29 3 Vol.29 No.3
2011 6 ACTA SEDIMENTOLOGICA SINICA Jun. 2011

11000-06550(2011)03-6587-06

12 12 12
(1. 434023; 2. 434023)
200 ~450°C
1973 E-mail: chenzulin@ 126. com
E-mail: zmjpu@ 163. com
P593 A
20 80
1~3
o 1965
Snyde
o o Li °
. Bennett
Y Li R, .
0.45% ~1.30%
11
a
/ a + c (R,=0.50%)
GC/MS
6, Horsfield
Clegg ' 8 o
1
o Clegg "’ (R,=0.50%)
R, 200C «
R, =0.53% 250°9C 275°C <300 325°C .350°C .400°C \450C -
R, =0.88% o .

:2010-04-08,; 120100745



588 29
(1) 12°h (pe/g) =
( / ) x (ng) /
. /(97 3) (g) MID ( ) GC/MS
. . (2) .
/(1 1) .
o N_ Al Al
o 325 ~350 C
. 350 °C (
GC/MS HP7890 /HP5973MSD 1) .
HP—5MS( 30m x 0. 25 mm x 0. 25 .
jLm) He2 1.0 1/min :
60°C 8°C /min 150°C 4°C /min 320C. o
25 min. ( MID) .
70 eVo
) 300
~350 C 350 C
2.1 o
GC/MS o
1o
Li ! . . o
1
Table 1 Pyrrolic nitrogen compound data for coal samples with temperature (°C) in thermal evolution simulation
200°C 250°C 275C 300°C 325C 350°C 400°C 450°C
No Ton Name
pg/g pg/g pe/g pe/g pe/g pg/g pg/g
1 167 17.34 16.55 31.05 58.97 49.51 66. 06 114.43 385.41
2 181 1- 25.70 22.70 32.09 55.60 62.31 61.12 50.35 35.44
3 181 3- 18.65 14.15 20.63 32.89 34.23 27.52 16.27 8.02
4 181 2- 16.66 13.14 20.22 34.99 44.77 47.71 28.05 16.92
5 181 4- 10. 05 9.26 15.84 31.08 36.75 35.95 23.77 13.35
6 195 1 8- 12.45 10.82 12.78 21.06 26.04 19.87 8.86 2.69
7 195 1- 1.52 1.25 1.78 3.41 4.85 3.82 1.23 0.76
8 195 13- 25.24 20.29 22.42 30.37 31.99 19.92 6.14 1.25
9 195 1 6- 25.02 19.89 22.69 33.14 37.56 25.17 7.35 1.67
10 195 1 7- 22.82 18.56 21.96 32.95 42.78 32.78 9.41 2.53
11 195 1 4- + 4- 19.42 16.32 19.67 32.57 38.15 25.09 6.63 1.54
12 195 15- 3- 14.16 12.40 17.03 31.86 44.65 33.69 10.25 2.46
13 195 2 6- 13.19 9.26 10. 68 15.23 20.73 15.04 3.16 0.65
14 195 2 7- 14.97 11.20 14.17 23.31 32.81 25.45 5.24 0.92
15 195 12- 8.97 7.34 9.31 15.11 18.36 13.50 3.91 1.08
16 195 2 4- 10.83 8.88 11.62 20.47 26.40 18.50 4.21 0.88
17 195 2 5- 9.86 8.12 11.04 19.78 26.67 19.48 4.91 1.08
18 195 2 3- 5.10 3.99 4.62 6.87 8.74 6.13 1.83 0.82
19 195 3 4- 0.73 0.58 0.73 1.74 2.47 1.35 0.20 0.00
20 217 a 16.38 13.84 15.09 20.09 20.63 26.6315.01 11.42
21 217 b 2.18 2.08 2.33 3.48 3.72 4.23 0.54 0.15
22 217 c 18.04 15.54 16.67 20.78 18.57 23.1016.35 14.01
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Fig. 1 Yield ( ug/g) for methyl substituents of carbazole vs. temperature ( C) in thermal

evolution simulation for coal and mudstone samples
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Fig.2 SIM chromatograms ( m/z 181) showing distributions of methylcarbazoles in coal samples
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Fig.3 Dimethylcarbazole ratios vs. temperature ( °C) in thermal evolution simulation for coal and mudstone samples
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Fig.4 Benzocarbazole ratios vs. temperature ( “C) in thermal evolution simulation for coal and mudstone samples
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Evolutive Characteristics of Carbazole Compounds in Nonhydrocarbon
of Coal and Mudstone at Different Temperatures

CHEN Zudin' * ZHANG Min' > GAO Lidi' ?

