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Abstract: Coal gasification technology is one of the main ways of coal cascade utilization,which develops rapidly and is widely used re-
cently. However,the coal gasification process is not able to convert all the carbon in the coal ,and some combustibles remain in the gasifi-
cation fly ash after coal gasification. The gasification fly ash produced by circulating fluidized bed ( CFB) coal gasification usually has
high carbon content,and its low calorific value can reach 12-25 MJ/kg. The high—efficient combustion of gasification fly ash powders can
improve the coal utilization rate. However, gasification fly ash powder can be hardly burned by the conventional combustion technologies
due to its low volatile content. In order to realize efficient combustion of gasification fly ash and control NO_ emission,the technical route
of combustion with fuel preheating was put forward and developed. The gasification fly ash powders are first preheated to 850-950 C in a
CFB, and then the resulting fuel gas and char particles are burned out in the furnace. In addition, the reaction conditions of high tempera-
ture and anoxia are conducive to the removal of fuel nitrogen in the preheated burner,so that the NO, emission can also be realized with
staged air distribution in the furnace. In this study,several commissioning and engineering tests were carried out for a boiler with prehea-
ting combustion technology of gasification fly ash. The preheating characteristics of gasification fly ash,combustion characteristics and NO,
emission characteristics of high temperature gas—solid mixture fuel were studied by investigating the temperature distribution and variation
in preheating burner and furnace, combustion efficiency and original NO, emission of gasification fly ash. The results show the gasification
fly ash with volatile below 3% could be preheated and burnt out stably. The combustion efficiency can reach 98% and the original NO,

emission can achieve the lowest concentration of 261.94 mg/m’ ,and the ultra—low emission can be achieved after denitration treatment.
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The high efficiency and low nitrogen combustion of gasification fly ash is realized by preheating and burning boiler,and the feasibility and

advantage of preheating combustion technology in ultra—low volatile fuel treatment are proved.

Key words : preheating combustion ; ultra—low volatile fuel ; gasification fly ash;powder carbon boiler;high efficiency and low NO,
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Table 1 Proximate and ultimate analysis of gasification fly ash

i TAlks3#/ % LRI/ % Qret,ar”
M, A, Vo FC, C, H,, N, 0, Sur (MJ - kg™)

BB R 0.06 59.66 2.17 38.11 38.86 0.20 0.26 0.34 0.62 13.61

SRR 0.55 31.35 2.82 65.28 65.84 0.56 0.39 0.59 0.72 23.59
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Fig.1 Particle size distribution of gasification fly ash
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Table 2 Main design parameters of the boiler

i H HfH
BEFHLR/(1-h™") 20
HZE VR 1/ MPa 3.82
HUFZE PRI BE/ C 249
Z5KIREE/C 105

HESH IR/ °C <200
BRI AR/ (- dTD) 100
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Fig.2 Technical process of the boiler
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Fig.3  Photograph of the boiler
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Table 3 Combustion efficiency

Wi TH 1 T2
B T/ % 70 80
B CO HeE/107° 79 53
SRR TE IR/ %o 0.05 0.03
IR Bt/ % 5.46 3.76
JE SR/ % 1.34 1.01
ARS8 R BeA  / % 2.14 1.46
IRBERCR % 97.81 98.51

2.4 NO_ Him
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Table 4 NO, emission

i H TH 1 T2
AT/ % 70 80
PRS2 RN R L 0.15 0.16
TRRE AL 0.37 0.39
NO HEfifr (6% 0,)/(mg » m™3) 261.94 281.46

92

3 4 i

1) Ak ROR AT S8 B S e (g, 78 2 4 eIk
T 0.2 ERIAJE AT, AL R RR e GESL i fT
A AN ER 43 BABe S, I H BTE R 900 °C £2
AL IS R IR G .

2) TS B RRRLE AR A b ) 43 D
AT SEBAR E SRR , b i PN LB 7F 800 ~ 1 050 °C VR
W ELIT I A3 AT 5] KA RS TREE 2 R 1 200 C 38
TSR B P AR

3) BRORHBIA S SEEE 1 PR RN TR A, A A
IRBEROCR T 3k 98% L I, NO_ JE IR HE R AR 7T 3k
261.94 mg/m*(6% 0,)

S & 3Lk ( References) :

[1] YINXL,WUC Z,ZHENG S P, et al. Design and operation of a
CFB gasification and power generation system for rice husk[ J]. Bi-
omass & Bioenergy,2002,23(3) :181-187.

