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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 zone,
decomposition of aqueous acetaldehyde by OH radical was considered as the main mechanism. O3 oxidation 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

Electrical discharge technique, for examples, dc corona
discharge [1,2], pulse corona discharge[3,4], electron
beam[5], and barrier discharge[6], has extensively been
studied for gas purification. In dc corona discharge, low
energy electrons are employed to remove toxic gases with
high removal efficiency and low byproduct formation. The
wetted-wall corona discharge reactor proposed by Sano
et al. [2] can enhance the performance of the removal pro-
cess. In this reactor, some of the negative ions produced by
electron attachment are absorbed into a falling liquid film
on the anode surface. This absorption of the ions improves
the removal efficiency of soluble gas components. In addi-
tion, the anode self-cleaning action makes the wetted-wall
reactor suitable for a long period of operation.
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In fact, the wetted-wall corona discharge reactor has
been used for water treatment[7]. Short-lived radicals, O,
H, and OH, and ions, O−, O2

−, O3
−, H−, and OH−, are

produced in the gas phase by corona discharge[8–10]. Neg-
ative ions are naturally expected to reach the wetted-wall
anode by Coulomb force. Ionic drift along the electric field
is found to create an ion wind whose velocity is of several
meters per second[11]. A portion of the uncharged radicals
is expected to be carried to the anode by the ion wind.
When the radicals and ions reach the water film surface and
subsequently react with H2O, aqueous OH radicals which
possess a profoundly stronger oxidation power than ozone
are produced[7,12,13]. The aqueous OH radical along with
O3 is expected to decompose aqueous organic compounds.

In the present work, a wetted-wall corona discharge re-
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,
acetaldehyde is chosen for a target compound because of
its human and environmental effects. The treated gas and
circulating water used for the wetted-wall are sampled for
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Nomenclature

Ci,g influent concentration of gaseous
acetaldehyde (mol-ppm)

Co,g effluent concentration of gaseous
acetaldehyde (mol-ppm)

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

e elemental charge (1.602× 10−19 C)
I corona discharge current (mA)
J energetic efficiency (mol J−1)
N Avogadro’s number (6.02× 1023

molecules mol−1)
Ne the number of electrons produced by the

corona discharge per unit time (mol s−1)
Qg gas flow rate (cm3 min−1)
Ql water circulation rate (cm3 min−1)
qg gas mole flow rate (mol s−1)
Re Reynolds number (–)
t time (s)
TOC total organic carbon (mg L−1)
V applied voltage (kV)
W water volume (cm3)
w mole of water (mol)

Greek letters
ψ removal extent (–)
ηe electron efficiency (–)

chemical analysis to evaluate the performance of the reac-
tor. Then the removal mechanism is proposed and discussed
based on the experimental results.

2. Experimental

The experimental set-up is shown inFig. 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 of−8 to−13 kV
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 with
N2 is mixed with O2 and N2 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 cm3 min−1, 1400 cm3 min−1 and 1000 cm3, respec-
tively. The water film thickness, Reynolds numbers (Re) of
water and gas streams in the absence of corona discharge
are calculated as 0.4 mm, 870, and 4, respectively[14]. The
temperature of the water is controlled at 10◦C by passing it
through a heat exchanger unit.

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. O2 (21 cm3 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 inFig. 1). The aqueous ac-
etaldehyde mixture is prepared by passing the N2-balanced
gaseous acetaldehyde (250 ppm by mole at 79 cm3 min−1)
through the wetted-wall reactor. With these gas flow rates,
the concentrations of all gas components at reactor inlet be-
come similar to those found in the experiments with corona
discharge.

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).

3. Results and discussion

3.1. Gas purification by wetted-wall reactor

Fig. 2shows the outlet concentration of gaseous acetalde-
hydeCo,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.
Even in the absence of corona discharge,Co,g initially drops
to essentially zero because acetaldehyde is readily absorbed
into fresh water. However,Co,g 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
discharge operation.Ci,g = 200 mol-ppm, Qg = 100 cm3 min−1,
Ql = 1400 cm3 min−1, W = 1000 cm3, gas flow direction: upflow.

