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Aspects of Gas Storage: Confined Geometry Effects on the High-Pressure
Adsorption Behavior of Supercritical Fluids
BRAH | XIRECEREBEFRESBRMITRINTE
e By Simon Eder, Patrick Guggenberger, Tatiana Priamushko, Freddy
Kleitz, and Matthias Thommes*
Institute of Separation Science and Technology, Friedrich-Alexander-Universitét

Erlangen-Niirnberg, Egerlandstr. 3, Erlangen 91058, Germany

Abstract

During the last decades, major progress was made concerning the understanding of
subcritical low-pressure adsorption of fluids like nitrogen and argon at their boiling
temperatures in nanoporous materials. It was possible to understand how structural
properties affect the shape of the adsorption isotherms. However, within the context
of gas storage applications, supercritical high-pressure gas adsorption is important. A
key feature here is that the experimentally determined surface excess adsorption
isotherm may exhibit a characteristic maximum at a certain pressure. For a given
temperature and adsorptive/adsorbent system, the surface excess maximum (and the
corresponding adsorbed amount) is related to the storage capacity of the adsorbent.
However, there is still a lack of understanding of how key textural properties such as
surface area and pore size affect details of the shape of supercritical high-pressure
adsorption isotherms. To address these open questions, we have performed a
systematic experimental study assessing the effect of pore size/structure on the
supercritical adsorption isotherms of pure fluids such as C2H4, CO2, and SF6 over a
wider range of temperatures and pressures on a series of model materials exhibiting
well-defined pore sizes, i.e., ordered micro- and mesoporous materials (e.g., NaY
zeolite, KIT-6 silica, and MCM-48 silica). A fundamental result of our experiments is
a unique fluid-independent correlation between the pressure of the surface excess
maximum pmax (at a given temperature) and the pore size (by taking into account the
kinetic diameter of the fluid and the underlying effective attractive fluid-wall
interaction). Summarizing, our results suggest important structure—property
relationships, allowing one to determine, for given thermodynamic conditions,
important information related to the optimal operating conditions for supercritical
adsorption applications. The insights may also serve as a basis for optimizing and
tailoring the properties of nanoporous adsorbent materials for gas storage

applications.
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Characteristics of Purified Horse Oil by Supercritical Fluid Extraction with
Different Deodorants Agents
A EI R R BB R M Be 22 HU AR FS M A0 45 14
By Anneke Anneke!, Hye-Jin Kim?%, Dongwook Kim', Dong-Jin Shin®, Kyoung-tag
Do*, Chang-Beom Yang*, Sung-Won Jeon*, Jong Hyun Jung>’, Aera Jang"*
"Department of Applied Animal Science, College of Animal Life Science, Kangwon National
University, Chuncheon 24341, Korea
2Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Korea
3Department of Animal Sciences, Purdue University, West Lafayette, IN 47907, USA
“Major of Animal Biotechnology, College of Applied Life Science, Jeju National University,
Jeju 63243, Korea
SJung P&C Institute, Inc., Yongin 16950, Korea

Abstract

This study investigated the impact of activated carbon (AC), palm activated carbon
(PAC), and zeolites (Zeo) on horse oil (HO) extracted from horse neck fat using
supercritical fluid (SCF) ex-traction. The yield and lipid oxidation of SCF-extracted
HO were not significantly affected by the three deodorants. However, deodorant-
treated HO exhibited significantly elevated levels of a-linolenic acid (ALA, C18:3n3)
and eicosenoic acid (C20:1n9) compared to untreated HO (p<0.05), while other fatty
acids remained consistent. Zeo-purified HO demonstrated significantly lower levels of
volatile organic compounds (VOCs) than other treatments (p<0.05). Remarkably, Zeo
decreased the concentration of pentane, 2,3-dimethyl (gasoline odor), by over 90%,
effectively eliminating sec-butylamine (ammonia and fishy odor) in purified HO
(p<0.05). Additionally, Zeo reduced fruity citrus odor compounds nonanal, octanal,
and D-limonene in HO in contrast to untreated HO (p<0.05). This study suggests that
integrating Zeo in SCF extraction enhances HO purification by effectively eliminating
undesirable VOCs, presenting a valuable approach for producing high-quality HO

production for the cosmetic and functional food industries.

