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Oxidation Characteristics of Ammonia Excited by Atmospheric Pressure Plasma
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A unique SNCR system by excited ammonia injection using an intermittent dielectric barrier discharge (DBD) has
been developed to remove NOx from an incinerator. However, the NOx reduction mechanisms are not elucidated so
far. .In this paper, nitric oxides formation was investigated in excited NH;-O,-N, system. Hydrogen concentrations at
the plasma reactor and NOx concentrations at the reactor exit were measured to characterize chemical species
generated by DBD. Hydrogen concentrations were increased with an increase of the applied voltage and residence
time of NH3/Ar gas mixture in the plasma reactor. In oxidation of excited NH;, NOx was generated above temperature
of 600°C. Behavior of NOx formation in experiments was compared with calculation results by elementary reaction

analysis based on Miller & Bowman mechanism.
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Fig. 2. Effect of flow rates of reduction agent (NHs/Ar) and applied
voltages on hydrogen concentration at the plasma reactor exit.

Ground
Mixing electrode MECs and
chamber L=360 |Air| [N, Gas blender
500 1 8000 .
Pre-heater 3 —0—0.8L/min NH, conc. = 4840ppm
Y] —_ I —/—0.4L/min
s an, N, | [NH, £ | —0—0.2L/min
2 Quartz tube ¢= 46 Gasb;ender ,_,% 6000
T Model gas | Gas cylinder S
Fig.1 Schematic diagrams of experimental apparatus. g 4000
o
c
3.1 75 R T 75— TOH LRSS T
Fig2 1%, BifH A NH; 2% 4840 ppm & L, NH3 &% 0 Y
BALSRIBOT T X~ 77 % —HNKFEREZFIINE 0 5 10 15 20
JEa/R_TA—HE UORLERITSH 2, KRRRENL, BgY Applied voltage [kV]
AMBEERME EBIWHT 5L, FabbT I Fig. 3. Variation of hydrogen concentration as a function of a
7 B —PUZET D PR A RN < 2 D IE EKFER pplied voltages.
BT 5 Z & ohoto, Fi, FUNEEDOHEMNE &b
(KRR 5 2 & ivbho Tz, 3.2 7T A~ hiNH, DER{LFEBR
AFEE, (D)—Q)RD L 12 NH; 28 NH,R° NH 7V H L b Fig. 413, FIIIEEE3.5—12kV CNH; 77 A~ ChhL L,
ROBRTERTHEEXLND, ZhEY, Fig 2 OfER Z DA A % FUSHE 500 —800°C TRE{L L 72D NO K
I, B ERY, NH3 1 EALbEDICEASHEES BEOBITHI, ZTCTIT7RAN T 7 HX—IZH/B L
(W/mol-NHys) 7355 < 72 51 KB IE N < 72 o7 & 31 NH; #1791 ppm, BAEIREEIL 83% Th b, KHFIZITTZ
W Cx 5, Al LienWigs (FNEE 0kV) OF —# b7y kL
NH; + ¢ — NH + Hy + ¢ AH=375klmol (1) T, ZOFERTIE, NHi 7V WANERT 21FE, NO
NH3 + e — NH2 + H + ¢ AH=539 kJ/mol (2) (}%Tﬁﬁﬁ%ﬂﬂﬁ“éﬁﬁél@é %@&*ﬁﬁg LTU\%)O

[No11-8] BFEMRESE & 21 MR\ T FE S R 0L2011 GD-ROMBIE (2011630, 71 -FEF ]



Fig. 4 %55 &, NO X 650°C LA L CHERT 2 Z &, HINFE

JEZZELSED L, B HHAVNTERETNO ARIRE TR K L 72
D2 &, IREEDSEVME IR NO R EE 2R 3 HIINE XK <
RHTERDND, ZTNHOEmL, T E=7 (NHi
Z VAN NH, NoH,) DK KD NO ZERBOG &, b
T =T EIKFEIZ L D NO BITRISHBRFIRIHE Z -
TWAHREREEBEZ LD,

Fig. 5 IQIXT VWA P27 3 a ARIC L D BIREEEY
T, HOHUNEE CHRIIRREL T2 &, RE
DEWIE ERARBEREE R EIMEBLEHEL 2o TWd, 2
OBZIE, Fug 4 ORLEZNOAEREE L ITF—HKTDHZ L
NohroT-, SVHRZ 5 &, Figd TR NO B 2oR$ 4
MTVANA V= v a AR TRRBESEZ R TR0 T
»b, LIeino7T, Fig 4 ODRUSHEAIRGTT 52 L1k -
C, Fig. 5 OB LRI TE L LB BND,

25.0
— —0—500°C —A—600°C
£ I —1—650°C —>—700°C
8200 Xep —X—750°C_—x - 800°C||
5 | .
2 I .
8 15.0 | ST TR
o
S I
€100 [/ /]
".: |
o I
e 50 [/ S o H
[
&)

0.0 A AT

0 2 4 6 8 10 12 14
Applied voltage [kV]

Fig.4. Characteristics of NO formation in oxidation of excited
ammonia by DBD.

100
SO,=0 o 1
i [NIZ{ ]/[IIZII:)n]lﬂ 5 300C 1
_ sor :é 3% T = e00C | ]
e i o —Tes0C | ]
g 60 ]
=] + 4
&
2 L
& 40 .
zZ
20 b
0 I — S ——— e ...I..w/&w..l.o ]

0 2 4 6 8 10 12 14 16
Applied voltage [kV]

Fig. 5. Characteristics of NO removal by radical injection.
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Fig.6. Comparison between elemental reaction analysis and
experimental results.
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