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Table 1 Parallel results and deviation statistics of nitrogen isotope values of standard samples.

[ioRlllElIRYd INES e SUN/MN I E A (%o0) OVN/MN P HIME (%o0) FrifEfR 22 (SD, %o) TR 2ZEVE N (%0)
E—H USGS61 —2.64,—2.58,-2.94,-2.88, —2.61,—2.79 -2.73 0.2 0.3
sl USGS61 -2.82,-2.75,-2.81,-2.99, -2.93, -2.77 -2.85 0.1 £0.2
H— USGS62 19.53,19.97, 19.75, 20.03, 20.08, 19.79 19.86 0.3 £0.1
sl USGS62 20.15, 19.60, 19.68, 20.24, 19.57, 20.04 19.88 0.4 £0.2
H— USGS63 37.99, 37.76, 37.69, 38.05, 38.12, 38.00 37.94 0.2 £0.3
| USGS63 37.62,37.66, 37.60, 37.54, 37.49, 37.88 37.63 0.1 £0.2

2 MRS Bt
Table 2 Content distribution of components in crude oil samples.
FEM I iR HIFE (%) 3592 (%) 442 (%) WiF (%)
0il-1 82.71 12.34 4.13 0.82
TEEAH B 0il-2 73.58 22.66 2.75 1.01
0il-3 63.16 27.81 5.04 3.99
Oil-4 72.16 15.70 9.33 281
FifiAH 0il-5 69.77 14.17 13.61 245
0il-6 71.04 13.99 11.89 3.08
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Table 3 Parallel results and deviation statistics of nitrogen isotope values of crude oil samples.

- W 0N fke 0N
gz | WOREL BOER VI bEROE GG || WA B P bEROE R
(%o) (%o) (%o) (%o0) (%o) (%o) (%o) (%o) (%o) (%o)
32 32 1.7 1.8
Oil-1 2.9 3.0 3.0 0.2 +0.4 2.2 2.3 2.1 0.3 +0.4
2.8 2.8 1.9 2.1
52 5.1 2.8 2.8
0il-2 5.7 5.6 5.5 0.4 +0.4 32 3.1 3.0 0.2 +0.2
5.8 5.8 3.1 3.0
4.7 4.8 33 34
0Oil-3 4.9 4.9 5.0 0.2 +0.3 35 3.5 33 0.2 +0.3
54 5.2 3.1 32
83 8.3 5.5 5.6
Oil-4 8.6 8.5 8.5 0.2 +0.2 5.1 53 54 0.2 +0.4
8.8 8.7 52 52
7.3 7.3 35 3.6
Oil-5 7.6 7.4 7.4 0.1 +0.2 4.0 4.0 3.8 0.2 +0.4
7.7 7.5 3.6 3.7
9.1 9.3 4.5 4.5
0Oil-6 9.6 9.4 9.4 0.1 +0.2 4.8 49 4.7 0.2 +0.4
9.4 9.5 4.8 4.8
4
gy T 2
(RERIK W) —1 |
20
(BRI AT 12 '
20
o SR 10 }
stk ]
4
b 2
(RK W) o —
6
(AR 2
O 1 1 1 1 1 1 1
-1 1 3 5 7 9 11 13 15 17 19 21 23
55N (%o)
Bl AFEUBRBE R R RN R 3 A RHE (PR S, 20150%)

Fig. 1 Nitrogen isotope distribution characteristics of crude oil in different sedimentary environments (Chen, et al, 20157,
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Determination Methods and Distribution Characteristics of Nitrogen
Isotopes in Different Nitrogenous Components of Crude Oil
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HIGHLIGHTS

(1) Determination of the distribution characteristics of nitrogen isotopes in different nitrogen-bearing fractions of
crude oil using a two-stage separation and Dumas combustion.

(2) Multiple standard samples were used for quality control of experimental data, and the nitrogen isotope
uncertainty of each component of the crude oil was less than £0.4%o.

(3) For crude oil samples from different depositional environments, there were significant differences and regularity

in the distribution characteristics of the nitrogen isotopes of the different nitrogen-bearing fractions.

ABSTRACT

BACKGROUND: The distribution of nitrogen isotopes has important significance in paleoclimate, paleo-
sedimentary and evolutionary characteristics. Nitrogen is one of the important heteroatomic elements in crude oil.
The nitrogen content of crude oil is generally 0.1% to 2%, mainly in the non-hydrocarbon and asphaltene fractions,
and can be divided into basic and non-basic nitrogenous fractions according to polarity. Due to the high
carbon/nitrogen ratio of crude oils, accurate nitrogen isotope analysis results cannot be obtained from direct testing
for most crude oils. As a result, the research on nitrogen isotopes in crude oil has been developed slowly, and the

available data are few, while not being well applied in practice.

OBJECTIVES: To determine the nitrogen isotopic distribution characteristics of different nitrogen-containing
components in crude oil, and to address the problem of low nitrogen content in crude oil, which makes the direct

determination of nitrogen isotopes less stable and reproducible.

METHODS: A two-stage separation pre-treatment method was utilized to successively separate the non-
hydrocarbon and asphaltene fractions of crude oil, and the basic and neutral nitrogen fractions were separated from
the non-hydrocarbon fraction. The characteristics of nitrogen isotope distribution in different nitrogenous
components of crude oil were determined by the Dumas combustion method. Multiple stable nitrogen isotope
standards (USGS61, USGS62, USGS63) were selected for quality control of nitrogen isotope results.

RESULTS: The nitrogen isotope data obtained by this method for each component of crude oil were of good
quality, with the uncertainties less than +0.4%.. By separating and measuring crude oil samples from marine and
continental sedimentary environments, the results showed that the nitrogen isotope of crude oil samples in
continental sedimentary environment was heavier than that in a marine sedimentary environment. The distribution of
nitrogen isotopes of asphaltene fractions was heavier than that of non-hydrocarbon fractions. The distribution
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characteristics of the nitrogen isotopes of the different polar nitrogen-containing compounds also differed

significantly.

CONCLUSIONS: The technical dilemma that crude oil samples cannot accurately produce stable nitrogen isotopes

due to the disparity in carbon to nitrogen ratios is solved and technical support for the practical application of a

crude oil nitrogen isotope index is also obtained.

KEY WORDS: crude oil; nitrogen isotopes; nitrogenous components; Dumas combustion method
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