity of the gaseous acetaldehyde into

inar flow model, or plug flow reactor (PFR), with the same the circulati i is thouaht to d d on the bH of

mean residence time. This phenomenon is known to resultthe cm;u e:jlng W?heICO,g 'St. ougi 0 thepg?] oln € I?tho

in a lower conversion efficiencjl4] and is the reason why € water during the operation. g'.a € rhvalues ot the
water during the discharge operation are plotted. Based on

a higherl yields a lower acetaldehyde removal efficiency. .
When corona discharge is generated, electrons are emit2 starting pH value of around 6-7, they gradually decrease

ted from the wire cathode and then drift to the anode. In " ground 200min_before stabilizing at around pH 4.5-5.5.
the small region of high strength electric field adjacent to '(;'hl_s m?ﬁ/ bg‘_ aicrlbed to tht(_a ;aitzthﬁt T]N@fd pt:oducte(?j
the wire cathode, electron impacts on gas molecules pro- uring the discharge opera iq » } It should be note
duce short-lived radicals such as O as showrEq (1) that the flngl value and .decreasmg rate of the pH. depend
[9,10]. During the drift process, low-energy electrons col- on the applied corona dlschargg current. To mvgsﬂgate the
lide with gas molecules and electron attachment reactionsInﬂuence of pH on the absorption rate, the initial pH of

. - the circulating water was varied from 4 to 6.5 by adding
are expected to take place, as showiin (2) In addition, .
ozone is produced, as Bq. (3) [8] HNOs. In the absence of discharge current, acetaldehyde

laden air is passed through the wetted-wall reactor@yl
O2+€¢ - 0+0+e (1) is measured at adequate time intervals. Influence of pH on
_ _ the absorptivity of acetaldehyde is showrFig. 4. In these
2
O2+e >0 +0 ) experiments, the observed difference in the acetaldehyde
02+ 0— O3 3) absorption rate is negligible in this pH range. Therefore it
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Fig. 4. |Influence of pH on absorptivity of acetaldehyde.
Cig = 200mol-ppm, Qg = 100cn¥min~!, Q; = 1400cn? min~?,
W = 1000cn¥, gas flow direction: upflow.

Fig. 5. Concentration of acetaldehyde in circulating water during
corona discharge operatiod; g = 200 mol-ppm,Q4 = 100 cn? min~1,
Q) = 1400 cn¥ min~1, W = 1000 cn?, gas flow direction: upflow.

may be considered that the absorptivity of acetaldehyde is. hibits th h | of taldehvde b b
not significantly affected by the pH of the water during the INNIDIS the gas-phase removal of acetaldenyde by gas ab-
operation. sorption. It should be noted that, according to overall mass

balance of acetaldehyde in the blank test, the deposit of
_ ) ) acetaldehyde on the wall of anode is negligible.
3.2. Analysis of the circulating water Fig. 6ashows the concentrations of liquid-phase TOC and

of aqueous acetaldehyde during the discharge operation for
The reaction scheme of production of OH radical is shown

in Egs. (9)—(11) [18] The OH radical along with €H and 20
ozone are expected to contribute to the decomposition of 18 ] ‘O "Lj’“r;“%’" ’;"'*' (@)
acetaldehyde in water as shownBn. (12) [18—20] 1 q64 ™€ O ;;':i:m:] is .
m _. OWI n.w S
Ogas~ +H20 — OH@g ™ + OHag (9) é :: 1 ('u,,('uo: :}I':',lfﬂ“" uu.s .
E ] A Downflow 05 ®
OZ(gaS_ + H0 — OH(aq)_ + OzH(aq) (20) -% 10 -] ° o 8
o 8 1
- 4 ® O
O(gas + H20 — OHag + OH(ag (11) g 6] ¢ .o 8 .
= 44 ° ® R A
OHag ~» O2H(ag, O3(ag + CH3CHOag — product  (12) S 3] g -
(@9 (@9 “3(ag @9 ;i!ﬂﬁ F s pgan?l
In Fig. 5 the concentrations of aqueous acetaldehyde 35 T—r——————————
Cw at various discharge currents are depicted against 30 [~ Dowmard ®)
corona-discharge time. As expect€l, increases with time = - —&— Upward
in the absence of corona discharge. When corona discharge s 251
is generated, the increasedy is retarded by its decomposi- 3 i
tion. The rate of decomposition of the aqueous acetaldehyde E
becomes greater dsincreases. It may be ascribed to the < 15
fact that, when increases, more radicals, ions, and ozone K5 10 -
are produced by the higher density of electrons. Similar to
the effluent concentration of gaseous acetaldehyde shown 5
in Fig. 2, Cy becomes stabilized after about 200 min at 0.1 0

and 0.3mA, but keeps increasing at 0.02 mA. These results
indicate that a current higher than 0.1 mA is required to
stop the accumulation of the aqueous acetaldehyde. In other Time (min)

