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Abstract: Ultra-low volatile carbon-based fuels, such as semi-coke and gasified residual carbon, are produced in pyrolysis
and gasification of low-rank coal. A preheating combustor and auxiliary systems were installed on a 35 t/h coal-fired boiler
combusting pure ultra-low volatile carbon-based fuels, so as to stabilize and enhance the burning of ultra-low volatile
carbon-based fuels and lower the emission of pollutants. In the experiments carried out on the boiler, using Shenmu
bituminous coal, Shenmu semi-coke and gasified residual carbon, effects of fuel type, preheating temperature, secondary
air equivalent ratio and boiler load on combustion characteristics and pollutant emission were studied. The results showed
that the three fuels can burn stably, and so can the pure semi-coke powder with dry ash-free volatilization fraction of
4.30% , which indicated the good fuel adaptability of the boiler. Been preheated, all the combustion efficiencies of the three
fuels exceeded 99%. With the rise of preheating temperature, the overall temperature of the furnace increased, and the
NO, emission mass concentration decreased first and then increased, indicating that the increase of preheating temperature
was conducive to the combustion and heat release of preheated fuel in the furnace. When the preheating temperature was
887 °C , the minimum NO, emission mass concentration was 110.6 mg/m’ (standard state , ¢(0,)=9%).The preheated boiler

has good combustion stability under low loads. As boiler load is lower, the NO_ emission decreased and bottomed at 108.0

mg/m’ (standard state, ¢ (0,) =9%) , which reflects the

Yr#e HHA :2020-05-19; 8B B H1:2020-06-12 advantages of preheating combustion technology in

BEETA : [ 5 H AU K 15T H (2017YFB0602001) ; stabilizing combustion, burnout and low NO, emission.
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Fig. 1 Process flow of a 35 t/h preheating combustion boiler

with pure ultra-low volatile carbon-based fuels
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Fig. 2 Installation positions of the preheating combustor

and furnace
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Tab.1 Fuel analysis results

A MR A RE

A TS S T
w(C, )% 6297  86.18  66.17  84.98

T w(H,) /% 3.88 1.80 0.57 1.73
i w(0,)/% 10.18  0.00 1.09 0.06
Br w(N,) /% 0.98 0.49 0.61 0.50
w(S,)1% 0.40 0.37 1.03 0.40

T w(M,)/% 11.80  3.66 3.46 3.65
\p w(FC, /% 5267 8222 5290  80.46
T w(V, )% 3057 430 3.63 426
o w(A, )% 9.82 787 4314 9.99

Q (kI -kg™) 24195 30809 19339
TE: Tz ar ZORICENE , daf 78 THRTC KL

30139
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Tab. 2 Experimental conditions of different fuels

TiH Hpr Tk T2 T.H3
Rk AR AR TRA R
Ffar t/h 24.5 29.0 29.0
2 kg/h 2710 2586 2615
A W mh 1611 1689 1721
T C 872 886 880
i e(0,) % 7.7 8.0 5.7

x3 ARFHEBREILIRE TRSH

Tab.3 Experimental conditions at different preheating

temperatures
TiH Hfp T4 T.HS TH6

Rk AL IRAREL IRA R
Ffar t/h 17.5 19.3 20.0
ey Sy kg/h 1548 1711 1781
Py Mt m’/h 827 846 836
TR C 855 887 942
i e(0,) % 96 8.8 8.7

2 SRIPIBITHIMES T

B IGAFEE L) 240 h, U501 18] PR BE £ il
JER AR A F AN 3 B e i e B A I
JEF-F2 IR T 00 Il BE A B i 3l (EL R AR R A
800~950 CIEH N sl . e B A0 o 72 i o i
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Tab.4 Experimental conditions under different loads

T H g T.57 T.H8 T4
1R AR AR AR
Uit t/h 13.3 19.3 28.0
25 M kg/h 1178 1711 2491
A A m*/h 855 846 857
BN < 910 887 876
i e(0,) % 12.8 8.8 6.1