Keywords: Horse oil; supercritical fluid extraction; purification; deodorants; zeolites

ERIHGR : https://doi.org/10.5851/kosfa.2024.e19




Comprehensive Single-Platform Lipidomic/Metabolomic Analysis Using
Supercritical Fluid Chromatography—Mass Spectrometry
R REEL- B A ETEENEYSEE A/ NS HEED T
By Oleksandr Kozlov, EliSka Han¢ova, Eva Cifkova, and Miroslav Lisa*
Department of Chemistry, Faculty of Science, University of Hradec Kralové,
Rokitanského 62, Hradec Kralové 50003, Czech Republic

Abstract

Supercritical fluid chromatography (SFC) is a rapidly expanding technique in the
analysis of nonpolar to moderately polar substances and, more recently, also in the
analysis of compounds with higher polarity. Herein, we demonstrate a proof of
concept for the application of a commercial SFC instrument with electrospray
ionization—mass spectrometry (MS) detection as a platform for the comprehensive
analysis of metabolites with the full range of polarities, from nonpolar lipids up to
highly polar metabolites. The developed single-platform SFC-MS
lipidomic/metabolomic method is based on two consecutive injections of lipid and
polar metabolite extracts from biphase methyl tert-butyl ether extraction using a diol
column and two different gradient programs of methanol-water-ammonium formate
modifier. Detailed development of the method focused mainly on the pressure limits
of the system, the long-term repeatability of results, and the chromatographic
performance, including optimization of the flow rate program, modifier composition
and gradient, and injection solvent selection. The developed method enabled fast and
comprehensive analysis of lipids and polar metabolites from plasma within a 24 min
cycle with two injections using a simple analytical platform based on a single
instrument, column, and mobile phase. Finally, the results from SFC—MS analysis of
polar metabolites were compared with widely established liquid chromatography MS
analysis in metabolomics. The comparison showed different separation selectivity of
metabolites using both methods and overall lower sensitivity of the SFC—MS due to

the higher flow rate and worse chromatographic performance.

ERZKJE : https://doi.org/10.1021/acs.analchem.3c¢04771




Near Well Supercritical CO:z Injectivity Study in Depleted Clastic Gas Field in
Offshore Malaysia
BRI ECEBRE THEBERS CO L EAMR
By M. Z. Kashim; S. S. Md Shah:S. S. Md Shah
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

MMscf/day during the CO; injection in storage target zone in Field D.

Keywords: sedimentary rock, clastic rock, geologist, fluid dynamics, geology, rock

type, enhanced recovery, core analysis, climate change, permeability

BRIZE : https://doi.org/10.4043/35000-MS




Numerical Simulation on Interaction Between the Supercritical CO2 and Water-

Rock in Tarim Basin
EEARZM ZBIRR CO,BKE REFRNEERS
By Youheng Zhang; Pingchuan Dong; Shun Chen; Yiwei Chen; Peizhai Cheng; Bingtao
Yang
College of Petroleum Engineering, China University of Petroleum, Beijing, China
State Key Laboratory of Petroleum Resources and Prospecting, China University of