( 1. Department of Geochemistry Yangtze University Jingzhou Hubei 434023;
2. Key Laboratory of Oil & Gas Resource and Exploration Technology Ministry of Education Jingzhou Hubei 434023)

Abstract Through thermal simulation experiments of coal and mudstone in low mature stage( R, =0.5%) from dif-
ferent sedimentary environment in one area at different temperatures( 200°C 250°C 275°C 300°C 325°C 350°C

400°C 450°C) added with water in the closed system and separation and GC/MS quantitative analysis and identifica—
tion of carbazole compounds in sample extracts at different temperatures this paper discussed the distribution of car—
bazole compounds in this two kinds of samples at different simulation temperatures. The separation adopt two-step Col-
umn Chromatography. And absolute quantification uses N-phenylcarbazole added in neutral nitrogen-containing com—

pounds as an internal standard . Based on simulation experiment the article analyzes the evolutive characteristics of
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experimental products-carbazole compounds in nonhydrocarbon and discusses the evolution mechanism of them at dif-
ferent temperatures. The experimental results show that in the coal and mudstone samples the total contents of carbaz—
ole compounds and the contents of carbazoles methyl—carbazoles dimethyl-arbazoles benzocarbazoles increase with
thermal evolution temperature increasing and reach thire maximum during 325 ~ 350°C and show downtrend after
350°C. From these changes we can see that the formation of the compounds have certain relationship with hydrocar—
bon generation of rock samples. The changes with temperature of the contents of carbazole compounds depend on re—
lease and fission rate of them. The results from experimental data analysis show that contents increase when release
rate is more than fission rate and contents decrease contrarily. In fact the changes with temperature of the contents of
carbazole compounds is similar to that of liquid hydrocarbons. According to the thermal simulation experiments or—
ganic matter begin to produce hydrocarbon during 300 ~350°C and reach thire maximum at about 350°C in general. It
is pointed out that nitrogen-containing compounds in geological body are the products of rock-forming diagenesis of
sedimentary organic matter rather than directly inherited from organism. GC/MS date of carbazole compounds indicate
that the relative content of methyl— carbazoles isomers changes drastically with experimental temperature.

In this two kinds of rock samples of high temperature experiments the relative content of four methyl—carbazole i—
somers( 1 —methyl- carbazoles 2-methyl- carbazoles 3-methyl-carbazoles 4—methyl- carbazoles) of methyl- carbaz—
oles present some of regular changes with temperature increasing. The content of 1-methyl-carbazole always predomi—
nate compared with that of the other three isomers but the relative content of them changes drastically with tempera—
ture increasing. At 200°C  the content distribution of 2—methyl-carbazoles 3—methyl-carbazoles and 4—methyl-car-
bazoles show an asymmetric “V ”with forerake which become retroverted with the temperature reaching 350°C . The
relative content of dimethyl-carbazoles exposed type such as 2 6 +2 79 dimethyl-carbazoles and 3 5-dimethyl—-
carbazoles and shielded type and half shielded type such as 1 8-dimethyl-carbazoles 1 4-dimethyl- carbazoles and
1 5—dimethyl-carbazoles come to a head during 325 ~350°C and show downtrend after 350°C . In benzocarbazoles
benzoH a) carbazoles and benzo c) carbazoles are the predominent types benzoH b) carbazoles are few. With tem—
perature increasing the relative content of benzo{ a) carbazoles benzo-{ b) carbazoles and benzo ¢) carbazoles chan—
ges drastically reach their highest values during 325 ~350°C and bagin to decrease after 350°C. It can be seen from
benzocarbazole ratios( benzo a) carbazole/( benzoH{ a) carbazole + benzo-{ ¢) carbazole) ) that change of the ratios
with temperature have good correlation with hydrocarbon generation of rock samples. But all the ratios are in the norrow
range of 0.45 ~0.54.

Key words coal, mudstone; NSO; carbazole compounds; maturity; isomerization



