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Petroleum is the most complex matrix in nature, constituted by many
thousands of compounds, and presents an analytical challenge. As the world’s
remaining deposits of petroleum become heavier, it's important to understand
the chemical nature of heavy crude oil and its fractions. The analysis of highboiling point constituents adds a new dimension for the complete
characterization of crude oil. In this study we evaluated the use of a pyrolysis
probe coupled to gas chromatography high resolution time-of-flight mass
spectrometry (Py-GC-HRTOFMS) for the characterization of crude oils and
asphaltene fractions.

Thermal Desorption and Pyrolysis: Performed with a CDS Pyroprobe Model
5200 coupled to a LECO Pegasus® GC-HRT. Typically we run the crude oil
samples in two steps of thermal desorption (350oC and 500oC). After that we
pyrolyze the residue at 800oC. Asphaltene fractions were analyzed at 800oC.
The pyroprobe injected the samples into the gas chromatograph’s
split/splitless inlet with Helium carrier gas (1 mL/min).
GC-HRT MS Analysis: GC with a Restek Rxi-5MS column (30 m, 250 µm,
0.25 µm). Data was acquired in high resolution mode yielding a nominal
resolving power of 25,000 with mass accuracy of <1 ppm. Data were
recorded in full MS mode from 45-650 m/z at 6 spectra/s acquisition rate, and
1.5 kHz extraction frequency.
Data Processing: Data were processed using ChromaTOF-HRT® 1.80 (LECO
Corporation) and PetroOrg (Omics, LLC)

Preliminary results show compositional differences among crude oil samples.
The comparison of pyrolysis products of asphaltene fractions shows
compositional similarity with the pyrolysis of the residue after thermal
desorption at 500oC, indicating that the residue is constituted mainly by
asphaltene. The pyrolysis of asphaltenes from distinct crude oil samples shows
distinct composition in terms of polycyclic aromatic sulfur heterocycles (PASHs),
polycyclic aromatic nitrogen heterocycles (PANHs), and polycyclic aromatic
hydrocarbons (PAHs).
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Conclusions
Py-GC-HRTOFMS analysis with high
resolution and high mass accuracy is
crucial for identification of crude oil and
asphaltene
pyrolysis
products
by
unequivocal
chemical
formula
assignment, with enhancement of
sensitivity and selectivity. Analysis of
petroleum and respective asphaltene
fractions from diverse geographical
origins are under evaluation as part of
future work.

