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Review of ultra-low NO, combustion technology of pulverized coal

=
=2
tis

5
st Av

&

pyrolysis and gasfication coupled with combustion
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(1. MOE Key Laboratory of Thermo—Fluid Science and Engineering ,Xi‘an Jiaotong University ,Xi’an 710049 , China ;
2. Xi‘an Special Equipment Inspection Institute ,Xi’an 710065, China )
Abstract: With the environmental policies being strict, the NO, of conventional thermal power units can reach the level of less than 50
mg/m’ after combustion denitrification in furnace and post—combustion denitrification in flue through the transformation of ultra—low nitro-
gen emission. With the continuous development of low NO, combustion technology, the ultra~low NO_ combustion technology of pulverized
coal pyrolysis and gasification coupled with combustion has attracted more attention in the industry. The main idea of this technology is to
introduce hot thermal source to heat up the pulverized coal air/fuel stream with ultra—low stoichiometric ratio in the pre—combustion cham-
ber. The pulverized coal first fast releases volatile matter and partly combusts in the pre—combustion chamber. The gas phase products and
high temperature semi—coke leave pre—combustion chamber and are transferred to the furnace through the burner for low NO, combustion.
Compared with traditional post—combustion denitrification method such as SCR and SNCR, this technology directly reduces nitrogen in the
furnace combustion process by burning high—temperature semi—coke, which has greater technical advantages and economic potential. The
pre—combustion source is the key step to produce gas phase products and high temperature semi—coke. According to different pre—combus-
tion sources, this paper introduced these pulverized coal pre—combustion technologies , the natural gas heating pulverized coal pre—combus-
tion, circulating fluidized bed heating pulverized coal pre—combustion, plasma ignition pre—combustion chamber ,induction-heating ignition
pre—combustion chamber and traditional pre—combustion chamber burners, etc. The progress and application of those technologies were an-
alyzed to provide references for relevant technical staff.
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Fig. 1 Schematic of VTI's gas preheating combustion system
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Fig.2  Diagram of CFB preheating low NO_ combustion system
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Fig. 3 Schematic of plasma ignitor
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Fig. 4 Schematic of induction—heating multi—stage ignition
pulverized coal burner
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Fig. 5 Schematic of burners of pre—combustion chambers

HRBERRTE 65 ~200 MW ][5 5 4 e v A5 3 1 H
BRI Vo = 13% , B0 5 R /T R & &
15.2% %2 7. 5% , AR ABOSATE T, NO, HE
JAE 9 500 ~550 mg/Nm®,

2004 4, f#[H Schoppe 2> 74 H HCs P I 5 3]
[l TR = R be R 0 (] 6) o SR T ™ 7 46 U4
TE TR, BERoy 28 v Co JRE A W 45 383 67 1T ) 4 12
LT Y [R1 MR J5 180° %% ) [R1 L , 7F e i — I KU AR
FHF PO ] [ T 301, FE5 HICHE T8 % 9 F 1R 34
FEAR I | 22 3R T TR 2 0 R B e f
LRI ST T IR . 270 30% B BERY 7 22
FETUR 2 LA B 40 508 1 b e rh b A R pe , B4R
FH O EZE DL 80 m/s, 2012 4E , MRl
SEMFST B S 1 [ AR, I N B Tl R A
PEAT T R P TR AR FERN 1 X TR = R 03 4 A
S AR R SR IEAT T R4, b B O NO, HE
WO K 175 ~ 350 mg/Nm®, KK ] #k W & & 24
11% sl R & i 2 589% 720 ks Tl i
— AR A R A v AV DR IO T 2R A Ry A4
B R, <5% ) TR BLIZHRBE AR XTI Al Bk 20 B I
Wy KR 3 R TR LR B B be A IRy
il A B, FEER R I — AR R R 25 A A BT
FE— IR R i 78 0 PR — R USRI, JE 4
RN TE TR 2 P9 A 452 B8 B ], SR AR AT TR s

