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Abstract: The genetic mechanism of natural gas is complex. In view of the fact that carbon isotope series reverse of alkane gas
exists generally in the highly-over mature stage, and the organic matter in the highly-over mature stage is often rich in aromatic
ring structure, the carbon isotope series reverse of alkane gas in the highly-over mature stage is discussed by means of pyrolysis

experiments of aromatic hydrocarbons (toluene). The pyrolysis of toluene shows that the yield of alkane gas increases with the
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increase of simulated temperature, and the yield of H, in the product increases with the increase of simulated temperature. The
distribution ranges of 8"°C,, 8"C, and 8"Cy in toluene pyrolysis products are —31.8%, to —27.7%,, —31.0%, to —20.4%, and

— 31.0%0 to — 20.4%,, respectively. In the toluene thermal simulation experiment at 450 °C, partial reversal of carbon isotope

series of alkanes occurred (8"C,>>8"C,<C8"C,). It is found that carbon isotope series reversal occurs in both coal type gas and oil

type gas at highly-over mature stage. Combining with the simulation results, it is considered that aromatic hydrocarbon

demethylation may be an important reason for carbon isotope series reversal in highly-over mature stage of alkane gas.

Key words: thermal simulation experiment; natural gas; carbon isotope; aromatic hydrocarbon pyrolysis; toluene; hydrocarbons.
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Table 1  Yield characteristics of main products from toluene pyrolysis

FEHI R (mL/g)

R (C) Bl R (mg) JEHA7H(mL/g)
CH, C,Hs C;Hg iCy nCy H,
450 72.9 13.23 0.25 0.07 0.01 0.01 1.16 13.56
475 69.7 55.12 0.70 0.18 0.01 n.d. 1.36 56.02
500 61.1 193.99 6.19 0.99 0.04 n.d. 3.61 201.22
525 60.2 260.85 11.23 0.60 0.02 n.d. 5.08 272.70
550 52.9 294.55 8.48 0.18 n.d. n.d. 6.26 303.21

T = “n.d. "2 7m BOA K 2K, R

x2 PERABIEFYENSERKEMEAM

Table 2 Relative content and carbon isotope composition of main products from toluene pyrolysis

. EEALEHI(N) 0"C(%o, VPDB)
W EE(C) C,/Cpy
CH, C,Hs C3Hg iCy nCy > b C, Cs
450 12.42 0.24 0.06 0.01 0.01 1.09 0.975 —27.7 —28.1 —23.5
475 64.61 0.82 0.21 0.02 n.d. 1.59 0.984 —31.8 —31.0 —23.1
500 89.34 2.85 0.46 0.02 n.d. 1.66 0.964 —30.5 —28.8 —19.3
525 91.17 3.93 0.21 0.01 n.d. 1.78 0.957 —29.9 —244 —15.1
550 91.37 2.63 0.06 n.d. n.d. 1.94 0.971 —29.5 —204 —16.9
350 12 00— 45 15
300¢ o 80}|-e- .1 13.6 18
= 250¢ e Sz,
= 500k S E eoflen 12753 % 2
< 6 £ pil g
3 150 EE 40t {1.8% &
100} 4 E = 2T
sol ()12 20F (109 30k
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P L R B 9 7 SRR () A X 5 ik 7 AIE (b) e S ik ) 437 28 7 K (c
Fig.1 Yield characteristics (a), relative content characteristics (b) and carbon isotope series of alkane gas (c) of toluene pyrol-

ysis products
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Fig.2 8"C,8"C, vs. 8"C, of coal type gas (a); 8"°C,-8"C, vs. 8"°C, of shale gas (b)
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