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Experimental:
Five heavy fuel oils with vastly different chemical and physical bulk properties were investigated

with a GCxGC-multi-reflection TOF-MS System (GC×GC-HRMS). For the data processing, peak

regions and spectral filters were applied to classify components into compound groups. In order

to target also non-volatile parts of the samples, a thermal balance was coupled to the same MS-

platform via a heated (250 °C) transfer capillary (TGA-HRMS). Samples were heated under

nitrogen-atmosphere at ambient pressure and evolving gases were transferred to the HR-TOF-

MS. As a third separation technique, we used a direct inlet probe (DIP-HRMS) for enabling

thermal analysis directly in the ion source under vacuum conditions.

Introduction:

Comprehensive gas chromatography with mass spectrometric detection (GC×GC-MS) is

established in the field of petroleomics as one of the most powerful techniques for the detailed

analysis of volatile samples such as gasoline, diesel or kerosene. However, high-boiling matrices,

such as marine fuels can not entirely be targeted by gas chromatography alone. Since in 2020 the

chemical composition of these heavy fuels may change significantly due to new specifications,

their chemical investigation is currently of special interest. In this study, we will present a new

approach for the investigation of high-boiling complex materials, by hyphenation of thermo-

analytical techniques in addition to a GC×GC-inlet to a high-resolution-TOF-MS platform.

Results:

Volatile constituents could be chromatographically separated and automatically classified to

chemical groups, subdivided into carbon numbers. Hereby, significantly different chemical

compositions were revealed for investigated heavy fuel oils. However, it was not possible to

completely correlate the molecular information derived from the GC×GC-HRMS results to the

chemical and physical bulk properties, due to discrimination of the non-volatile parts of the

samples.

GC×GC: TGA:

!?!?

Sample A Sample B Sample C Sample D Sample E

C 86.3 86.1 87.2 91.2 86.4

H 10.9 10.6 12.8 8.4 10.6

N 0.45 0.39 0.1 0.1 0.29

S 2.11 2.64 0.1 0.1 2.76

H:C 1.51 1.47 1.76 1.10 1.47

Density [g/mL] 0.984 0.996 0.904 1.02 0.983

Viscosity
[mm2/s]

254 561 45 10 136
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Comprehensive gas Chromatography:

Although, TGA-HRMS lacks the separation power of two-dimensional chromatography, it showed to

be a valuable complementary technique to investigate the whole boiling range of heavy fuel oils.

Samples were heated from 40°C to 1000°C under nitrogen atmosphere, and evaporating substances

were directly transferred to the ion-source, while online measurement of the mass gave direct

quantitative information. From 40°C to 400°C volatile substances evaporate according to their

atmospheric boiling point, while high-boiling components are thermally decomposed in the

pyrolysis phase between 400°C and 600 °C. Exact masses of detected gases could be used to

chemically discriminate the five samples and reveal molecular patterns, which were in agreement

to the GCxGC results. Moreover, also the non-volatile components could be analyzed, which led to

better correlation to elemental analysis compared to GC×GC-HRMS.

In order to avoid thermal decomposition of high-boiling substances the samples were also analyzed

by DIP-HRMS. In contrast to TGA-HRMS, the samples were heated from 40°C to 400°C directly in

the ion source. Due to the reduced pressure (10-6 mbar), the volatility of sample constituents is

greatly increased, which enabled mostly destruction-free volatilization of heavy fuel oils up to an

atmospheric equivalent boiling point of 750°C.

Conclusion
The application of three complementary

separation techniques before mass-

spectrometric detection, showed to be an

efficient approach for the comprehensive

chemical description of these highly complex

materials. Furthermore, since all techniques

were combined on one MS-platform, derived

datasets could be efficiently integrated and

compared.
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