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Study on NH,/NO Reaction Mechanism in the Absence of Oxygen
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Abstract: GRI-SNCR chemistry mechanism is adopted to obtain the critical temperature and investigate
the reaction mechanism for NH,/NO reactions in the absence of oxygen. Experiment is conducted in the
bench-scale testing facility and experimental data obtained is utilized to validate the kinetic model. Fur-
thermore ,rate of production analysis is adopted to identify elementary reactions that contribute largely to
generation or consumption of NO. Therefore, reaction paths can be concluded. Resulis show that the pre-
diction of GRI-SNCR chemistry mechanism agrees well with experimental data,and the critical tempera-
ture for NH;/NO reactions is 1 130 °C. When temperature exceeds 1 130 °C ,NO reduction by NH, is ini-
tiated by pyrolysis of CO, and NO. The efficiency of NO reduction increases as temperature rises and rea-
ches almost 100% at 1 200 “C. However, with even higher temperature , the denitrification efficiency de-
creases with the increase of temperature due to thermal decomposition of intermediate nitrogen species
HNO that shows a clearly positive correlation with temperature.
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Fig. 1 Schematic diagram of bench-scale testing facility
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Fig. 2 Temperature distribution along axial

direction of the reactor
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Fig. 3 Comparisons between predicted NO
reduction and experimental data at NSR =1.5
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Fig. 4 Comparisons between predicted NO
reduction and experimental data at NSR =2.0
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Tab. 1 Analysis of ROP for NH, and NO

H 5 Hon kN rROP frrasi
NH, NH; +OH=NH, + H,0

-0.898 ~ —0.911  R278
NH, +H=NH, +H,  —0.0854 ~ —0.086  R277
HNO +NH, =NH; +NO  -0.00203 ~ -0.0108 R332

NH; +0=NH, +OH  —-0.00136 ~ —0.00548 R279
NO  NH,+NO=N, +H,0  -0.491~ -0.501  R326
NH, +NO=NNH+OH  -0.484 ~ —0.494  R327

H+NO+M=HNO +M 0.00239 ~0.011 R212

HNO + NH, =NH; +NO  -0.00202 ~ -0.0107 R332

H 1 OH & 4E5h NH, o] NH, ¥ b i e 3= 22 A 5
P, PR R e = AT A, Wk 2, OH H i
FEAYTHFE EZH TR NH, AL NH, , e 2h bt i i
R HEAT 5 T EE 5T 2 i R326 H1 R99 IR I A
7 IR B BT R 69 OH [ i 36, H [ i 2256 7
CO,, /= OH H 3k & CO,NNH iy 7-fF 2 H H
AR EEORIR

%2 HOH R4
Tab. 2 Analysis of ROP for H and OH

4 i S rROP 53
OH NH; +OH=NH, +H,0  -0.499 ~ 0.5 R278

NH, + NO =NNH + OH 0.27 ~0.272 R326

OH +CO =H +CO, 0.26 ~0.27 R99
H OH + CO =H + CO, -0.413 ~ -0.414 R99
NNH+M=N, +H+M 0.397 ~0.403 R204

NNH=N, +H 0.0931 ~0.0945 R205

NHy +H=NH, +H,  —0.0863 ~ —0.0865 R277

FIXS NH; K& NO e 4k ) 3= 22 W [a] 7 4 NH, Al
NNH #4773 5581, 2087 Heatk— 28 B %4k D7 1, DL
# 3. HE™4Y) NNH gf— 25008, 74 N, fT H B
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Tab. 3 Analysis of ROP for NH, and NNH

