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Design and off-design performance analysis of supercritical carbon dioxide
Brayton cycles for gas turbine waste heat recovery
MR IR ERE UGB R R S bkt B IR TEIRAVAR AT FIFFRREHIERE D AT
By Jiancong Chen ?, Lijun Liu , Gaoliang Liao ?, Feng Zhang *, Jiaqiang E *, Si Tan *
2 College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082,
China
®College of Civil Engineering, Hunan University, Changsha 410082, China

Abstract

The utilization of waste heat from marine gas turbines is an effective means of
meeting future electric demands and achieving energy conservation and emission
reduction. Meanwhile, the supercritical CO; Brayton cycle, benefiting from its
compact structure, is well-suited for power generation in limited spaces. Based on the
reality that gas temperature and flow rate deviate from the design point with the
variation of gas turbine operating conditions, this paper proposes a method for
analyzing the off-design performance of supercritical CO> cycles based on thermal
source fluctuations rather than simply providing prescribed temperatures on the cycle
side. This method allows for a clear understanding of the impact on the cycle when
there are fluctuations in the thermal source. Firstly, the thermodynamic performance
and economic viability of four types of supercritical COz cycles, namely simple
regenerative, recompression, intercooling, and reheat, were optimized using a multi-
objective genetic optimization algorithm. Subsequently, the off-design performance of
these four cycles was investigated when the gas temperature and flow rate deviate
from the design point. The results indicate that, compared to the decrease in gas
temperature, the reduction in gas flow rate has a greater impact on the decline in cycle
performance. Decreasing gas temperature enhances the exergy efficiency of all four
cycles, while reducing gas flow rate initially increases and then decreases the exergy
efficiency. The decrease in turbomachinery efficiency significantly contributes to the
decline in cycle performance. When the gas flow rate exceeds 55% of the design
value, it is recommended to adopt an intercooling cycle arrangement. Otherwise, a

recompression cycle layout should be used.

BRHR © https://doi.org/10.1016/j.applthermaleng.2023.121295



Development of an ultra-high-performance supercritical fluid chromatography
method for the analysis of phenols in the pyrolysis aqueous fraction
F AR DT EEKE D PR RNBS BRI R eR A
By Antonia Regina dos S. Gois, Carlos Fernando de S. Santos, Igor M.
Santana, Marcia Cristina Breitkreitz & Lisiane dos S. Freitas
hemistry Department, Federal University of Sergipe, Campus Prof. José Aloisio de Campos,
Av. Marechal Rondon, S/N, Jardim Rosa Elze, Sdo Cristovao, SE, Brazil

Abstract

The pyrolysis process consists of the thermal decomposition of biomass in an inert
atmosphere, which produces a liquid (bio-o0il) composed of a complex mixture of
organic compounds, including an oil and water phase. The aqueous fraction can reach
up to 45% w/w, and understanding its composition is of utmost importance in
determining its intended destination, whether for the reuse of compounds in industrial
applications or for treating the effluent for disposal. In this study, a fast, direct, and
efficient method using ultra-high-performance supercritical fluid chromatography
(UHPSFC) was developed and optimized for monitoring phenols in aqueous samples
obtained from the pyrolysis processing of six different biomass sources. The
following parameters were evaluated for method optimization: stationary phase type,
mobile phase flow, organic modifier, sample diluent, temperature, pressure, and
modifier gradient time. With a total analysis time of 26 min, out of the fourteen (14)
investigated phenolic compounds, eleven (11) were successfully separated after
method optimization, and among them, five (5) were quantified in all six aqueous
fractions. The aqueous fractions of residue from cowpea pod (1.89 mg.mL™!), sugar
apple (3.09 mg.mL ), and acerola (4.79 mg.mL ') presented lower concentrations
compared to grape (8.16 mg.mL ), pine nuts (6.68 mg.mL ), and guava

(6.05 mg.mL") fractions. However, even at lower concentrations, all biomasses
showed promising results regarding the phenolic compound content, analytes that

have high added value for the chemical industry.

Keywords: Biomass, Pyrolysis, Aqueous fraction, UHPSFC-DAD, Phenols
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Fibres/Yarns/Fabrics
Supercritical water route to recycling nylon 6
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Toray Industries has signed an agreement with Honda Motor to jointly develop a
chemical recycling technology for glass-fibre reinforced nylon 6 parts recovered from
end-of-life vehicles.

