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[Hydrocarbon Resources] / Tasks \

 What is kerogen? Is there any
/ \ difference between samples from

different wells?

Unconventional Conventional ,
» What structure kerogen has? What's

the mechanism of its
| \ decomposition?
* How to learn is it worth it to make
Kerogen High-viscosity oll production from certain kerogen?

» How efficiently obtain hydrocarbons
from it? Which types of HC will we
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TYPE I
Sapropelic kerogen
(algal)

TYPE Il
Lipid-rich kerogen
(phyto-and zooplankt

=
<
=
3 \ TYPE 1l
Q \ Humic kerogen
-~ ; (land plants)
05 ’ \
\ Gas generation
B \ \ - Oil generation 3
" Rk
A
0.1 4"0\ | | M. Vandenbroucke, C. Largeau / Organic Geochemistry 38 (2007) 719-833
v s = Skoltech
O-C atomic ratio hute of Selancs and



Kerogen genesis
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Methods

* Analysis of kerogen structure

Nuclear magnetic resonance (NMR)
X-ray photoelectron spectroscopy (XPS)
CHNS analysis

« Kerogen properties investigation and analysis of thermal
destruction products

Pyrolysis
Kinetic experiments
Coupled two-dimensional gas chromatography with mass spectrometry
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Solid State Nuclear Magnetic Resonance

3 Main Problems Sensitivity

1H4-13C dipole-di;ﬁe interactions \ \ Long-spin Iattice’ relaxation times

Resolution
™~ Chemical shift anisotropy

High-power decoupling Nonspherical electron density

around 13C nuclei
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NMR techniques

»1H MAS NMR

Main drawback of this method — too broad signals, which makes impossible
detailed structure investigation. Can be used to analyze relative contribution of
aromatic and aliphatic fragments.

> 13C CP MAS NMR

Cross-polarization NMR relies on the presence of an abundant spin system (1H)
to enhance the observation of a signal from a dilute spin system (13C). The idea
is to transfer polarization (hence signal intensity) from the abundant H spins to
the dilute 13C spins.

> 13C CP DD MAS NMR

This modification (dipolar dephasing) of cross-polarization technique is used for
selective observation of tertiary 13C atoms, due to their low dipole-dipole
interactions, and mobile aliphatic chains with low effective cp.

» 13C DP MAS NMR

Experiments with direct polarization of 13C atoms. Can be used for quantitative
analysis. However, due to low natural abundance of 13C and long-spin relaxation
times, time of experiment increases significantly
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Spectrum deconvolution

Direct Polarization 13C Spectrum
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Kinetics Theory: Reaction rate

aA + bB - cC + dD A,B,C,D — substances; a,b,c,d — stoichiometric coefficients

1d[4] _ 1d[B] _ 1d[c] _1d[D]

adt  bdt cdt d dt

Reaction rate r — change of substance amount in time

r=%k [ A]x [B]y Reaction constant k — every aspect of reaction except [C]

x,y —orders of reaction, with respect to substances (A, B),not related with a, b

n=x+y n - reaction order
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Arrhenius equaiton

k = Ae RT

A
Kerogen->B +C + D + -

d|Kerogen Eq
[ dtg | = —kt = —Ae RTt

A — frequency factor (probability of a favorable collision
between two atoms)

....... ~—— Transition state

Activation
energy

Free
energy

Reactants

Products

Reaction coordinate >
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HAWK pyrolysis instrument
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Energy activation distribution
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High resolution time of flight mass

spectrometer provides
Two-dimensional gas chromatography

divides

Two-dimensional gas chromatogram
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