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Influence of atmosphere and pressure on the ignition temperature of
demineralized coal particles
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Abstract; For energy conversion with high efficiency and low carbon emission, Oxy-Coal Combustion Steam System
for power generation with near-zero emissions was proposed. The Ignition Temperature of Yimin demineralized coal
and Zhundong demineralized coal were studied in a one-dimensional drop tube furnace at different oxygen
concentration and steam concentration. The impact of pressure on the ignition temperature was investigated by High
Pressure Steam TGA. The results show that the oxygen volume concentration is very important for the ignition
temperature of demineralized coal. With the increasing of oxygen concentration, the ignition temperature is gradually
reduced. With the increasing of the concentration of steam, the ignition temperature is gradually raised. When the
steam volume concentration, range from 10% to 50%, increases 10%, the ignition temperature increases about
30 C. When the pressure is less than 1.0 MPa, with the increasing of pressure, the ignition temperature of
Zhundong demineralized coal decreases, when the pressure is in the range of 1.0-2.0 MPa, then no obvious change
for the ignition temperature, but when the pressure is greater than 2.0 MPa, the ignition temperature increases.
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Fig.2 The temperature separation curves of Yimin demineralized
coal in different O, volume fraction (water vapor volume
fraction; 30% )
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Fig.4 The temperature separation curves of Yimin demineralized
coal in different water vapor volume fraction ( oxygen

volume fraction: 30% )
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Fig.5 Variation of ignition temperature with water vapor volume

fraction

2.3 EAXBRIRES NBEREMm

WEZR IR AN T W6 KR an &l 6 Jor
. T 0.1 MPa B4 1%) 1.0 MPa B, 25 KR EE
Ui N [, FEARZY 70 °C ;245 35d 1.0 MPa i} JE
JIXTEE O BE B AR AR B TR, 1.0 MPa 5
2.0 MPat JJ T B4 KRB O I B 2508 75 1% i

1 2 MPa B 25 AR H B/ N R JEE A 3 .

2801
270 13
260
250
240
230
220
2101 \/
200
190 0 O‘.5 lI.O l.‘5 2I.0 2I.5 3I.O

p/MPa
6 ARG SO B W ) i AR A

Fig.6  Variation of ignition temperature of Zhundong demineralized

& KIREIC

coal with pressure

FEAE SR — R (0, Mﬁ I 30% , K 7ER
B E30% ) , R J7 T i 25 4 o UKL B 30 7 48053
., S T4 i ik e N R R A RS TN A i i
PRS- IaaR  (EHORIIR BE T, 25 JORE TR
M S ARSI 2.0 MPa J7 , %5 AR 1 2%
1 I, BRI I AR R EO N 155 T
Ao RS R BVEL. R, SR 5 R 8
NS B R S BRGSO R R 3
FHAE KB LA T, $5 R 3 A6 JoURE N A LG Bk
HNEACTE S O AR AT AEAT H TR A A —
KT E K, H KX Z W AR S E KO
[ AESpABZ St by N = = R W E 7 C R X I EE

BRI A 36 ) 15 1, S SS0ME 2R R IR 3 IR
JE e TS T

3 % %

1) S0 B2 XoF P 00 I e R AR O IR 2 iR
FE R, Bl AR B B, 45 SR
IR T B, 50O AR L, AR B
PRIGERAT e ELARHE A& 43 B R A A5 1 AR A
()25 U BE e B DR IR 24 50 °C.

2) TR ZE SR B X6 A 0 K R R o AR T i L
AR R A8 s e R BV I R A R B Bl 7K 25 R
PR B3 0 2 1 T 3 K 28 SRR o3 B R 3
i 10% , & KIREF+ =29 30 C.

3) M ES1<1.0 MPa i, i 25 3 (38, #E 7R
JBE K A KR FE R R R R I TE 1.0 ~
2.0 MPa§ KRBT, & K EE AR ; R St 2.0
MPa I}, 5 K BB HT T .

5% ik

[1] SALVADOR C. Modeling, design, and pilot-scale experiments of
CANMET’ s Advanced Oxy-fuel/steam Burner: 2nd intern. oxy —
combustion Research Network.2b—13 [ R]. Windsor: IEA GHG,
2007.

[2] ANDERSON R, BRANDT H, MUEGGENBURG H, et al. A power
plant concept which minimizes the cost of carbon dioxide sequestra-
tion and eliminates the emission of atmospheric pollutants[ C]//The
Fourth International Conference on Greenhouse Gas Control Technol-
ogies. Laken: [s.n.], 1999. 59 - 64. DOI. 10.1016/B978 -
008043018-8/50010-2.

[3] ANDERSON R, HUSTAD C, SKUTLEY P, et al. Oxy-fuel turbo

machinery development for energy intensive industrial applications

[J]. Energy Procedia, 2014, 63. 511 -523. DOI: 10. 1016/].

egypro.2014.11.056.

NG, I, VP, A — AR RLE ZHE TR R 5 M

Jrik: CN102628401A[ P]. 2012-08-08.

