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Structure analysis of low rank coal and its correlation with pyrolysis tar yield
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laboratory of Autinomous Region ,Urumqi 830046, China)

Abstract ; The composition and structure of six different low—rank coal samples were determined via elemental analyzer and solid *C-NMR
apparatus. The Peak—fit software was used to analyze the >C—NMR spectrum to semi—quantitatively calculate the ratio of different types of
organic carbon in coal samples,and the influence of organic carbon types on tar yield was investigated by Matlab mathematical software.The
results show that; (1) The content of methylene carbon in WCW, PLQ, JJM, TCG, HG and HF coal samples accounts for 34.41%,
34.29% ,34.01% ,44.78% ,41.62% and 49.94% of the total lipid carbon content,respectively.The content of methylene carbon in aliphat-
ic carbon in coal sample structure is high,and the number of aliphatic chain NV is less than 9,which indicates that the branched chain con-
nected on the short chain mainly exists in the form of the alicyclic side chain.(2) The average methylene carbon number of HF coal sample
is C,=2.13 the rest are less than 2, WCW is the smallest,only 1.05,indicating that aliphatic group is mainly short chain and the chain
length is generally 1-3 carbon.(3) Methylene carbon(7,) is the key factor that controls the coal tar yield, while proton aromatic carbon
(1,) and proton with alkyl chain branched degree(/,) are as auxiliary factors.Binary combination of I, and I, show a good linear relation-
ship with tar yield.The three—element composition of I, , I ( phenolic hydroxyl or ether oxygen carbon) and 7, has the greatest relevance

of coal tar yield,and its Ridj 1s 0.992.(4) The vitrinite content in different coal samples increases from 26.10% to 82.10% ,the number of
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fragile bridge bonds n and the dehydrogenation content W, increases from 5.37 to 8.17,3.24 to 5.92.The results show that the smaller the

number of crosslinked bridge bonds P, is,the lower the degree of crosslinked reaction is,the higher the number of brittle bridge bonds n

and the dehydrogenation content W, is,the smaller the number of crosslinked bridge bonds P, is,and the greater the tar characteristic in-

dex X, is,and the more favorable the tar generation process is.

Key words: low—rank coal ; NMR ; pyrolysis;tar yield
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Table 1 Proximate and ultimate analysis of coal samples

) Tk #7/ % TERIHT/ % HEE ALY/ %
e M, Ay Var FCy Caat Hu O gut N gt S, H/C Vitrine  Inertinite  Exinite
WCW 10.31 4.14 32.72 67.3 78.28 3.58 16.99 0.61 0.54 0.55 26.1 73.3 0.6
PLQ 22.38 4.78 30.01  69.99 79.52 2.90 16.79 0.71 0.08 0.44 38.1 58.7 1.8
M 5.42 3.93 3449  65.51 78.67 4.46 14.95 0.98 0.95 0.68 66.7 32.4 0.6
TCG 5.20 7.91 43.73 5630 77.02 4.82 15.75 1.01 1.40 0.75 71.8 26.9 1.2
HG 16.80  13.51  54.05  45.95 73.31 5.18 19.70 0.91 0.99 0.85 77.2 13.9 0.4
HF 5.22 15.14 4542 54.58 77.08 6.29 15.08 1.27 0.27 0.98 82.1 8.8 4.4
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Table 2 Curve—fitted ®C—-NMR data for 6 coal samples

Typical chemical Relative content/%

Carbon functionality Location )

shift 6 WCW  PLQ JIM TCG HG HF
Aliphatic methyl -CH, 14~16 1.02 1.16 1.36 1.07 1.19 1.38
Aromatic methyl @CHz 16~22 306 374 436 406 420 479
Aliphatic C(2) Carbon Methylene —CH;CH;-CH, 22~36 7.87 8.82 9.76 15.1 14.72 16.89
Methine and quaternary carbon ﬁ* 36~50 4.41 4.83 5.29 6.93 7.20 6.56
0 thyl i 50~60 1.86 1.97 207 247 280 2.39

Xy—me ene e (O)— ~ . . o N . . .

y-methy H,C—C-0—C/H
Oxy-methine } >H§CS~O—C/H 60~70 1.54 1,59 1.64 114 1.69 1.41
H,C
Oxy—quaternary #*O*C/H 70~90 3.01 3.61 4.22 2.95 3.57 2.56
Ortho-oxyaromatic protonated @*H 100~129 27.05 28.23 2944 27.14  21.53 19.60
Aromatic protonated @V*H 129~137 11.89 1147 10.86 1045 8.4 8.69
Aromatic branched @Zﬁc 137~148 10.49 10.04 9.59 10.24 10.15 10.2
Oxy—Aromatic carbon @*O 148~165 1195 1076 9.56  10.43  11.19 11.06
Carboxyl ~COOR/H 165~ 188 13.18 1198 1072 203  7.01 8.87
(0]

