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Synthesis of ZnO nanoparticles in sub- and supercritical water

using a dual-stage flow reactor
Makoto Akizuki®®, Yongxu Wang?, Yoshito Oshima?

“Department of Environment Systems, Graduate School of Frontier Sciences, The University

of Tokyo,Kashiwa, Chiba, Japan

*Corresponding author: akizuki@k.u-tokyo.ac.jp

Continuous synthesis of metal oxide nanoparticles in sub- and supercritical
water is a method to synthesize various kinds of nanoparticles with high productivity.
In the synthesis, reaction conditions such as temperature, pressure, concentration of
raw materials, and pH strongly affect size and morphology of synthesized
nanoparticle because formation processes of particles such as nucleation and crystal
growth strongly influenced by reaction conditions. By using a dual-stage reactor,
since reaction conditions can be varied separately for the first and the second reactor,
controllability of size and morphology will increase. In this study, we investigated
how the reaction conditions of the second reactor affected size and shape (rod or
sphere) of synthesized ZnO nanoparticles.

Experiments were conducted using a dual-stage flow reactor. (Fig. 1) The
reaction condition in the first reactor was set to 400°C, 30 MPa, 0.050 s, and the
reaction conditions in the second reactor were varied. Based on TEM observations,
both rod and sphere particles were observed. When the reaction condition in the
second reactor was 300°C, 30 MPa, and the concentration of Zn(NO3)2 and KOH in
the second feed was 0 and 0.20 mol/L, respectively, the rod ratio by volume were 80-
90% and almost unchanged regardless of residence time. (Fig. 2) On the other hand,
the rod ratio by number increased with increasing time indicating that the size of
each rod particle decreased with time. In the presentation, we will present detailed
results including those of other reaction conditions.

This work was supported by the Hattori Hokokai Foundation and the JSPS
KAKENHI (19K05132). Part of the analysis was performed using facilities at the
Institute of Solid State Physics, The University of Tokyo.
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Instant formulation of inhaled beclomethasone
dipropionate—hydroxypropyl-beta-cyclodextrin composite particles
produced using supercritical assisted atomization

Hsien-Tsung Wu*, Yao-Hsiang Chuang, Tzu-Chieh Hu, Yu-Xuan Huang

Department of Chemical Engineering, Ming Chi University of Technology, New Taipei City,
Taiwan

*Corresponding author: stwu@mail.mcut.edu.tw

The enhanced solubilization performance of a poorly soluble drug,
beclomethasone dipropionate (BDP), was investigated using hydroxypropyl-p-
cyclodextrin (HP-B-CD) and ethanol. The enhanced solubility of the drug was
determined using the phase solubility method and correlated as a function of both
HP-B-CD and ethanol concentrations. The effective progress of drug solubility
originated from the formation of cyclodextrin and BDP inclusion complexes and
increase in the lipophilicity of the medium for hydrophobic BDP. BDP and HP-

B-CD composite particles were produced using supercritical assisted atomization
(SAA) with carbon dioxide as the spraying medium, 54.2% (w/w) aqueous ethanol
as the solvent, and an optimal amount of the dispersion enhancer leucine. The effect
of the mass ratio of HP-B-CD to BDP (Z) on the in vitro aerosolization and in vitro
dissolution performance of BDP-HP-B-CD composite particles was evaluated. The
aerosolization performance showed that the fine particles fraction (FPF) of the
composite particles increased with increasing mass ratio, and an F'PF value of sample
of a mass ratio of 35 could reach 55.2%. The water-soluble excipient (HP-B-CD)
effectively enhance the dissolution rate of BDP from composite particles. This
study suggests that BDP—HP-B-CD composite particles produced using SAA can be

employed in the instant drug formulations for pulmonary delivery.
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Computational and Experimental Assessment of a MW-Scale Supercritical
CO:2 Compressor Operating in Multiple Near-Critical Conditions
FEZEIRFRG N ET B MW RBERFR CO ., BMEENEtEMERTh

By Lorenzo Toni, Ernani Fulvio Bellobuono, Roberto Valente, Alessandro Romei, Paolo
Gaetani, Giacomo Persico
Centrifugal Compressor and Expanders NPD Baker Hughes, Nuovo Pignone, Via Felice
Matteucci 2, Firenze 50127, Italy
Laboratory of Fluid Machines Energy Department, Politecnico di Milano, Via Lambruschini
4, Milano 20156, Italy

Abstract

This work illustrates the results of a wide experimental campaign in the frame of the
EU-funded project sCO2-Flex, which focused on the investigation of a MW-scale
sCO2 compressor operating in plant-representative conditions. The experimental tests
were carried out for four temperature levels between 304.15 K and 309.15 K at a fixed
pressure of 79.79 bar, hence covering an extended thermodynamic region close to the
critical point. The experimental results are thoroughly discussed with the support of
steady computational fluid-dynamics simulations, assuming homogeneous flows and
thermodynamic equilibrium for the two-phase flow description. Changing the
upstream total state, two peculiar variabilities in the compressor pressure ratio and
choking flow rate are experimentally and computationally observed. While the former
is mainly related to the single-phase flow thermodynamics, the latter originates from
the onset of two-phase flows. As the simulations predict the experimental choking
with a maximum error of 3%, the corresponding two-phase speed of sound is
analyzed to infer the underlying equilibria between phases. It is found that, for the
tested conditions, two-phase flows quickly achieve thermodynamic equilibrium, and

non-equilibrium or metastable effects arguably play a marginal role in the process.

