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Study on influencing mechanism of dynamic coal structural evolution of coking
coal on coking process and coke quality
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Abstract: The essence of coking is the thermal-driven dynamic evolution and reorganization of coal
macromolecules. Using sixteen coking coals of different ranks, this study employed *C NMR, Raman spectroscopy,
thermogravimetry (TG), and a 40 kg pilot coke oven to analyze coal properties, coking characteristics, and coke
quality. A comprehensive mechanism of coal macromolecular structure, covalent bond cleavage and recombination,
fluidity and swelling evolution of metaplast, and coke microstructure and macroscale quality was established. The
results indicate that the cleavage of C.i — C. bonds in 400 - 500 °C range is critical for the formation of liquid—
phase products, while an increase in coalification degree drives the expansion of aromatic structures and a transition
of cross—linking bonds from aliphatic bridges to C. - C.  linkages. Based on this study, a dual mechanism of

swelling pressure on coke quality is revealed. Moderate swelling pressure markedly improves coke graphitization
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and mechanical strength by compressing aromatic carbon interlayer spacing and promoting defect healing. When

the expansion pressure rises to 136 — 170 kPa, indicators such as crushing strength and post-reaction strength are

optimal; if the expansion pressure exceeds the critical threshold of this range, it hinders the normal contraction of

the coke and deteriorates its quality. This reveals the transition boundary of expansion pressure, providing important

theoretical support for the development of refined coal blending techniques and the precise control of coke quality.
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Table 1 Basic analysis data of coal samples

- Tl s3#riwe. % _ Riws TCE M wt.%, daf . - R_I%
M, A, V. S o H N 0%
SM1 0.66 9.95 13.98 0.35 91.59 4.09 1.57 2.37 15 / 1.99
SM2 0.65 10.01 15.64 0.42 90.53 4.24 1.50 3.26 11 / 1.93
SM3 0.70 9.48 16.78 0.34 90.22 4.28 1.49 3.63 52 10.5 1.72
M1 0.72 10.26 17.97 0.49 89.90 4.37 1.40 3.78 80 14.0 1.61
M2 0.48 10.09 19.55 2.45 88.96 4.47 1.30 2.55 80 15.5 1.47
M3 0.70 10.26 20.69 0.86 89.59 4.51 1.40 3.53 82 16.5 1.46
M4 0.78 10.50 22.47 1.14 88.58 4.58 1.44 4.12 79 155 1.38
M5 0.49 11.13 23.02 0.64 89.12 4.76 1.46 3.94 90 18.0 1.37
M6 0.76 10.56 27.08 1.15 88.23 4.84 1.54 4.10 93 23.0 1.18
FM1 0.83 7.26 30.37 1.95 87.72 6.11 1.54 2.52 99 31.0 1.11
FM2 0.76 10.00 32.04 0.93 86.78 5.02 1.43 5.73 91 235 1.01
1/3JM 1.33 10.04 33.37 0.65 85.96 5.08 1.55 6.69 85 18.0 0.99
QM1 1.90 10.43 35.88 0.71 84.10 5.11 1.56 8.43 66 12.0 0.82
QM2 2.16 6.48 36.83 0.47 84.48 5.16 1.61 8.23 75 14.0 0.84
QM3 2.06 8.99 40.74 0.43 84.47 5.58 2.05 7.42 86 16.0 0.81
ZNM 1.75 6.39 38.51 0.41 82.41 521 1.47 10.47 25 10.0 0.65
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Table 2 Gieseler fluidity and Audiberts—Arnu dilatation parameters of coal samples

— RIS n BB K SR

TrC T, SC TFC ATPC MFdd/min  IgMF al% b/% T,/ 'C T,/C T,/C
SM1 / / / / / / / / / / /
SM2 / / / / / / 11 / 441 / 485
SM3 / / / / / / 27 / 418 / 465
1 462 487 502 40 12 1.08 31 -3 400 449 488
2 450 485 508 58 23 136 30 -6 389 442 482
M3 442 483 508 66 150 2.18 29 0 382 435 479
M4 433 477 507 74 150 2.18 29 -9 379 435 470
M5 430 473 509 79 750 2.88 32 28 363 418 470
M6 412 461 502 90 1800 3.26 32 65 344 403 470
FM1 400 460 504 104 13000 411 34 188 331 380 449
FM2 402 459 496 94 14000 4.15 32 72 329 397 452
13]M 415 456 488 73 900 2.95 36 12 353 408 449
QM1 414 445 469 55 60 178 36 -32 355 416 437
QM2 405 446 471 66 200 2.30 42 -22 359 409 437
QM3 404 442 472 68 650 2.81 35 3 340 397 435
ZNM / / / / / / 38 / 375 / 446

