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Mass spectrometric petroleum analysis — Petroleomics

Crude Oil |

Introduction

Asphaltene
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Basic concept of evolved gas analysis (EGA)
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Why can thermal analysis be beneficial for Petroleomics?

natural gses }g(';:g‘ ) ]» natural “known”

: 2 % molecular
I - ¢ *# composition
% % — GC(-MS),
ieseiol
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crude oil 300°C

370°C

desulfurization
distillation TR Residue

Introduction

cracking

hydro-
treating

hydro-

fuel oil

bitumen

chemical composition
poorly characterized

» gas chromatography is limited on the volatility and stability of the analytes
» intended pyrolysis of larger macromolecules in thermal analysis to study the
building blocks and diagnostic thermal fragments
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Material and Method
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Sample material

» standards, e.g., polymers, fatty acid methyl ester mixture, PAHs for validation

» various petroleum samples (diesel, gas oil, heavy oil) and lignocellulosic biomass for
evaluation regarding complex samples

 different asphaltenes and heavy oils for applicative interest

M&M

Diesel fuels Marine fuels Crude oil Asphaltenes

complexity

04.03.2021 © 2009 UNIVERSITAT ROSTOCK | HELMHOLTZZENTRUM Miinchen Christopher Riiger



HelmholtzZentrum miinchen
Deutsches Forschungszentrum fiir Gesundheit und Umwelt

Gest

.
Material and Method

®

_ TG-APPI/APCI- Pyr-GC-EI-QMS
o o

EGA-MS

=p

)

=

DIP-EI-HRTOF TG-REMPI-TOF

04.03.2021 © 2009 UNIVERSITAT ROSTOCK | HELMHOLTZZENTRUM Miinchen Christopher Riiger



HelmholtzZentrum miinchen

Deutsches Forschungszentrum fiir Gesundheit und Umwelt

:
} Material and Method

Universitat
Rostock 7/ Traditio et Innovatio

Mass separation
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Thermal analysis coupled to Fourier-Transform MS
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— high resolving power and mass accuracy + APPI/APCI-selectivity
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Direct inlet probe (DIP) high resolution time-of-flight MS

i

Instrument
» modified LECO Pegasus GCxGC-HRT
* multi-reflection TOF-MS

MS Parameter (HRT MS):

» acquisition frequency: 200 Hz
resolution: 25,000-50,000

*  mass accuracy < 2 ppm

M&M

Grid-less Mirror ‘ o o
‘ ‘ Periodic lon Lenses
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Direct inlet probe (DIP) high resolution time-of-flight MS

HR-TOFMS
with folded flight path technology

sample heater

direct inlet probe
for sample introduction _|

M&M

I EI-TOFMS
electron ionization
simplified scheme || ||

L AN

data acquisition

— heating at reduced pressure to intactly evaporate larger constituents
+ El as universal ionization technique
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Structural separation

TG-APPI/APCI-
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DIP-EI-HRTOF
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Pyrolysis-GC EI-MS and photo ionization TOF-MS

TD/Pyinjector
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Results/Discussion
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TD/Pyrolysis GC EI-QMS of Asphaltenes Kﬁ
W

 no thermal desorbed components for purified Asphaltenes at 300 °C
 second step (500 °C pyrolysis) induce complex thermal
decomposition pattern
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TD/Pyrolysis GC EI-QMS of Asphaltenes

Results and Discussion

 no thermal desorbed components for purified Asphaltenes at 300 °C
 second step (500 °C pyrolysis) induce complex thermal
decomposition pattern
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Resonance-enhanced multiphoton ionization

 selective and sensitive ionization approach for aromatic constituents
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 intense and complex mass spectrometric pattern
 broad m/z range from benzene up to > m/z 500 ° %Qm, 13
 even-numbered homologue series indicating Nitrogen-

containing poly-aromatic core structures m 12

two- to four-ring aromatic alkylated rows dominate

Results/Discussion
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Results and Discussion

General API-MS response for Asphaltene pyrolysis
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Mass loss and API mass spectrometric response
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Averaged asphaltene pyrolysis molecular pattern
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core structural motives?
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Collision induced dissociation data assessment

* slope of the left-side DBE versus #C
carbon distribution reveals information

[ e : I SHooo- on ring attachment

5 10 15 20 25 30 35 a0 45 / 1(; - 20 30 — mainly cata-condensed benzene
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= o . .
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S % w0 15 2 2 0 w5 a0 s——————— o indication for thiols
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aromatic description of the core structure
CHS pyrolysis pattern CH, analysis
thermal fragments - CE") HyC MS-fragments
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Going further — DIP reduced pressure evaporation
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Results and Discussion
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Outlook - Data combination and integration

Accessing macro molecular
features via pyrolysis (thermal
decomposition products)

universal, soft, nominal analyzer,
direct injection/sampling,
temperature resolved

cross correlation and verification

L u»-. ]

REMPI

selective, soft, nominal analyzer,
directinjection,
temperature resolved

cross correlation and verification

Results/Discussion

APCI

(@«

APP1

selective, soft, high resolution
analyzer, direct + dissociation
(CID), temp. resolved

Rlger et al., Energy and Fuels, 2017

|

general
molecular
pattern

“main”
aromatic

Results and Discussion

structural information
verification

[
3
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pattern

detailed
molecular
pattern

comprehensive molecular
characterization of the thermal
decompaosition products

El

universal, hard,
nominal analyzer,
gas chromatographic separation

structural information
verification

5

S

DIP-EI-HRTOF

recompose

structural aspects and molecular
motives of the macromolecular
entities
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Summary
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Introduction of thermal analysis high resolution mass spectrometry

« powerful tool for chemical characterisation - macromolecular structures decompose

« temperature emission profile of individual elemental compositions traceable g —E e

* no solvent effects, sample material directly useable, minimum sample amount

mmmmm

Thermobalance
Peeese
eeees
PO i
ieE
o
e ———
Al 1eq

Application towards heavy oils and asphaltenes
« asphaltenes reveal ultra-complex spectra dominated by CH- and CHS,-signals (APCI/APPI)

* DIP at reduced pressure allows to extent the accessible chemical space significant|

Combination of thermal analysis approaches for asphaltene pyrolysis
* Interlaboratory study on a purified asphaltene

 multi-methodological thermal analysis mass spectrometry approach

» data combination for structural elucidation of the dominant asphaltene architecture
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Food processing
(coffee/nut roasting)

Biomass pyrolysis
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