V_VOI’dS, if the dlscharge Curre_nt is too low, Ste_lble pu”flca' Fig. 6. Influence of gas flow directions on TOC and aqueous ac-
tion of acetaldehyde laden air cannot be achieved becauseaidehyde concentratiorCi g = 200 mol-ppm, 0g = 100 cn? min~1,

the unceasing accumulation of the aqueous acetaldehydey, = 1400 cn?¥ mint.

0 100 200 300 400 500 600
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the cases of both upflow and downflow. The current 0.5 mA 10

was used here, which is the optimized value to degrade sta- 9. 0 200 ppm

ble organic compounds in water under the present dimen- 81 | o100 b O
sion of the reactor, as previously repor{&il When corona ~ 71 | r50ppm O
discharge is not generated, both TOC and acetaldehyde con- "4 ] 0
centrations increase with time due to gas absorption. As ex- Eﬂ 67 g

pected, their values in either case of upflow and downflow ; 5 1 0

are essentially the same. When corona discharge is gener- & 4 -

ated, the increases of TOC and acetaldehyde are significantly & 3 ] O o

attenuated. However, thoudy, becomes stabilized, TOC i g o © ©
continues to gradually increase. This result indicates that 1 OLn R %

some byproducts which are more stable than acetaldehyde 11 @@Q A A A A A
are accumulated in the water. To identify the byproducts, the 0 %u

circulating water is analyzed with the GC and HPLC. The W0 200 300 W00 500, B0
detected byproduct has the same retention time with acetic Discharge time (min)
acid Wherga§ the pregencg qf formaldehyde is detected bu‘:ig. 7. TOC concentration in water against discharge time at various inlet
rat_her_n69llglble' Acetic acid is a common byproduct of the concentrations of gaseous acetaldehyde.0.5 mA, Cj g = 200 mol-ppm,
oxidation treatment of aqueous acetaldehjld. 0g = 100cn? min-1, Q| = 1400 cn¥min~L, gas flow direction: upflow.

The kinetic rate constants of acetaldehyde and acetic acid
toward ozone and radical OH in water are listedable 1
Based on the rate constants, it is considered that acetic acid.3. Influence of gas flow direction
is more stable than acetaldehyde. To back up our assertion,
we carried out experiment on the decomposition of aque- According to Fig. 6a the downflow shows obviously
ous acetic acid. One liter of aqueous acetic acid (50mgL  higher decomposition rate of aqueous acetaldehyde and
was decomposed in stationary air in the wetted-wall reac- TOC than the upflow. To explain this result, the concen-
tor with 7 = 0.5mA andQ; = 1400 cn? min~—1. The result tration profile of gaseous acetaldehyde along the reactor
shows that about 20% of TOC is slowly degraded in 8h. length in the absence of corona discharge was investigated
Since @ is produced up to 2000—-2500 ppm in our reactor, experimentally, as shown fig. 8 Apparently significantly
the contribution of @ toward the decomposition of aque- more unabsorbed gaseous acetaldehyde remains to pene-
ous acetaldehyde was also evaluated experimentally, as extrate deeper into the corona zone in the case of downflow
plained in the experimental section. The result explores thatthan upflow due to the present structure of the reactor.
decomposition of aqueous acetaldehyde byl@es notplay  Therefore, when gas flow direction is upward, the removal
a significant role in the present condition. of acetaldehyde is dominated by the reaction in the water

