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Advancing Fundamental Understanding of Retention Interactions in
Supercritical Fluid Chromatography Using Artificial Neural Networks: Polar
Stationary Phases with —OH Moieties
ERAATBEEBIEENBRANBELEPFELXGIFRNERER . 8 -OH &
7RO 4 E E 1

By Katefina Plachka, Veronika Pilafova, Tat’ana Gazarkova, FrantiSek Svec,
Jean-Christophe Garrigues, Lucie Novakova*
Department of Analytical Chemistry, Faculty of Pharmacy in Hradec Kralové, Charles
University, 500 05 Hradec Kralové, Czechia

Abstract

The retention behavior in supercritical fluid chromatography and its stability over
time are still unsatisfactorily explained phenomena despite many important
contributions in recent years, especially focusing on linear solvation energy
relationship modeling. We studied polar stationary phases with predominant -OH
functionalities, i.e., silica, hybrid silica, and diol columns, and their retention behavior
over time. We correlated molecular descriptors of analytes with their retention using
three organic modifiers of the CO»-based mobile phase. The differences in retention
behavior caused by using additives, namely, 10 mmol/L. NH3 and 2% H>O in
methanol, were described in correlation to analyte properties and compared with the
CO2/methanol mobile phase. The structure of >100 molecules included in this study
was optimized by semiempirical AM1 quantum mechanical calculations and
subsequently described by 226 molecular descriptors including topological,
constitutional, hybrid, electronic, and geometric descriptors. An artificial neural
networks simulator with deep learning toolbox was trained on this extensive set of
experimental data and subsequently used to determine key molecular descriptors
affecting the retention by the highest extent. After comprehensive statistical analysis
of the experimental data collected during one year of column use, the retention on
different stationary phases was fundamentally described. The changes in the retention
behavior during one year of column use were described and their explanation with a
proposed interpretation of changes on the stationary phase surface was suggested. The
effect of the regeneration procedure on the retention was also evaluated. This
fundamental understanding of interactions responsible for retention in SFC can be
used for the evidence-based selection of stationary phases suitable for the separation

of particular analytes based on their specific physicochemical properties.

EREJE © https://doi.org/10.1021/acs.analchem.4c01811




Maximized Lanthanide Extraction Using Supercritical CO2 and Fluorinated
Organophosphate Extractants
EABERSR CO,MabABKAEEZINE S AREIMZZER A TR
By Yuemin Deng, Dong Xia, Damien Bourgeois, Daniel Meyer, Stéphane Campidelli,
Héléne Isnard, Victor Francois, Robin Ronceray, Bertrand Reygner, Jean-
Christophe P. Gabriel*
Université Paris-Saclay, CEA, CNRS, NIMBE, LICSEN, 91191 Gif-sur-Yvette, France
SCARCE Laboratory, Energy Research Institute, Nanyang Technological University, 50
Nanyang Drive, 639798 Singapore, Singapore

Abstract

Rare-earth elements (REEs) are critical to the production of modern integrated
electronic devices that are ubiquitous in our lives. They are also of strategic
importance to our economy and security. Unfortunately, although electronic waste
contains such elements, its overall low concentration makes its recovery economically
impractical, posing a significant challenge to recycling efforts. Hence, this paper
proposes changes to the extraction process that focus on the potential for
economically viable recovery. In addition, it also reduces the environmental impact of
downstream hydrometallurgical processes. More precisely, this study presents novel
extraction molecules that exhibit exceptional solubility and extraction efficiencies in
supercritical carbon dioxide. This development therefore provides an alternative
process to traditional hydrometallurgical processes that is more environmentally
friendly and addresses the urgent need for sustainable methods of REE recovery and

separation.

Keywords: maximized lanthanide extraction, supercritical carbon dioxide, fluorinated

organophosphate extractants, rare-earth elements, hydrometallurgy

ERIHGR : https://doi.org/10.1021/acssusresmet.4c00122




Mechanical property enhancement of flax fibers via supercritical fluid treatment
1% 15 B B 57 07T A3 B 38 1 0 oo i A A RO B AR M B
By Amy Langhorst, Dandan Zhang, Jonah Berman, Xhulja Biraku, Julie
Rieland, Mengjie Yu, Brian Love, Mihaela Banu & Alan Taub
Materials Science and Engineering, The University of Michigan, Ann Arbor, MI,
USA

Abstract

The desire for lightweight, carbon-negative materials has been increasing in recent
years, particularly as the transportation sector reduces its global carbon footprint.
Natural fibers, such as flax fiber and their composites, offer a compelling combination
of properties including low density, high specific strength, and carbon negativity.
However, because of the low modulus and high variability in performance, natural
fibers can’t compete with glass fibers as structural reinforcements in polymer
composites. In this study, flax technical fibers were treated in supercritical

CO2 (scCOy), and the effects of this treatment on the morphology and properties of
flax fibers are reported. Treatment in scCO2 successfully resulted in higher fiber
modulus and strength by 33% and 40%, respectively. Fiber porosity was reduced by
50% and morphological changes to the fibers were observed. Specifically, fiber lumen
collapsed during treatment and micro/mesoporosity was reduced by 27%. Treated flax
fibers were used to create 30 vol% unidirectional flax-epoxy composites.

