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Wet plasma reactor for remidiation of SO
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In pollution control applications, the presence of water in the electrical discharge enhances oxidation
of pollutants. The results of an electrical discharge in gas when it flows through a heterogeneous
mixture of water and dielectric pellets are reported. The discharge in the wet plasma reactor is more
uniform compared to dry dielectric-barrier reactors. The electrical characteristics of such a discharge
are discussed. Also the results of removal of, 3@h the wet reactor are reported. The wet reactor
was found to be 5-10 times more energy efficient in removing &Mnpared to conventional dry
plasma reactors. @001 American Institute of Physic§DOI: 10.1063/1.1426692

The use of nonthermal plasma for pollution control is anthe filamentary behavior typical of dielectric-barrier dis-
active research area. To name only a few, nonthermal plagharge.
mas have been used for flue gas treatménmlatile organic Shown in Fig. 1b) is a simplified model of the reactor in
compound(VOC) removal® and vehicle exhaust pollution the presence of water. The glass beads are lumped as uniform
control® glass dielectric, the water drops are lumped as a layer of

At atmospheric pressures, there are two popular methodgater dielectric, and the air gaps between the beads and wa-
of generating plasmas1) Corona in dc or pulsed form, and ter drops are lumped as the gas gap. The addition of water
(2) barrier discharge with ac sources. Corona discharges aificreases the dielectric constant, which increases the overall
due to inhomogeneous electrode geometries such as a poigdpacitance of the reactor. A large fraction of the discharge

electrode and a plane. Although corona discharges havgurrent is primarily due to the capacitaricsplacement cur-
found numerous applicatiofis, they are limited due to the

low active volume available for processing the gas. The bar-

rier discharge, also known as a silent discharge or a partial WATER IN
discharge, is widely used in commercial ozone synthesis and ﬂ
excimer-UV generatioft® (a)

The conventional barrier discharges are in air gaps.
However in a wet-barrier discharge a considerable portion of
the air gap is filled with water and dielectric beads to dis-
perse the water. The electric discharge takes place in the gas
bubbles formed in this mixture. Having water in the dis-
charge has several advantag€l: It improves the removal
efficiency by chemically and physically enhancing the re-
moval mechanism, an@) it prevents the fouling of the di-
electric surface due to contaminants. The discharge in the
wet plasma reactor behaves like a partial discharge in voids.
In this letter, we present some basic characteristics of the wet
plasma scrubber followed by results of removal of,SO

The schematic of the wet-plasma reactor is shown in Fig.
1(a). The configuration is a cross flow reactor with the water
coming down and the gas moving up. It consists of a cylin-
drical glass dielectri€1.6 cm internal diameter, and 1.5 mm
thicknes$ with the inside filled with glass pellets. The size of
the glass pellets is in the range 6f—5 mm). The inner
electrode $ a 6 mmdiameter stainless steel rod and the out- Lo WATER OUT
erelectrode is a conducting film on the outersurface of the _
dielectric. The plasma is created in the gas, liquid, and solid
mixture between the beads. This produces a heterogeneous (b) i cassDELECTRIC
medium with the plasma created in gas bubbles as |t. flows WATER DIELECTRIG
through the volume of the reactor. Due to the small dimen- L
sion of the gas bubbles, the microdischarges in the bubble do AIR GAP
not reach the arc phase. Hence the discharge does not show

WATER DROPS

INNER ELECTRODE

GLASS BEADS

OUTER ELECTRODE

K e {Cggcneyedesesce]

GLASS DIELECTRIC

FIG. 1. (a) Schematic of the wet plasma reactdh) the equivalent
¥Electronic mail: sdhali@siu.edu dielectric-barrier discharge representation of a wet plasma reactor.
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reactions are at the critical field10 Townsengfor an air
dischargé’. The radicals produced by electron impact un-
dergo fast reactions with other radicals and molecules in the
discharge to form products with longer lifetimes. Shown be-

» 50 1
27 ]
©
E 40 -
3 30: == 0ml/min i . .
g —— 150ml/min low are the reactions that determine the concentration of OH,
o 1 which is the most important radical for oxidation of
o 20 ’ pollutantsh**
£ 10 4 kg
® 1 0O(*D)+0,— O(®P)+0,:k,=4.0x10 ! cn’s™, (5)
o 04 ke
0 10 20 30 40 O(*D)+H,0— OH+OH:ks=2.28< 10" 1% cnés2, (6)

Voltage(KV p-p) Ke

, _ _ _ OH+OH—H,0+0:kg=1.0x 1011

FIG. 2. Discharge power as a function of applied voltage for with and
without water flow in the reactor. X exp(—500/T) cm? S_l, (7
. _ . _ The final product in the removal of S@ H,SO,. The
reny of the reactor as is generally the case with d'elecmc'removal of SQ takes place primarily through the following
barrier type discharges. When no water is passed through ﬂ}gactionsl'll
system, the capacitive current is slightly lower. '

The amount of power deposited to the discharge changes k7
significantly with the addition of water. The discharge power,SQ+OH+M—HSO;+M:k;=5.0