Carbonyl & 188~220 258 338 423 598 551 4.62
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Table 3 Calculation results of aliphatic carbon in coal samples

TR fa fi fi fi £ C, N B;
WCW 22.86 34.41 4.18 7.87 6.41 1.05 7.48 19.28
PLQ 24.60 34.29 4.90 8.82 7.17 1.25 7.05 18.78
JIM 25.60 34.01 5.02 9.76 7.93 1.47 6.63 18.43
TCG 33.73 44.78 5.13 15.10 6.56 1.87 8.07 20.55
HG 35.40 41.62 5.39 14.72 8.06 1.86 7.95 20.35
HF 37.47 46.94 6.17 16.89 6.36 2.13 7.89 18.23
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Table 4 Distribution parameters of aromatic carbon in six kinds of coal samples

HPE 1 fi f £ fi S L fi Xop B
WCW 61.38 27.05 34.33 10.49 11.89 49.49 11.95 15.76 24.03 41.71
PLQ 60.05 28.23 32.27 10.04 10.47 49.03 10.76 15.36 23.39 40.87
M 59.45 29.44 30.01 9.59 10.86 48.59 9.56 14.95 22.35 39.55
TCG 58.26 27.14 31.12 10.24 10.45 47.81 10.43 8.01 21.86 42.45
HG 51.11 21.53 29.58 10.15 8.24 42.87 11.19 13.49 19.22 49.97
HF 50.01 19.60 29.95 10.2 8.69 40.86 11.06 12.52 21.27 52.57
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FR A (8=165~188) FNEE | Hilfie (6=188~220) 1% &
AXFED ) H WCW>HF>PLQO>HG>JIM>TCG
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Table 5 Multiple linear regression analysis on the relationship between >C—NMR parameters and tar yield Y value
Independent variables x;(i=1,2,3) R Independent variables x;, (i=1,2,3) R
NO. NO.
% %, X3 % %, X3

E, I, 0.499 E;) I I I 0.868
E, I, 0.700 Es I, 1, I 0.905
E, 1, 0.305 Es I, 1, 1 0.795
E, 1, 0.685 Ey I, Iy 1 0.019
E; Iy -0.110 Ess I, I I 0.838
Eq I 0.154 Es I, I I 0.873
E, I -0.224 Ey I Iy I 0.329
Eq I, I 0.699 Ey I I, I 0.769
E, 1, I 0.342 Es 1, I, I 0.908
Ey 1, 1, 0.334 Ey 1, 1, I 0.758
E, I, Is 0.844 E, 1 I Iy 0.971
Ep, 1, I 0.915 E, 1, I I 0.767
Eis I L 0.372 E; 1 I L 0.889
E, 1, I, 0.609 E, I, I, 1, 0.906
Eis 1, 1, 0.906 Egs I, I Is 0.418
E I Is 0.602 Ey I Iy I 0.418
Ep 1, I 0.606 E, 1, I, I 0.778
Eig I I 0.850 Ey I, 1, I 0.860
E I, 1, 0.199 Ey I, I, I 0.871
Ey I, I 0.147 Es, 1, I, 1 0.864
E,, I, I 0.559 Es, I, I I 0.417
E, I I 0.104 Es, I Iy I 0.992
E,; 1, I -0.009 Es; I, I I 0.816
E,, I, I -0.618 Es, 1 I, I 0.064
E,s I, I, -0.515 Ess 1 1, I 0.966
Ex I5 I 0.073 Ese I N I 0.107
E,, Iy I -0.501 E 1, I I -0.359
Exg I I -0.521 Esg I I5 I -0.125
Eo I I Iy 0.660 Eso I I I -0.327
Es 1 I 1 0.879
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Table 6 Input parameters of the pyrolysis model of coal samples
FrE BT &/ % P, [OH] Wy n Xran
WCW 26.1 1.08 5.80 3.24 5.37 16.12
PLQ 38.1 1.05 5.37 2.58 5.78 14.20
JIM 66.7 0.96 5.67 4.13 5.93 25.41
TCG 71.8 1.02 6.24 4.45 5.96 25.90
HG 77.1 1.26 7.54 4.74 7.20 27.09
HF 82.1 0.95 6.22 5.92 8.17 50.93
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