ScCOs treatment raised composite modulus and strength by 33% and 25%,
respectively. Because of the dependence between technical fiber size and mechanical
properties, the relationship between fiber modulus and fiber size were created and
applied to the rule-of-mixtures. This relationship were found to be viable
representations of the fiber performance within each composite. Overall, the treatment
developed in this study has the potential to significantly improve natural fiber
properties, enabling their consideration for use in lightweight, semi-structural

composites.

BRAGE ¢ https:/www.nature.com/articles/s41598-024-69105-z




Protocols for the preparation and characterization of decellularized tissue and

organ scaffolds for tissue engineering
AT EEAMAMNRE X RNREBENRES R
By Dar-Jen Hsieh™!, Periasamy Srinivasan', Ko-Chung Yen!, Yi-Chun Yeh!, Yun-Ju
Chen!, Hung-Chou Wang' & Yih-Wen Tarng"*?
'R&D Center. ACRO Biomedical Co., Ltd. Luzhu District, Kaohsiung City 82151, Taiwan,
’Department of Orthopedics, Kaohsiung Veterans General Hospital, no. 386,
Da-Chung Ist Road, Kaohsiung City, 813414, Taiwan,

Abstract

Extracellular matrix (ECM) scaffolds are extensively used in tissue engineering
studies and numerous clinical applications for tissue and organ reconstructions. Due
to the global severe shortage of human tissues and organs, xenogeneic biomaterials
are a common source for human tissue engineering and regenerative medicine
applications. Traditional methods for decellularization often disrupt the 3D
architecture and damage the structural integrity of the ECM scaffold. To efficiently
obtain natural ECM scaffolds from animal tissues and organs with intact architecture,
we have developed a platform decellularization process using supercritical CO2 and
tested its potential application in tissue engineering. A combination of human
mesenchymal stem cells with a decellularized dermal matrix scaffold allowed

complete regeneration of skin structure in a porcine full-thickness wound model.
Keywords: 3D bioprinting; decellularized tissue scaffolds; organ regeneration; organ
scaffolds; porcine organs; porcine tissues; regenerative medicine; supercritical carbon

dioxide; tissue engineering; tissue regeneration.

ERZEJE : https://pubmed.ncbi.nlm.nih.gov/33307815/




Pyrolysis Mechanism and Reservoir Simulation Study of Organic-Rich Shale

during the In Situ Conversion via Supercritical Water Heating
EARE R EBIRFTKINER A8 2SRRI HI B B = BT 55
By Yaqian Liu, Chuanjin Yao*, Xiangxiang Meng, Yuanbo Ma, Liang Xu, Xinge
Du
State Key Laboratory of Deep Oil and Gas, China University of Petroleum (East China),
Qingdao 266580, Shandong, China
Key Laboratory of Unconventional Oil & Gas Development, Ministry of Education, China
University of Petroleum (East China), Qingdao 266580, Shandong, China

Abstract

The low-medium maturity shale reservoir has garnered substantial interest because of
its huge reserves and promising hydrocarbon generation potential. In this paper, a
self-designed high-temperature and pressure pyrolysis experiment device was
constructed. Experiments involving thermogravimetric pyrolysis and isothermal
pyrolysis in supercritical water (SCW) environments were carried out on samples
from the Longkou shale. The effect of SCW on organic-rich shale pyrolysis was
understood by comparing the product characteristics of shale pyrolysis in SCW
environments with dry environments. The complete kinetic models of kerogen
pyrolysis in dry and SCW environments were established by fitting the composition
characteristics of pyrolysis products using the nonlinear least-squares method. The
numerical simulation of shale in situ conversion via SCW injection and electrical
heating was investigated, and the performance evolution of thermal-reactive flow
coupling was clarified. The results showed that SCW reduced the main temperature
window of kerogen pyrolysis, and the total mass loss increased by 46.29% compared
to that in a dry environment. SCW promoted the generation and subsequent release of
pyrolysis hydrocarbons. SCW altered the compositional profile of the generated
products, mainly by increasing CO> content in pyrolysis gas, reducing olefin content,
and effectively improving oil quality compared with the dry environment. SCW
reduced the activation energy of kerogen pyrolysis by 41.65%, indicating that the
reaction is more easily activated. More hydrocarbon products and less coke were
generated. The superiority of kinetic models holds significant practical implications
for the application of SCW heating organic-rich shale in situ conversion technology.
The shale in situ conversion via SCW greatly shortened the production cycle and

