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Abstract: This paper studies the characteristics of pore changes before and after supercritical CO, action, and discusses the influence

of supercritical CO, action on shale pores. Taking the shale of the Silurian Longmaxi Formation in the eastern Sichuan Basin as the

experimental sample, the MIP experiment was used to analyze the process of mercury in and out of shale before and after the action of

supercritical CO,, and changes in pore structure of shale after supercritical CO, treatment The mercury injection amount of shale after

supercritical CO, treatment increases significantly. Because of the extraction reaction and dissolution reaction with shale pore surface

minerals after supercritical CO, injection, some micropores and mesopores are transformed into mesopores and macropores through

dissolution, and new micropores are generated, resulting in the increase of mesopore PV and macropore SSA in shale. Ultimately,

experiments have shown that supercritical CO, can expand the average pore size of shale and improve the seepage channels inside the

shale, thereby enhancing shale oil recovery.
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1.Introduction

Nowadays, with the surge in global energy demand, the
consumption of crude oil is increasing day by day, and the
application of CO, in unconventional resource extraction has
attracted more and more attention of various countries.
China is rich in shale oil resources and can be regarded as an
important replacement resource for conventional oil and gas
resources to make up for the lack of supply and demand of
conventional oil and gas resources in China ™. However, due
to the complex geological characteristics of shale oil
reservoirs and the influence of supercritical CO, on shale
pores 231 the efficiency of carbon dioxide extraction of
shale oil is not high in recent years, and it is not worth
economic development Shale oil reservoirs have low
porosity, low permeability, strong sensitivity, and poor
reservoir  fluid availability “°. Its  microscopic
characteristics mainly include pore geometry and pore size,
which are important parts of exploring pore deformation in
shale reservoirs ™ For oil shale reservoirs with
micro-nano pore size, reservoir mineral composition, pore
structure and pore size distribution, reservoir physical
properties and other factors play a decisive role in the
storage capacity of crude oil in shale reservoirs. Therefore,
in recent years, scholars from various countries have taken
COy-action shale reservoir regular pore structure
characteristics as a breakthrough point, and opened up new
research directions for improving shale oil recovery !,

The main research methods for quantitative characterization
of pores include MIP and low-temperature adsorption (CO,,
N,). In this study, MIP experiments are mainly used as
characterization methods ™™, The technology will be

introduced below. High-pressure mercury injection is a
method of using mercury porosimeter to press mercury into
porous media under different pressure conditions to obtain
pore structure characteristics. It is also the most commonly
used method for measuring capillary pressure at home and
abroad. High-pressure mercury injection is to increase the
mercury injection pressure on the basis of conventional
mercury intrusion technology **l and can detect the pore
volume with a radius between 1.8nm and 500um. Based on
MIP experiments, this paper studies the characteristics of
pore changes before and after supercritical CO, action, and
investigates the effect of supercritical CO, action on shale
pores.

2.Experimental Section and Methods

2.1 Sample preparation
The samples for this experimental study were collected from

the reservoir shale of the Silurian Longmaxi Formation in
the East Sichuan Basin, with a burial depth of 4325-4357m.
The device used in the sample preparation process is a
self-developed shale soaking device, as shown in Fig.1. The
main components of the device are a dryer, a high-precision
ISCO pump, a reaction tank and a sensor. The sample
preparation process is as follows: (1) According to the
full-diameter shale core, a 25mm standard core column was
drilled, and the core was cleaned with an ultrasonic core oil
washing machine. (2) Put the rock sample into an oven set to
110°C for drying, take out the core, place it in a cooler, cool
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it to room temperature, and measure the dry weight, length
and diameter of the core. (3) The shale core is crushed into
particles with a particle size of 3mm and placed in the
reaction tank, and a certain amount of CO, is introduced into
the reaction tank. In order to ensure that CO, was in
supercritical state, MIP experiment was carried out by
reaction at 8MPa and 50°C for 15 days.

Figure 1: Supercritical CO,- shale immersion device

2.2 MIP Analysis

The MIP test uses a PoreMaster-33 automatic mercury
porosimeter (Canta Instruments, USA), which mainly
realizes the determination of the specific surface area SSA,
pore volume (PV) and pore size distribution (PSD) by
measuring the advance and retreat mercury curves of shale,
and the pore size is determined. The range is 6.4nm~950um,
and the pressure range is from vacuum to 420MPa.

