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A Comprehensive Review on Advanced Extraction Techniques for
Retrieving Bioactive Components from Natural Sources
R AR P IR HVAE YA B 70 RO ST 2 25 B T RO = E AR 2t
By Yogesh A. Bhadange, Jitendra Carpenter*, and Virendra Kumar Saharan*
Department of Chemical Engineering, Malaviya National Institute of Technology,
Jaipur 302017, India

Abstract

The extraction of bioactive components from natural sources has gained significant
attention in recent years due to increasing demand for natural and functional
constituents in various industries, including pharmaceuticals, food, and cosmetics.
This review paper aims to provide a comprehensive overview of the studies on
extracting bioactive components from natural sources using different advanced
extraction techniques. It highlights the need for efficient extraction methods to
preserve these components’ integrity and bioactivity. Various extraction techniques as
supercritical-fluid extraction, microwave-assisted extraction, ultrasound-assisted
extraction, subcritical solvent extraction, and solid-phase microextraction are explored
in detail, highlighting their principles, advantages, and limitations. The review further
examines the impact of different factors on the extraction process, including solvent
selection, extraction time, temperature, ultrasonication-amplitude, etc. Additionally,
emerging techniques, such as green extraction methods and nanotechnology-based
approaches, are discussed, emphasizing their potential to enhance the extraction
efficiency and sustainability of the process. Furthermore, the review presents case
studies and experimental results from recent research articles, providing insights into
applying different extraction techniques for specific bioactive components, such as
phenolics, flavonoids, alkaloids, and essential oils. It discusses the extraction yield,
bioactivity, and potential utilization of the extracted components in various industries.
Overall, this review paper is valuable for researchers, scientists, and industry
professionals interested in extracting bioactive components from natural sources. It
consolidates the current knowledge on different advanced extraction techniques, their
optimization parameters, and their potential applications, facilitating further
advancements in the field and the development of innovative extraction methods for

bioactive component extraction from natural sources.
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A versatile pressure-cell design for studying ultrafast molecular-dynamics
in supercritical fluids using coherent multi-pulse x-ray scattering
—REZINEBRNE TR - AREREESIRE X SRS B FME PRIEBR
DFENNE
By Priyanka Muhunthan ; Haoyuan Li ; Guillaume Vignat ; Edna R. Toro ; Khaled
Younes ; Yanwen Sun ; Dimosthenis Sokaras ; Thomas Weiss; Ivan Rajkovic ; Taito
Osaka; Ichiro Inoue ; Sanghoon Song ; Takahiro Sato ; Diling Zhu ; John L.
Fulton ; Matthias Thme
'Department of Mechanical Engineering, Stanford University, Stanford, California
94305, USA
’SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA

Abstract

Supercritical fluids (SCFs) can be found in a variety of environmental and industrial
processes. They exhibit an anomalous thermodynamic behavior, which originates
from their fluctuating heterogeneous micro-structure. Characterizing the dynamics of
these fluids at high temperature and high pressure with nanometer spatial and
picosecond temporal resolution has been very challenging. The advent of hard x-ray
free electron lasers has enabled the development of novel multi-pulse ultrafast x-ray
scattering techniques, such as x-ray photon correlation spectroscopy (XPCS) and x-
ray pump x-ray probe (XPXP). These techniques offer new opportunities for resolving
the ultrafast microscopic behavior in SCFs at unprecedented spatiotemporal
resolution, unraveling the dynamics of their micro-structure. However, harnessing
these capabilities requires a bespoke high-pressure and high-temperature sample
system that is optimized to maximize signal intensity and address instrument-specific
challenges, such as drift in beamline components, x-ray scattering background, and
multi-x-ray-beam overlap. We present a pressure cell compatible with a wide range of
SCFs with built-in optical access for XPCS and XPXP and discuss critical aspects of

the pressure cell design, with a particular focus on the design optimization for XPCS.

BRIFE : https:/doi.org/10.1063/5.0158497




Critical Threshold for Bubble-like Nucleation during Pseudoboiling at

Supercritical Pressures
B R B N R HE B SRR R R E
By Ming Dong, Jinliang Xu*, and Yan Wang
Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy
Utilization, North China Electric Power University, Beijing 102206, China

Abstract

Supercritical pseudoboiling was proposed in the 1950s—1960s. Recently, evaporation-
like and boiling-like heat transfer have been directly observed in macroscopic scales,
and the contribution of pseudoboiling to the total heat transfer rate has been
quantitatively characterized experimentally. Here, we explore the critical threshold to
generate a bubble-like nucleus at supercritical pressure at the atomic scale,
characterized by the total energy (Te = Ke + Pe, where Ke and Pe are kinetic energy
and potential energy, respectively). Molecular dynamics simulations are performed,
including an argon fluid box heated by a solid wall having its temperature above the
fluid temperature. The fluid pressure is controlled by a movable piston wall opposite
the heating wall. The effects of pressure, nonuniform heating, and surface wettability
on pseudoboiling are investigated. It is found that the criterion Te > 0 should be
satisfied for subcritical boiling, matching that reported previously. The criterion for
supercritical pseudoboiling was newly obtained such that Te > 0.012 eV at 8 MPa for
argon, but the threshold increases as pressure increases. Nonuniform heating and
surface wettability do not affect the critical threshold of Te for bubble-like nucleation
but affect the location of the initially generated bubble-like nucleus and the stabilized
pseudofilm or pseudonucleate heat transfer modes, where the former is similar to
(vapor) film boiling and the latter is similar to nucleate boiling at subcritical pressure.
Because pseudoboiling occurs without surface tension at supercritical pressure, we
observe that the bubble-like structure may not display a perfectly smooth gas—liquid
interface but may display an irregular pattern instead. Our work explains
pseudoboiling from the viewpoint of the competition between kinetic energy and
potential energy and presents a link regarding boiling in the two domains of

subcritical pressure and supercritical pressure.