When the corona discharge is generated, for instance at the
discharge current of 0.1 mA,Co,g continues to gradually in-
crease at early stage but levels off at around 8 mol-ppm after
200 min. However, if the applied discharge current is lower
than 0.1 mA, the effect of corona discharge becomes weak
andCo,g does not level off at a constant value. It should be
noted that the decomposition of the feed acetaldehyde takes
place mainly in the aqueous phase as discussed in the latter
section.

When the discharge current increases, the asymptotic
value ofCo,g is found to slightly increase. The result may
be attributed to corona induced turbulence in the gas stream
flowing inside the reactor, which affects the residence time
distribution (RTD) of the gas in the reaction zone. When
the ion wind induces turbulence, the RTD in the reactor
becomes closer to that of a continuous stirred tank reactor
(CSTR), which possesses a much broader RTD than a lam-
inar flow model, or plug flow reactor (PFR), with the same
mean residence time. This phenomenon is known to result
in a lower conversion efficiency[14] and is the reason why
a higherI yields a lower acetaldehyde removal efficiency.

When corona discharge is generated, electrons are emit-
ted from the wire cathode and then drift to the anode. In
the small region of high strength electric field adjacent to
the wire cathode, electron impacts on gas molecules pro-
duce short-lived radicals such as O as shown inEq. (1)
[9,10]. During the drift process, low-energy electrons col-
lide with gas molecules and electron attachment reactions
are expected to take place, as shown inEq. (2). In addition,
ozone is produced, as inEq. (3) [8].

O2 + e− → O + O + e− (1)

O2 + e− → O− + O (2)

O2 + O → O3 (3)

Fig. 3. pH of water against discharge time.Ci,g = 200 mol-ppm,
Qg = 100 cm3 min−1, Ql = 1400 cm3 min−1, W = 1000 cm3, gas flow
direction: upflow.

In the reactor, the gas stream also contains water vapor. Thus
electron attachment to H2O vapor should produce OH− and
H−, whereas dissociation of H2O should produce OH and H
radicals[8,9]. Acetaldehyde not absorbed into the aqueous
phase would be removed by the reactions with ions, radicals,
and ozone generated by corona reactions in the gas phase as
shown inEqs. (4)–(8) [15–17].

OH + CH3CHO → CH3CO+ H2O (4)

HO2 + CH3CHO → product (5)

O + CH3CHO → product (6)

O3 + CH3CHO → product (7)

O− + CH3CHO → O−[CH3CHO]m (8)

Since the observed values of theCo,g shown inFig. 2depend
mostly on the absorptivity of the gaseous acetaldehyde into
the circulating water,Co,g is thought to depend on the pH of
the water during the operation. InFig. 3, the Ph values of the
water during the discharge operation are plotted. Based on
a starting pH value of around 6–7, they gradually decrease
in around 200 min before stabilizing at around pH 4.5–5.5.
This may be ascribed to the fact that HNO3 is produced
during the discharge operation[7,12]. It should be noted
that the final value and decreasing rate of the pH depend
on the applied corona discharge current. To investigate the
influence of pH on the absorption rate, the initial pH of
the circulating water was varied from 4 to 6.5 by adding
HNO3. In the absence of discharge current, acetaldehyde
laden air is passed through the wetted-wall reactor andCo,g
is measured at adequate time intervals. Influence of pH on
the absorptivity of acetaldehyde is shown inFig. 4. In these
experiments, the observed difference in the acetaldehyde
absorption rate is negligible in this pH range. Therefore it
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Fig. 4. Influence of pH on absorptivity of acetaldehyde.
Ci,g = 200 mol-ppm,Qg = 100 cm3 min−1, Ql = 1400 cm3 min−1,
W = 1000 cm3, gas flow direction: upflow.

may be considered that the absorptivity of acetaldehyde is
not significantly affected by the pH of the water during the
operation.