3.Results and Discussion
3.1Mercury intrusion and extrusion curve

MIP is widely used in quantitative characterization of shale
structure. The two curves in Fig.2 describe the process of
mercury injection and ejection in shale before and after
supercritical CO, extraction. 1-2 is the initial low pressure.
When P < 0.2 MPa, the amount of mercury injection
increases rapidly with the increase of pressure, which mainly
characterizes the pore volume between particles. 2-3 is the
intermediate slowly rising stage. When 0.2 MPa < P < 45
MPa, the mercury injection curve increases gently with the
pressure, and the mercury injection amount mainly reflects
the pore volume in the particle. After stage3 is the end of the
rising section, when 45MPa < P < 420MPa, with the
increasing pressure, the volume of shale particles is
compressed, and the micropores in the shale matrix are also
broken through by high mercury pressure, resulting in rapid
growth of mercury injection.

MIP curve can reflect the development and connectivity of
pores in shale. The original volume of mercury injection in
shale is0.0025ml/g, after supercritical CO2 extraction, the
volume of mercury injection in shale is 0.0063 mL / g.

Compared with the original shale, the mercury injection
volume increased by 1.5 times, indicating that the pore
volume of shale after supercritical CO2 extraction increased
greatly. The mercury ejection curve has obvious lag,
indicating that some mercury remains in the shale. On the
one hand, there are pores of ink bottle shape in the sample,
resulting in a general decrease in mercury extrusion
efficiency. On the other hand, there is a certain interfacial
tension between mercury and shale pore throat surface,
resulting in partial retention of mercury.
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Figure 2: Mercury intrusion and extrusion curves before and
after ScCO, treatment

3.2 Changes of the pore-structure parameters based on
MIP

The SSA and PV of various pores in shale before and after
treatment are shown in Table.1. The MIP data show that the
original shale samples mainly contain mesopores and
macropores, in which the volume of mesopores and
macropores accounts for 56% and 44% of total pores. After
supercritical CO, extraction, the volume of mesopores
increased significantly, accounting for 60.32% of total pores.
For SSA, in the original shale sample, the mesopore
occupies the majority of SSA, accounting for about 99.15%
of TSSA, while the macropore SSA only accounts for 0.85%.
After supercritical CO, extraction, the macropore SSA
increased significantly, about 1.14%, while the mesopores
SSA decreased to 98.86%. The average pore size Ra
increased from 8.63nm to 11.27nm, which may be due to the
extraction and dissolution reaction between supercritical
CO;, injection and the mineral on the pore surface of shale.
Some micropores and mesopores were transformed into
mesopores and macropores through dissolution, and new
micropores were generated, resulting in the reduction of
macropore PV and the increase of mesopore SSA, and the
increase of average pore size, which expanded the seepage
channel inside the shale.
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Table 1: SSA, PV and pore diameter of all kinds of pores based on MIP

2 3
Treatment methods SSA (mlg) Macro- TSSA PV _(cm/g) Macro- TPV Ra (nm)
Meso- Meso-
Untreated 0.7798 0.0067 0.7865 0.0014 0.0011 0.0025 8.63
ScCO, 1.9761 0.0228 1.9989 0.0038 0.0025 0.0063 11.27
4.Conclusion York: Springer-Verlag, 5-32.

In this paper, shale samples from Longmaxi Formation of
Silurian in Eastern Sichuan Basin are taken as experimental
samples. MIP experiments are used to analyze the process of
mercury injection and ejection before and after supercritical
CO, technique, and the changes of shale pore structure after
supercritical CO, extraction. The main conclusions are as
follows:

(1) Mercury intrusion and extrusion curve results show that
the mercury injection of shale after supercritical CO2
technique increases significantly, indicating that the
pore volume of shale after supercritical CO, extraction.
The obvious lag of mercury ejection curve indicates that
there are ink bottle pores in the sample, resulting in a
general decrease in mercury ejection efficiency, and the
interfacial tension between mercury and shale pore
throat surface can also lead to partial retention of
mercury.

(2) Due to the extraction and dissolution reaction between
supercritical CO, injection and shale pore surface
minerals, some micropores and mesopores are
transformed into mesopores and macropore through
dissolution, and new micropores are generated.
Therefore, the PV of the mesopores and SSA of the
macropore increase.

(3) Supercritical CO, technique can expand the average
pore size of shale and improve the seepage channel
inside shale, thereby improving the recovery ratio of
shale oil.
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