The two companies have begun verifying this technology which entails
depolymerizing with subcritical water and regenerating the materials as caprolactam,
the raw monomer for nylon 6.

Subcritical water is employed in a high-temperature, high-pressure state to dissolve
and hydrolyze organic compounds.

The two companies focused on such subcritical water characteristics as its high
permeability, dissolving power and hydrolysis effect on resins in developing the
technology to successfully depolymerize nylon 6. Subcritical water is free of
catalysts, additives do not affect it and it can depolymerize nylon 6 in a short time to
create high yields of raw monomer. Separating, refining and repolymerizing the
monomer makes it possible to regenerate nylon 6 that performs like a virgin material.
Japan’s Ministry of the Environment has adopted this technology for a three-year
project to establish a decarbonized circular economy system, including validating
recycling systems for plastics and other resources. As part of the project, Toray and
Honda will set up a pilot facility with a processing capacity of 500 metric tons of raw
resin annually, to conduct validation testing with it.

The first step with this work is to recycle used automotive plastic parts into the same
automotive materials. The two companies will develop depolymerization and
monomer separation and refining technologies by employing intake manifolds as raw
materials for engine intake system parts. They aim to apply these technologies for
recycling chemicals in automotive resin parts by around 2027.

Down the track, the plan is to broaden the scope of the chemical recycling technology

to make apparel, films, and other non-automotive applications.

BRAGE ¢ https:/www.innovationintextiles.com/supercritical-water-route-to-

recycling-nylon-6/




Formulation and characterization of micro-emulsions of peppermint and
coriander oils extracted by using a supercritical fluid system
15 A B ER 5 BE 1 AR IR BNAYSE e AN o3 HRY M EL R Bc A K =

By Ana Javaid, Ali Imran, Muhammad Umair Arshad, Muhammad Afzaal & Mohd
Asif Shah

a Department of food science, Government College University, Faisalabad, Pakistan

b Department of Economics, Kabridahar University, Somali, Ethiopia
¢ Division of Research and Development, Lovely Professional University, Phagwara, Punjab,
India

Abstract

The present study was designed to formulate and characterize the micro-emulsions of
peppermint and coriander oil that extracted by using supercritical fluid extraction
system. Moreover, Guar gum and maltodextrin were used as coating materials while
preparing encapsulates of peppermint and coriander through freeze-drying. The
moisture contents of mint leaves and coriander were 81.28 +7.12 and 84.62 + 6.46%
respectively whereas the recorded protein content in mint and coriander leaves were
1.456+0.13 and 5.06 + 0.03% respectively. The crude fat was high in mint leaves as
compared to coriander. However, the ash content was 2.98 +0.278 in mint and

2.8+ 0.12 in coriander leaves. The total phenolic contents (TPC) and antioxidant
activity coriander essential oil was high as compared to peppermint oil. The results
showed the better antioxidant activity of coriander than peppermint. Encapsulation
efficiency of powder showed significant results of wall material. T3 (maltodextrin and
coriander oil) exhibited better binding capability of bioactive components as
compared to guar gum and mint. T3 was coriander and maltodextrin better ability to
inhibit the oxidation process and had good DPPH assays as compared to other
treatments. This study showed that the T3 (maltodextrin and coriander oil) exhibited
better binding capability of bioactive components as compared to guar gum and mint.
T3 was (coriander and maltodextrin) better ability to inhibit the oxidation process and

had good DPPH assays to other treatments.
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Investigating Metal-Tributyl Phosphate Complexes during Supercritical Fluid
Extraction of the NdFeB Magnet Using Density Functional Theory and X-ray
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Abstract