]z 87 B STH 8 A ROP poR=)
NNH  NH, + NO =NNH + OH 0.5 R326
NNH+M=N, +H+M —-0.405 R204
NNH=N, +H —-0.0949 R205

NH, NH, +OH =NH, +H,0 0.454 ~0.455 R278

NH, +NO=N, +H,0  -0.249~ -0.251  R326

NH, + NO =NNH + OH -0.245 ~ -0.248 R327

NH; +H=NH; +H, 0.0431 ~0.0429 R277

HNO +NH, =NH; +NO -0.0014 ~ -0.00142 R332

O XfF NH, Ja] NH, %% fk. ity 57 ik 28 841K, {H H A2
SNCR &z i P /E A T2 B i 2, H b B — &
PR E . ¥ 0 Bl M RHEFT T, K4, O
H B A R IE TR T CO, NO Al N,0
B oA o AR O HREAL,ER 0 HhER
OH H fy AU N i fik & 2%, O H i 341k NH,
F=H: NH, J OH H 15, OH A fh ik — 4 F 4k NH,
774 NH, ,NH, | 5 NO Jz 374 N, Fl NNH %5 rf1[d]
74, NNH 45 ] =ik — 2555 ko OH 1 H %5 H
F 8, O NH, B AR 4R (0T 89 ) A e, A i fe fi i X
R NFRFEEARWTHEAT T %,

F4 OMWMFTESH
Tab. 4 Analysis of ROP for O

e STH A rROP s

NH, +0 =NH, + OH -0.492 ~ 0.5 R279
CO,( +M) =0 +CO( +M) 0.239 ~0.338 R12
2NO =0 +N,0 0.108 ~0. 155 R182
N,O( +M) =N, +0( +M) 0.0147 ~0.112 R185

SR EE U N B T, O WA TE{R 2 R279 By#EAT, ™
A NH, #1 OH A [E] B+, 4 8 R326 F1 R327 Ay HEAT,
R327 /& OH AY B ZR Y 2 —, I H:H 6] 7= %) NNH
W H A R T RORIE, 0 A 0 A R 8)
R99 fy#E4T,R99 & OH H &4/ A — - HE
KR, AW AR OH [ iy B sh i =X s B 742
AT o

o, L OH
\ A
/
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H 2
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v
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B 5 1130 °C~1 300 CK &) f & M %2
Fig. 5 Reaction path with temperature range
from 1 130 °C to 1 300 °C
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PR, X R R TTERER R BT RO R S,
NH, F 2550 OH B AL 7%k NH, JEH, M 4e
Fit 77 1], NO 4 5 NH, 2 i A i NNH F1 N, , [ i 2%
H#B NO 5 NCO B R =4 N, 1 N, O, 7E R i g%
Aul 5 CO A1 H,0 &[N, =ifsk4 T HNO &
A4 AR NO |, HIR BE#R ST, HNO 23 ff B9 2200 SO
B DTHRFE MR , 20 NO B FE S MR, P ok i
th TR NO & = BEREE T =g A T =

35 NH,# NO F=Z=44F
Tab. 5 Analysis of ROP for NH, and NO

B Eab = a4, 7T LUF 40 1130 ~ 1300°C

R X (8] N ) NH, 5 NO (9 5On; 42, Gl 5 Bis .
SNCR R AhAAEA R F AT R R T

0, REAF LML O | |, AT {2 4 N, [ NH, %% 1k

1 OH [y A= A, T KA 24 NH, $4fbi NH, i, A 68

5 NO BWA R N, o TAE S il TC S A5, B aE

N2 BT LARERSEAT , JR IR 7E T il a4~ CO, il NO

FET O,MfAME, FiRFME T CO,F NO it &5

RI2 FIf R R182 =4 H i3 O, HHE O =4

H ik S rROP #Hi's

NH; NH; +OH=NH, +H,0  -0.909~ -0.973  R278

NH; +0=NH, +OH  —0.0027 ~ —0.0458 R279
NO  H+NO+M=HNO+M 0.121 ~0.688 R212
HNO + OH=NO +H,0  -0.0134~ -0.257  R215
NCO+NO=N,0+CO  —0.0107 ~ -0.447  R228
NCO +NO =N, + CO, -0.01 ~ -0.242  R229
N +C0, =NO +CO ~0.0192 ~ -0.422  R283

NH, + NO =NNH + OH -0.0107 ~ -0.635 R326

NH, + NO=N, +H,0 -0.0104 ~ -0.362 R327
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FEXT NH, F1 NO $4bid #2255 H 3 OH
NH, \NCO F HNO #4772 53-8, W& 6, I KL
#eiing , OH 56¥s NH, 54k 8 NH, ,NH, B 5 6 2 NO
JE7=4: OH %t OH [{ i FE i 47 72 ; 11 7E 521 7%
S, OH W) F 2L CO, F1 H RN #EAT#h 78, #H M
Mo, NH, 7E R R 25 AT Bt B NH %4k, B 525 NO 1Y
W JFE BN, #4r NH bRy NH BLH 5 i 7 B R4 5
Bt NH, |y HNCO FEH#AT4b e, 25 NO 511
NCO F# ( HNCO 5 OH Jz Jij /=4 , Wi HNO fi% ™
AR E LS R280 A1 R215,