[2] ZHANG H,GUO X,ZHU Z. Effect of temperature on gasification
performance and sodium transformation of Zhundong coal [ J].
Fuel ,2017,189(1) :301-311.

[3] JUF,CHEN H,YANG H,et al. Experimental study of a commer-
cial circulated fluidized bed coal gasifier [ J]. Fuel Processing
Technology,2010,91(8) . 818-822.

(4] BRGEHE, 5K T2s. W RLIAR AP BORYE U B0 AT S [ T].
HRALH 12 B4R, 1994,14(3) : 135-142.

CHEN Xiaoshan, ZHANG Weihui. Technical characteristics and
application prospect of W—flame boilers[ J]. Journal of Northeast
Electric Power University,1994,14(3) .135-142.

[5] Z4le AR, X625 W AR = UG NO, A SR 4 R

[7].30 ) R4 ,2010,30(9) :645-662.
LI Zhengqi, REN Feng, LIU Guangkui, et al. Combustion technolo-
gies of down—fired boilers with high efficiency and low— NO, emis-
sions[ J].Journal of Chinese Society of Power Engineering,2010,
30(9) :645-662.

[6] Ihi, JyBoHe, ska, 55, 600 MW W AL AR ik [ — R XUIK

NO, BABERFHE F B A AL [ T]. RPERE 2 58K, 2016,
22(1) :64-70.
MA Lun, FANG Qingyan, ZHANG Cheng, et al. Numerical
simulation and optimization for the influence of the arch secondary
air on low—NO, combustion characteristics of a 600 MW down -
dired boiler [ J]. Journal of Combustion Science and Technology ,
2016,22(1) :64-70.

[7] MO, E0E AR, 55, Z S E X W BLKIA 8 IR
SRR RORZ IR [ )] 3R ,2017,23(6) - 76-82.
LAN Yanxu, WANG Hui, QIU Fugang, et al. Influence of tertiary
air arrangement on low—NO, combustion characteristics for a " W"
type flame boiler [ J]. Clean Coal Technology, 2017, 23 (6) .
76-82.

(8] RAE.W B JNAE R I K NO SRBEH A B BRI S R H[T] .3



ﬁ

TRPEAF :100 v/d U R BPIR B P BT st T

www.chinacaj.net

2021 455 3

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

BHLJ7,2020,40(5) :82-86.
SONG Jian.Numerical simulation and application of low NO, emis-
sion technology based on combined combustion for a W —shaped
Flame Boiler[ J]. Hunan Electric Power,2020,40(5) ;82-86.
SONG M H,ZENG L Y,ZHAO Y, et al. Secondary air distribution
in a 600 MWe multi—injection multi—staging down —fired boiler:
A comprehensive study[ J]. Journal of the Energy Institute,2020,
93(3) :1250-1260.
CHENT,ZHOU Y D, WANG B, et al. Investigations on combustion
optimization and NO, reduction of a 600 MWe down—fired boiler:
Influence of rearrangement of tertiary air and jet angle of
secondary air and separated over—fire air[ J]. Journal of Cleaner
Production,2020,277;124310.
YANG W,WANG B,LEI S Y, et al. Combustion optimization and
NO, reduction of a 600 MWe down—fired boiler by rearrangement
of swirl burner and introduction of separated over—fire air[ J].
Journal of Cleaner Production,2019,210.1120-1130.
ADANEZ J,DE DIEGO L F,GAYAN P, et al. A model for pre-
diction of carbon combustion efficiency in circulating fluidized
bed combustors[ J]. Fuel,1995,74(7) :1049-1056.
AP S, A3 R AR A A T MR AR PR AL R S 7 R BT
M BGBATPEREI AT )] HE AR AL ) ,2003,31(4) 14-7.
HE Hongzhou, SU Jianmin. Analysis of design feature and
operation performance of circulating fluidized bed boiler burning
Fujian anthracite[ J]. East China Electric Power,2003,31(4) .
4-17.
TS Bl At A T 3 ) A T A A B 0 P R R 1
THFE[I].817 TR ,2006,26(3) :359-364.
HE Hongzhou, LUO Zhongyang, CEN Kefa. Factors influencing
the burn—out rate of Fujian anthracite in CFB boilers[ J]. Journal
of Power Enginnering,2006,26(3) :359-364.
AT, e | A RT3 ANASORE TG SR 7E CFB i MR b 22
YRR R PERT S [ ] v [ e AL T AR 22 41, 2006, 26 (19) -
97-102.
HE Hongzhou, LUO Zhongyang, CEN Kefa. Modeling research on
the burnout characteristics of fine anthracite char particle in
CFB combustor [ J ]. Proceedings of CSEE, 2006, 26 (19) .
97-102.
KATSUKI M,HASEGAWA T. The science and technology of com-
bustion in highly preheated air[ J]. Symposium ( International ) on
Combustion , 1998 ,27(2) :3135-3146.
SUDA T,TAKAFUJI M,HIRATA T, et al. A study of combustion
behavior of pulverized coal in high—temperature air[ J]. Proceed-
ings of the Combustion Institute,2002,29(1) :503-509.
XIZH, FRFEI, 2549135 MW HLALER b7 B 08k 45156 K 22
PRHEAMIT (] Wi R 2017,23(2) :86-91.
LIU Jili, GUO Mengshi, LI Yan.Economic analysis for a 135 MW

