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Graphitization mechanism of coal organic macromolecular carbon structure
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Abstract ; Coalification and graphitization jointly control the formation and evolution of coal. Due to the complexity
of coal composition,chemical structure and the particularity of graphitization, it is very difficult to study the thermal e-
volution process of coal macromolecular structure. In order to carry out an exploratory research from the perspective
of macromolecular quantum chemical calculation, different rank coals and coal measure graphite samples were selected
in this study. The organic macromolecular structure system of different rank coals was constructed by using industrial
analysis, elemental analysis, solid-state nuclear magnetic resonance, high-resolution transmission electron

microscope , gold tube thermal simulation and AMS quantum chemical calculation technology ,and the evolution of mac-
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romolecular carbon structure and graphitization mechanism of coal organic matter were studied. The conclusions are as
follows : (D With the increasing maturity , the proportion of aromatic structure in coal macromolecular structure gradually
increases , the content of fat structure gradually decreases,and the aromatic carbon ratio reaches more than 0.9 in an-
thracite stage. @ The aromatic stripe content of 2x2 and 3x3 in the macromolecules of low grade coals and
medium grade coals accounts for the largest proportion,and the stripe proportion in the dominant direction (75°,90°
and 105°) increases from 26.47% to 50.10% with the increase of maturity. The stacking of aromatic stripes occurs
in the anthracite and high anthracite stages. 3 The three-dimensional macromolecular structure model was
used to carry out pyrolysis simulation calculation. It was found that with the increase of simulation temperature , the ar-
omatic lamellar spacing decreases regularly from 0.400 nm to 0.318 nm,which is consistent with the result that the ar-
omatic lamellar spacing from low rank coal to high rank coal decreases from 0.467 5 nm to 0.368 0 nm. @ The change
law of macromolecular structure system in the process of coal graphitization was analyzed and evaluated. It was prelimi-
narily considered that the removal of heteroatom and fat structure is the reason for the transformation of coal aromatic
structure to crystal cluster. The graphitization mechanism of coal macromolecule was discussed , and the change law and

evolution mechanism of carbon structure in the process of coalification and graphitization were preliminarily revealed.
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Table 1 Sample details

Tk 531/ % TLE T/ %

P PRI Hi 2 SRR Ry an/ %o
M ad Ad V(ldf Cdaf Hdaf Oddf Ndaf
1-YL 2 I RIS o 0.53 5.71 1.19  47.60  78.17 567  14.64  1.35
2-SL o hi It H ZEFRITEA 0.58 9.66  12.73 3576 7548 531 1791 0.98
3-LNC ME T CERREEH 0.80 4.80 43.00 4143  69.19 637 2250  1.25
4-QN ARFH" ZZRITEH 0.91 1.15  17.75 3470  84.55  5.04 8.92  1.32
5-ST ABH ZERIEA B 1.39 092 12.17 2655 8577  0.50 7.40  1.65
6-FGZ WA ED ZEFRREEA 1.59 234 31.09 29.86 87.73  5.02 496 171
7-LJT EES14 ERKEEH 1.61 1.22 2491 20.86 87.24 529 5.17  1.63
8-XJ B ZEFRILVEH 2.18 .16 9.50 10.06  90.53 378  3.98 1.31
9-XDW BAGREY Z&RITEAH TR A 2.46 1.33  20.70 10.74  91.62  4.14 2.78 1.44
10-CZ IER” ZEFRILVEH 2.08 1.47 875 10.06 — — — —
11-FSQ & T BEFAA JCEVaE ] 5.62 — — — — — — —
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Table 2 Aromatic structural characteristics of the samples

. IS AR B BSR4 801 L/ % FEEA G/ % HEFRS % 2 2RSS 3 ERBL
2]
0.25~0.50 nm  0.50~0.75 nm  0.75~1.00 nm  >1.00 nm (2x2 F13x3)  (75°.90°F1105°) ZUbitk/%  BUkitt/%
1-YL 43.41 26.16 13.64 16.55 89.25 32.10 B B
4-QN 44.08 27.03 14.58 13.96 91.33 37.70 2.30 0.16
5-ST 44.65 30.26 14.25 9.64 94.31 40.60 2.19 0.14
8-XJ 53.17 25.26 11.24 9.80 92.21 50.10 1.20 0.30
8-XJ-590 47.62 27.59 9.69 14.29 88.02 70.66 5.09 0.33
11-FSQ 32.76 24.12 14.55 28.25 77.90 80.45 9.26 5.29
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Fig.4 Profiles of stacked structures corresponding to HRTEM aromatic fringes of the samples
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Table 3 Characteristics of elemental ratio distribution of samples

. T
#Dﬂ
H/C 0/C O/N H/0
3-LNC 0.092 0.180 3.12 0.44
4-QN 0.083 0.079 6.86 1.05
5-ST 0.078 0.020 1.71 0.26
8-XJ 0.048 0.012 1.71 2.20
9-XDW 0.041 0.014 1.44 1.94
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Fig.5 Three-dimensional molecular structure models
®4 STFHEBERLIBABEEEZL(] keal=4.19 kJ)

Table 4 Energy changes before and after the molecular model optimization and annealing( | kcal=4.19 kJ)

E.a/ Ey/ (keal « mol™") Ey/ (keal « mol™")
b A1

(keal » mol™") E, E, E, E, Eyan Ey Eg

WG S AF 21 035.76 3544.87  140.16 250.92 9.59 17 090.22 0 0

SrF I AL 1272.45 132.67 13222 232.76 7.18 567.95 0 0

NG TRk 2 089.51 344.86  347.82 408.52 37.94 529.85 0 0
A ST 25 766.88 1177.25 570270 26 071.04  562.74 2701.27 0 -8 428.99

wIh AT 16 392.02 2589.73  85.32 243.38 9.42 1346420 -0.02 0

RGN 1 030.46 118.42  136.17 295.05 4.69 476.14 0 0

o IrFIR K 1 830.41 261.65  278.28 333.67  32.72 468.65  -0.06 0
i LA ST 34 287.95 1053.89 305498 37211.72 74291 1 868.97 0 -7 981.27

WIh A 11 910.07 2669.90  60.83 52.71 3.14 9 123.49 0 0

s—st S3F I AL 731.03 94.81  95.08 101.52 1.96 437.67 0 0

S FiRk 1518.83 243.38  243.38  408.52 37.94 437.67 0 0
A ST 18 628.24 1098.23 3398.56 20380.44  291.82 843.80 0 -4 860.95

()G ks 9 170.94 2882.50  56.44 50.74 1.79 6179.49  -0.02 0

5-XJ S F LA 918.96 108.94  109.48 184.64 5.39 510.52 0 0

S FiRk 1 550.69 238.16  177.15 254.09 34.72 531.23 0 0

i LR ZA 28 862.18 737.71 2 675.62 27 293.95 281.64 583.17 0 -1531.31
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E ./ Ey/ (keal - mol™") Ey/ (keal - mol™")
FE etk 54
(keal + mol™") Ey E, Eq E; Eyun Ey Ey
WHR AT 15 043.70 2 816.60 81.01 86.548 7.04 12 052.52 0 0
aF Ui 899.72 102.71  132.22 193.48 4.23 467.08 0 0
9-XDW
4 FiR ok 1 585.20 207.94 21230  293.23 31.00 473.24 0 0
Y26 26 078.78 844.95 3 422.26 25 238.51 416.80 696.30 0 -3 164.33
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