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Professional Supercritical Fluid Engineering =

Food & Pharmaceuticals

—SCCO; extraction, fractionation, chromatography

— Liquid/supercritical CO> degreasing

— Supercritical micro-powder forming system

—R134a extraction system for essential oils(/Vew)

Surface Treatment

—SCCO; cleaning, drying, plating

— Superecritical fluid surface modification(New)

Energy & Chemical Engineering

—SCMeOH for biodiesel production

— Hydrothermal liquefaction of wet bio-
Wastes(New)

— Supercritical hydrogenation reaction(/Vew)

— Subcritical propane extraction for
microalgae oil(New)

2LPHx35MPa SCCO,

SCCO; Powder Forming Sys. Fractionation System

| {

2Lx70MPa SCCO, Extraction Sys.

25MPa/480°C Supercritical Fluid
Tubular reactor System

T P 1
Subcritical Water Biomass
— High pressure tester(water: 160MPa; nitrogen: 100MPa) Treatment System

(24MPa/350°C, 100L)
— High Pressure water platform(600MPa, 1L ~ 10L autoclaves)
Industrial Service

Instruments

— Supercritical Fluid & High Pressure Processing Systems for healthy foods, essential oils,
cosmetics, medicines, food processing, etc.

—High Pressure & High Temperature for hydrothermal reactions, hydrolysis, pyrolysis, synthesis
reactions, etc.

Bio-process & Energy Engineering Section, MIRDC

web: www.mirdc.org.tw
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Numerical investigation of subcritical and supercritical carbon dioxide fluidized —
beds using two fluid model and discrete element method
1 e R AS I BV AN BE AL 75 A Y o B SR ANHB ER SR _ | ERORIEIRIETTEUEM R
By Wenjian Cai?, Xietian Xia®, Xiang Li", Xing Chen®, Zenghui Xu®, Guodong Liu®
2School of Energy Science & Engineering, Harbin Institute of Technology, Harbin, China

® China Construction Eco-Environment Protection Technology Co. Ltd, Suzhou, China

Abstract

Fluidization state of ambient, subcritical and supercritical carbon dioxide (CO>)
fluid fluidized beds are simulated using Computational Fluid Dynamics-Discrete
Element Method (CFD-DEM) and Two-Fluid Model (TFM) combined with Low
Density Ratio-Kinetic Theory of Granular Flow (LDR-KTGF). Quantitative and
qualitative analysis were executed between TFM and CFD-DEM simulation

results. Fluidization process using two methods coincides with predictions of stability
function and different criteria for distinguishing from particulate and aggregative
fluidizations. A transitional fluidization with the wave-like and chunk-like flows
occurs in subcritical COz fluid fluidized bed, and the bubble-like and particle
aggregative-like flows are observed in ambient and supercritical states, respectively.
The discrepancies in volume fractions and velocities obtained using TFM and CFD-
DEM approaches were small, while the predicted turbulent kinetic parameters and
bubble-like kinetic energy show sensitivity to the turbulence model. Statistical
analysis of the turbulent normal Reynolds stresses indicated an anisotropic flow of

particles.

E RIS  https://doi.org/10.1016/j.supflu.2023.105942



Numerical Investigations of Pseudo-Boiling and Multi-Component Mixing Under

Trans-/supercritical Conditions for Engine Applications
BHREADEBEFRG MARENSEESEEN S
By Jie Ma, Hongsheng Liu, Liang Li & Maozhao Xie
Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of
Education, Dalian University of Technology, Dalian, PR China

Abstract

The fuel injection and mixing process are often carried out under trans-/supercritical
conditions for engine applications; however, the process is still unclear. In this study,
based on OpenFOAM, a multi-component trans-/supercritical spray model based on
the KT/KNP scheme is developed, which covers the special real fluid equation of
state, various mixing rules and modified thermodynamic properties. In addition, the
PIMPLE algorithm is extended to deal with the high nonlinearity. First, a one-
dimensional advection case is applied to evaluate the performance of the model. Then,
the effect of various mixing rules and pseudo-boiling phenomenon on n-
heptane/nitrogen jet are thoroughly analyzed under trans-/supercritical conditions.
The results show that the jet is extremely sensitive to the changes of the initial jet
temperature and chamber pressure, and the “heat shield” effect of pseudo-boiling
delays the breakup and mixing in the transcritical jet. With the mixing of different
components, unlike the single-component condition, the pseudo-boiling intensity will
increase. The increase of pressure and occurrence of mixing will lead to the decrease
of pseudo-boiling temperature, and the pseudo-boiling will end earlier, which is
obviously different from the single-component fluid case. For the n-heptane/nitrogen
mixture, when the mole fraction of n-heptane in the mixture changes from 1.0 to 0.7,
and the pseudo-boiling temperature decreases from 571 K to 465 K. With increasing
injection temperature or chamber pressure, the pseudo-boiling intensity gradually
decreases, and the potential core shortens, the difference among various mixing rules
decreases. When the injection temperature is higher than 571 K, the pseudo-boiling
phenomenon no longer exists. When the chamber pressure reaches 9 MPa, the
pseudo-boiling strength is very low. Therefore, the spray mixing under supercritical
conditions will be more sufficient. With the occurrence of mixing, the critical
parameter gradually transitions from the critical value of n-heptane to the critical
value of nitrogen, which strongly depends on the mixing rule.

