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Crossover from gas-like to liquid-like molecular diffusion in a simple
supercritical fluid
B-BERAMNBLERBESIBREZ D FRE
By Umbertoluca Ranieri, Ferdinando Formisano, Federico A. Gorelli, Mario
Santoro, Michael Marek Koza, Alessio De Francesco & Livia E. Bove
Center for High Pressure Science and Technology Advanced Research (HPSTAR),
1690 Cailun Road, Shanghai, 201203, China
Shanghai Advanced Research in Physical Sciences (SHARPS), Pudong, Shanghai,
201203, China
Consiglio Nazionale delle Ricerche, Istituto Nazionale di Ottica, CNR-INO, Via
Nello Carrara 1, Sesto Fiorentino (FI), 50019, Italy

Abstract

According to textbooks, no physical observable can be discerned allowing to
distinguish a liquid from a gas beyond the critical point. Yet, several proposals have
been put forward challenging this view and various transition boundaries between a
gas-like and a liquid-like behaviour, including the so-called Widom and Frenkel lines,
and percolation line, have been suggested to delineate the supercritical state space.
Here we report observation of a crossover from gas-like (Gaussian) to liquid-like
(Lorentzian) self-dynamic structure factor by incoherent quasi-elastic neutron
scattering measurements on supercritical fluid methane as a function of pressure,
along the 200 K isotherm. The molecular self-diffusion coefficient was derived from
the best Gaussian (at low pressures) or Lorentzian (at high pressures) fits to the
neutron spectra. The Gaussian-to-Lorentzian crossover is progressive and takes place
at about the Widom line intercept (59 bar). At considerably higher pressures, a liquid-
like jump diffusion mechanism properly describes the supercritical fluid on both sides
of the Frenkel line. The present observation of a gas-like to liquid-like crossover in
the self dynamics of a simple supercritical fluid confirms emerging views on the
unexpectedly complex physics of the supercritical state, and could have planet-wide

implications and possible industrial applications in green chemistry.
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Near Well Supercritical CO: Injectivity Study in Depleted Clastic Gas Field in
Offshore Malaysia
BRI FEE(CEBREZIAFBER CO EAMRRA
By M. Z. Kashim; S. S. Md Shah; M. A. M Arof; Z. Harom-Haron; K. Khairuddin; R.
D. Tewari
PETRONAS Research Sdn Bhd, Kajang, Selangor, Malaysia

Abstract

PETRONAS is committed to reduce the bulk carbon dioxide (COz) emission to the
atmosphere by re-injecting the produced CO; from high CO> gas field to nearby
identified storage site. One of the most important components to develop the storage
site would be the understanding on the CO: injectivity potential. Limited study is
identified for near well CO> injectivity research especially in determining the critical
velocity rate to identify the injectivity potential during supercritical CO2 injection
(scCOy). In this paper, the injection potential for Field D, which is in Offshore
Malaysia has been studies for the storage prospect maturation purposes. Two
representative sandstone samples with two distinctive permeability (~80 mD and
~300 mD) from the targeted injected zone in Field D were selected for the analysis.
The initially brine saturated core sample was injected with scCO> at fixed flowrate to
establish the core at irreducible brine saturation. ScCO> was then injected at slightly
higher flowrate until the stable differential pressure is achieved. For each subsequent
increases in flow rate, base rate of scCO; is implied in the intervals to observe if there
is any formation damage occurred in laminar flow regime. Relative Injectivity
Coefficient (RIC) was also calculated using the returned rate differential pressure
information. Furthermore, pre- and post-injection core characterization, using routine
core analysis (RCA) and X-Ray CT-scan were conducted to examine any
petrophysical alteration that might take place during the experiment. The critical
velocity rate is then analyzed according to the differential pressure data which later
upscaled to well-scale resolution. Based on the differential pressure trend from the
two injectivity experiments, there is no clear evidence of formation damage even after
the core has been subjected to high scCO> lab flowrate (~110 cc/min). Only minor
dissolution and fines flush-out was occurred. This observation is confirmed by pre-
and post-scCOz injectivity analyses comparison where the petrophysical changes is
very minimal. Based on the evidence from differential pressure and pre- and post-

sample characteristics, it can be concluded that the critical flow rates were higher than



the maximum achievable laboratory flow rates. This denotes that there is no
injectivity issues that is expected to occur up to upscaled well flowrate of 18.5

MMsct/day during the CO» injection in storage target zone in Field D.