pulverized coal fired boiler blending with semi—coke[ J]. Clean

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Coal Technology,2017,23(2) :86-91.

FEHE, EEOH, BRI K L5 e M IR 4 2 40 B SE AR TE
300MW LR B ERYSEE] T ]. IR HL 7T, 2020,40(2)
45-49.

DU Jin, WANG Zhichao, LI Haiping. Practice of large proportion
burning of ultra—~low volatile carbon—based fuel in 300 MW pul-
verized coal boiler [ J]. Hunan Electric Power, 2020,40 (2) :
45-49.

Pl btk BEBE 4 300MW HL S BB ER 40 K L BB e
RIS )] ) A FL,2020,49(7) :69-76.

YANG Jianfeng,DU Jin, HUANG Pu, et al.Experimental research
on large proportion co—firing of semi—coke in a 300 MW pulver-
ized coal boiler[ J]. Thermal Power Generation,2020,49 (7).
69-76.

XSG , Z o e, 4 SCHE 45 660 MW I S5t ey Sl A R34 7
HBlBge 2 ks [ )] iR, 2020,42(12) :22-27.
ZHAO Xiaopeng, SU Yongjian, XU Yiwei, et al. Experimental
study on large—proportion semi coke co—combustion in a 660 MW
supercritical pulverized coal boiler [ J]. Huadian Technology,
2020,42(12) ;22-27.

Tk, A, 22 W e RS P22, k. >
BARPEREE RILAE 660 MW HLAL I (9 K Ll 48 be il 38 0F 5%
[1]. AR ,2020,42(7) :35-41.

WANG Zhichao, WANG Yingyan, LI Yanjun, et al. Combus-
tion characteristics of semi — coke and its large — proportion
co— combustion experimental research in a 660 MW unit[]J].
Huadian Technology,2020,42(7) :35-41.

ZHU J G,OUYANG Z Q,LYU Q G. An experimental study on
NO, emissions in combustion of pulverized coal preheated in
a circulating fluidized bed[ J]. Energy & Fuels,2013,27(12) .
7724-7729.

YAO Y,ZHU ] G,LYU Q G. Experimental study on nitrogen
transformation in combustion of pulverized semi—coke preheated
in a circulating fluidized bed[ ] ]. Energy & Fuels,2015,29(6) .
3985-3991.

WANG J,ZHU J G,LYU Q G. Experimental study on combus-
tion characteristics and NO, emissions of pulverized anthracite
preheated by circulating fluidized bed [ J ]. Journal of Ther-
mal Science,2011,20(4) :355-361.

OUYANG Z Q,ZHU ] G,LYU Q G. Experimental study on pre-
heating and  combustion  characteristics  of
anthracite coal[ J]. Fuel ,2013,113;122-127.

DG I3~ DX JE AR R FTEA S LR J58 R 75 e 9 M s P 52 5
FEL D] ACHT: h E AR R TR BT ST, 2014 :44-45.
OUYANG Ziqu. Experimental study on preheating and combus-

pulverized

tion characteristics and pollutants emission of pulverized
anthracite[ D ]. Beijing: Institute of Engineering Thermophysics,

Chinese Academy of Sciences,2014:44-45.

93