Keywords: Trans-/supercritical conditions, pseudo-boiling, dense-fluid method, multi-
component thermodynamic properties

BERIFEE © https://doi.org/10.1080/00102202.2023.2214947




Removal of AAEMs from high alkali coal under supercritical
CO: fluid-citric acid extraction system
HBERSR CO M- BERMEN AR ERSEE T AAEMs
By Junwei Guo, Mingrui Zhang, Guanghui Yan, Zhenxing Zhang, Pengfei Zhao,
Mengyao Guo & Bo Zhang
2 Key Laboratory of Coal Processing and Efficient Utilization of Ministry of Education,
China University of Mining & Technology, Xuzhou, Jiangsu, China
® School of Chemical Engineering & Technology, China University of Mining &
Technology, Xuzhou, China

Abstract

In this paper, a method for dealkalization and upgrading of high alkali coal by
supercritical CO; fluid-citric acid extraction system is proposed. The leaching
mechanism was explored by microstructural changes of elements and functional
groups in coal samples, and single-factor optimization experiment was conducted.
The result shows that supercritical CO> fluid-citric acid extraction can effectively
remove alkali and alkaline earth metals. The extraction mechanism is the reaction of
H* with inorganic minerals and the ion exchange of H with the form of phenolic
hydroxyl and carboxyl groups. Under the optimum conditions, the removal rates of Ca
and Mg are 44.95% and 65.75% respectively. The ash content of coal is 2.42%, and
the content of Na2O (calculated by ash) is 1.13%, which meet the standards of power
coal in China. Supercritical CO» fluid-citric acid extraction is an effective and

promising method for the cleaning of high alkali coal.

Keywords: Supercritical CO» fluid, citric acid, extraction, mechanism, high alkali coal

ERIFCE - https:/doi.org/10.1080/15567036.2023.2211039




Supercritical fluids behave as complex networks
HBERSUMESE Z AR IR A M B RERVE A
By Filip Simeski & Matthias IThme
Department of Mechanical Engineering, Stanford University, Stanford, CA, 94305, USA
Department of Photon Science, SLAC National Accelerator Laboratory, Menlo Park, CA,
94025, USA

Abstract

Supercritical fluids play a key role in environmental, geological, and celestial
processes, and are of great importance to many scientific and engineering
applications. They exhibit strong variations in thermodynamic response functions,
which has been hypothesized to stem from the microstructural behavior. However, a
direct connection between thermodynamic conditions and the microstructural
behavior, as described by molecular clusters, remains an outstanding issue. By
utilizing a first-principles-based criterion and self-similarity analysis, we identify
energetically localized molecular clusters whose size distribution and connectivity
exhibit self-similarity in the extended supercritical phase space. We show that the
structural response of these clusters follows a complex network behavior whose
dynamics arises from the energetics of isotropic molecular interactions. Furthermore,
we demonstrate that a hidden variable network model can accurately describe the
structural and dynamical response of supercritical fluids. These results highlight the
need for constitutive models and provide a basis to relate the fluid microstructure to

thermodynamic response functions.

BRI : https://www.nature.com/articles/s41467-023-37645-z




Supercritical-Assisted Ball-Milling Synthesis of Multicomponent Si/Fe304/C
Composites for Outstanding Lithium-Storage Capability
HBERFREYIKESHZHED SiFes04/C EEMRIEBLHBRIMAIEES
By Liuyi Hu, Zhihang Lu, Fei Chen, Jun Zhang, Yang Xia, Wenkui Zhang*, Yongping
Gan, Xinping He, Wenlong Song, and Hui Huang*
College of Materials Science and Engineering, Zhejiang University of Technology,