3.2. Analysis of the circulating water

The reaction scheme of production of OH radical is shown
in Eqs. (9)–(11) [18]. The OH radical along with O2H and
ozone are expected to contribute to the decomposition of
acetaldehyde in water as shown inEq. (12) [18–20].

O(gas)
− + H2O → OH(aq)

− + OH(aq) (9)

O2(gas)
− + H2O → OH(aq)

− + O2H(aq) (10)

O(gas) + H2O → OH(aq) + OH(aq) (11)

OH(aq)
−,O2H(aq),O3(aq) + CH3CHO(aq) → product (12)

In Fig. 5, the concentrations of aqueous acetaldehyde
Cw at various discharge currents are depicted against
corona-discharge time. As expected,Cw increases with time
in the absence of corona discharge. When corona discharge
is generated, the increase inCw is retarded by its decomposi-
tion. The rate of decomposition of the aqueous acetaldehyde
becomes greater asI increases. It may be ascribed to the
fact that, whenI increases, more radicals, ions, and ozone
are produced by the higher density of electrons. Similar to
the effluent concentration of gaseous acetaldehyde shown
in Fig. 2, Cw becomes stabilized after about 200 min at 0.1
and 0.3 mA, 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
words, if the discharge current is too low, stable purifica-
tion of acetaldehyde laden air cannot be achieved because
the unceasing accumulation of the aqueous acetaldehyde

Fig. 5. Concentration of acetaldehyde in circulating water during
corona discharge operation.Ci,g = 200 mol-ppm,Qg = 100 cm3 min−1,
Ql = 1400 cm3 min−1, W = 1000 cm3, gas flow direction: upflow.

inhibits the gas-phase removal of acetaldehyde by gas ab-
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.

Fig. 6ashows the concentrations of liquid-phase TOC and
of aqueous acetaldehyde during the discharge operation for

Fig. 6. Influence of gas flow directions on TOC and aqueous ac-
etaldehyde concentration.Ci,g = 200 mol-ppm,Qg = 100 cm3 min−1,
Ql = 1400 cm3 min−1.
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the cases of both upflow and downflow. The current 0.5 mA
was used here, which is the optimized value to degrade sta-
ble organic compounds in water under the present dimen-
sion of the reactor, as previously reported[7]. When corona
discharge is not generated, both TOC and acetaldehyde con-
centrations increase with time due to gas absorption. As ex-
pected, their values in either case of upflow and downflow
are essentially the same. When corona discharge is gener-
ated, the increases of TOC and acetaldehyde are significantly
attenuated. However, thoughCw becomes stabilized, TOC
continues to gradually increase. This result indicates that
some byproducts which are more stable than acetaldehyde
are accumulated in the water. To identify the byproducts, the
circulating water is analyzed with the GC and HPLC. The
detected byproduct has the same retention time with acetic
acid whereas the presence of formaldehyde is detected but
rather negligible. Acetic acid is a common byproduct of the
oxidation treatment of aqueous acetaldehyde[21].

The kinetic rate constants of acetaldehyde and acetic acid
toward ozone and radical OH in water are listed inTable 1.
Based on the rate constants, it is considered that acetic acid
is more stable than acetaldehyde. To back up our assertion,
we carried out experiment on the decomposition of aque-
ous acetic acid. One liter of aqueous acetic acid (50 mg L−1)
was decomposed in stationary air in the wetted-wall reac-
tor with I = 0.5 mA andQl = 1400 cm3 min−1. The result
shows that about 20% of TOC is slowly degraded in 8 h.
Since O3 is produced up to 2000–2500 ppm in our reactor,
the contribution of O3 toward the decomposition of aque-
ous acetaldehyde was also evaluated experimentally, as ex-
plained in the experimental section. The result explores that
decomposition of aqueous acetaldehyde by O3 does not play
a significant role in the present condition.

