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Microseparation of petroleum fractions using a metal-organic framework
Khoa Huynh1, Annette E. Jensen1, Jonas Sundberg1*

Danish Hydrocarbon Research and Technology Centre, Technical University of Denmark, Elektrovej 375, 2800 Kgs. Lyngby, Denmark *e-mail jonsun@dtu.dk

Analytical methodology
GC×GC-MS data were acquired using an Agilent 7890B GC coupled to a 7200B QTOF HRAM-MS. The system
was equipped with a Zoex ZX-2 thermal modulator. Separation was carried out using a combination of an
Agilent DB-5MS UI (1D, 30 m, 0.25 mm i.d., 0.25 µm df) and a Restek Rxi-17Sil MS (2D, 2 m, 0.18 mm i.d.,
0.18 µm df) capillary column. Dirtect Analysis in Real-Time (DART) MS was acquired using a Q Exactive HF
(negative polarity, 0.5 mm/s, 250 °C, 45k res).
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Figure 5. DART-MS setup (left) and resulting DBE vs. #C plot of the dichloromethane extract.
0

Introduction
Petroleum contains a mixture of saturated and aromatic hydrocarbons with smaller fractions
of N,S,O-containing compounds (resins and asphaltenes).1 Pre-fractionation to reduce
complexity is required for subsequent mass spectrometry analysis.2 We show how a metal-
organic framework (HKUST-1)3 can utilized to separate the petroleum fractions on the
microscale. The method is applicable where limited sample volume is available (e.g.
microfluidic studies) and uses low solvent volumes. Solvent minimization is important in
moving towards greener sample preparation.

Fraction characterization
The saturated and aromatic fractions were characterized by GCxGC-QTOF-MS. Both fractions
are well separated with minor overlap (Figure 3 and 4). The polar fraction was analyzed using
DART-MS. Approx. 2000 features were detected which 700 was successfully annotated (1 ppm
mass accuracy, N,S,O<=6). The major compound class is CHO (50% rel. abundance) followed
by CHNS (24%) and CHNSO (21%). Both aromatic and saturated species were detected (Figure
5).

Conclusions
We have demonstrated the rapid and efficient microscale fractionation of petroleum. By
exploiting adsorption mechanisms and solvent strength saturates, aromatics and resins can be
isolated. The method works on from sub-1 µL sample volumes with <5 mL total solvent use.

Fractionation workflow
Sample fractionation was carried out by adsorption (30 min.) followed by stepwise solvent
extraction. Recovery values were calculated by fractionation of a model mixture containing C7
– C40, 16 PAHs and selected N,S,O compounds. Method applicability was tested using a
commercial reference oil (Frederiksen Scientific).

Adsorption selectivity
Neither cyclic of linear saturated hydrocarbons are adsorbed and can be recovered from the
mother liquor. Based on extraction selectivity we see that the electrostatic are stronger than
aromatic interactions. Sulfur species with delocalized electrons (e.g. thiophenes) are extracted
in the aromatics fraction. Larger species are well adsorbed. This indicates that the process
occurs effectively both within the pores and on the surface.

Figure 3. GCxGC-MS plot of the saturates fraction; a) n/i-parrafins b) cyclic alkanes

Figure 4. GCxGC-MS plot of the aromatics fraction; a) mono- b) di- and c) tri-aromatics.

Figure 1. Photo of HKUST-1 suspended in solvent (left) and its crystallographic structure (right). The
framework contain two adsorptive sites; a) Cu2+ centers for electrostatic interactions and 2)
aromatic linkers for π-π interactions.

Figure 6. Compound selectivity and enlargement of the adsorptive sites in HKUST-1

Saturates Recovery (%) Aromatics Recovery (%) N,S,O Recovery (%)

n-C14 109.5 1-Methylnaphthalene 95.0 Benzoic acid 49.2

n-C16 101.2 Fluorene 82.8 1-Naphthoic acid 18.2

n-C18 102.9 Phenanthrene 58.4 Nonanoic acid 101.5
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