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Abstract: In this research, type-II kerogen-bearing oil shale samples from the Sargelu Formation in the
GhaliKuhArea (Lorestan, Iran) weresubjected to hydrous pyrolysis to determine the kinetic parameters
of the Arrhenius equation by studying the kineticsof the hydrocarbon generation reaction in the region.
In order to perform the hydrous pyrolysis tests on the samples, atemperature- and pressure-adjustable
apparatus was designed and manufactured. Given the requirement of particular geochemical properties
prior to the hydrous pyrolysis, the undisturbed samples were initially subjected to Rock-Eval analysis
to identify immature samples with appropriate organic matter (OM) content for the hydrous pyrolysis
experiments. The hydrous pyrolysis experiments were performed on 50-g rock samples at six temperatures
(250, 270, 290, 310, 330 and 350°C) for 72 h. Upon the analysis, the generated amounts of oil and gas at
each temperature were obtained in milligrams, with the highest amount of oil production being 739 mg at
330°C. The conversion yields were calculated based on the oil and gas generation stats and the reaction rate
constant for both oil and gas generation reactions. For this purpose, the reaction rate constant was plotted
against the inverse of temperature to evaluate the values of the kinetic indices of the Arrhenius equation
for the oil and gas generation reactions; these were 40.75 kcal/mol and 1.03x1014 time units, for the
oil generation reaction, and 40.77 kcal/mol and9.54x1013time units, for the gas generation reaction. The
graph of the gas-oil ratio versus the total conversion yield indicated a decrease in the ratio as the reaction
proceeded with increasing the temperature.In general, the kinetic indices can be used to study the kinetic
model of the Sargelu Formation in terms of maturity, history of hydrocarbon generation, etc. In this respect,
the topic is highlypractical and important in the field of hydrocarbon generation kinetics.

Keywords: Sargelu Formation, ArrheniusEquation, Oil Shale, Hydrous Pyrolysis, Kinetic Parameters.
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INTRODUCTION

A hydrocarbon reserve is known to be sourced from the conversion of organic matter (OM) content of
the buried deposits via a process called maturation that goes through a relatively complex reaction over
a long period (of an order of millions of years). Focusing on the reaction rate variations, the study of the
reaction kinetics considers the rate at which raw materials are converted to final products, i.e. the oil and
gas [1].The pyrolysis is an experimental method for studying the OM maturation process and hydrocarbon
generation reaction. It is a thermal procedure where OM is heated in the absence of oxygen to release a
variety of hydrocarbon products [2].As a relatively newer approach to the pyrolysis, the hydrous pyrolysis
can better simulate the actual hydrocarbon generation process (i.e. OM maturation) thanks to the presence
of water. Oil shale samples are good choices for the hydrous pyrolysis tests because of their OM richness
and appropriate burial depth. The Arrhenius equation explains the relation between a chemical reaction rate
(i.e. the reaction kinetics) and the temperature through activation energy (E,) and frequency factor (A),
among other parameters[2].An important application of the hydrous pyrolysis is the determination of the
kinetic indices for the Arrhenius equation (E, and A ) depending on the kerogen type of the considered
source rock using computational and graphical techniques. In 2006, Lewanet al. presented a discussion on
the kinetics of oil generation from type-II kerogen-containing oil shale facies in Menilite, Poland, where
they related thereaction rate constant to the conversion rate (X) obtained from the amount of oil generated
at each temperature and maximum oil generation per the hydrous pyrolysis test[3]. The semi-log plot
of the reaction rate constant against the inverse of temperature gives the kinetic indices as the intercept
and the slope of the plot [3].In another study, Rubleer al. considered the kinetics of oil generation on
samples taken from the Green River Formation[4].Castelli et al. evaluated the kinetics of oil generation
by performing hydrous pyrolysis tests[5]. Based on the results, thermal decomposition of the kerogen and
hence hydrocarbon generation were observed with increasing the test temperature; i.e. the conversion yield
increased, as indicated by decreased OM content and increased amount of generated hydrocarbon at higher
temperatures. Given that heavier compounds exhibited smaller potentials for hydrocarbon generation,
the conversion yield (slope of the graph) increased at a lower rate at elevated temperatures. The kinetic
indices could also be calculated by establishing a log-log plot of the conversion yield versus the time
constant of the experiment, as practiced by Lewanet al. in their study on the kinetics of the oil generation
from shales. Bakken Formation has also been studied by hydrous pyrolysis, where the kinetic indices of
the OM (kerogen) production process were determined by plotting the reaction rate constant versus the
temperature[6]. The results showed the history of conversion yields at a million-year scale[4-6]. In the
present study, kinetic parameters of the Arrhenius equation were investigated, for the first time, on type-
II kerogen-bearing samples taken Sargelu Formation (dated back to the Jurassic) in the GhaliKuh Area
(Lorestan, Iran). After designing and fabricating a testing apparatus, the samples were subjected to Rock-
Eval analysis to determine their geochemical characteristics before proceeding to the hydrous pyrolysis.
This study aimed to determine the kinetic indices of the oil generation reaction (the parameters E_and A in
the Arrhenius equation) for type-II kerogen-bearing samples from Sargelu Formation in the GhaliKuh Area
(Lorestan, Iran) by means of the hydrous pyrolysis, so as to elaborate on the chemical equation through
which the kerogen is converted to hydrocarbon.

