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Tab. 1 The proximate and ultimate analysis of the different samples

Proximate analysis( %, mass fraction) Ultimate analysis( % ,mass fraction,daf)
Sample
M4 A Vdat C H N S 0
Bio 3.80 10.04 83.36 49.53 5.92 0.76 0.33 43.45
Slu 4.24 47.41 89.38 51.28 7.43 8.60 2.31 30.37
Coal 13.80 5.30 47.80 74.35 5.13 0.72 0.31 19.49

Note:ad.air-dried basis;d,dry basis;daf.dry and ash-free basis; * ,by difference.
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Fig.2 C-NMR spectra of the three raw materials(a) and sample plot of peak fitting spectra for biomass(b)
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Tab. 2 The distribution of carbon atoms in the different raw materials
Sample fh fa fh fi fa fa S [
CH; 7(“7 \
—CH; (j CHz —CHz —CHj CHz —CHz —CHj; ‘“ —C— —CH,—0O0— —CH—0—
o |
Bio 0.78 3.74 0.94 1.17 0.29 1.87 13.64 45.81
Slu 5.54 5.38 9.18 9.49 5.93 1.19 10.44 16.93
Coal 5.20 2.28 2.24 12.13 1.46 3.62 3.70 0.28
Sample fo s ri /B S, 1o oo oz
O O
., . . ?
. S ‘ CH ‘ c—C ‘ C—=0 —COOH/R |
‘ CH ) C— / = = N
7 7
Bio 10.13 3.90 0.94 3.90 1.40 5.67 5.06 0.78
Slu 3.16 1.34 0.90 3.96 1.90 1.93 18.99 3.16
Coal 9.45 6.30 17.09 10.24 8.03 13.39 2.84 1.73
Note: £ » Aliphatic methyl; £% , Aromatic methyl; f% ,Methylene(2) ; f3, Methylene; £, Methine; £31 » Quaternary; £ ' , Oxy-methyl-
ene; £, Oxy-methine; fQ! , Ortho-oxy-aromatic protonated; £, Ortho-oxy-aromatic branched; fII, Aromatic protonated; f5 .
Bridging ring junction; £ » Aromatic branched; f9° . Oxy-aromatic; £$°! , Carboxyl; £$9%, Carbonyl.
3 FAAERNBREHSEHE
Tab. 3 The parameters of the different carbon structures in the different raw materials
Sample fa far N fo 4 Q fso k) Xy C, CH,/CHj c+1 BI
Bio 68.24 25.94 10.97 70.96 59.45 5.67 5.84 0.81 0.33 16.37 0.47 4.46 0.03
Slu 64.08 13.19 7.79 51.45 27.37 1.93 22.15 0.63 0.46 22.78 1.71 6.61 0.11
Coal 30.91 64.50 31.66 21.94 3.98 13.39 4.57 0.57 0.21 10.50 1.92 3.49 0.16

Note: f .1 - Aliphatic carbon; f, » Aromatic carbon; . Non-protonated aromatic carbon; f©, Oxy-carbon; 4, Oxy-aliphatic car-

bon; £, Oxy-aromatic carbon; f$©,Carboxyl and Carbonyl carbon;d : Degree of aromatic ring substitution; X}, , Fraction of
aromatic bridgehead carbons; C,, Number of carbon atoms per aromatic cluster; CH,/CHj;, Average methylene chain

length;o+1,Coordination number; BI, Branched degree of aliphatic chain.
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Fig.3 The FT-IR spectra of the different raw materials
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Fig.4 The thermogravimetric curves(a) and the weight loss rate curves(b) of the different raw materials
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Study on the influence mechanism of raw material composition and structure

on the reaction of pyrolytic volatiles and the formation process of coke

1

Liu Qian' , Wang Qian', Li Xiaorong', Tian Qian', Li Ting®, Wang Meijun', Chang Liping', Yan Lunjing

(1. School of Chemistry and Engineering Technology; State Key Laboratory of Clean and Efficient Coal Utilization,
Taiyuan University of Technology, Taiyuan 030024, China; 2. Department of Energy Chemistry and

Materials Engineering, Shanxi Institute of Energy, Jinzhong 030600, China)

Abstract: In this paper, biomass, sludge and coal, with different structures, are used as raw materials to study the
effect of its structural characteristics on the volatile reaction and coke formation process. The results showed that the content of
aromatic carbon in coal structure was higher, which was conducive to the formation of semi-coke, while the high content of ali-
phatic cyclic ether in biomass was beneficial to the production of tar. The carboxyl and carbonyl carbon contents in sludge were
high, which were easier to decompose into small molecular gas compounds. The biomass and coal had a higher yield of coke
deposition on the reactor(Coke-D) , respectively reached to 0.3% (mass fraction) and 1.4% (mass fraction), due to its higher
proportion of aromatic carbon. Conversely, coke in sludge is mainly suspended in tar(Coke-S) , because its aromatic carbon ac-
counts for a small proportion and the generated molecular weight of coke is smaller. It was found that the yields of Coke-S over
the biomass and sludge were significantly improved after changing the degree of reaction by adding the packing medium Chigh a-
luminum ball), wherein, the increase rate of Coke-S in biomass reached to 70 %. This might be that the contents of compounds
containing O and N atoms in the volatiles of biomass and sludge were high, the volatiles were more likely to break, and the
condensation of small molecular substances was obvious. However, the coke derived from coal pyrolysis was inclined to deposit
on the surfaces of the reactor and the high aluminum ball due to the fact that the coal pyrolysis volatiles had high content of
heavy components and the formed-coke has a denser aromatic structure after changing the degree of reaction, resulting in the
increase in the yields of Coke-D(1.5% , mass fraction) and Coke-A(0.2% , mass fraction), respectively. The coking formation
process of tar gas was different due to the diverse structures of the raw material.

Keywords: materials structure; composition of volatiles; volatiles reaction; coke formation
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