P, in a dielectric-barrier type discharge is giventby

X 10 1%(300/M)%mPs™, ®)
CgtcC
P:4fVéCd(Vp— MVC), D o ~12.03 1
Cq HSO;+OH—H,S0O,:kg=9.8x 10 Zcms ™4, 9
wheref is the power frequency, andcy are the gap and kg
dielectric capacitance, respectively,, v., andv are the  HSO;+0,— SO;+HO, ke=4.0x 10~ cnPs ™, (10)

peak to peak applied voltage, the critical gap voltage re-
quired to sustain a discharge, and the critical voltage
which the gap breaks down, respectively. The voltaggs

k1o

0,1+ 0+ M— SOy M:kyg=4.0x 10~

andv are nearly equal, however we have observed #hat X exp(—1000/T), (11)
tends to be lower thamo..!® When water is added to the .

dischargecy andcy change significantly: As shown in Fig. 1 o s

1(b), the dielectric capacitance which consists of the glasngJero_’ HzSOy; k11=6.0x 10" Hems, (12)
and water in series decreases due to addition of water in the k1o

reactor. However the addition of water reduces the gas gapO;+0O+M—SO,+0,+ M;k;,=8.1x10 ¥ens. (13
volume, thus increasing the gas gap capacitaogeFigure . . .
2 shows the discharge power as a function of the applied Thel reachtlons sr_ﬁ:/vn n Egé3) anhd 9 are the prlery
voltage with and without water flow. Water flow decreases cMoval pathways. e reactions shown in Eqs), (11),
the capacitancey and increases the term ic, /cy) caus- and(12), form an additional removal pathway. Through the
ing power to decrease according to Ed) 9 reaction shown in Eq(13), the SQ is converted back into

The discharge takes place in air bubbles at atmospherl‘Ef?Z' _Therefore, hin ordebr for reaction@% and (10) to be
pressures saturated with water3.2% at 21 °Q. In a barrier effective, water has to be present so that reac(#)) can

type discharge, the field in the air gap is equal to the critical®MOVe SQ.

field (the field at which ionization is equal to loss by attach- The results of the re”.‘ova' of SQvere studied with the :
wet plasma reactor. A typical removal study on water flow is

men) required to maintain a discharge. Since water is ah N Fio. 3. The t ts of plots f tarti
highly attaching gas, the addition of moisture increases thg"OWN N FIg. 3. The two Sets ot plots Tor a starting concen-

critical field. The energetic electrons in the discharge dissolrat?on of 3000. ppm of SEin air correqunds tol? concen-
f(ation of SQ in the exhaust as a function of discharge en-

ciate and ionize the gas components. In an air—water mixtur
the important electron impact processes are shown bélow: 19y, and(2) removal of SQ per kWh of energy. Removal
studies were done for no water flow and with different water
k1 3 . flows through the reactor. There is an initial removal of,SO
e+0,— 20(°P) +e;ky = 1.04¢10"  cm/s, (2 when water is passed through the discharge without the
ko plasma, which depends on the water flow and is significant.
e+0,—0CP)+0O('D)+e;k,=4.8x10 %cm?/s, (3) The SQ gas is partially absorbed by water, and its solubility
depends on the temperature. When the discharge is turned
on, there is further removal due to the plasma. With increas-
ing flow of water, the fall in the concentration of $@
The reaction rate&;_; are strongly dependent on the faster as a function of discharge power. The wet plasma re-
gas mixture and electric field. The rates shown for the abovactor was found to be rmore energy efficient compared to dry

k3
e+H,0—O0H+H+e;k;=6.8x 10 2cn/s. (4)
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i FIG. 4. Water pH at the exit of the reactor.
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0 10 20 30 40 50 the measured values, thus indicating that the conversion of
SO, to H,SOy is the major pathway for the removal of SO
Power (Watts) OZ = jor b Y 2

Typically in a dielectric-barrier discharge, the power fre-

FIG. 3. SQ removal as a function of power. The dashed lines show the soduency range is from 60 Hz—10 kHz. Since the discharge is

concentration for various water flows as a function of discharge power. Thdlighly capacitive, the reactive power increases with fre-

solidllines show the energy cost for removal for various water flows as guency. Due to power supply limitation, the highest dis-

function of discharge power. charge power achieved decreases as the power frequency is

increased. We have observed that the removal efficiency de-

plasma techniques, and the power requirements were less Bnds on the power input to the discharge, and the power

a factor of 5-10 compared to dry reactdfsli etal. re-  frequency has little influence on the removal.

ported SQ removal in dielectric-barrier type discharges in |n conclusion, the characteristics of a wet plasma reactor

the order of 10 g/kWH? Also the energy efficiency of the were discussed. Due to the relative changes in gas and di-

wet reactor was an order of magnitude better compared congectric capacitance, it was found that the power coupled to

bined plasma photolysis, which produced removals of thehe discharge decreases due to water flow. In addition, with

order of few g/kwh:® water flow in the reactor, the removal efficiency of pollutants
The addition of water in the reactor causes enhancegs enhanced due to lower temperatures and the minimal re-

production of OH radicals, which improves the removal ef-g¢tor fouling due to acidic aerosols.

ficiency. In addition, the Sg¢Xormed is quickly dissolved and

removed before the plasma can dissociate it back tg. SO  This research was partially supported by a grant from the
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