To avoid the non-stop accumulation of TOC in the cir- phase because most gaseous acetaldehyde is absorbed into
culating water, the influent concentration of gaseous ac- water before it reaches the corona zone. On the other hand,
etaldehydeCj g was intentionally decrease#ig. 7 shows when the gas flow direction is downward, the removal re-
the change in TOC concentration at varidliyy. Here the actions also take place significantly in the gas phase. It
current is maintained at 0.5mA and the gas flow direction is logical to consider that the combined decomposition of
is upward. The result shows that, wh&g is decreased, gaseous and aqueous acetaldehyde improves the purification
the increasing rate of TOC is reduced. The value of TOC performance of the reactor.
becomes stabilized whe@; g is 50 mol-ppm. To maintain In Fig. 8, it should be noted that the concentration pro-
a stable TOC level, the generation rates of the aqueous acfile of gaseous acetaldehyde in the reactor was obtained in a
etaldehyde and its byproducts must equal their decomposi-condition without corona discharge. When corona discharge
tion rates. It should be noted that the maximGpy to avoid occurs, the gas-phase zone which is disturbed by ion-wind
the non-stop accumulation of TOC would depend on the ex- should be expanded to outside the corona zone (ion drift
perimental conditions such as corona current, gas flow ratezone) because of convective effect. Therefore, it should be
and flow direction, and water flow rate. reminded that the excessive discharge current causing sig-
nificant gas turbulence can raise the outlet concentration of
acetaldehyde as explained in the previous section although
most of the acetaldehyde can be absorbed in water before it
reaches the corona zone.

O3 is known to be produced from O radical ang @
Substance kog (M~1s71) kor (M~*s™) the gas corona zone. If reaction of O with acetaldehyde

(non-dissociated form) .
does take place, then the observegddncentration should
Acetaldehyde 15 7% 107 be lowered. According to the ozone analysis, the effluent
Acetic acid 3x 10° 1.6 x 10 . .
concentrations of ozone in the cases of upflow and downflow

Table 1
Kinetic rate constants of decomposition of aqueous acetaldehyde and
aqueous acetic acid toward ozorg,) [22] and OH radical Kon) [20]
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—— Downflow

-~ Upflow

0 50 100 150 200
CH,;CHO conc . (mole -ppm)

Fig. 8. Acetaldehyde concentration profile in gas stream along the redetod mA, Ci g = 200 mol-ppm,Qg = 100 cn? min~?, Q) = 1400 cn¥ min~4,
W = 1000cnd, time=4h.

are 22 x 10° and 16 x 10° ppm, respectively. The results of To investigate the influence of water vapor on the removal
gas-phase @analysis confirm that the reaction between O of acetaldehyde, we conducted experiments on the removal
radical and gaseous acetaldehyde takes place to a significandf gaseous acetaldehyde in the deposition-type corona dis-
extent when the gas is fed downward. charge reactor in the absence and in presence of water vapor.
As seen inFig. 6b the downflow shows higher removal Our results confirm that water vapor enhances the removal
extent of gaseous acetaldehyde than the upflow. This is be-efficiency. When water vapor exists in the corona zone, re-
cause the absorption of gaseous acetaldehyde into the watelated gaseous radicals and ions are produced as explained in
can be accelerated by the enhanced water purification whenSection 3.1 These radicals and ions are shown experimen-
the gas flow direction is downward. In addition, the gas re- tally to contribute to the removal reaction of acetaldehyde.

actions should improve the removal of acetaldehyde. Fig. 10 compares the GC chromatograms of gas analy-
sis between the wetted-wall type and deposition type corona
3.4. Comparison of removal extent and byproduct discharge reactors. Chromatograms a, b, ¢, and d stand, re-

formation between wetted-wall type and deposition type  spectively, for the influent and effluent gas stream of the

The removal extent of acetaldehydg, defined by

1.00
Eqg. (13) is plotted against corona discharge currénin
Fig. 9. 1
V= Cig— Cog (13) 0.95 B\g___——a
Ci,g ) O

whereC; g is the influent concentration of gaseous acetalde-
hyde andC, ¢ is the time-averaged effluent concentration 0.90 -
of acetaldehyde during steady state operation. The deposi- > 0
tion type reactof1] used here consists of a cylindrical an- T

ode and a coaxial wire cathode of the same dimensions as —-=~W-Downward

the wetted-wall reactor. Since this reactor does not have the 0851 ——D-H20=0ppm
wetted-wall, acetaldehyde is removed from the gas stream .

solely by gas-phase corona discharge reaction. Compared “©~-D-H20=2.3%

with the deposition type, the wetted-wall type exhibits a 0.80 T T T T T

clearly higher removal extent when the discharge current is 0 0.1 0.2 0.3 0.4 0.5 0.6

low. This is because the absorption of gaseous acetaldehyde
enhanced the removal extent. When gas downflow is ap-
p|led, the removal e_)_(tent in the wetted-wall reactor is hlgher Fig. 9. Removal extent of gaseous acetaldehyde against corona discharge
than that of deposition reactor at corona currents less thancurrent. W: wetted-wall type, D: deposition typéi g = 200 mol-ppm,
0.5mA. Qg = 100 cn? min~1,

I (mA)
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[ Table 2
1 : Formaldehyde Z;(nglr?cégo?ne;iflrc;nsu‘:t;g;dangt aetgergetlc efficiency of removal of ac-
2 : Acetaldehyde y y

2 Reactor type ne (—) J (10 °mol J1)
2
Dry deposition 11.0 121
Wetted-wall (upflow) 12.8 14.0
Wetted-wall (downflow) 12.9 14.0
Cig = 200mol-ppm, I = 0.1mA, Qg = 100cn¥min~, Q0 =
1 1400 cn¥ min—%, W = 1000 cn¥.