Supercritical fluid extraction (SCFE) is gaining significant interest as a green
technology for the recycling of end-of-life waste electrical and electronic equipment
(WEEE). Neodymium iron boron (NdFeB) magnets, which contain large quantities of
critical rare-earth elements such as neodymium, praseodymium, and dysprosium, are
widely used in wind turbines and electric/hybrid vehicles. Hence, they are considered
a promising secondary resource for these elements when they reach their end-of-life.
Previously, the SCFE process was developed for recycling WEEE, including NdFeB,;
however, the process mechanism remains unexplored. Here, density functional theory,
followed by extended X-ray absorption fine structure and X-ray absorption near-edge
structure analyses, are utilized to determine the structural coordination and
interatomic interactions of complexes formed during the SCFE of the NdFeB magnet.
The results indicate that Fe(Il), Fe(III), and Nd(III) form Fe(NO3)2(TBP)2,
Fe(NO3)3(TBP)2, and Nd(NO3)3(TBP)3 complexes, respectively. This theory-
guided investigation elucidates the complexation chemistry and mechanism during the

SCFE process by rigorously determining the structural models.
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Study on Thermal-Hydraulic Characteristics of Novel Channels for Printed

Circuit Heat Exchanger Using Supercritical CO2
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Abstract

Two new types of printed circuit heat exchanger (PCHE) channels are proposed based
on the typical airfoil fin PCHE channel proposed in literatures (standard channel) to
further improve the thermal-hydraulic performances of airfoil fin PCHE channel. The
small shuttle fins and oval fins are employed between the adjacent two airfoil fins of
two novel channels, respectively. Using supercritical CO; as the working fluid, the
thermal-hydraulic performances and enhancement mechanisms of the novel channels
are numerically investigated. The results show that the channel with shuttle fins has
the best comprehensive performance. The Nusselt number of the channel with shuttle
fins is 6.7-26% larger, and the f-factor is 8.3—18.6% larger than that of the standard
channel under the selected conditions, which leads to a 3—19.1% increase in the PEC
(comprehensive performance evaluation criteria). The Nusselt number of the channel
with oval fins is 9-27.3% larger, and the f-factor is 26.6—43.4% larger than that of the
standard channel, which leads to a 1-15.3% increase in the PEC. The applications of
small fins between the adjacent two fins can effectively reduce the low-velocity
region area and enhance the local disturbance, thereby effectively improving the
thermal-hydraulic performance. The enhancement mechanism of the novel fin PCHE
channel structure can be well explained by the principle of field synergy. It can be
found that the synergies of the temperature gradient field and the velocity field in two

novel channels are significantly improved.
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Abstract

A great gap still exists between artificial synapses and their biological counterparts in
operation voltage or stimulation duration. Here, an artificial synaptic device based on
a thin-film transistor with an operating voltage (—50-50 mV) analogous to biological
action potential is developed by targeted chemical processing with the help of
supercritical fluids. Chemical molecules [hexamethyldisilazane (HMDS)] are
elaborately chosen and brought into the target interface to form charge receptors
through supercritical processing. These charge receptors with the ability of capturing
electrons mimic neurotransmitter receptors in terms of mechanism and constitute key
players accounting for the synaptic behaviors. The relatively lower electrical barrier
height contributes to an action-potential-matched operating voltage and considerably
low power consumption (~1 pJ/synaptic event), minimizing the divide with biological
synapse for a seamless linkage to the biosystem or brain—machine interface. The
stable synaptic behaviors also lead to near-ideal accuracy in pattern recognition.
Moreover, this methodology that introduces chemical groups into a target interface
can be viewed as a platform technology that could be adapted to other conventional
devices with suitable chemical molecules to reach designed synaptic behaviors. This
environmentally friendly and low-temperature processing method, which can be
performed even after device fabrication, has the potential to play an important role in

the future development of bionic devices.
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Abstract

This study offers a comprehensive and rigorous analysis of the technoeconomics of
supercritical fluid extraction (SCFE) technology as applied to the recovery of rare
earth elements (REEs) from end-of-life neodymium iron boron magnets and
fluorescent lamp phosphors. Drawing on an array of data sources including laboratory
results, literature data, scaling models, scenario analysis, and sensitivity analysis, this
study conducts a sound economic analysis of the SCFE process at an industrial scale.
The study renders a detailed estimation of the costs and revenues associated with the
process and identifies the primary factors that impact its profitability. The findings
demonstrate that the SCFE of REEs from these feedstocks can be economically viable
under certain circumstances, with the efficiency of extracting terbium, dysprosium,
and neodymium and the price of their respective oxides emerging as key drivers of
profitability. By providing valuable insights into the feasibility of the SCFE process
for REEs recovery, this study informs future research and development activities in
the field.
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