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Hydro-liquefaction of Xiaolongtan lignite
and structural characterization of its heavy products

WANG Zhi-cai, SHUI Heng-fu, PAN Chun-xiu, REN Shi-biao, KANG Shi-gang, LEI Zhi-ping
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Abstract: The hydro-liquefaction properties of Xiaolongtan ( XLT) lignite were investigated, and structures of
the heavy products, including asphaltene ( AS) and preasphaltene ( PA) were characterized by elemental
analysis, FT-IR and fluorescence spectroscopy. The results indicate that XLT lignite shows high liquefaction
reactivity, and its conversion catalyzed by FeS at 415 C is 89. 6% . During hydro-liquefaction, the macro-
molecule of coal are pyrolyzed and deoxygenized. The aromatic structure units in AS and PA are similar to those
in the coal. Hydroxyl and carbonyl in the form of aromatic ketone are main oxygen containing groups in AS and
PA. The relative content of aromatic structure of PA, dominant in the archipelago molecular architecture, is
obviously higher than that of AS. In THF solvent, PA shows significantly stronger aggregation than AS,
especially an intra-molecular aggregation observed in a dilute solution. The AS and PA produced at high
liquefaction temperature contain more aromatic structure, and show stronger aggregation.
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Table 1 Proximate and ultimate analyses of coal sample

Ultimate analysis w,,./ %

Proximate analysis w /%
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Table 2 Results of hydro-liquefaction of Xiaolongtan lignite

Temperature Time Conversion Yield w/%
. Catalyst ~ Atmosphere
t/C t/min x/ % PA AS G+0
370 30 FeS H, 49.8 13.6 6.4 29.8
400 30 FeS H, 69.2 20.1 9.7 39.4
415 30 FeS H, 89.6 18.1 8.5 63.0
430 30 FeS H, 91.5 16.8 12.9 61.8
400 30 FeS+S H, 75.5 20.1 9.8 45.6
415 30 FeS+S H, 89.5 17.2 4.9 67.4
400 30 FeS N, 68.2 13.6 5.8 48.8
415 30 FeS N, 76.9 13.8 9.0 54.1
400 45 FeS H, 82.8 19.8 10.8 52.2
400 60 FeS H 89.1 17.7 9.9 61.5
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Table 3 Element analysis of AS from the liquefaction of XLT coal
Ultimate analysis w /% Mol ratio
Sample -

N C S H o (04 H/C

AS-370-H-30 2.48 76.20 2.05 6.88 12.39 0.12 1.08
AS-400-H-30 2.74 78.47 1.78 6.34 10. 67 0.10 0.97
AS-415-H-30 3.38 79.09 1.50 6.28 9.75 0.09 0.95
AS-430-H-30 3.16 79.40 1.31 6.23 9.90 0.09 0.94
AS-400(S)-H-30 2.96 77.27 1.92 6.45 11.4 0.11 1.00
AS-400-N-30 2.23 78.55 1.62 7.47 10.13 0.10 1.14
AS-415-N-30 3.60 78.51 1.47 6.61 9.81 0.09 1.01
AS-400-H-45 3.18 80. 06 1.34 6.89 8.53 0.08 1.03
AS-415-H-60 3.59 80. 46 1.32 6.87 7.77 0.07 1.02

* . by difference
x4 DMEEBERETORIHEBHTRSH
Table 3 Element analysis of PA from the liquefaction of XLT coal
Ultimate analysis w /% Mol ratio
Sample

N C S H (oN o/C H/C

PA-370-H-30 2.93 74.51 2.06 5.71 14.79 0.15 0.92
PA-400-H-30 3.57 76.31 1.57 5.65 12.90 0.13 0.89
PA-415-H-30 3.67 77.69 1.40 5.54 11.70 0.11 0.86
PA-430-H-30 3.20 79.26 1.45 5.35 10.74 0.10 0.81
PA-400(S)-H-30 2.86 77.74 2.07 5.61 11.72 0.11 0.87
PA-400-N-30 3.59 76.66 1.91 5.52 12.32 0.12 0.86
PA-415-N-30 3.66 78.78 1.61 5.51 10.44 0.10 0.84
PA-400-H-45 3.88 78.94 1.33 5.72 10.13 0.10 0.87
PA-415-H-60 3.95 79.40 1.36 5.66 9.63 0.09 0.85

. by difference
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Figure 1 FT-IR spectra of AS and PA from the liquefaction of XLT coal
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Figure 2 Fluorescence spectra of AS and PA from the liquefaction of XLT coal under different conditions
(1 mg/L THF solution, EX=350 nm)
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Figure 3  Fluorescence spectra of different concentration of AS and PA from the liquefaction of XLT coal at 400 C
(solvent THE EX =350 nm)
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