improved cumulative oil. Kerogen within the interwell region was completely



pyrolyzed, the reservoir porosity increased to 2 times of the original value, and
permeability was enhanced by 10 times after shale in situ conversion via SCW for 3

years.

ERIHGR : https://doi.org/10.1021/acs.energyfuels.4c02100




Supercritical COz and Subcritical H20 Analysis Instrument: Automated Lipid
Analysis for In Situ Planetary Life Detection
HBEE R CO, MR H.0 2TE=R - ARRMTEEmERAINBEEEED T
By Victor Abrahamsson*, Bryana L. Henderson, Adam Friedman, Johannes
Gross, Jens Prothmann, Alfonso F. Davila, Amy J. Williams, Ying Lin, Isik
Kanik, Fang Zhong
NASA Jet Propulsion Laboratory, California Institute of Technology, Pasadena ,California
91109-8001, United States

Abstract

The search for extraterrestrial extant or extinct life in our Solar System will require
highly capable instrumentation and methods for detecting low concentrations of
biosignatures. This paper introduces the Supercritical CO; and Subcritical H.O
Analysis (SCHAN) instrument, a portable and automated system that integrates
supercritical fluid extraction (SFE), supercritical fluid chromatography (SFC), and
subcritical water extraction coupled with liquid chromatography. The instrument is
compact and weighs 6.3 kg, making it suitable for spaceflight missions to planetary
bodies. Traditional techniques, such as gas chromatography—mass spectrometry (MS),
face challenges with involatile and thermally labile analytes, necessitating
derivatization. The SCHAN instrument, however, eliminates the need for
derivatization and cosolvents by utilizing neat supercritical CO> with water as an
additive. This SFE-SFC-MS method gives efficient lipid biosignature separations with
median detection limits of 10 pg/g (ppt) for fatty acids and 50 pg/g (ppt) for sterols.
Several free fatty acids and cholesterol were among the detected peaks in biologically
lean samples from the Atacama Desert, demonstrating the instrument’s potential for in
situ life detection missions. The SCHAN instrument addresses the challenges of
conventional systems, offering a compact, portable, and spaceflight-compatible tool

for the analysis of organics for future astrobiology-focused missions.

ERJE : https://doi.org/10.1021/acs.analchem.4¢00474




Towards sustainable energy — exploring the supercritical carbon dioxide (S-COz)
Brayton cycle for various applications: a critical review
BOKBBER—IRRBER _S(EIX (S-CO,) MBEEBRNIERER | BB aR
By K. Ravi Kumar & N. V. V. Krishna Chaitanya
2 Department of Energy Science and Engineering, Indian Institute of Technology Delhi, New
Delhi, India

® Bernal Institute, University of Limerick, Limerick, Ireland

Abstract

In recent years, with an increase in energy demand and environmental concerns, it is
important to generate the required amount of energy in a greener and more efficient
way. The supercritical carbon dioxide (S-COz) based Brayton cycle is gaining
attention due to its efficient energy generation. In the present study, a detailed review
is provided on the S-CO» Brayton cycle. This includes thermodynamic properties,
general comparison of various Brayton cycle configurations, and so on. The
applications of integrating the S-CO; Brayton cycle in power generation, nuclear, fuel
cell, and renewable energy are also discussed in detail. The key challenges that arise
from the technology and their improvements are provided. In addition, test facilities
around the world are outlined and future goals are explored. Furthermore, a practical
dimension to the S-CO; Brayon cycle system also emphasises the national and
international relevance and collaborative nature of advancements in this field. It
provides a roadmap for further research and development, emphasising the
importance of this technology in addressing both energy demands and environmental
concerns. Overall, as compared to other cycles, the S-CO2 Brayton cycle exhibits the
maximum efficiency, which is approximately 53%, achieved at a turbine inlet

temperature exceeding 1173.15 K.

Keywords: Solar thermal power generation, concentrating solar power, super critical

CO:, Brayton cycle, renewable energy, turbomachinery

BRI : https:/doi.org/10.1080/01430750.2024.2378046




