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Characteristics of NH radical formation by DBD plasma

Shinji Kambara*, Masanori Abe,

Yuji Watanabe (Gifu University)

An ammonia radical injection DeNOx system using an intermittent dielectric barrier discharge (DBD) with a one-cycle
sinusoidal-wave power source has been developed to remove NOx in flue gas from combustors. When DBD
plasma-generated radicals (NHz, NH, N and H) are injected into a flue gas containing NOx, NOx is removed efficiently by
radical chain reaction in gas phase. However, we have not been explained detailed reaction mechanism yet. In this study,
mechanisms of NH radical formation in the DBD was forcused. NH3 decomposition rate and NH radical intensity was
investigated by varying applied voltage, NHs flow rate, and NHs concentration. The decomposition rate was increased in
proportin to increses in applied voltage, but effect of NHs concentration was the opposit caracteristics. It is found that
NHs decomposition were mostly controlled by elemental reaction with NHs* ion and with Ar*.
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Fig.1 Outline of the ammonia radical injection.
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Fig.2 Schematic diagrams of experimental apparatus.
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Table 1 Experimental conditions

Flow rate [L/min] 10 — 20
NH, concentration [ppml] 100 — 400
Applied voltage 1:4Y 7—13
Repetition rate [kHz] 10 — 20
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Fig. 3 Waveform of the applied voltage and the current.
(V= 12 kV, Br= 10 kHz, Fy = 15 L/min, NHs = 500 ppm)
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Fig.4 Optical emission spectra of NH in DBD.
(Vep= 12 kV, Br= 10 kHz, F = 15 L/min, NHa = 500 ppm)
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Fig5s Effect of NHy/Ar flow rate on NH3 decomposition as
a function of applied voltage.
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Fig.6 Effect of NHs concentration on NHj3 decomposition
as a function of applied voltage.
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Fig.7 Effect of NHay/Ar flow rate on NH radical intensity
as a function of input power.

Fig.8 1%, Fig6 o5t d 5 NH T S A0 ARS8 T
Do Fig.6 Ti%, [NHal =100 ppm OFf, 9KV (30 W) LI
FIZEWT NHs 2135 4T 51272 - T2 b b b,
Fig 8 TIINH 7 VA0 &' — 7 BWESEM L. 72 bb,
O3 LT=NHBIZ 53 5 NH 7 D0 A 0BI& 23880 L i= = &
T, T, FEEES TAERT S N TN, NHs
RHIVHINVEREL, NH 5 DHNEER LEED LT
ELTn3,

18000
16000 | R,=10kHz
14000 F m = 15 L/min

"5 12000
S 10000 |

£ 8000

g 6000 —6—100 ppm

Q 4000 | —#—-200 ppm

2000 —e—400
0 |
0 10 20 30 40 50 60

Input power [W]

8 NH 7 U NSRBI RIFS NHa 58 0 5
Fig.8 Effect of NHs concentration on NH radical intensity
as a function of input power.
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Fig.9 Effect of NHs/Ar flow rate on NHs3 decomposition as
a function of applied voltage. (Simulation results)
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