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Table 1 The basic geological and geochemical data of samples studied
TOC /%
R,/ %
/m /% “ A% H/C 0/C
622 Ny | 678.12 | 3.04 | 0.1479 | 0.38 34.42 14.25 | 40.92 10.41 | 1.50 0.13 | I 3.97%
202 N, | 1157.5 5.68 0.5311 0.40 43.06 14.23 37.16 5.56 1.48 0.06 1
11—3 E;q| 857.0 3.97 0.3475 0.33 14.34 8.43 75.81 1.42 1.52 0.09 | I 3.98%
32 Esq| 656.5 2.15 | 0.4060 | 0.33 5.68 8.37 80.41 5.54 1.66 0.01 | I 13.38%
2 E | 681.6 0.95 0.0164 0.34 39.91 31.25 14.97 13.87 | 0.80 0.22 11T
16 E's| 1301.5 5.46 | 0.5574 0.33 8.23 13.71 73.17 4.89 1.62 0.13
262 P,p| 1573.2 0.2788 | 0.56 32.82 19.28 | 39.78 9.22 1.15 0.06 84.9% A
006 Jis| 2333.0 0.3188 0.62 42.51 25.98 19.10 3.39 1.04 0.06 93.99
141 Ib 148 37.16 | 1.4986 0.51 23.1 20.40 30.40 26.10 | 0.63 0.16 il
38.8 2.8723 2.27 8.23 13.99 75.71 | 1.48 0.11
55.47 2.17 5.76 11.98 80.09 | 1.52 0.10
1.48 0.05
1.32 0.07
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1 14 622 Table 2 Average activation energy of
+ hydrocarbon generated from OM for samples studied
42 -1 -1 -1
/kJ mol /kJ mol /k} mol
42 177.780 174.565 174.473
" 195.478 183.946 196.068
5 1 211.637 186.836 188.291
209.996 198.031 198.623
165.989 164.891 163.063
32 154.022 155.871 166.485
262 210.60 172.35 177.49
006 211.74 195.66 200.76
2 622 218.805 206.922 206.96
622 219.30 200.55 201.4
0 16 202 209.523 203.091 205.164
2 231.403 222.754 226.085
A 262 141 238.721 217.721 211.95
< 197kJ/mol 11-3 218.361 213.729 216.854

< 210kJ/mol
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Fig.1 Ratio of hydrocarbon formation vs. depth ratio in geology and thermal history condition of Songliao Basin
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Chemical Kinetics Study on the Generation Mechanism of Immature to
Low-Mature QOil and Its Initial Application

LU Shuang-fang LIU Xiao-yan FU Xiao-tai
FENG Ya-li WANG Zhen-ping XUE Hai-tao

Daqing Petroleum Institute Anda Heilongjiang 151400
Abstract

Representative samples from various geological conditions such as special type of organic matter ~suberenite resinite
and some kind of algae  organic matter OM reworked intensively by bacteria both in natural geological situation and lab-
oratory OM rich in sulfur existed in strong reductive environment and soluble OM all these have been reported to have
close relationship to the occurrence and enrichment of immature to low-mature oil. In addition some reference samples are
collected in this paper. Based on the combination of constant heating experiments and the PY-GC technique the relation-
ship between the heating temperature and transformation ratio of OM to hydrocarbon oil + gas  to oil and to gas for each
sample mentioned above are obtained respectively.

Afterwards the chemical kinetics behavior of OM to hydrocarbon to oil and to gas for each sample are discussed sys-
tematically with the model of parallel first order reactions. The results indicate that 1 the activation energy of OM to oil is
generally lower than that of gas and the activation energy of OM to hydrocarbon is located in between of the above two or is
close to one of them. These reflect the essential of the OM to gas is more difficult than it to gas and the process of hydrocar-
bon generation is the superimposition of the process of OM to oil and to gas 2 The weighted average activation energies of
hydrocarbon generation from resinite suberenite OM rich in sulfur oil shale rich in algae biodegraded amorphous A

formed from type I OM reworked intensively by microbe as well as soluble OM are indeed lower the average activation ener-
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gies of OM to oil and to hydrocarbon are less than 197 kJ/mol and the one of OM to gas is less than 210 kJ/mol than that
of common kerogen. This is coincident with the fact that all these OM are closely related to the occurrence of immature to
low mature oil which were reported extensively in literature. At the same time it can be seen that the activation energy of
biodegraded amorphous D is lower than that of the same type of OM and the activation energy of OM reworked by microbe in
laboratory shows somewhat decrease. This means that the intensive reworking of OM by microbe is favorable for the early
generation of petroleum. The results mentioned above suggested that although the occurrence and enrichment of immature to
low mature oil may relate to number of different geological conditions or factors their commonness is that they all have lower
activation energy of hydrocarbon generation than that of normal OM.

The initial application of the chemical kinetics models shows that the OMs mentioned above do generate a larger amount
of hydrocarbons in a burial depth shallower than that of hydrocarbon generation threshold for normal OM. This elucidates
quantitatively the generating mechanism of immature to low mature oil existed in various geological conditions. The study of
this paper believes that not only it is theoretical credibility but also practical feasibility to study the generation mechanism
of immature to low mature from the theory of chemical kinetics.

Key words immature oil low mature oil chemical kinetics mechanism of hydrocarbon generation