To avoid the non-stop accumulation of TOC in the cir-
culating water, the influent concentration of gaseous ac-
etaldehydeCi,g was intentionally decreased.Fig. 7 shows
the change in TOC concentration at variousCi,g. Here the
current is maintained at 0.5 mA and the gas flow direction
is upward. The result shows that, whenCi,g is decreased,
the increasing rate of TOC is reduced. The value of TOC
becomes stabilized whenCi,g is 50 mol-ppm. To maintain
a stable TOC level, the generation rates of the aqueous ac-
etaldehyde and its byproducts must equal their decomposi-
tion rates. It should be noted that the maximumCi,g to avoid
the non-stop accumulation of TOC would depend on the ex-
perimental conditions such as corona current, gas flow rate
and flow direction, and water flow rate.

Table 1
Kinetic rate constants of decomposition of aqueous acetaldehyde and
aqueous acetic acid toward ozone (kO3) [22] and OH radical (kOH) [20]

Substance kO3 (M−1 s−1)
(non-dissociated form)

kOH (M−1 s−1)

Acetaldehyde 1.5 7.3× 108

Acetic acid 3× 10−5 1.6 × 107

Fig. 7. TOC concentration in water against discharge time at various inlet
concentrations of gaseous acetaldehyde.I = 0.5 mA,Ci,g = 200 mol-ppm,
Qg = 100 cm3 min−1, Ql = 1400 cm3 min−1, gas flow direction: upflow.

3.3. Influence of gas flow direction

According to Fig. 6a, the downflow shows obviously
higher decomposition rate of aqueous acetaldehyde and
TOC than the upflow. To explain this result, the concen-
tration profile of gaseous acetaldehyde along the reactor
length in the absence of corona discharge was investigated
experimentally, as shown inFig. 8. Apparently significantly
more unabsorbed gaseous acetaldehyde remains to pene-
trate deeper into the corona zone in the case of downflow
than upflow due to the present structure of the reactor.
Therefore, when gas flow direction is upward, the removal
of acetaldehyde is dominated by the reaction in the water
phase because most gaseous acetaldehyde is absorbed into
water before it reaches the corona zone. On the other hand,
when the gas flow direction is downward, the removal re-
actions also take place significantly in the gas phase. It
is logical to consider that the combined decomposition of
gaseous and aqueous acetaldehyde improves the purification
performance of the reactor.

In Fig. 8, it should be noted that the concentration pro-
file of gaseous acetaldehyde in the reactor was obtained in a
condition without corona discharge. When corona discharge
occurs, the gas-phase zone which is disturbed by ion-wind
should be expanded to outside the corona zone (ion drift
zone) because of convective effect. Therefore, it should be
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 and O2 in
the gas corona zone. If reaction of O with acetaldehyde
does take place, then the observed O3 concentration should
be lowered. According to the ozone analysis, the effluent
concentrations of ozone in the cases of upflow and downflow
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Fig. 8. Acetaldehyde concentration profile in gas stream along the reactor.I = 0 mA, Ci,g = 200 mol-ppm,Qg = 100 cm3 min−1, Ql = 1400 cm3 min−1,
W = 1000 cm3, time= 4 h.

are 2.2×103 and 1.6×103 ppm, respectively. The results of
gas-phase O3 analysis confirm that the reaction between O
radical and gaseous acetaldehyde takes place to a significant
extent when the gas is fed downward.

As seen inFig. 6b, the downflow shows higher removal
extent of gaseous acetaldehyde than the upflow. This is be-
cause the absorption of gaseous acetaldehyde into the water
can be accelerated by the enhanced water purification when
the gas flow direction is downward. In addition, the gas re-
actions should improve the removal of acetaldehyde.