METHODS

As mentioned in the previous section, in this study, oil shale samples taken from the Sargelu Formation
in the GhaliKuh Area (Lorestan, Iran) were studied by the hydrous pyrolysis. The samples were examined
on a pre-designed hydrous pyrolysis apparatus at different temperatures after performing the Rock-Eval
analysis to determine their geochemical properties. The kinetic indices of the Arrhenius equation for the
oil and gas generation reactions were estimated based on the produced amounts of oil and gas at the end
of each experiment divided by the maximum hydrocarbon generation (i.e. the conversion yield). For this
purpose,the following relation (i.e. the logarithmic form of the Arrhenius equation) was used:

Ink =1nd — E,/RT (D
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By definition, the Arrhenius equation represents a linear relationship between the natural logarithm of
the reaction rate constant and the inverse of temperature. Accordingly, the slope and intercept of this line
give the E /R and InA , respectively (Figure 1).

7 175 1/8 1/85 1/9 1/35

y=-20/52x +32/27
R*=0/969

1T(10)

7 175 1/8 1/85 1/9 1/35

7 y=-20/53x + 3210 L]
Ri=0/924

T (107)

Figure 1. Linear plot of the natural logarithm of the reaction rate constant versus the inverse of temperature for the
oil (top) and gas (bottom) generation reactions

Estimated from the mentioned diagram, the obtained values of the kinetic indices of the Arrhenius
equationcan be used for the kinetic modeling of the Sargelu Formation.

DISCUSSION

The results of Rock-Eval analysis on the sample showed that the sample was immature (in the diagenesis
stage) but rich in the OM, with the OM yet to be oxidized, as confirmed by its low oxygen index (OI).
Considering the oil and gas generation, the results showed that the yield of the hydrocarbon (oil and gas)
generation reaction increased with temperature. Moreover, the obtained values of the kinetic parameters (A,
and E ) were highly similar for oil and gas generation reactions, indicating similar kinetics of the oil and
gas generation in the temperature range of 250 — 330°C. This finding was further confirmed by the similar
slopes and intercepts of the plots of the reaction rate constant versus the inverse of temperature for the gas
and oil generation reactions (Figure 1). The trends of changes in the conversion yields of the oil and gas
were also similar at each of the considered temperatures. Respecting the observed values of the gas-oil ratio
(GOR), the presence of the type-III kerogen in the OM content of the sample led to high values of GOR
at lower temperatures, with the GOR increasing at an even higher rate at temperatures beyond the peak oil
generation temperature (330°C) due to thermal cracking and the resultant conversion of the oil to lighter
gaseous compounds.

CONCLUSIONS

In the present study, oil and gas generation reactions were kinetically studied on oil shale samples from
a particular formation in the southwest of Iran. The results showed high degrees of similarity in the kinetics
between the oil and gas generation reactions on the studied samples, as indicated by similar kinetic indices
for temperatures lower than the peak oil generation temperature of 330°C. Importantly, the findings could
be used to kinetically model the Sargelu Formation.
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