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Abstract: In order to understand the key parameters and operating experience on fully burning and high proportion
blend burning high-alkali coal in boiler with slag-tap furnace, long-term engineering tests were conducted based on
a 300 MW boiler with slag-tap furnace in a power plant. An analysis was conducted on the possible combustion
organization, nitrogen oxide control, slag flow, and ash deposition issues. Modifications were made to the
combustion system, thermal modification system, and slag flow system. So long-term operational data and key
parameter records were conducted, after fully burning and high proportion blending burning of 300 000 tons of
high-alkali coal, all operating parameters of the boiler were normal. Based on recent operations and comprehensive
tests, the optimized boiler with slag-tap furnace in a specific power plant demonstrates strong adaptability to
high-alkali coal. Within the control range of coal ash components with w(Al,03)<25%, w(Fe 03)<15%,
12%<w(Ca0)<30%, silica-alumina ratio>1.7, acid/alkali ratio>0.5, the normal operation of the boiler can be ensured
without obvious ash deposition. Burning high-alkali coal can effectively reduce the inlet flue gas temperature of the
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first-level heating surface to below the design value, effectively avoiding the occurrence of slagging on the first-level
heating surface of the boiler, and the generation of nitrogen oxides is also reduced by more than 30% compared with

using the original design coal.
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R X DR (s ek 219 et LA
(¥7 39.3%, AR E BN b R K
J§rH SiOz2y AlOs B IR, LAK CaO. NaO.
Ko0 S 8ol Hohiothigas, S S HRE i)
SRR LB b s A7 A2 ™ F 5 1 L),
s TSR BT SOV R L ) R A

WA HRE B — MIRBESR L . VAR
MRS AR BB P RS, R R AR R S HEA
WK 5 S SRR IS I B KV BESE T S ARG TS
SRk 58 H AT Y AEAOR T R S HE R A
HeEhb, TEREARSCHT A AL g A

ARSCEET R 300 MW SRR A HRE S b
TR G5 WA NOE A S PRg AT I L T 70
T, X AP MUK B BB e ot b v BEAF A Tl
AR AT T TR, IR T KRR RIS T
PR AR B ARSI, WO AGE &4t
SRR RIS HER B e A R AR -

1 RZSHEER P

S )T 3 HIHLAH N 2 X300 MW R & B LA,
B i 4 v e (BABCOCK) A Hilid . 4Rir
M (B D ATIES — R, B
W RS0 WK E (U LK@ 100% KA A
WAHRE . SBRERY, WAL E 2 ME
B LM EN LA ERIE, RO R
fi o FERANIE ZE TSN AT B T 8 R X
ik NO BEIBAFERS, — R KUERFI R 1L 11 1
BN K, TEIFEE TN MBS AP =R T
Ja TERRER R e, TGRS SR 5T
TICTABRR ., AT ER I =R 78 R
Ja BN EAHE, 1) AR ORI 2 AT
B ) T Z IR R R HE R RS IR E N
TR YRl D KA BER IR, T BCRE J l
FE o 800 I T R AS Y AR B v = G0 4
B Vg NE A NLEE o W R R AR T
AR ASHEE R, T8O SR 2R B w7
Z, H NOAREE K.
1.1 $IPRE a7

AR A A R S s 40%, WS

http://rlfd.cbpt.cnki.net

KFMRIE, IRIGs miAle N (AR, R TS
HEE TR, &ITHHELE 27.3%BMCR LA_E A 647 70 [
PRI RSHEE B RGUSATIER, , RUERIATIR AL
IR P LATEAZ AR AT AN (iR sl LA L

g . | | L
o bl N :)-(: ‘ 1 Th f
5 3 H[ 1!“ R r;‘,.; iEam i1
I P 1
e ]
AL aIN
7 b coe o MU
il - S
| s &
TN |
[ el [

1 RSHERIRIP AR R
Fig.1 Schematic diagram of liquid slag discharge boiler
structure
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Fig.2 Slag blockage of high iron content coal
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Fig.3 Slag blockage of high aluminum content coal
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Tab.1 Ash composition of anomalous coal types

TiH P o [ERCE S
W(Si02)/% 57.67 40.72 49.16
W(AI,03)/% 21.87 14.93 31.38
W(Fe;03)/% 5.76 18.84 4.40
w(Ca0)/% 5.17 14.55 6.36
w(MgO)/% 1.46 145 0.88
W(TiO2)/% 0.87 0.75 1.20
W(K20)/% 2.23 1.86 0.98
w(Na;0)/% 2.00 1.09 0.36
W(P20s)/% 0.16 0.08 0.36
W(SO3)/% 2.62 5.3 3.16
TEARLL 2.64 2.73 1.57
TR L 0.21 0.67 0.16
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Fig.4 Schematic diagram of boiler slagging during
heating season
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Fig.5 Schematic diagram of thermal modification system
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Tab.2 Property analysis of high-alkali coal in Naomao Lake,
Xinjiang from 2021 to 2023