SUN Shaozeng, MENG Shun, XU Huanhuan, et al. One kind of

coal-based near-zero emissions power generation system and method ;

China CN 102628401A[ P]. 2012-08-08.

NG, I, XS A K FR R AR T B U AP Ry

PE[T] AL T 2AR], 2015, 66(12) :5119-5126.

SUN Shaozeng, MENG Shun, ZHAO Yijun, et al. Combustion

characteristics of syngas under oxygen steam conditions [ J]. CIESC

Journal, 2015, 66(12) :5119-5126.

HAYKIRI-ACMA H, ERSOY-MERICBOYU A, KUCUKBAYRAK

S. Effect of demineralization on the reactivity oflignites[ J]. Thermo-

chimica Acta, 2000, 362(1): 131-135. DOI: 10.1016/S0040-

6031(00)00577-3.

[7] YAMAN S, YAVUZ R, KUCUKBAYRAK S, et al. Stepwise demi-
neralisation and chemical isolation of the mineral matter of Goyniik
lignite[ J]. Energy Conversion and Management, 2001, 42(18) .
2119-2127. DOI; 10.1016/S0196-8904(00)00172-2.

[8] TAKANOHASHI T, SHISHIDO T, KAWASHIMA H, et al.Charac-

terisation of HyperCoals from coals of various ranks [ J]. Fuel,

—
~
i

—
W
[

—
=)}
[



.92 .

oK OE T

5 49 %

2008, 87(4) : 592-598. DOI; 10.1016/j.fuel.2007.02.017.

[9] SHUI Hengfu, ZHOU Yan, LI Haiping, et al. Thermal dissolution
of Shenfu coal in different solvents[ J]. Fuel, 2013, 108: 385 -
390. DOI: 10.1016/j.fuel.2012.11.005.

[10]STEEL K M, PATRICK J W. The production of ultra clean coal by
chemical demineralisation] J]. Fuel, 2001, 80(14) . 2019-2023.
DOI: 10.1016/S0016-2361(01)00092-8.

[11]STEEL K M, BESIDA J, O’ DONNELL TA, et al. Production of
ultra clean coal: part II —ionicequilibria in solution when mineral
matter from black coal is treated with aqueous hydrofluoric acid[ J].
Fuel Processing Technology, 2001, 70(3) . 193-219. DOI. 10.
1016/50378-3820(01)00173-4.

[12] OKUYAMA N, KOMATSU N, SHIGEHISA T, et al. Hyper-coal
process to produce the ash—free coal[J]. Fuel Processing Technology,
2004, 85(8/9/10) : 947-967. DOL . 10.1016/].fuproc.2003.10.019.

[13]WIJAYA N, ZHANG Lian. A critical review of coal demineraliza-
tion and its implication on understanding the speciation of organical-
ly bound metals and submicrometer mineral grains in coal[ J]. Ener-
gy & Fuels, 2011, 25(1): 1-16. DOI. 10.1021/ef1008192.

[ 14 RUBIERA F, ARENILLAS A, ARIAS B, et al. Combustion behaviour
of ultra clean coal obtained by chemical demineralisation[J]. Fuel,
2003, 82(15) : 2145-2151. DOI; 10.1016/S0016-2361(03)00181-9.

[15]WANG Jie, SAKANISHI K, SAITO I, et al. High-yield hydrogen
production by steam gasification of hypercoal (ash—free coal extract)
with potassium carbonate: Comparison with raw coal[ J]. Energy &
Fuels, 2005, 19(5): 2114-2120. DOI. 10.1021/f040089k.

[16 ]RUBIERA F, ARENILLAS A, PEVIDA C, et al.Coal structure and
reactivity changes induced by chemical demineralisation[ J]. Fuel
Processing Technology, 2002, 79(3) . 273-279. DOI. 10.1016/
S0378-3820(02)00185-6.

[17]1JUNTGEN H, VAN HEEK K. An update of German non-isothermal
coal pyrolysis work[ J]. Fuel Processing Technology, 1979, 2(4) .
261-293. DOI;10.1016/0378-3820(79)90018~-3.

[ 18] GURURAJAN V, WALL T, GUPTA R, et al. Mechanisms for the
ignition of pulverized coal particles [ J ]. Combustion and Flame,
1990, 81(2): 119-132. DOI; 10.1016/0010-2180( 90)90059-Z.

[ 19]PONZIO A, SENTHOORSELVAN S, YANG WH, et al. Ignition of
single coal particles in high—temperature oxidizers with various oxy-
gen concentrations| J]. Fuel, 2008, 87(6): 974-987. DOI. 10.
1016/.fuel.2007.06.027.

[20]LIU Bing, ZHANG Zhezi, ZHANG Hai, et al. An experimental in-
vestigation on the effect of convection on the ignition behaviour of
single coal particles under various O, concentrations [ J]. Fuel,
2014, 116 77-83. DOI. 10.1016/].fuel.2013.07.112.

[ 21 JESSENHIGH R H, MISRA M K, SHAW D W. Ignition of coal par-
ticles; a review[ J]. Combustion and Flame, 1989, 77(1) ; 3-30.
DOI:; 10.1016/0010-2180(89)90101-6.

