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Study on microwave ignition behavior of inferior bituminous coal assisted by coke
under dynamic particle spacing
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Abstract: In China’s power system, low-volatile coals represented by inferior bituminous coal and coke exhibit signific-
ant production output, yet their application in coal-fired power generation is constrained by their low-volatile characterist-
ics. Microwave technology has been demonstrated to efficiently convert electromagnetic energy to thermal energy through
its unique non-contact heating method and plasma effect, facilitating in-situ generation of additional volatiles. However,
there is limited research applying this microwave enhancement effect to the ignition process of low-volatile carbonaceous

fuels such as inferior bituminous coal and coke. Therefore, this study focuses on inferior bituminous coal and its coke,
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conducting microwave-assisted ignition experiments in a single-mode microwave reactor. Characterization and analysis of
microwave absorption, temperature variations, discharge phenomena during reaction stages, and the structure and physico-
chemical properties of residual char are performed to investigate the enhancement mechanisms of microwave interactions
with carbonaceous particles in the microwave ignition process. The study finds that during the early ignition stage (coal
sample heating phase), coal temperature rise depends mainly on heat accumulation under low flow rates (0.25 L/min). In
the mid-to-late stages (co-combustion of volatiles and coke, coke combustion stage), significant interparticle discharge
phenomena are observed, leading to localized multi-point combustion enhancing effects, particularly noticeable at higher
flow rates (0.75 L/min). Under combined microwave thermal and electric effects, the graphitization degree of the coal
sample initially increases and then decreases, while its absorption and thermal conversion capabilities first rise and then
decline. Surface cracking of the coal sample intensifies, with initial ash formation creating a hindering ash shell to impede
oxygen diffusion, followed by island-like aggregation exposing the coal surface again. Overall, a small amount of coke
blending (25% coke blending ratio) significantly enhances microwave absorption capability and ignition efficiency of in-

ferior bituminous coal. The coal sample exhibits optimal combustion reactivity during the mid-stage of volatile-coke co-

combustion, enabling sustained combustion independent of the microwave action zone.
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Table 1 Proximate and elemental analysis of coal samples
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Table 2 Proximate and elemental analysis of coke samples
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Fig.1 Microwave discharge enhanced coke/coal ignition experimental platform and its characterization system



a8 MR ShASURLIRIEE N SR 5 Bl 25 AR 45 K AT A 2707

K2 RARHETFH T
Fig.2 Evaluation unit for discharge characteristics
60 H, 25 0.2~0.4 mm) £ 5 5 k1% (20~40 H, 24
0.4~0.8 mm) & FUABAR IR, I e ROBA 40 H (29
0.4 mm) G P 57 434 i, BIAT A5 A [|] 55 B Be ity 45
g ie 8
i FHEIHTAX (STA449F3) WFFEAN A 5 K B BE 45
JEOH AR R R B o B A0 BRAN R - F5 2 20+
0.2 mg) FF it (14 B B HE AR BT . 7
Z5 ST L 20 °C/min 1A - THE] 900 C.
A HE 2 ] AR S R AR TE SR, B KL
JE T VRE Ty S RMABEBR R FIPE IR
R Ripeano AN [ALET I BT BES U R IR S 7 P iy 2
(1) e LRIZEE R B S RAE, AR EEE S T
TR R RRBERIIR SRR
s = R R
Ii°Ty

i L 26BN X 4 ATH (XRD, PANalyt-
ical Empyrean) FR1iF 55 i 2 v 45 AR A A8 40 R K
KAy By B AL R o A L2 T R AL B R0 B

5_

(M

=i /em
]

)2

0 025 050 075 1.00 125 150
2SI E/(L ¢+ minT)

(a) LA AR L

1 (3H2000PS), 7£ 77 K T M AE T 5% Ji 114 S0 W i 252 7
2, WHE s R R 4 BB A F LA A R AR T AR 3
i Brunauer-Emmett-Teller(BET) 5 #1154 BET b 5%
X, H Barrett-Johner-Halenda(BJH) #2115 T 5%k
() LR AR S ALAR AR . (4 i B B4R (SEM,
JSM-7401F) FAF 15 it i v 45 AR R 35 1 1 b it
T, I I RE A HOETE X (EDX) XAHIE X TTR

F TN
2 #HRGiE

2.1 ER-SRIEERBESANERZIEMEE
2011 AR XA SRS i A )

R A NI T A5 RV A N TR,
DA 2 SR s X A ot R 2 e BE 5 . o 1 g MR
BIRHR 1 1 AR B T A S RN R N, K2k
FREZ R 1.9 eme R 78 A 4 0~1.25 L/min
(23 R, IR e i ARl A S5 Oy Al s, IRERENL AT 5
AN ZI IR 2 5 B ok R AE AR bR B, 25 SR &l 3 fr
JNo TiEEM 0.25 L/min B, IR)Z & BEAE] 2.5 em, A4
FRFURIF LRI, R R RURAL TR RS T
0.5 L/min B}, FRJZ S EEIAF] 3.00 cm, JEESBAA T84
BiRSEA AL WA 0.75 Limin i, K2 55 5 15 2
3.50 cm, FEFHE e AL, BEE SR E 204
T, R)Z i B E I, i KT 1 Limin 5 A /L
AR G VA o 785 S I Sk be i 72+,
P T e ek 5 B8 AR AR R T R 3 R R 7 Y oK 1
JEZEAE, TEM Rl A SRR T, £ 50N 14 T f R
Soik— LTt
2.1.2 AR X O s G AR S )

FRE Ve A A5, 25 S A 0.25 L/min 2

(b) PR JZ v P foe e 14 L 5

B3 AFEE T A SR

Fig.3 Experimental investigation of cold-state fluidization at various flow rates
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Fig.4 Microwave ignition process at a flow rate of 0.5 L/min
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Fig.7 Microwave heating process characteristics and absorption behavior of samples at different flow rates
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Table 3 Microwave ignition different stage samples

combustion characteristic parameters
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