S| HE
War(M)/% 22.60
) War(A)/% 11.02
TolkAy#r
War(V)/% 30.15
War(FC)/% 36.23
War(C)/% 50.46
War(H)/% 3.32
) War(0)/% 11.46
TCERAIHT
War(N)/% 0.67
War(St)/% 0.47
Qb.20/(MJ kg?) 20 000
T EE DT/C 1140
WAL STIC 1160
FERIEE HT/C 1180
WA EE FT/C 1190
W(Si02)/% 16.64
W(AL0)/% 16.02
w(Ca0)/% 30.26
W(Fe203)/% 12,53
W(SO3)/% 16.24
w(MgO)/% 1.02
W(K20)/% 0.47
W(TiO2)/% 0.77
w(Na;0)/% 3.78
W(P20s)/% 0.08
HAth/% 2.19
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Tab.3 Physicochemical characteristics of commonly used
coal types

eei L BB DT/'C ST/C HT/'C  FT/C

g};ﬁg T 2.58 0.46 1130 1160 1210 1260
KA 3.11 0.25 1144 1220 1235 1256
MHRE 2.85 0.22 1137 1256 1262 1277
Wi ik 3.34 0.72 1153 1156 1160 1165
Bk A 3.16 0.21 1196 1229 1250 1281
AR 1.86 1.00 1201 1236 1250 1267
s 1.96 0.97 1197 1222 1226 1234
PEEB] 1.04 1.44 1140 1160 1180 1190
L 2.35 0.87 1226 1238 1242 1253
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Fig.7 Normal slag flow and full burn high alkali coal slag flow
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first-level heating surface

SRS e Paperil BRERKS Ak Kl
¥ CKAE LGB R R
U R 1109 1244
By 1046 1165 989 1027

http://rlfd.cbpt.cnki.net

RIS, Yl i LA 2 B, ik
TEEERL 50 Co [FINF, AHECRAI BB A,




70 #AL e

2024 4

L 58 e BB AT K B A5 45 158 v B A I 585 — 4 52 #Av i
AR BE A BT R R, BRI LR
JEE, T DA Rz 2R — RS2 A A R L« 7F 2022—
2023 SEHLAGEHIE, P aiERR LN 8 R

2)5 B4

b) 6 5 Hak

8 5 S4AIFA 6 SRIFERZHAEEEENR
Fig.8 Schematic diagram of slagging on the same heating
surface of No.5 boiler and No.6 boiler

Hi/& 8 AT LA, RIS & HUf s AT I LI T
Wb SR B AT, AR R ST E0E JE Xt
B L A ARER (K038 R A3 81 A R T
322NO A mE LTI

I SR PIRGE, W NOx B S B AL
il T RmE BAIR, B2 Hardi gt
Wi, %) AR RIS B LB R4 BT
BRI, B m BRARERT NOK [R52IR, AX F12 4
BEBLTHERA 408 i BB ) NOx A2 il LR 5.

%5 TRIKEM NOEREX L

Tab.5 Comparison of nitrogen oxides generation for
different coal types
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Fig.9 Contamination in No.5 boiler’s economizer before burning
high-alkali coal and after fully burning high-alkali coal
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Fig.10 Contamination on No.5 boiler’s first-stage reheater:
before burning high-alkali coal and after fully burning
high-alkali coal
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Fig.11 Contamination on No.5 boiler’s second-stage
reheater: before burning high-alkali coal and after fully
burning high-alkali coal
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Fig.12 Contamination on No.5 boiler’s third-stage
superheater: before burning high-alkali coal and after fully
burning high-alkali coal

445 it

R E 2021 AR 4R iy L 145 Joe i B 1)
IEAT LI AN B — 2 VTR A 2K 2 4 )
B AR R AR 25 SRR & A, LA
AT 4518

1) %) 300 MW S A HEE 5 2 Rk )e
RGN RO ME FR G AR AR 5 X v R 1 3
REJIMRos, Halp 2R, HRERSEE L ER
e JUHAE T o /AR T 1 RIE B30 T, R
LC A 45 108 i A ) T3 — 20 Hh R M A HEE B o
S 3 I 1

2) B SE AT AR S ) 300 MW S50
BHESP AT TR, PREA S P E - EE 2 5%
BN : W(ALO)<25%. w(Fex03)<<15%. 12%<

http://rlfd.cbpt.cnki.net

w(Ca0)<<30%, FEERtb KT 1.7, BEREL KT 0.5,
NazO Fl KoO ek & 7E 24 1ij f FH A 3l P AN 7 22
il

3) IS G SRR e AR R AR « BN A R e AN
R R AREE T, RS 300 MW £ 2K
YRS HE VA B 4 R DA 5 4 3 e B 4 K R K 43
BERN IRATE/INREME . BRFH B0 f5 1 5 T FR A 2
P, PRI —ZU A AR R R
THE 1050 ‘CRLF, A DA RoBk e 4518 1 0 R A
NO A= i A A8 R e R T B 30%.

