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Effect of char gasification reactions on NO, formation

in pulverized coal deep air-staged combustion
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and Clean Utilization of Coal Resources,Beijing 100013, China ;3. National Energy Technology & Equipment Laboratory of Coal Utilization
and Emission Control , Beijing 100013, China)

Abstract : The gasification reactions of char have an important influence on combustion and pollutant formation under the condition of deep
air—staging. In this paper,the influence of char gasification on the combustion and NO_ emission characteristics of pulverized coal under
the condition of SR, from 1.2 to 0.6 by the method of drop—tube furnace experiment and numerical calculation. Compared with the experi-
mental data of the drop—tube furnace and the results of the traditional model and the improved model ( considering char gasification) ,
it can be seen that the traditional model has some defects in the prediction of reducing atmosphere of air—staged combustion,and the im-
proved model is more consistent with the experimental results. The results of the experiment and the caculation of the improved model show
that under the condition of deep air—staging,the main combustion zone is extremely anoxic,and the combustion process changes from the
initial volatile ignition (R1 and R2) and incomplete char oxidation (R4) to the combustion state dominated by char gasification reaction
(RS and R6). At this time,a large amount of CO is generated,and the high concentration of CO, is consumed gradually until the end of
reduction zone. With the addition of exhausted air,the oxygen content increases,CO is rapidly consumed (mainly R2) ,and CO, is gradual-
ly generated. The NO, emission characteristics under the air classification condition are as follows ;the NO, concentration near the burner is
high; With the formation of reducing atmosphere,the NO, level remains low after a certain degree of decline; And with the addition of
burnout air, there is a certain degree of "rebound" ,which is caused by the rapid oxidation of some nitrogen intermediates that are not com-

pletely reduced after the addition of burnout air when the reduction zone is end.
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Fig.1 Drop—tube furnace experiment system.
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Table 1 Proximate and ultimate analysis of coal sample

T4/ % TERIIHT/ %
Qre” ( MJ - kg™")
M, A, Viar FC, Car H e N ar O gur S gat '
5.50 6.06 31.18 57.26 80.00 4.51 1.00 13.94 0.55 27.27
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Table 3 Simplifiedgas combustion reaction of coal
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R2 CO +0.50, — CO, A 2.239x10'2 1.700x107 EVN
XTIk AR | 38 H B NO,  60% ~80% , A7 HCN A NH, W, BBk i N T2 7

IR NO, 1t 25% FiAn , P NO, AR, A Y5 T B IR R I 43 A0 R — IR B0
B &P NO,, Fluent {438 % R F 5 Ab {9 NO I 40 TF 4 1
7 X NO A B A 7 T, BB i R 52 s 2 |12 D FRSY TR AR B4y N % £
TP A R IUA] NO, By A ket AR A N ZEMOEE N 400 FL A, 3004 H R O 1 1 3
oAty NO ARSIk, Ji 26 NO, BY A BRI 52 AR, BERIASCOITRE R B AR R 4 N
PRkbe it & WAL S IR M 27.85% AER N RSB0 72.15%, V42
RORLSZINS SR & AU RN S PRI IR N ABEAL R BEATIIFSE , XA AR - 25
F AT PR (HCN NH, (H L CN I NH) HS R TR SO HFHER AN N RIE S N % (R4 1 T
BIAEHUNO, o 7E Fluent BB P v, 2 0 k) 4 5 SERCE, WP 2 Fom | A% SCRAR A B4 B AR Rk T
95



2020 455 2

ik 4 4 H# K

526 &

OUT IR o N LSRR N B R

_ 100
S !
8 8o volatile i
g 60 F ?—» fuel rich
3
Z@'; 401 fuel lean «— !
=}
> 1

0 0.5 1.0 1.5 2.0
Fuel-air ration

2 X4 NREKR NI NO K T
SRAER LB kR
Fig.2 Relationship between the contribution of volatile nitrogen and

nitrogen in char to NO, formation and fuel-air equivalent ratio'"’

3 H BT A B ) R I AR A
FER Y N #E4LJ HCN/NH, 2 F LBl 9 ¢ 15 B
N 4> HCN/NH,/NO, Hi HCN 5 NH, 5 HAR
kA ARl AR 1k
2.2 RAIHEE

— A AR R AL B o D MR bl i
HR R Gy P T 5 @ 8 R 4 R AR UM RN
@) & 1l F A i | K 53 e T A 8 3 1 IR ke, ¢
50, JKFESR T CO,55 K AR RN, 1 if
Ti] i JHESORE I8 b B TR ) 12 DL B 3T, AR
SCBF XA R B8 >R T 20 73w o 5 2. I R 45
AR R HE R A3 B Y R 3 R e R SE ik A e
8 3 R4y, 455 4k F W S B AR TR L3R 4

FE R 5T A SN R A PR/ IR FE AR i
BRI T 2 A B R B R R FE RO R ST, 2
A PR A 220 W S 3 JVk 0 P9 S ], 2 o 3 AR

R4 B/ ERERSUHER IR R FMEE
Table 4 Reaction model of pulverized coal combustion

under constant and considering coke gasification
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Table 5 Related combustion reactions

EAs a=s S e A/(J - kmol ™) E/(J - kmol™") Z:7% 3k
R3 C( char) +0.50,—CO eI 9.870x10% 3.100x107 9
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R5 C( char) +H,0 —CO+H, YA 0.006 35 1.620x10° 11
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