IR
CRR i WM AR
i el

— AR
SRR A

lel i
B6 o vyt o o I UM% 2 M5
Fig. 6 Pre—combustion chamber burner with central

forced reflux

36

G5 RE

1) KR TBER BB TRIRBE B R T K AR
SRR IR, LR R G AT E A, 5 T T
SCEL BT AE B b AR 3% ~ 129% B9 R AR
S, PG AT KB FH I 75 i — 245 1l KSR <A

o

B

2) XFAE R AL R AL 34 1 SR TR e 4 A
FB AL T RB AR A K A3 SR LA IA T
AE A NO, HEROH I HA L3 FEES R Z RS
BRI S, ] SEAE B AL IR 2R 48 5 50 ik
BRI AR AR T B AR R A B AR )

3) S T A KRR = R N T MR AR Ak
BT ARJEXS T OB R 5 2%, ik
25 I B A7 s, X 4 25 S0 Y IR T LA AL
Wy BE R B R A BRI T % B AR AEAR B far R R T 1
HINH

4) JERI IINFA A K 2 G TR 2 B AR SR FH L S
NFEA 5 R L BH 22 I L, 2R 58 T SE T
R FH 2 90 TR 2 SFoRG A Ak 3 i o5 ot A8 1Y) SEURR 1B
% SR, B R T R 4 JE RE T A 2
900 ~ 1 200 °C F /= il , XJ 4 J i Tl i 4 A M BB 42 1
TAREER

5) AB 58 TR 2 0k Jod 4 3 3 45 T P s ek AR /<
[] 35 A B (AL TR 25 PRy T 5 B DR AAE T R
G582 A E A, 58 MU b R G H O in— BB
5 25 U T T o TR R A1 2 TR 5 R T (ER
TR AR D AR T s v R e LAGRIIE

6) S AL NO, AR AR TE 28 R o0 9 R 53
2% SNCR FH A F BB AT, SRty e 0w
NO, B& 2 200 mg/m’, Bl &5 B AR T A ALK & BR e
FORBIA R A AR BE IS 19 NO, F8b5 B35 1%
iK% 100 mg/m’ F£ 2 THARKT-, Jii 23 1 R Hh 2 i
T R JE



X

PR O IR AR S R P R AU b B 2

www.chinacaj.net

2019 455 2 #

2 % 3Lk ( References) :

[1]

[10]

[11]

[12]

JEL AT . R T R o,y 90 9 AR R B AR 43 BT B v FH SR
[J]. 4675 H J7,2003,31(10) :6-12.
ZHOU Xinya. Analysis of low NO, combustion technique for
large coal—fired boiler and its application strategy[ J]. East China
Electric Power,2003,31(10) :6-12.
SKALSKA K, MILLER J S, LEDAKOWICZ S. Trends in NO,
abatement ; A review[ J]. Science of the Total Environment,2010,
408(19) :3976-3989.
BRYAN B,NESTER S,RABOVITSER ], et al. Methane de=NO,
for utility PC boilers[ R ]. Des Plaines; Institute of Gas Technolo-
gy,2005.
RABOVITSER J,BRYAN B, KNIGHT R, et al. Development and
testing of a novel coal preheating technology for NO, reduction from
pulverized coal—fired boilers[ J]. Gas,2003,1(2) :4-8.
ZHU J,0UYANG Z,LU Q. An experimental study on NO, emis-
sions in combustion of pulverized coal preheated in a circulating
fluidized bed[J]. Energy & fuels,2013,27(12) ;7724-7729.
OUYANG Z,ZHU ], LU Q. Experimental study on preheating
and combustion characteristics of pulverized anthracite coal [ J].
Fuel ,2013,113:122-127.
YAO Y,ZHU J G,Lu Q G. Experimental study on nitrogen trans-
formation in combustion of pulverized semi — coke preheated in
a circulating fluidized bed [ J]. Energy & fuels, 2015,29 (6)
3985-3991.
OUYANG Z,LIU W,MAN C, et al. Experimental study on combus-
tion , flame and NO, emission of pulverized coal preheated by a pre-
heating burner[ J]. Fuel Processing Technology,2018,179:197 -
202.
MESSERLE V,KARPENKO E, USTIMENKO A. Plasma assisted
power coal combustion in the furnace of utility boiler: Numeri-
cal modeling and full-scale test[ J]. Fuel ,2014,126:294-300.
ST, SRR I TR, A6 B I VL 0 R B R KR Y
RIELL BRI . #6830 ) T ,2008,23(4) :333-337.
NIE Xin,ZHOU Junhu, WANG Yang, et al. Development and sta-
tus quo of utility—boiler pulverized—coal direct—ignition technolo-
gies in China[ J]. Journal of Engineering for Thermal Energy and
Power,2008,23 (4) :333-337.
SR SR IO B ORARIR BRI [ T]. vide
SR 2001 (2) :20-26,2.
WU Shudi. A review of oilless direct ignition and stable combus-
tion technology for pulverized —coal fired boilers [ J ]. Northwest
China Electric Power,2001(2) :20-26,2.
XURE  RGEHD, Wrifs. R RO BOR MR ()], B
B45,2001(4) :13-16.
LIU Ying,SONG Ziqin, BAO Kefu. Ignition techniques of pulver-
ized coal boiler and its development[ J]. Power Equipment,2001
(4):13-16.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