4) K] [ MR FH SR S VS TR A b % 2
NIRRT 5 IS

[Z % 3 #k]

(1] EE. Brsdfor SR o AL 5 B & T A A R 7T 0]
o E B, 2020, 46(10): 16-21.

HUO Chao. Research on distribution characteristics and
exploration and development layout of coal resources in
Xinjiang[J]. China Coal, 2020, 46(10): 16-21.

(2] BXURGE. THEARKE R RGeS 1 S0 5o A 3], H o Sl
i, 2017(1): 26-30.

ZHAO Legiang. Combustion characteristic and
countermeasure analysis for Zhundong’s coal[J]. Electric
Power Survey & Design, 2017(1): 26-30.

(3] FBFEdM, BOFTaE, skER, & DUAH IR i g

GBI BT ESOR B S ]. A0k, 2022, 51(3):
131-140.
GUO Yangzhou, BAI Xinkui, ZHANG Xilai, et al. Study
on techniques for slagging prevention and ash deposition
control in existing boilers burning high-alkali coal[J].
Thermal Power Generation, 2022, 51(3): 131-140.

(4] B, EIRAR. PRTIH 58 w0 b B 28 A 5 4
W], #AkEIAR, 2016, 47(6): 49-53.

BAI Xue, WANG Zhendong. Measures for preventing
slagging and staining in boilers burning high alkali coal
from Xinjiang[J]. Boiler Technology, 2016, 47(6): 49-53.

[5] BHEM, ELH, kEk, 55 A5 660 MW AL

B S5 YT — R T[], # R H, 2018, 47(3):
104-108.
ZHAO Yonggang, WANG Zhichao, ZHANG Xilai, et al.
Integrated design of anti-slagging and fouling for a
660 MW unit burning pure high alkali coal[J]. Thermal
Power Generation, 2018, 47(3): 104-108.

(6] BkikHI, ¥iE, A 14 1025 th BSHEER P
B A ATHRE M) 4kiilis, 2004(4): 24-26.
ZHANG Yongli, XU Hui, WU Dongyin. Design and
operation characteristic of a 1 025 t/h slag-tap boiler[J].
Boiler Manufacturing, 2004(4): 24-26.

(71 Fembk, (RIEHE, EOF. WESHRR D T p i — 4
DA B AR LI B[], #2010, 39(9): 27-29.
YAN Xianglin, XU Danggi, NIE Jianping. One
dimentional heat flux distribution characters in lower
furnace of boilers with wet bottom[J]. Thermal Power
Generation, 2010, 39(9): 27-29.

(8] itf. #aedbmt vl MESHRE B 224 5 3FMRIE
ITHEFEID]. dbst: fedbH Jikes, 2013: 1.

JI Tong. Research on the safe and environmental




72 kA% R

2024 4

protection operation of slag tapping boiler of Huaneng
Beijing Cogeneration Co., Ltd.[D]. Beijing: North China
Electric Power University, 2013: 1.

(9] EEEF. MEAMDIRESARK K ERIL]. $I1k
F, 2000, 29(2): 2-9.

Bl Yusen. Development status of low-NOx combustion
technology[J]. Thermal Power Generation, 2000, 29(2):

[10] FHRIR, 40 L. CRKEM RGBS HE T 1)
N[ #rEAR, 2005(2): 54-56.

LI Huamin, ZOU Deyu. Application of fly ash reburning
system in boiler with slag-tap furnace[J]. Boiler
Technology, 2005(2): 54-56.

(10] & — A, BK R G5B R PERT ST [D]. B #L K
%, 2006: 1.

DONG Yizhen. Study on the slagging characteristics of
main components in coal ash[D]. Hangzhou: Zhejiang
University, 2006: 1.

[12] JLrha, #74, RRE, & Boos et 2™

W A R it A S e B F TR R 0], IR OR,
2023, 29(7): 95-109.
SHEN Zhongjie, DONG Zizheng, LIANG Qinfeng, et al.
Research progress on the effect of iron on mineral
transformation and melting characteristics during coal
gasification[J]. Clean Coal Technology, 2023, 29(7):
95-109.