(a) (b) .

\J qg(Ci,g — Co,g) — (wdCy/dr)
J = v (15)

whereqg is the total gas mole flow rat&} g, inlet concentra-
tion of gaseous acetaldehydg; g, outlet concentration of

1 2 gaseous acetaldehyde; mole of water,C,,, concentration
© @ 2 of aqueous acetaldehydg;discharge timeN, Avogadro’s
% number;Ne, the number of electrons produced by corona
discharge per unit timd; discharge current; and, applied
e min — i min voltage. Ne is obtained from the discharge current as in
2 4 6 2 4 6 Eq. (16)
Fig. 10. GC chromatograms of gas analysis: (a) influent gas stream, (b) I
effluent gas streams of the deposition-type reactor in the absence of waterNg = — (16)
vapor, (c) the effluent stream of the deposition type in the presence of e

2.3% water vapor, and (d) the effluent stream of the wetted-wall reactor.

/'~ 0.1mA, C\q = 200mol-ppm. wheree is the elementary chargge andJ are based on the

combined decomposition of gaseous and agueous acetalde-
hyde by corona dischargege represents the average number
deposition-type reactor in the absence of water vapor, theof acetaldehyde molecules removed by one electron Jand
effluent gas stream of the deposition-type reactor in the pres-represents how many moles of acetaldehyde are degraded
ence of 2.3% water vapor, and the effluent gas stream of theby unit energy. The values ofe andJ obtained at steady
wetted-wall reactor. The only significant detected byprod- state when d,,/dr = 0 are shown irTable 2 Obviously
uct from the deposition type reactor has the same retentionthe wetted-wall type attains a highgg and J than the de-
time as formaldehyde, whereas other byproducts are neg-position one, revealing that the wetted-wall reactor is more
ligible. On the other hand, the formaldehyde which is de- promising for acetaldehyde removal.
tected in the deposition type reactor becomes negligible in  Compared with other high voltage discharge systems with
the wetted-wall type. It should be noted that, though highly our results, some reports showing higher energetic efficien-
soluble, formaldehyde is not detected in the water after the cies can be found. For example, Mizuno et al. showg3 &
corona discharge operation. This result may be ascribed t010~" mol J-! using non-thermal pulsed plasma combining
the following. In the deposition reactor, removal reactions with TiO, [23]. However, it should be noted that the exper-
of acetaldehyde take place in the gas phase, which producdmental condition used in their group is different from our
formaldehyde as a byproduct. In contrast, formaldehyde is work. For example, the inlet concentration used in their work
not detected significantly in both the gas and water phasesis 1 ppm, whereas the energetic efficiency in our work is ob-
in the wetted-wall reactor. This suggests that the main de- tained with the inlet concentration 200 ppm. If extremely low
composition reaction which takes place in the water phase concentration is used, the energy requirement is expected to
does not produce formaldehyde. Instead, it produces mainlybe decreased since the discharge current and applied voltage
acetic acid as byproduct. can be decreased to lower values. In addition, the absolute
efficiency can be further improved when some operational
3.5. Energy utilization: electron efficiency and energetic ~ parameters are changed, for example the absorptivity of tar-

efficiency get components, pH in water, and discharge patterns such as
non-thermal plasma. The advantage of our work is that there
The electron efficiencye and energetic efficiency, de- are no significant gaseous byproducts in treated gas. At this
fined by Egs. (14) and (15)are calculated to evaluate the Stage, rather than pursuing the highest removal efficiency
removal efficiency in the wetted-wall reactor. among conventional methods, it is important to notice that
this study proposes the potential ability of the wetted-wall
— ( : wch) N disch tor for simultaneous purification of gas and
ne = ( 4g(Ci.g — Cog) — - (14) ischarge reactor _ pu g
dt Ne water to degrade organic compounds in both phases.
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4. Conclusions combustion gas, in: Proceeding of the International Conference on
Electrostatic Precipitation, Pavoda, Italy, 1987, pp. 667—-676.
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