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Plasma remediation is being investigated for the removal of oxides of nitroggd,JNrom
atmospheric pressure gas streams. In previous works we have investigated the plasma remediation
of N,O, from N,/O,/H,O mixtures using repetitively pulsed dielectric barrier discharges. As
combustion effluents contain large percentages of,@®this paper we discuss the consequences
of CO, in the gas mixture on the efficiency of remediation and on the end products. We find that
there is a small increase in the efficiency of totalOyl remediation(molecules/eY with increasing

CO, fraction, however the efficiency of NO remediation alone generally decreases with increasing
CO,. This differential is more pronounced at low energy deposition per pulse. More remediation
occurs through the reduction channel with increasing @Bile less NQ and HNQ, are produced
through the oxidation channel. CO is produced by electron impact of ®Gugh negligible
amounts of cyanides are generated. 1@96 American Institute of Physics.
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Oxides of nitrogen (KO,), in the emissions of coal fired both electron impact and temperature dependent heavy par-
electric power plants and diesel engines are deleterious to thile reaction rate coefficients to produce species densities as
environment and human healttin order to meet new emis- a function of time. There are 56 electron impact processes,
sion standards, a number of new technologies are being 218 reactions, and 53 species used. The transport model fur-
vestigated for the removal of J®, from such emissions. ther updates the species densities due to both diffusion and
Among the plasma-based remediation techniques beingdvection. Diffusion coefficients were estimated based on
considered,dielectric barrier dischargéddBD) processing is Lennard-Jones potentials as described in Ref. 7. A single
a potentially effective method due to its efficiency for pro- advective velocity is used for all species and is determined
ducing gas phase radicals that assist in remediation. A nunitom an iterative solution of the Navier-Stokes equations.
ber of previous studies have investigated the plasma chenf\fter the species updates, the plasma conductivity is calcu-
istry of humid air streams with 100s ppm of®,. They lated for use in the circuit model. A complete list of reac-
found that remediation of NQoccurs through reduction and tions, rates, and species is available upon request from the
oxidation channels, producing,Nind HNQ, respectively as authors. In this computational study we consider a DBD in
products. In actual combustion effluent, additional speciedvhich the microstreamers are radially symmetric and equally
such as C@and unburned hydrocarbons are present. TheséPaced. The initial streamer radius is @ while the area
species may impact both the efficiency of remediation ofd€nsity of the microstreamer streamers was chosen suffi-
N,O, and the by products which are generated. In previou§'e”“y small (1.5 cm ©) to resolve the advective motion

works* we presented the results from computational studiedVithout complications of interfering streamers. .
of the plasma remediation of,, from N,/O,/H,0 mix- The dominant reaction pathways and time scales in the

tures using repetitively pulsed DBDs. Here we discuss théemediation of NO for mixtures without CQvere discussed

additional effects of CQin the gas mixture on the produc- N Refs. 3—4. Those reactions which are pertinent to this
tion of radicals, end products, and on the efficiency of remeWOrk are reviewed here. N, O, and OH radicals are produced
diation. by electron impact collisions on NO,, and HO during the

short(<10 s ng current pulse. NO and D, are then domi-

The general formulation of the model we have used in . i

this study has been discussed in detail in Refs. 3—6 anHaf.‘“V remedlated shorFIy after the p.ulé_tei 10 5 by re-

therefore is only briefly summarized here. The one-actions with those radicals. Remediation of NO at longer
: i 3 -1 ; ;

dimensional simulation consists of a circuit model, asolutiontImes (10° s<t<10 " s) occurs dominantly by reaction

of Boltzmann'’s equation for the electron energy distribution,wrIth 0?1' ':rledmsjor products, N NO,, HNO,, and HNQ,
a plasma chemistry model, and a transport model. The circuft® generated by

model providesE/N (electric field/gas number densjtyn NO+N—N,+0O, (1)
the plasma. Boltzmann’s equation is solved using a two term
spherical harmonic expansion to determine the electron en- NO+OH+M—HNO,+M, 2
ergy dlstrlbutlons_ vyhlch are then used to g.enerate electron HNO,+ OH—NO,+H,0, 3)
impact rate coefficients. The plasma chemistry model uses
NO+O+N2—>N02+N2, (4)
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In addition, high localized radical densities and high gas 05
temperaturesT 4, in the streamer region can lead to produc-
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In mixtures containing C§) the major additional signifi-
cant reactions are electron impact dissociation of, &0 00 ; L . s m
e+C0,—~CO+0~, Ae=3.85 eV, (8) MOLE FRACTION OF CO, (%)
e+CO,—~CO+0+e, Ae=6.1 eV (9) FIG. 1. Production of CO as a function of G@nole fraction after 0.1 s

following the current pulse. Production is expressed as a ratio of the CO

(where A« is the threshold energyand the analogue to Eq. generated divided by the NO or,®, remediated. At large COfractions,
(7) generation of CO is comparable to the removal QON.