Petroleum, Beijing, China

Abstract

Climate change is related to human survival and long-term development. In the
context of global carbon neutrality, carbon dioxide capture, utilization, and storage
play a key role in carbon emission reduction. Supercritical CO; appears weakly acidic
when dissolved in water. After contact with the reservoir, the carbonate rock in
formation will react with the CO, aqueous solution, which will lead to the process of
original mineral dissolution and secondary mineral precipitation, and affect the
seepage process. The numerical simulation method is used to study the CO»-water-
rock reaction time and storage capacity in structural and stratigraphic trapping,
residual trapping, solubility trapping, and mineral trapping. Solubility trapping utilizes
CO: to dissolve in the aqueous phase at a certain pressure/temperature to achieve the
purpose of storage. It largely depends on pressure, temperature, and surface area in
contact with water bodies. Residual trapping uses the effect of the relative
permeability curve from displacement to suction to trap the non-wetting phase. The
mineral trapping of Anorthite, Calcite, and Kaolinite after CO; injection under the
initial condition of PH=7 was simulated. Comparison of water-rock reactions under
four different storage methods. The results show that, during the simulation process,
anorthite gradually dissolved, kaolinite gradually precipitated, and calcite initially
dissolved and then precipitated. In the early stage of CO> injection and reaction, more
than 90% of CO:x is stored by structural and stratigraphic trapping and residual
trapping, and there is a small amount of solubility trapping. The contribution rate of
mineral trapping is about 0. With time, the amount of CO> stored by solubility
trapping and mineral trapping gradually increases, the concentration of CO; dissolved
in formation water and the concentration of Ca*" and Mg?" increase significantly, the
dissolution rate of formation rock increases, and the mineral trapping rate of CO> also

increases. It will take decades or even hundreds of years to realize the permanent



storage of CO». This provides theoretical support for long-term and safe storage of
COsz in reservoirs and prediction of storage methods and has certain guiding

significance.
Keywords: geologist, sedimentary rock, fluid dynamics, carbonate rock, reservoir
simulation, social responsibility, enhanced recovery, climate change, subsurface

storage, modeling & simulation

ERIFEE : https://doi.ore/10.4043/34864-MS




Supercritical Carbon Dioxide Shock Behavior Near the Critical Point
R SRR MUE B R _ S(ERE BT
By Jinhong Wang, Teng Cao, Ricardo Martinez-Botas
Department of Mechanical Engineering, Imperial College London, London SW7 2AZ, UK

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.

BRI ¢ https://doi.org/10.1115/1.4063384




The Study of Supercritical Carbon Dioxide Trapping Behavior in Carbonate
Reservoirs Through Pore-Scale Imaging Analysis
ZBARRE B & 2 TS B = 8 P B ER SR S EIX IR T /MR
By Y. Y. Foo; M. Z. Kashim; A. H. Mazeli; R. D. Tewari; H. P. Menke; K. Singh
Institute of GeoEnergy Engineering, Heriot-Watt University, Edinburgh, United Kingdom

Abstract

Severe climate change has urged the energy industry to revolutionalise the
conventional technologies at pace to curb greenhouse gasses emission for more
sustainable future. Carbon Dioxide (COz) storage at subsurface geological formation
remains as the most effective technique to store massive quantity of CO> safely and
permanently. Nonetheless, the flow and trapping behaviours of CO» at supercritical
condition within geological formation are very complex, particularly for the carbonate
rocks attributed to the wide spectrum of rock fabrics, pore geometries and structures.
This study aims to investigate the pore interconnectivity and residual CO» trapping
during the drainage and imbibition processes within porous media through digital
rock technology. Native cores from three carbonate fields with different rock
characteristics were plugged to obtain representative samples for the pore-scale
coreflooding experiments. Brine and supercritical CO2 were injected into core plugs at
temperature up to 120 °C and pressure up to 3000 psi. X-ray images of the saturated
core plugs were obtained through micro computed tomography (Micro-CT) facilities
after injection of 10 pore volume (PV) of CO; and 5 PV of brine. Porosity, pore
interconnectivity, fluid occupancy, saturation profiles and CO, ganglia size
distribution were measured and studied through the pore-scale imaging analysis. The
results indicate that the saturation of CO; after drainage and imbibition are strongly
dependent on the local rock heterogeneity, specifically the presence and distribution
of micropores within the rocks. All samples evidently show that micropores play
critical role in pore interconnectivity. CO> ganglia in one sample was observed to be
well connected initially but fragmented into smaller sizes after brine imbibition and,
lastly, there was no CO» percolation within the pore network if the flow rate was too
low. This paper presents a detailed study in investigating the flow and trapping
behaviour of COz at supercritical state, providing new insights to the important factors
which influence the CO; trapping. Deeper understanding of the flow and trapping
mechanisms is essential to formulate an effective CO» storage development plan,

ensuring minimum injectivity and containment risk throughout the storage period.
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