Keywords: sedimentary rock, clastic rock, geologist, fluid dynamics, geology, rock
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Optimization Study on Pche Channels for Lead-Bismuth Eutectic and
Supercritical Carbon Dioxide Coupled Flow and Heat Transfer
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By Xiangyu Fu, Siwei Cai, Guodong Qiu, Jianchuang Sun, Bin Zhao, Qian Li, Wei Hua
Cai
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Abstract

The intermediate heat exchanger (IHX) is a key component in lead-cooled fast
reactors (LFRs) between the lead-bismuth eutectic (LBE) loop and supercritical
carbon dioxide (SCO2) Brayton cycle. In this paper, the LBE-SCO2 flow and heat
transfer in printed circuit heat exchanger channels is studied. Firstly, for a typical
1dentical semicircular channel on the hot and cold side, the best hot and cold flow rate
ratio in the constraint of design temperature and pressure drop requirements was
explored. On this basis, the flow and heat transfer characteristics of different channel
patterns were comparatively analyzed. The “rectangle-to-two” channel pattern has the
largest heat transfer in per unit volume, which is 176% larger than the typical
identical semicircular channels. Finally, the correlation equations of Nusselt number
and Fanning friction factor were established. It provides a basis for the flow and heat

transfer calculations and structural optimization design of the LFRs.

Keywords: Printed circuit heat exchanger, Intermediate heat exchanger, Lead-bismuth

eutectic, supercritical carbon dioxide, Flow and heat transfer correlation
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Preparation of Mesophase Pitch through Supercritical Fluid Extraction of Coal
Tar Pitch
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102249, China

Abstract

This paper explores the preparation of mesophase pitch by employing supercritical
fluid extraction on coal tar pitch sourced from a coal chemical company. The raw
material undergoes pretreatment using various extraction solvents, and the resulting
refined components are thermally polycondensed in a laboratory microreactor to
create mesophase pitch. Qualitative and quantitative analyses of the mesophase
pitch’s structure are conducted through polarized light microscopy, X-ray diffraction
(XRD), scanning electron microscopy (SEM), Raman spectroscopy, and other
analytical methods to identify an optimal supercritical fluid extraction pretreatment
solvent for coal tar pitch. The results reveal that using n-hexane solvent in the
supercritical fluid extraction process yields a mesophase pitch with a remarkable
mesophase content of 90.07%, displaying excellent optical texture distribution,
superior directional arrangement and order, the closest lamellar accumulation, and the

highest degree of anisotropy and graphitization.
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Research on the Interaction Mechanisms between ScCO: and Low-Rank / High-
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Abstract

