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Abstract: Study on the ignition characteristics of coal is the theoretical basis for realizing the high-efficient and clean util-

ization of coal. The alkali metals such as K and Na in coal are released into the gas phase during combustion and enter the
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system, which can easily cause high temperature corrosion of the reactor, fouling of the heating surface and slagging in the
furnace. Based on the single-particle coal ignition detection platform, the ignition and alkali metal Na* and K* radiation
characteristics of single-particle Yangchangwan (YCW) bituminous coal and Naomaohu (NMH) lignite during combus-
tion were investigated under different oxygen volume flow rates. High-speed camera technology was used to capture the
flame evolution process during single-particle coal ignition, and hyperspectral imaging technology was used to measure
the spontaneous emission spectra of alkali metals Na* and K* in the flame to obtain the spatial release behavior of alkali
metals. The results show that the ignition process of different types of coal is different. The enveloping flame is formed in
the combustion process of volatile matter in the YCW coal particles, while the ignition reaction of the NMH coal is more
intense without enveloping phenomenon due to its high volatile matter content, and the flame brightness in the whole igni-
tion process is stronger than that of the YCW coal. The increase of oxygen can promote the ignition of coal particles, with
the increase of oxygen volume flow, the ignition delay time of the YCW coal and the NMH coal decreases, and the igni-
tion delay time of the NMH coal is smaller than that of the YCW coal. When the fire occurs, the flame brightness is the
brightest, and the flame shape is relatively smooth and stable. The radiation characteristics of alkali metals Na* and K* in
single-particle YCW coal and NMH coal during ignition and combustion are different from that in coke combustion pro-
cess, in which the radiation intensity of Na* and K* is the strongest. Na* has a release peak both in the volatile reaction
process and coke reaction process, but K* radiation intensity does not have an obvious release peak in the volatile reaction
process and coke combustion process. When oxygen content increases, the release time of alkali metals from the YCW
coal and the NMH coal is gradually advanced, and the beginning time of alkali metal radiation from the NMH coal is less
than that from the YCW coal. In addition, the analysis of the ignition process of single-particle coal shows that the release
intensity of alkali metals Na* and K* in the peripheral position of the combustion flame is stronger than that in the central
position.

Key words: single particle coal combustion; flame image; radiation characteristics of alkali metal; optical diagnosis
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ignition characteristics of single-particle coal
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Table 1 Proximate and ultimate analysis of coal types

Tk 53 H7/% TCEIIHT/%
D .
V4 FC4 Ay Cy Hy Ny 0} Sq
YCW 26.64 56.81 16.55 64.42 3.63 0.67 13.59 1.14
NMH 46.50 26.24 34.53 35.95 4.02 0.91 23.59 0.99
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Table 2 Alkali metal content in coal mg/g
SR w(K) w(Na) w(Ca) w(Mg)
YCW 0.49 0.23 1.08 1.20
NMH 1.10 0.66 0.05 0.02

1.3 EEITR
IR 2 ORI S T 50 L 38 3, S v g I

Uit e A Ry AR, R R S8 T4 T, HdlE 4
RBUR L V (0,) BRI u (0,) AAE, AT
## V (CH,) 24 0.30 L/min B3 # « (CH,) A 0.06 m/s
PREFAAE

2 ER5HM

2.1 HENENER
F 2 SRy AL AR AN E] 1V (0,) ', YCW IR



1730 # %

= % 2023 445 48 %

R3 EKE BRI I FH
Table 3 Experimental conditions for ignition and

combustion of coal particles
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