H— U AT 2 R DEA TV L, SRIE T3 R b #4514 VL
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Fig.3 Temperature change trend of the preheating

burner during the whole test
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Fig. 4 Temperature change trend of the bottom of the

furnace during the whole test
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Fig.5 Temperature change of the preheating burner

during its stable operation
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Fig. 6 Temperature profiles along the axis of combustion

chamber with different fuels
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Tab.5 Fly ash content and combustion efficiency of

different fuels

Wi H B MORIE MOoRRAE IRAIE
w(Cy,) % 4.56 3.27 428
w(C,,) % 3.10 2.50 2.98
p(CO) mg/m? 235 210 123
oy % 99.3 99.5 99.4
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Tab. 6 Mass concentration of NO, discharged under

working condition 1—3

Wi My THL T2 T3
#(0,) % 7.7 8.0 5.7
p(NO)(@(0,)=9%) mg/m* 1458 2839 2342
2.2 TR EXTAEE R NO, HE A 20

0 1 e R ORI 2 B K XU AN il it

AL AR — YR X SR B AR TG B, T 4—6 11 TR
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Fig. 8 Temperature profiles along the axis of combustion

chamber with different preheating temperatures
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Tab.7 Mass concentration of NO, discharged at

different preheating temperatures

=] Ml T4 THS5  TH6
TR C 855 887 942
p(CO) mg/m* 210 176 174
#(0,) % 9.6 8.8 8.7

p(NO)(@(0,)=9%) mg/m® 1185 110.6 1226

2.3 SRIP ST X BRIR R NO, HER A 50

AN T e A B 3 56 R Bk BT 13,3,
19.3,28. 0 t/h 77 fa BEAT A5, 34> TL0L T T #R R e
S Y TR SE A AR R] , T
BLLEA H IRIB AT R A PR R 34 Tl h ik
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Fig. 9 Temperature profiles along the axis of combustion

g/ C

chamber with different boiler loads
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Tab.8 Mass concentration of NO, discharged under

different loads

T H My T T8 TA9
Ffif % 38 55 80
p(CO) mg/m’ 51 176 255
©(0,) % 12.8 8.8 6.1

p(NO)(@(0,)=9%) mg/m* 108 110 117

3 &ig

BEXT 35 v/ SRR IR A5 e o0 e AR PR AR 8
A, ARIAIEAR AR AR SRR R B R 6% /Y
AT R EAT TGS B9 T R
e TGRS | R i AR 7 A o TR R R
Rtk K NO HERCHYENE , 2518 Ik .

(1) FAAKA B 5 4 HAT Bl RO AP0 I R, A
B GRS ARERIR AT RE S AR AE | R BB

(2)BF5E T AS[RlR R T SRR B K NO, HE il 4
P S5 5L 3 R ORI o S EA TR L MR
R AR R 1T 99% 5 4 A K I ) N O, HE 0T 2 vk JE it
15, Ay 2 FIRRE Y NO, HE T e 2 405 88 i 200
mg/m’(¢(0,)=9%) .

(3) AR A S B IR S A iR e IR R P58 T
AR X IR A% B NO, HE R (4 5% i, FF 52 45
FE I < B AR 1) T, B R AR A BT T
150 U B TR T i A R SRS (R R
HRBE TN ; Bl TR A T 55, NO, HE RS B2 vk
JE S RRARE B, Y T AR 35 3 887 CH, NO HE
A5 e 3 TR B ARAE 110. 6 mg/m®(9(0,)=9%) .,

(4) LA (L B IR S AR I IR ARL BF9E T
b 7 AT R HR 58 e NO, HlE 4 B 5% i, F 5 45
FBH TR D I B a7 T AR R R M AT, B
0 faf AR NO, HE 0T 2 e 8 BRI, e AT 245 %1 108
mg/m’*(¢(0,)=9%) .
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