%6 OH.NH, NCO #1 HNO F=% 4547
Tab. 6 Analysis of ROP for OH,NH, ,NCO and HNO

7 NH.NNH.N,O F=E4
Tab.7 Analysis of ROP for NH,NNH and N,O

H Ak FETT R rROP 'S

NH NH + CO, = HNO + CO -0.254 ~ -0.576  R280

HNCO+M=NH+CO+M 0.0148 ~0.559 R269
NH, + OH=NH + H,0 0.0511 ~0.421 R203
NH+NO=N,0+H  -0.0274~ -0.373 RI99
NNH  NH, + NO =NNH + OH 0.175 ~0.556 R326
NNH+M=N, +H+M  -0.234~ -0.454 R204
NNH =N, +H -0.062~ -0.12  R205
N,O0 N,0( +M) =N, +O( +M) _0.198 ~ -0.52  RI85

NCO +NO =N,0 0.107 ~0.491 R228

N,0+0=2NO 0.0113 ~0.235 R182

[Eff:zp- FEITRNE rROP e

OH OH+CO=H+CO, 0.217 ~0.932 R99

HNCO + OH=NCO +H,0  -0.0111 ~ -0.369  R86
NH, +OH=NH, +H,0  -0.0101 ~ —0.491 R278
NIH, +NO = NNH + OH 0.0111 ~0.242 R326
NH,  NH, +OH =NH, +H,0 0.0164 ~0. 534 R278
NH, +NO=NNH+OH  -0.0944 ~ -0.282 R326
HNCO +OH =NH, +CO,  0.0503 ~0.272 R268
HNCO + H = NH, + €0 0.0371 ~0.199 R265
NI, +NO =N, + 1,0 -0.0537 ~ -0.16  R327
NH, +OH=NH+H,0  -0.0226 ~ -0.125 R203
NCO HNCO+OH=NCO +H,0 0,119 ~0.481 R267
NCO +NO =N,0 + €O -0.217 ~ -0.455  R228
NCO +NO =N, + €O, -0.117 ~ -0.247  R229
HNO HNO+M=H+NO+M  -0.198 ~ -0.905 K212
NH + €0, = HNO + CO 0.0106 ~0. 471 R280

HNO + OH =NO + H,0 0.0107 ~0.412 R215

F8 HNCO o4
Tab. 8 Analysis of ROP for HNCO

e STH A ) rROP s

HNCO + OH =NCO + H,0 -0.0263 ~ -0.759 R267

HNCO + OH = NH, + CO, 0.143 ~0.899 R268

HNCO+M=NH+CO+M -0.0133 ~ -0.135 R269

AkZER%t NH, #l NO J2 [ 9 i 3% 7= 4 NH ,NNH
I N,O #EAT = #5301, W3 7, NH EZ i HNCO
SrgreA, IF5 CO, M NO SRy A4: HNO #1 N,
O, N,O #& i i3 R228 A1 R182 j=At, Jf FH A4
SMERIURE, 7] Ny e, NNH EZAE NO B3k JFid 72
A, g — 2 IR N, o

HNCO ;274 NCO 1 NH ¥y T 22 5L 1], %) H 7™
RtAT 04, Wk 8. HNCO t R268 7= 4, I fk
2 NCO #l NH,

£r LR, AT LA 9 2 B DX 1B] T R B
DL 6.

B6 1300~1 600 °CIXig M &S
Fig. 6 Reaction path with temperature
range from 1 300 to 1 600 °C
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BV o
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SNCR R HLEE 1 O,, 730 7= A2 10 O B B2
AR A TP . AR R326 K €O, 5 H X
NN IR OH [ iy Fk 3, #E 30 8% 2 5 I SRR 42
#H17,

(4) RER#H—LFF,NO 2 0 3 i H&EmE
SO, Ik kU B B #EAT o i 44 HNO
KSR RN A NO |, H R BE B = 43 L 7E NO
FeAb P TTER B R, T BUR N A% N AR IR S
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