Unveiling Sulfur Speciation by Deconvolution of Low-Resolution Mass Spectrometer Data
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Train the algorithm

Figure 1. Image of several types of
petroleum crude oil.

The demand for crude oil continues to reduce the sources of lighter, low sulfur
petroleum crude oils, causing a shift to the use of heavier, higher sulfur content
crudes [1,2]. The transition to using heavier crude oils has resulted in the
production of oil that contains more heteroatom species (N, S, and O) which are
more challenging to refine into fuel and other products [2]. In addition to higher
sulfur content crudes often causing corrosion problems in the refinery,
compounds containing sulfur are also pollutants and therefore, the sulfur content
of crude oils is under constant monitoring [3].
Petroleum oil companies must abide by strict federal regulations regarding the
sulfur content in oil. These companies rely on bulk properties, such as density
and viscosity, to determine oil quality. However, bulk properties are not sufficient
to inform the level of sulfur and other pollutants in the oil [2], nor can they
inform an efficient refinery process. In order to account for sulfur speciation in
crude oil, the 3.4 mDa sulfur mass split must be identified. The 3.4 mDa sulfur
mass split represents the mass difference between isobaric compounds that differ
in mass by C3 vs. SH4 [2]. The ultrahigh resolving power of the Fourier
Transform-Ion Cyclotron Resonance mass spectrometer (FT-ICR-MS) can
resolve the 3.4 mDa mass split necessary to visualize sulfur [1]. The cost,
however, of the FT-ICR-MS technology is expensive, therefore we are
developing a method for companies with access to less expensive equipment,
namely Time-of-Flight mass spectrometers, (TOF-MS) to be able to do
molecular characterization of sulfur species.

Extrapolate the data

Figure 6. Sample graph of sulfur
mass splits from a ESI (-) FTICR-MS experiment with an error
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Test the algorithm
Figure 10. Problem-solving strategies to
improve sulfur prediction model.
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Figure 9. Plot of O2 and O2S1
classes from ESI (-) experiment on
Mackay bitumen after
extrapolating the data. This was
produced with an error of 100
ppm.

Identify heteroatom classes

Figure 7. Zoomed in spectrum of
distillation cut sulfur mass splits
produced from a ESI (-) TOF-MS
experiment with an error of 30-60 ppm.

Figure 8. DBE vs. Carbon number
plot for O2 class from ESI (-)
experiment on the distillation cut.

• The large error was likely due to failing to process the experiments using
lock mass correction

Future work:

SAMPLE PREPARATION

FUTURE WORK

• Repeat TOF-MS experiments with lock mass correction to reduce the
noise in the data sets
• Noise made it difficult to process the N1 and N1S1 classes, therefore they
should be the focus of future investigation

Figure 3. TOF-MS schema [8].

• Evaluate the effectiveness of the use of the relative abundance of sulfur in
the sample as a method to deconvolve spectral peaks

Figure 4. Several crude oil samples
being prepped for ESI (-).
Figure 5. FT-ICR-MS schema [6].

TOF Experiments
400-450 distillation cut: 250 ug/mL in methanol: toluene (4:1) with NH4OH 1%
Whole Mackay bitumen: 500 ug/mL in methanol: toluene (4:1) with NH4OH 1%
Two crude oil samples with varying sulfur concentrations were used to test the
sulfur prediction model. The experiments were performed in negative ion mode
electrospray ionization ESI(-) with a Synapt G2Si HDMS (Waters Corp.) mass
spectrometer. This instrument is equipped with a TOF-MS with an average mass
resolving power of m/Δm50% ≈ 40 000 at m/z 500 and ∼5−10 ppm mass error.

Figure 2. Sample graphs from two negative electrospray ionization experiments, one performed on a TOF-MS and another on
a FT-ICR-MS.
`

• The sulfur prediction model was able to successfully process the TOF-MS
data, however with large error and missing data points

• Only the O2 and O2S1 classes had useful results after processing in Petro
Org, despite large error

MOTIVATION
The objective of this research was to develop a sulfur prediction model using
Python that leverages the ultrahigh resolving power of FT-ICR-MS to
deconvolve mass spectra collected from a less expensive, lower resolving power
TOF-MS.

Figure 11. 400 - 450°C
distillation cut
sulfur mass splits produced from a ESI (-)
TOF-MS experiment with an error of 30-70
ppm.

FT-ICR Experiments
The sulfur prediction model was initially trained using negative electrospray
ionization ESI (-) experiments and later with positive atmospheric pressure
photoionization (APPI) and positive electrospray ionization ESI (+) experiments
on a custom built FT-ICR-MS equipped with a 9.4 T superconducting magnet.
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