3.4. Comparison of removal extent and byproduct
formation between wetted-wall type and deposition type

The removal extent of acetaldehydeψ, defined by
Eq. (13), is plotted against corona discharge current,I, in
Fig. 9.

ψ = Ci,g − Co,g

Ci,g
(13)

whereCi,g is the influent concentration of gaseous acetalde-
hyde andCo,g is the time-averaged effluent concentration
of acetaldehyde during steady state operation. The deposi-
tion type reactor[1] used here consists of a cylindrical an-
ode and a coaxial wire cathode of the same dimensions as
the wetted-wall reactor. Since this reactor does not have the
wetted-wall, acetaldehyde is removed from the gas stream
solely by gas-phase corona discharge reaction. Compared
with the deposition type, the wetted-wall type exhibits a
clearly higher removal extent when the discharge current is
low. This is because the absorption of gaseous acetaldehyde
enhanced the removal extent. When gas downflow is ap-
plied, the removal extent in the wetted-wall reactor is higher
than that of deposition reactor at corona currents less than
0.5 mA.

To investigate the influence of water vapor on the removal
of acetaldehyde, we conducted experiments on the removal
of gaseous acetaldehyde in the deposition-type corona dis-
charge reactor in the absence and in presence of water vapor.
Our results confirm that water vapor enhances the removal
efficiency. When water vapor exists in the corona zone, re-
lated gaseous radicals and ions are produced as explained in
Section 3.1. These radicals and ions are shown experimen-
tally to contribute to the removal reaction of acetaldehyde.

Fig. 10 compares the GC chromatograms of gas analy-
sis between the wetted-wall type and deposition type corona
discharge reactors. Chromatograms a, b, c, and d stand, re-
spectively, for the influent and effluent gas stream of the

Fig. 9. Removal extent of gaseous acetaldehyde against corona discharge
current. W: wetted-wall type, D: deposition type,Ci,g = 200 mol-ppm,
Qg = 100 cm3 min−1.
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Fig. 10. GC chromatograms of gas analysis: (a) influent gas stream, (b)
effluent gas streams of the deposition-type reactor in the absence of water
vapor, (c) the effluent stream of the deposition type in the presence of
2.3% water vapor, and (d) the effluent stream of the wetted-wall reactor.
I = 0.1 mA, Ci,g = 200 mol-ppm.

deposition-type reactor in the absence of water vapor, the
effluent gas stream of the deposition-type reactor in the pres-
ence of 2.3% water vapor, and the effluent gas stream of the
wetted-wall reactor. The only significant detected byprod-
uct from the deposition type reactor has the same retention
time as formaldehyde, whereas other byproducts are neg-
ligible. On the other hand, the formaldehyde which is de-
tected in the deposition type reactor becomes negligible in
the wetted-wall type. It should be noted that, though highly
soluble, formaldehyde is not detected in the water after the
corona discharge operation. This result may be ascribed to
the following. In the deposition reactor, removal reactions
of acetaldehyde take place in the gas phase, which produce
formaldehyde as a byproduct. In contrast, formaldehyde is
not detected significantly in both the gas and water phases
in the wetted-wall reactor. This suggests that the main de-
composition reaction which takes place in the water phase
does not produce formaldehyde. Instead, it produces mainly
acetic acid as byproduct.

3.5. Energy utilization: electron efficiency and energetic
efficiency

The electron efficiencyηe and energetic efficiencyJ, de-
fined by Eqs. (14) and (15), are calculated to evaluate the
removal efficiency in the wetted-wall reactor.

ηe =
(
qg(Ci,g − Co,g)− wdCw

dt

)
N

Ne
(14)

Table 2
The electron efficiencyηe and energetic efficiencyJ of removal of ac-
etaldehyde in air at steady state

Reactor type ηe (−) J (10−9 mol J−1)

Dry deposition 11.0 12.1
Wetted-wall (upflow) 12.8 14.0
Wetted-wall (downflow) 12.9 14.0

Ci,g = 200 mol-ppm, I = 0.1 mA, Qg = 100 cm3 min−1, Ql =
1400 cm3 min−1, W = 1000 cm3.