CO; geological sequestration in coal seams can achieve the dual objectives of CO>
emission reduction and enhanced coalbed methane production, making it a highly
promising carbon capture and storage technology. However, the injection of CO2 into
coal reservoirs in the form of supercritical fluid (ScCOz) leads to complex
physicochemical reactions with the coal seam, altering the properties of the coal
reservoir and impacting the effectiveness of CO; sequestration and methane
production enhancement.In this paper, theoretical calculations based on ReaxFF-MD
were conducted to study the interaction mechanism between ScCO; and the
macromolecular structure of both low-rank and high-rank coal, to address the
limitations of experimental methods. The reaction of ScCO- with low-rank coal and
high-rank coal exhibits significant differences. At swelling stage, the low-rank coal
experiences a decrease in aromatic structure and aliphatic structure, high-rank coal
shows an increase in aromatic structure and a decrease in aliphatic structure, while
swelling phenomenon is more pronounced in high-rank coal. At dissolution stage,
low-rank coal is initially decomposed into two secondary molecular fragments, and
then recombine to form new molecular structure, the aromatic structure increased and
the aliphatic structure decreased. In contrast, high-rank coal occurs stretches-
breakage-movement-reconnection, a reduction in aromatic structure and an increase in
aliphatic structure.The primary reasons for these variations lie in distinct molecular
structure compositions and the properties of ScCO», leading to different reaction
pathways of functional group and aromatic structure. The reaction pathways of
functional groups and aromatic structures in coal can be summarized as follows: the
breakage of the O-H bond in hydroxyl groups, the breakage of the C-OH bond in
carboxyl groups, transformation of aliphatic structures into smaller hydrocarbon
compounds or formation of long-chain alkenes, and various pathways involving
broken, rearrangement, recombination of aromatic structures. In low-rank coal, there
is a higher abundance of oxygen-containing functional groups and aliphatic structures.

The breakage of O-H and C-OH chemical bonds results in the formation of free



radical ions, while some aliphatic structures detach to produce hydrocarbons.
Additionally, some of these aliphatic structures combine with carbonyl groups and
free radical ions to generate new aromatic structures. Conversely, in high-rank coal,
the lower content of oxygen-containing functional groups and aliphatic structures,
along with stronger intramolecular forces, results in fewer chemical bond breakages
and makes it less conducive to the formation of new aromatic structures.These results
elucidate the specific deformations of different chemical groups, offering a molecular-

level understanding of the interaction between CO2 and coal.

Keywords: ScCO»; Low/High-rank coal; Coal structure; Nano-molecular scale;
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Abstract

Shale oil is a complex organic rock in which kerogen serves as the main source for
obtaining liquid hydrocarbons. Traditional methods of light oil extraction prove to be
inefficient due to their low bitumen content and high extraction costs. This stimulates
the need for the development of new, efficient, and environmentally friendly
technologies for the extraction and processing of shale oil. This article proposes a
method of hydrothermal conversion of Domanic shale in subcritical and supercritical
fluids at various temperatures (300, 350, and 400 °C). Analysis methods include
SARA analysis, gas chromatography, GC/MS of saturated and aromatic fractions, IR
spectroscopy, X-ray tomography of rocks, and others. The results confirm changes in
the composition and structure of shale, including hydrocarbon redistribution, changes
in resins and asphaltenes, and heterogeneous changes in pore space. These data reveal
the influence of hydrothermal conversion of Domanic shale, opening new
perspectives for understanding and optimizing the processes of synthetic oil

production.
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Abstract

This paper aims to provide an understanding of sCO> inviscid adiabatic normal shock
behavior near the critical point and to develop an explicit tool for faster prediction of
the shock relations that can aid the supercritical turbomachinery design process. An
iterative algorithm was developed to compute shockwave behaviors for nonideal
fluids. Three important shock behavior parameters were investigated: postshock Mach
number, shock strength, and polytropic efficiency. A comparative study was carried
out between air (ideal gas assumption), ideal gas CO; (ideal gas assumption), and
nonideal fluid CO2 (Span—Wagner equation of state). The distinct differences show
the inadequacy of the perfect gas shock relations when predicting sCO» shock
behavior near the critical point. The results of nonideal fluid calculations show a
general trend of stronger shock strengths and higher polytropic efficiencies toward
lower preshock entropy conditions. This is also distinctive near the critical point due
to the reduced speed of sound. Finally, explicit expressions for these parameters were
retrieved using symbolic regression. The fitted models have significant improvements
compared to the prediction from perfect gas shock relations with a 5-20% point
reduction in relative errors. This study also shows the potential for machine learning
to be applied in nonideal fluid effects modeling and the methodology developed in

this paper can be easily introduced to other working fluids in their ranges of interest.
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