ERZKJE : https://doi.org/10.1021/acs.langmuir.4c01477




Polysaccharide-based aerogels fabricated via supercritical fluid drying: a
systematic review
ZRBHEANBLZERENZSREIRE | 2AUHE
By Tatiana S. Demina, Nikita V. Minaev & Tatiana A. Akopova
Institute of Photon Technologies, Kurchatov Complex of Crystallography and Photonics,
NRC Kurchatov Institute, 2 Pionerskaya St., Troitsk, Moscow, Russia

Abstract

Due to their biocompatibility and biodegradability, polysaccharide-based aerogels
produced through supercritical fluid drying attract a lot of attention in the food
industry, pharmaceuticals, tissue regeneration, etc. The aim of this study is to
systematically review the types of polysaccharides used for aerogel fabrication, the
approaches to their gelation before supercritical fluid drying, and the conditions of the
drying. The literature screening was conducted according to the PRISMA protocol to
give a full picture. Aerogels can be made using a wide range of polysaccharides
(alginates, chitosan, agar, cellulose, carrageenans, starch, pectin, chitin, h-glucans,
xanthan, guar gum, gellan gum, hyaluronic acid, tragacanth gum, locust bean gum), as
well as polysaccharide-based biomaterials and artificial composites containing
inorganic substances. The natural origin of the polysaccharides and a diversity of their
chemical structure allow to explore a wide range of processing conditions for
fabrication of aerogels for various applications. Different strategies to dissolve and gel
the polysaccharides, aiming to reduce a number of required steps to aerogel formation
and control its morphology, were reported. An analysis of the protocols used for
supercritical drying of the formed gels showed trends toward process simplification
and the implementation of one-pot strategies, as well as the better control over aerogel
morphology, which open up opportunities for a wide application of polysaccharide-

based aerogels in practice.

ERIZKIE : https://link.springer.com/article/10.1007/s00289-024-05359-x




Potential of Multilateral Closed Loop Geothermal Systems for Power

Generation Using Water and Supercritical CO;
LERIRMM ARSI AKMBER _Sbik3EERE
By O. Khankishiyev; Y. Wu; H. Karami; S. Salehi; H. Farajli
Polytechnic University of Turin, Piedmont, Italy

Abstract

The super-hot enhanced geothermal systems were simulated to generate remarkably
high megawatts of electricity per well, while in practice, the extreme underground
conditions proved to be challenging for long-term production operations. This paper
presents a comprehensive investigation into Multilateral Closed Loop Geothermal
Systems (CLGS) using water and supercritical CO», targeting enhanced power
generation in high-temperature geothermal environments up to 350°C, while
eliminating production issues such as heavy corrosion and scale formation.

Focused on optimizing system performance and ensuring well integrity, the study
employs advanced flow and thermal models alongside mechanical simulation models
to investigate the heat production performance of CLGS under different well design
and production settings and examine the behavior of casing and cement under the
subsurface temperatures. By exploring multilateral well completion techniques and
varying operational parameters such as the number of laterals, injection pressure, and
mass flow rate, the research identifies strategies to maximize energy recovery and
minimize the levelized cost of electricity.

Significant enhancements in power generation are demonstrated, particularly with the
use of supercritical CO2, which despite its lower specific heat capacity, achieves
higher temperature outputs at increased resource temperatures, effectively lowering
electricity costs. Sensitivity analyses highlight the critical impact of well design on
system efficiency, revealing optimal flow rates and the importance of insulated tubing
to prevent heat loss. Structural modeling results further indicate potential failure risks
due to stress concentrations at crucial lateral junctions in the well architecture. Key
findings include a production temperature decline of 15-20°C after 20 years and
significant economic benefits from increasing resource temperatures and the number
of lateral sections. The paper underscores the potential of CLGS to significantly
improve the economic and operational sustainability of geothermal power generation,
offering robust insights into the strategic deployment of these systems in challenging

geothermal environments.
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Abstract

The size of the drug particles is one of the essential factors for the proper absorption
of the drug compared to the dose of the drug. When particle size is decreased, drug
uptake into the body increases. Recent studies have revealed that the rapid expansion
of supercritical solution with cosolvent plays a significant role in preparing micron
and submicron particles. This paper examines the preparation of Erlotinib
hydrochloride nanoparticles using a supercritical solution through the cosolvent
method for the first time. An examination of the parameters of temperature (318—
338 K), pressures (15-25 MPa) and nozzle diameter (300—700 pm) was investigated
by Box-Behnken design, and their respective effects on particle size revealed that the
nozzle diameter has a more significant impact on particle size than the other
parameters. The smallest particles were produced at temperature 338 K, pressure

20 MPa, and nozzle diameter 700 pm. Besides, the ERL nanoparticles were
characterized using SEM, DLS, XRD, FTIR, and DSC analyses. Finally, the results
showed that the average size of the ERL particles decreased from 31.6 um to 200—
1100 nm.
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Abstract

This paper aims to provide an understanding of sCO2 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 CO2 (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 sCO2 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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