J = qg(Ci,g − Co,g)− (wdCw/dt)

IV
(15)

whereqg is the total gas mole flow rate;Ci,g, inlet concentra-
tion of gaseous acetaldehyde;Co,g, outlet concentration of
gaseous acetaldehyde;w, mole of water;Cw, concentration
of aqueous acetaldehyde;t, discharge time;N, Avogadro’s
number;Ne, the number of electrons produced by corona
discharge per unit time;I, discharge current; andV, applied
voltage. Ne is obtained from the discharge current as in
Eq. (16)

Ne = I

e
(16)

wheree is the elementary charge.ηe andJ are based on the
combined decomposition of gaseous and aqueous acetalde-
hyde by corona discharge.ηe represents the average number
of acetaldehyde molecules removed by one electron, andJ
represents how many moles of acetaldehyde are degraded
by unit energy. The values ofηe and J obtained at steady
state when dCw/dt = 0 are shown inTable 2. Obviously
the wetted-wall type attains a higherηe andJ than the de-
position one, revealing that the wetted-wall reactor is more
promising for acetaldehyde removal.

Compared with other high voltage discharge systems with
our results, some reports showing higher energetic efficien-
cies can be found. For example, Mizuno et al. shows 1.87×
10−7 mol J−1 using non-thermal pulsed plasma combining
with TiO2 [23]. However, it should be noted that the exper-
imental condition used in their group is different from our
work. For example, the inlet concentration used in their work
is 1 ppm, whereas the energetic efficiency in our work is ob-
tained with the inlet concentration 200 ppm. If extremely low
concentration is used, the energy requirement is expected to
be decreased since the discharge current and applied voltage
can be decreased to lower values. In addition, the absolute
efficiency can be further improved when some operational
parameters are changed, for example the absorptivity of tar-
get components, pH in water, and discharge patterns such as
non-thermal plasma. The advantage of our work is that there
are no significant gaseous byproducts in treated gas. At this
stage, rather than pursuing the highest removal efficiency
among conventional methods, it is important to notice that
this study proposes the potential ability of the wetted-wall
discharge reactor for simultaneous purification of gas and
water to degrade organic compounds in both phases.
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4. Conclusions

A wetted-wall corona discharge reactor was applied to pu-
rify acetaldehyde laden air. It was elucidated that acetalde-
hyde is readily absorbed into the circulating water before
the gas stream enters the corona zone and the aqueous ac-
etaldehyde can effectively be decomposed by this reactor.
The TOC degradation is slower than the decomposition of
aqueous acetaldehyde since acetic acid is produced as the
final byproduct, which is more stable than aqueous acetalde-
hyde. It was found that there is a minimum current around
at 0.1 mA and a maximum influent concentration of gaseous
acetaldehyde around at 50 mol-ppm for effective decompo-
sition of aqueous TOC. An excessive current causes a slight
decrease in the removal extent because the induced gaseous
turbulence broadens the residence time distribution and re-
duces the effectiveness of gas-phase corona reactions. As
for the effect of gas flow direction, the downflow yielded
a higher removal efficiency and faster TOC decomposition
rate than the upflow. It was evaluated that approximately 13
molecules of acetaldehyde are removed by one electron, and
7 × 107 J are required to remove 1 mol of acetaldehyde. In
comparison with the deposition type, the wetted-wall type
exhibits a clearly higher removal extent and less byprod-
uct formation when the discharge current is low. The opti-
mized discharge current is 0.1 mA for the removal of gaseous
acetaldehyde and 0.5 mA for water treatment. The recom-
mendable current lies in the range of 0.1–0.5 mA, though it
depends on the individual purposes.
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