[13] FE3, Z9e)n, wCRUR]. B 770k Vi e B 2 4 R
UREIAT N FL[]]. BERELR, 2005(12): 90-92.
CHENG Yi, LI Hanxu, WU Chengli. Study on the effect
of fluxes on the melting characteristics of Huainan coal
ash[J]. Coal Technology, 2005(12): 90-92.

[14] Z°F, B4k, X, . BIERI0 m e RUB KR )

I B2 A BZ A [9]. AR B R A 2R 4R (H AR EE A R,
2010, 36(4): 475-481.
LI Ping, LIANG Qinfeng, LIU Xia, et al. Effects of flux
on flow temperature of coal ashes[J]. Journal of East
China University of Science and Technology (Natural
Science Edition), 2010, 36(4): 475-481.

[15] MAX, ZHOU H. Study on the law of the influence on slag
blocking in combustors produced by coal blending
combustion strategy of slag-tap boiler[J]. IOP Conference
Series: Earth and Environmental Science, 2020, 605:
012028.

[16] 2flpE, BARA, b, & EURESHRE R X

YR Joe e Bl A B8 F AT D). v R, 2020, 26(4):
119-126.
LAN Dehui, FAN Junjie, ZHANG Zhongxiao, et al.
Experimental study on combustion of high-alkali coal in
horizontal liquid slag cyclone furnace[J]. Clean Coal
Technology, 2020, 26(4): 119-126.

(171 SWRIL, Fehnk, sk, 5. vl o B ool 6

http://rifd.cbpt.cnki.net

PR ST [I]. #ab iR, 2019, 50(1): 1-5.

WU Xiaojiang, QIU Jiayou, ZHANG Xiang, et al. Study
on the capture characteristics of alkali metals in high-
alkali coal by high-temperature slag[J]. Boiler
Technology, 2019, 50(1): 1-5.

[18] NI Y, HU S, MENG H, et al. Experimental research on
fully burning high-alkali coal in a 300 MW boiler with
slag-tap furnace[J]. Asia-Pacific Journal of Chemical
Engineering, 2022, 17(5): 1-13.

[19] WM&, FFF, KR, & @RS HRE R b A

PSR B R PR AL [I]. BR AP EIR, 2023, 54(4):
30-39.
HU Xinglei, L1 Dan, ZHANG Haidong, et al. Study on the
release characteristics of alkali metals under the condition
of liquid slag discharge combustion of high alkali coal[J].
Boiler Technology, 2023, 54(4): 30-39.

[20] %, E8, Hai, 5 $O0%8 NO«HIHHI[]. o
Vi R4 TR, 2005(2): 25-26.

JIANG Yong, XIA Mingming, QIN Shaoliang, et al.
Suppression of thermal NOx[J]. Power System
Engineering, 2005(2): 25-26.

[21] £, BEE, ElE, & S RERBEORAT FTt
B[], iR, 2022, 28(2): 99-114.

WANG Jing, LIAO Changjian, WANG Haibo, et al.
Research progress of low-NOx combustion technology for
boilers[J]. Clean Coal Technology, 2022, 28(2): 99-114.

[22] Fhgk, R0, skin T, 55, el il R DX U L

SRR L[], #AIKH, 2019, 48(12): 64-68.
LU Xu, WU Qinglong, ZHANG Xiangyu, et al.
Mechanism and simulation study of ammonia-injected
denitrification at high-temperature reduction zone[J].
Thermal Power Generation, 2019, 48(12): 64-68.

(23] F MR, BESE, B, 55— A U e R

SHEE B b S NO R BURHYE I ma [J]. 37 A2
224, 2021, 41(1): 8-13.
WANG Weishu, HUANG Zhihao, FANG Fan, et al. Effect
of primary air blade inclination angle on combustion and
NOx emission of a cyclone boiler with slag-tap furnace[J].
Journal of Chinese Society of Power Engineering, 2021,
41(1): 8-13.

[24] NI'Y,HU SH,ZHANGY Z, et al. Research on the effects
of the fly ash reburning on element migration and ash
deposition characteristics of high-alkali coal in a full-scale
slag-tapping boiler[J]. Fuel, 2023, 335: 126952.

[25] B ST 54 5K R G b ARSI ). T
Ak 4L EE, 2007(9): 1-6.

BAO Qinai. The relationship between chloride ion and the
corrosion of stainless steel in cooling water system[J].
Industrial Water Treatment, 2007(9): 1-6.

(DifESWiE AL )