®3 HERREER

Table 3 Quality indices of coke samples

LTS M,,/% M, /% CRI/% CSR/%
SM1-J / / / /
SM2-] / / / /
SM3-] / / 31 30.9
IM1-) 86.9 6.9 17.6 66.6
JM2-) 81.0 13.8 33.1 34.8
JM3-) 85.7 7.9 11.3 73.8
IM4-] 88.2 8.2 213 61.1
JM5-) 87.5 6.0 12.5 76.8
IM6-) 87.8 7.5 20.5 63.6
FM1-] 82.6 9.9 29.8 425
FM2-] 80.9 7.7 28.8 54.7
1/3]M-J 79.5 6.8 40.3 37.2
OM1-) 69.8 14.7 35.3 40.7
QM2-) 60.9 13.8 53.6 18.6
QM3-) 35.8 18.2 / /
ZNM-] / / / /
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Table 4 Content of different types of carbon structures in 16 coal samples

BRZER &4 (%)
i R P P N N P N P P £ AR Pl A A
SM1 1.25  3.89 0.91 126 135 239 135 1.74 580 839 2421 2549  14.17 4.81 214 0.85
SM2 1.97 330 2.28 1.51 1.63 190 1.15 0.11 1.69 859 2233 2489 1844 6.93 3.16  0.11
SM3 221 3.89 1.23 .52 070 093 048 053 1.01 4.04 29.64 2454 16.89 8.35 2.81 1.21
JM1 1.75 457 1.58 172 090 080 051 0.64 065 590 2820 23.88 19.37 7.04 227 022
JM2 240  5.70 3.80 210 1.78 0.86 053 065 1.72 329 2428  23.61 16.30 9.70 2.87 042
JM3 205 555 1.99 235 1.8 126 068 1.13 1.13 572 26.19 1991 17.76 8.68 330 044
JM4 298 493 2.86 1.83 248 143 09 070 091 7.73 2295 2142 1640 8.54 346 043
JM5 238 525 3.96 202 190 178 079 091 058 414 2659 21.54  15.77 9.39 245  0.54
JM6 248  17.36 4.28 261 260 237 193 026 234 819 20.03 21.20 13.02 8.94 1.69  0.69
FM1 1.90 630 3.33 216 095 154 1.03 085 321 7.61 2355 22.08 1552 7.07 1.30  1.59
FM2 417 541 6.09 240 126 179 089 071 1.89 358 22,63 21.28 15.13 11.01 1.67 0.08
1/3]JM 243 548 4.58 280 261 298 191 072 180 6.02 1934 1690 1435 12.10 543 0.57
QM1 340  5.39 6.42 280 271 228 067 056 140 7.82 18.89 16.87 1376 1325 336 041
QM2 445 5.64 6.96 326 220 212 1.02 062 286 927 1758 1564 13.66 12.68 1.78 0.26
QM3 596 499 1025 3.67 356 201 213 092 257 912 1656 1252 1234  11.87 0.88  0.67
ZNM 5.19 552 8.40 381 247 193 091 051 324 992 1770 1342 1200 1273 1.87 0.39
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Table 5 Carbon structure parameters of 16 coal samples ooop °CNVR oge® i

W# £, f f4. f) & X, C BL SC P, 088 e g,;? “ L

SMI 14.14 82.87 0.17 44.46 0.40 037 18.56 6.28 1.15 0.84 <ol . /"v;’ * L

SM2 13.86 82.88 0.17 50.26 0.43 0.34 17.14 628 1.09 0.85 o 3“’3’/' \'\j m“

SM3 11.49 84.49 0.14 49.79 036 0.31 1545 4.43 1.11 0.80 e Ri=0.99

IMI 12.47 85.04 0.15 50.29 039 030 1521 4.76 1.13 0.81 R T

JM2 16.87 7939 0.23 49.60 039 0.32 1598 4.64 1.64 0.74 T T s

JM3 17.81 78.89 0.21 46.35 0.42 0.27 13.72 4.44 131 0.77 TOR I LI 55

JM4 1816 77.96 0.23 4636 0.43 031 1545 509 1.57 0.76 L SEERGHT FTIR G EURVECRE 1 P15 RO 55

IM5  19.00 78.01 024 46.69 038 029 14.69 4.19 1.44 0.74 Fig.1 Aromaticity of coal samples calculated from elemental

IM6 23.89 73.72 0.32 43.16 0.44 034 1678 5.15 224 0.70 analysis, infrared spectroscopy, and NMR spectroscopy
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Fig.2 Correlation between carbon structure content in coal and coalification degree: (a) Evolution of aliphatic structure content and

aliphatic chain branching degree with coalification degree; (b) Evolution of ether cross—linked structure content in coal with

coalification degree; (c) Evolution of cross—linked structures in coal macromolecules with coalification degree; (d) Evolution of aromatic

ring substitution degree in coal macromolecules with coalification degree
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Correlation between maximum dilatation and fluidity as well as weight loss in the dilatation range: (a) Correlation between

maximum fluidity and maximum dilatation; (b) Correlation between total weight loss of coal matrix at 400 - 500 °C and maximum

dilatation
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Fig.12  Correlation between coke molecular structure and swelling behavior of coal matrix
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Fig.13  Correlation between coke pore structure and the evolution of coal matrix expansion behavior
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