N+CO,—NO+CO, nides may also be generated by the reaction of N with un-
_ _ burned hydrocarbons, processes not addressed here.
k=3.2<10"Pexp(—1710M,) cms™* (Ref. 9. (10) The generation of carbon monoxide is of greater impor-
The only new major end product is CO. tance. CO is generated by the electron impact reactions in
In our previous works, we found that remediation of NO Egs.(8) and(9). Due to the small Arrhenius factor for reoxi-
proceeded mainly by the reduction reaction, £, since  dation of CO to CQ by O, and the large rate of reaction of
the gas mixture contained low percentages of (8%). In O atoms with other species, CO tends to persist in the gas
this work we consider gas mixtures of,MD,/H,O/CO,  Stream. A measure of the relative importance of the produc-
—77/15-x/8/x, 0<x=<12 with 500 ppm NO(400 K, 1  tion of CO isA[COJA[NO] or A[COJ/A[NO,], which are
atm). These mixtures keep the proportions of N and O aphe ratios of the total amount of CO generated compared to
proximately those of air. N and OH are created primarilythe amount of NO or RD, remediated. These ratios are
during the current pulse by electron-impact reactions withShown in Fig. 1 as a function of initial mole fraction of
N,, and HO, respectively. O is created by both electron-CO. At large fractions of C@, the amount of CO generated
impact reaction with @ during the current pulse and to a iS approximately half of the }O, removed.
lesser extent during remediation by reduction of IEx. The presence of CQaffects the radical production in at
(1)]. As a result, much of the NO remediation by N and O least two ways. First, the low energy threshold for is-
occurs in and near the streamer region where the local N argfPciation and vibrational excitation lowers the high energy
O densities greatly exceed the volume averaged density. gportion of the electron energy distribution, thereby decreas-
is created at later timegeak density at~2x10 % s) by  ing the frequency of high energy processes for a given power
reactions of O with @. O is created on a longer time scale deposition. This is most important for the production of OH
after O has transported outward from the streamer region b§ince the HO dissociation thresholds are higher than those
diffusion and advection. Therefore;Gs produced over a for O, (4.5 eV),

larger radius in the discharge and, hence, is more diffusg+ 4,0 -OH+H~, Ae=55 eV (Ref. 1), (12)
when it reacts with NO to produce NOFor example, in the
cases studied here, at the end of the current pulse the O atd®r- H:2O—OH+H+e, Ae=13.5 eV (Ref. 1] . (13

density is largely confined and reacts over a radius:@00  The production of OH decreases by factors of 3—4 when the
pm. By the time reactions with JEq. (5] are the principal  co, concentration increases to 12%. Second, when BO

. . - — 73 . . . A
remediation mech.amsm of NGt t~10"" ), reme@_mﬂon in the gas stream, the production of O anglade also lower
occurs over a radius of0.04 cm. For these conditions we §e to the decrease in the initial mole fraction of. @\I-

found that the reaction of NO with-JEq. (5)] accounts for though production of both O and;@lso decrease by 3—4 as
roughly 1/2—2/3 of the remediation due to the larger concenghe Cq, concentration increases to 12%, the decrease in the
tratonsof Oand @ _ O; density has more severe consequences. The O atom den-

The presence of COn the gas stream can result in the gjties typically peak at short times after the current pulse at
production of CO and cyanides, and can affect the efficiencymga)| radii about the microstreamer. The peak density is
of remediation of NO, . In all cases investigated, the pro- many times that of the initial NO density, and so the de-
duction of cyanidesCN, HCN, and NCCN was negligible.  scriped decrease still leaves a critical amount of reactant. The
The most direct pathway to CN, and hence HCN, is thegiffuse distribution of @ which occurs 100sus after the
reactior? pulse produces a low density=1/10 of the initial NO den-

35090 cn? sity). A.decrease in this_ al_ready small density has a more

(j ——.  severe impact on remediation.

These changes in radical production affect the propor-
tions of end products and the remediation efficiency. The
Due to the large activation energy of this reaction, little CNenergy efficiency for remediation of NO and,®, for
is produced at the temperatures of interesb00 K). Cya-  streamer energy depositions of 225 and 1130 ml/are

CO+N—CN+0, k=3.8x 10—9exp( - S

T
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MOLE FRACTION OF COZ (%) The solid line is for an energy deposition of 225 mJicithe dashed line is

for an energy deposition of 1130 mJ/&niLess oxidation occurs at large
FIG. 2. Energy efficiency for remediation of NO ang®{ as a function of ~ CO; fraction due to the lower rate of generation of O angd O

initial CO, fraction for energy depositions of 225 and 1130 m¥/démthe

streamer. Higher values indicate more efficient removal. Remediation is

more efficient at lower energy deposition due to more efficient utilization oftion reaction, thereby increasing the amount of reduction
radicals. NO removal efficiency generally decreases with increasing COyyjith increasing Co concentration.

i ey L0 271460 conclusion, the presence of GQn gas streams in
energy deposition and temperature. mixtures affects the plasma remediation of NO through de-
creased production of Oand OH. Total NO, remediation

o o . ] efficiency increases with increasing €@hile the remedia-

shown in Fig. 2. Efficiency is evaluated in terms of NO or ijon of NO alone decreases with increasing CThe reac-

N,O, molecules removed per eV deposited so that highefio products also are a function of G@action. More N,

values indicate more efficient removal. The relative produciggg HNQ, and less N@ are produced with increasing

tion of the major products are shown in Fig. 3. Concentraco,. This is particularly advantageous for mobile sources,

tions of HNQ, products decrease with increasing Odie to  sych as diesel exhaust, since the acidic waste product would

the decreasing production of OH. M@roduction[Eqg. (5)]  have to be collected. CO is also a significant end product;

decreases due to the diminishing production gfadd the  however, negligible quantities of cyanides are produced.

resulting decrease in NO remediation. There is a decrease in  This work was supported by the National Science Foun-

radicals which consume N atoms and in species which comdation (CTS 94-12565 and the Office of Naval Research

pete with N to react with NO. These conditions allow more (N00014-94-1-0819

N to react with NO, resulting in greater reduction of NEX.

(1)] and greater total MO, remediation. The energy effi-

ciency for remediation of all N, improves by some 10s %

with increasing CQ@ due to the more efficient utilization of

the N atoms.
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