Hangzhou 310014, People’s Republic of China

Abstract

Attributed to high theoretical capacity and abundant reserves, Si/C anodes have been
commercialized in lithium-ion batteries (LIBs). However, the shortcomings of poor
interfacial compatibility, low rate performance, and bad stability remain to be
overcome. In this paper, a facile method for the synthesis of silicon/iron oxide/carbon
(Si/Fe304/C) composites by ball-milling in a supercritical carbon dioxide (scCO?2)
fluid medium is proposed. This method utilizes the diffusion characteristics,
extremely low viscosity, and excellent mass transfer properties of supercritical fluids.
Under the infiltration of an scCO2 fluid, mesophase carbon microspheres (MCMB)
are exfoliated into graphite flakes and achieve good interfacial fusion with silicon and
Prussian blue during ball-milling. The Prussian blue is transformed into Fe304 by
subsequent heat treatment under a nitrogen atmosphere, and Fe304 introduced in this
way enhances the lithium-storage capacity, cycling stability, and rate performance
significantly of Si/C anodes. As an anode for LIBs, the reversible capacity of
Si/Fe304/C reaches 1363 mA h g—1 after 600 cycles at 1 A g—1. This study provides
an idea for the design and fabrication of Si-based anode materials with high capacity

and long cycle life.

ERHOR



The effects of sub/supercritical conditions on the spray interface
characteristics of alkane fuel
/BRI R ISR BB R EEENEE
By Ruina Li, Yang Song, Liang Zhang, Yikai Qian, Zhong Wang, Yiqiang Pei &
Yanzhao An

State key laboratory of engines (Tianjin university), Tianjin university, Tianjin, China

Abstract

Alkane fuels are widely used in engines. The spray characteristics in supercritical
environments are very different than in subcritical environments, and supercritical
environments significantly impact the formation of the gas mixture in the engine. In
this paper, the spray images of n-heptane and n-tetradecane in subcritical (500K-
2MPa) and supercritical (700K-4MPa, 800K-6MPa) environments were obtained on
the constant volume spray test platform. The effects of the supercritical environment
and carbon chain length of alkane fuel on spray characteristic parameters were
investigated. The results showed that the carbon chain length and ambient pressure
are the main factors of penetration. The ambient pressure is the main factor of the
spray cone angle and the spray non-liquid layer thickness. Compared with n-heptane,
in the 500K-2MPa (subcritical) environment, the cone angle of n-tetradecane was
reduced by 2°, the penetration was increased by 10 mm, and the spray non-liquid
layer thickness was reduced by about 1 mm. In the 800K-6MPa (supercritical)
environment, the cone angle of n-tetradecane was increased by 2°, the penetration was
increased by 10 mm, and the spray non-liquid layer thickness was increased by about
1.2 mm. In addition, the calculation model of alkane fuel spray penetration in

sub/supercritical environments was modified and achieved 95% prediction accuracy.

Keywords: Heptane, Tetradecane, Supercritical, Spray characteristics, Constant

volume combustion bomb

ERIFE : https://doi.org/10.1080/15567036.2023.2214101
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The permeability of shale exposed to supercritical carbon dioxide —
FERBRA_SEHRNBEEZ2EXR
By Di Wu, Wenbo Zhai, Xueying Liu, Xiaochun Xiao, Jun Xu, Nan Jia & Feng Miao
School of Mechanics and Engineering, Liaoning Technical University, Fuxin, Liaoning,

123000, China

Abstract

Permeability is a critical parameter of tight reservoir rocks and one of the important
parameters for characterizing fluid flow and production from reservoirs. It determines
the feasibility of its commercial development. SC-CO; has been used in shale gas
exploitation for efficient fracturing and the added benefit of CO; geo-storage. And
SC-CO; plays an important role in permeability evolution of shale gas reservoirs. In
this paper, Firstly, the permeability characteristics of shale under CO: injection are
discussed. The experimental results show that the relationship between permeability
and gas pressure is not a single exponential relationship, but there is an obvious
segmentation phenomenon, which is particularly obvious when it is close to the
supercritical state, and the overall trend is first decreased and then increased.
Subsequently, other specimens were selected for SC-CO, immersion, and nitrogen
was used to calibrate and compare shale permeability before and after treatment to
assess changes in shale permeability after SC-CO; treatment at pressures from 7.5 to
11.5 MPa and X-ray diffraction (XRD) analysis and scanning electron microscopy
(SEM) were used to analyze the raw and CO»-treated shale particle sample,
respectively. Results indicate the permeability increases significantly after SC-

CO2 treated, and permeability growth is a linear function of SC-CO, pressure.
According to (XRD) analysis and (SEM) analysis, SC-CO> not only can act as a
solvent and dissolve carbonate minerals and clay minerals, but also can complex
chemical reactions with mineral components in shale, Further dissolution of carbonate
minerals and clay minerals, widened gas seepage channels and enhancing the

permeability.
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