SR PRI, B, AR R T R CHORTE AR A
FYRILT]. T 7 ,2002,35(12) :15-18.

ZHANG Xiaoyong, CHEN Xueyuan, LUO Zebin, et al. Applica-
tion of plasma igniting technology in the bituminous coal —fired
boilers[ J]. Electric Power,2002,35(12) :15-18.

TR Wk A Ak PR BRI AR BT (D] e
$E£5,1997(4) :17-19.

TU Jianhua, YAO Qiang, CEN Kefa. Studies of ignition and steady
burning in electric heating chamber[ J ]. Power Equipment, 1997
(4)17-19.

R, B AR A IR A RS PR SR B 1 g
FELJ]. I E AL T R4 ,2010,30(20) .7~ 14

NIE Xin,LYU Ming,ZHOU Zhijun, et al. Experimental study on
high temperature air multistage ignition combustor[ J ]. Proceed-
ings of the CSEE,2010,30(20) :7-14.

2SI RN IR SRS 0 TG T B a5 KRB ) S Al
WIRWDFFE[ D], HUM - #r7L R ,2000.

BRIBH 3R A, BB IO 25 MR B i SR AT 2 (0] 3
A ,1983 (1) :19-25,80.

AT, A, R UTJEE. AR E A R = ] P9 Ay T 4
[J]. BABERlE 54K 11995 (1) :27-33.

HAN Caiyuan, YUAN Weijian, XU Minghou. The flame stabiliza-
tion and pulverized coal preheating in finite space[ J]. Journal of
Combustion Science and Technology,1995(1) :27-33.

R, R T, A5 A R e 4 BAIR NO, R R 52
PR R B R R BT IS [ T]. 3 ) TR 24, 2008, 28
(1):36-39.

ZHANG Hai,JIA Zhen, MAO Jianxiong, et al. Research on tem-
perature air combustion technology via primary air enrichment and
preheating burner [ J ]. Journal of Power Engineering, 2008, 28
(1):36-39.

SCHOPPE F. Pulverized fuel fired flame—tube boiler; European,
EP1447622B1[ P].2010-04-28.

T, T4k, UGG UREE U A TR R - - BUUEER T
A FRp )] B T ,2016,48(9) :1-5.

WANG Jinhua, WANG Naiji. Demostration project of high effi-
ciency pulverized coal fired industrial boiler for bulk coal clean
utilization[ J ]. Coal Engineering,2016,48(9) :1-5.

RElEEh. AR FIRBEEORERE Tl i LRI [ )] W e
HiA ,2018,24(4) :109-113.

CHENG Xiaolei. Application of low—NO, combustion technology
on pulverized coal industrial boiler[ J]. Clean Coal Technology,
2018,24(4) :109-113.

Prvte /N 2. /N B AN Tl B R R 5 1)
[J]. Tolk4Re",2013 (1) :42-44.

FANG Jinghua, LEI Xiaoyun, LI Peng. Small - size
pulverized coal—fired boiler not a new development direction in
the field of industrial boiler[ J ]. Industrial Boiler,2013 (1) :42-
44.

37