[22]CHEN Yong, MORI S, PAN Weiping. Studying the mechanisms of ig-
nition of coal particles by TG=DTA[J]. Thermochimica Acta, 1996,
275(1) ; 149-158. DOI; 10.1016/0040-6031(95)02727-0.

[23 1418, 0,/CO, THT AN IR BEFI A MURL A I it BE B R e e
HBEFE[ D). i BIEASH A, 2012,

CHU Wei. Coal particle ignition temperatures and combustion char-
acteristics of different rank coals in 0,/CO, environments [ D ].
Shanghai; Shanghai Jiao Tong University, 2012.

[24] R, TRUIIE, TrHi, 55, 25 0R 0,/CO, A TRk KRtk
BIGHEFE[T]. R R M (B ARB M), 2011 (8):
129-132.

WU le, XU Minghou, QIAO Yu, et al. Experimental study of pul-
verized coal ignition characteristics under air and 0,/CO, combus-
tion [ J]. Journal of Huazhong University of Science and Technology
(Natural Science Edition) , 2011 (8): 129-132.

[25] QIAO Yu, ZHANG Lian, BINNER E, et al. An investigation of
the causes of the difference in coal particle ignition temperature be-
tween combustion in air and in 0,/CO,[ J]. Fuel, 2010, 89(11) .
3381-3387. DOI; 10.1016/j.fuel.2010.05.037.

[261Z0U Chun, ZHANG Liang, CAO Shiying, et al. A study of combus-
tion characteristics of pulverized coal in 0,/H, 0 atmosphere[ J]. Fu-
el, 2014, 115. 312-320. DOI. 10.1016/].fuel.2013.07.025.

(27 13, BRAEH, RN, 45, SEmalim RaeE KR T]. W
REJELA , 2008 (5): 12-14.

WANG Song, CHEN Xiangjun, HU Guojiang, et al. Influencing
factors of coal powder ignition system[ J]. Applied Energy Technolo-
gy, 2008 (5): 12-14.

(28] HAETT, BN, SFaKEE. MREFHIRAME T BB B AE Gl

MR ], 371 TR, 2008 (2): 279-283,301.
XIAO Jiayuan, ZHANG Mingchuan, QI Yongfeng. Measurement of
homogeneous gas ignition temperature of pulverized coal under re-
burning conditions with low oxygen concentration [ J ]. Journal of
Power Engineering, 2008 (2): 279-283,301.

[29]VEER, VPL3C, #idE, 55, MK MU <8 i 1 77 s
BMERRFSIHHL: CN102109446A[ P]. 2011-06-29.

WANG Yin, XU Guangwen, CUI Xin, et al. Method for controlling
reaction gas channeling of thermal balance analyzer and pressurized
thermal balance analyzer; China CN102109446A[ P]. 2011-06-29.

[30] HUANG Xiangyong, JIANG Xiumin, HAN Xiangxin, et al. Com-
bustion characteristics of fine-and micro-pulverized coal in the mix-
ture of 0,/CO,[J]. Energy & Fuels, 2008, 22(6) : 3756—3762.
DOI: 10.1021/ef800444c.

[31]5kE, H3CT5, M, 4. AL ORISR 1

RPN, 2009 (4) @ 699-702.
ZHANG Hong, PU Wenxiu, HA Si, et al. Influence of acid treat-
ment on the properties of pulverized coals with low ash content [ J].
Journal of Engineering Thermophysics, 2009 (4) : 699-702.

[32]SHADDIX CR, MOLINA A. Particle imaging of ignition and devola-

AR

tilization of pulverized coal during oxy-fuel combustion[ J]. Proceed-
ings of the Combustion Institute, 2009, 32(2) : 2091-2098. DOI.
10.1016/j.proci.2008.06.157.

[33]MURPHY J J, SHADDIX C R. Combustion kinetics of coal chars in
oxygen-enriched environments [ J ]. Combustion and Flame, 2006,
144(4) . 710-729. DOI. 10.1016/].combustflame.2005.08.039.

(341002, SKREEL, B, % K 0,/C0, < T HM & SR
MSEERBIFTLT]. P E AL TRR, 2013 (8) : 44-49.

YING Zhi, ZHANG Yanwei, GE Lichao, et al. Experimental research
on ignition characteristics of pulverized coal under pressurized 0,/CO,
atmosphere[ J |. Proceedings of the CSEE, 2013 (8) ; 44-49.

(3519, E&UL, A%, KRB K R SURBE AP S0
WEFELT]. P ERALT AR, 2012, 32(5) :21-26.

LEI Ming, WANG Chunbo, YAN Weiping, et al. Thermogravimet-
ric research on pressurized Oxy-fuel combustion of datong bitumi-
nous coal [ J]. Proceedings of the CSEE, 2012, 32(5) ;21-26.

[36]SUN Chenliang, ZHANG Mingyao. Ignition of coal particles at high

pressure in a thermogravimetric analyzer [ J ]. Combustion and

Flame, 1998, 115(1/2): 267-274. DOI; 10.1016/S0010-2180

(97)00350-7. (wE B %)



