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Effects of different forms of sodium on the formation
characteristics of Yimin lignite soot
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Abstract; To reveal the soot formation characteristics of lignite and the role of Na in coal-derived soot formation,
inductively coupled plasma emission spectrometer, X-ray photoelectron spectroscopy, fourier transform infrared
absorption spectrometer and other methods were used to study the yield, surface and overall chemical properties of
soot produced by the pyrolysis of acid-washed Yimin lignite loaded with blank, physically adsorbed Na ( ANa) and
ion-exchangeable Na (INa) under different residence time in a drop-tube reactor. The results show that during the
surface growth stage of lignite derived soot, the increase of soot yield is far more than the decrease of tar yield.
When the residence time is long enough, soot yield decreases and oxygen-containing functional groups content
increases. Loading Na can reduce soot yield, but INa has much stronger inhibitory effect on soot than ANa, and INa
also can increase ether and sulfone content in pyrolysis aerosol. These phenomena indicate that during lignite
secondary pyrolysis, small molecular aromatic compounds, aliphatic substances and light gases would also increase
soot yield through surface growth. Oxygen-containing substances in lignite pyrolysis gas can exhibit oxidation of soot
when the residence time is long enough. INa can maintain the organic binding state with char or volatiles, reduce
primary tar release in primary pyrolysis, and promote the combination of volatiles and oxygen-containing substances
in secondary pyrolysis. But ANa has no obvious effect in primary pyrolysis. In the second pyrolysis, gasified ANa
and INa have the same mechanism of inhibiting soot formation.
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Tab.1 Proximate and ultimate analysis of YMR and YMH %
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i v FC A C H N S o*
YMR 42.30 41.19 16.51 68.48 4.11 0.99 0.19 9.72
YMH 42.70 44.84 12.46 67.89 4.26 0.96 0.18 14.25
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Tab.2 Main metal contents of coal samples %

- FHIE R AN
ekt

Na K Ca Mg Fe
YMR 0.1350 0.037 3 0.953 3 0.100 7 0.941 6
YMH 0.051 6 0.038 8 0.081 5 0.009 3 0.132 1
YMA 09177 0.035 3 0.117 0 0.010 1 0.089 8
YMI 1.025 8 0.028 8 0.113 6 0.007 1 0.112 7
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Fig.3 Elemental composition of pyrolysis aerosol generated by three coal samples at different residence times
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Fig.10  Aliphatic structure parameters (I, and R,) of pyrolysis
aerosol generated by three coal samples at different
residence times
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Fig.11  Aromatic structure parameters (I, and R,) of pyrolysis
aerosol generated by three coal samples at different
residence times
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Fig.12  Oxygen-containing functional groups parameters (/; and
1,) of pyrolysis aerosol generated by three coal samples

at different residence times
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