Keywords: CO», supercritical fluid, centrifugal compressor, experiments, barotropic,
HEM, speed of sound

ERIHGE : https:/doi.ore/10.1115/1.4055364




Impact of Supercritical CO: on Shale Reservoirs and Its Implication for CO-
Sequestration
BERA _SChkEBEERENTENEN S TNES
By Bodhisatwa Hazra, Vikram Vishal, Chinmay Sethi, Debanjan Chandra
CSIR- Central Institute of Mining and Fuel Research, Barwa Road Campus, Dhanbad, India
Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, India

Abstract

Hydraulic fracturing has transformed the international energy landscape by becoming
the go-to method for the exploitation of natural gas from unconventional shale
reservoirs. However, in the recent years, the search for an alternative method of shale-
gas exploration has intensified, because of various problems (e.g., contamination of
ground and surface water, overexploitation of precious water resources, air pollution,
etc.) associated with the usage of water-based fracturing techniques. The use of CO:
for shale gas exploitation has emerged as a better alternative to aqueous-based gas
exploration techniques. CO2 when injected into deep shale reservoirs, transitions into
supercritical COz (SC-COz) when temperature and pressure condition exceeds the
critical point, i.e., 31.1 °C and 7.38 MPa. In this paper, we comprehensively review
the impact of SC-CO: on shale gas reservoirs during the different stages of shale-gas
exploration, i.e., (1) drilling, which involves the superiority of SC-CO: over water-
based drilling fluids, in terms of achieving under-balanced well condition, higher rates
of penetration, and resistance to formation damage; (ii) fracturing, which involves
factors affecting the tortuosity of fractures created by SC-COs- fracturing, breakdown
pressure, and proppant-carrying capacity; and (iii) injection, which involves the twin-
headed benefit of enhanced recovery due to CO2/CHa competitive adsorption and
geological sequestration, CO:2 vs CHa4 excess sorption as a function of pressure, etc.
Several research works have indicated discrepancies on how SC-CO: impacts
different shale properties. Some studies show low-pressure N>-gas-adsorption-derived
surface area and total pore volume to be increasing with SC-CO: imbibition, while
others show a decreasing trend for the same. Similarly, for some shales, the quartz
content, along with the clay mineral contents, decreased as the exposure to SC-CO:
increased, while in some other studies, with similar long-term exposure to SC-COx,
the quartz content was observed to increase along with the decrease in clay content

and vice versa. Essentially, the increased exposure to SC-CO- results in the
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dissolution of primary porous structures and fractures, and reformation of newer —

porous structure and conduits in shales. Nonetheless, these changes in the mineralogy
weaken the microstructure of the rock bringing significant changes in the mechanical
properties of the shales with implications on the wellbore stability and fracturing
efficiency. The mechanical properties such as uniaxial compressive strength (UCS),
Young’s modulus, and tensile strength decrease as the SC-CO- saturation period
increases. However, some studies have shown factors like bedding angle and phase-
state of CO: having varying effect on the strength behavior of the shales. Moreover,
changes in the structure of shales caused by the creation of fractures and the reduction
of their strength can also pose major risks, because of potential leakage of CO-
through these created pathways. How these processes would interact at field scale
would control the sealing capacity, especially at field-scale for addressing long-term

seepage of COx.

ERZJE  Impact of Supercritical CO2 on Shale Reservoirs and Its Implication for

CO2 Sequestration | Energy & Fuels (acs.org)




Investigation of Gas Turbine Internal Cooling Using Supercritical CO2—Effect

of Surface Roughness and Channel Aspect Ratio
RS CO, MRmEAN LM E—REEEENBEMR ST E
By Arnab Roy, Matthew Searle, Sridharan Ramesh, Douglas Straub

National Energy Technology Laboratory, NETL Support Contractor, 3610 Collins Ferry
Road, Morgantown, WV 26507

Abstract

In this paper, an experimental and numerical investigation of internal cooling
channels with rib turbulators is presented with sCO; as the working fluid at process
conditions (pressure-20.7 MPa and temperature up to 150 °C). The effect of channel
aspect ratio up to 2:1 on thermal-hydraulic performance is explored in additively
manufactured rectangular channels and square channels, both with and without 60 deg
ribs on the top and bottom sides. The Wilson-plot method is employed to
experimentally measure channel-averaged Nusselt number over a Reynolds number
range up to 370,000. The friction factor is calculated from pressure drop and mass
flow rate and additionally, the overall thermal performance factor (TPF) is reported. A
companion computational fluid dynamics (CFD) simulation is performed for the rib
turbulated cooling configurations reported in the experiments using the Reynolds
average Navier—Stokes-based turbulence model. The objective of the numerical study
is to gain insight into the local heat transfer augmentation in the ribbed channels as a
result of varying the aspect ratio, channel configuration (square versus rectangular),
operating conditions (Reynolds number) and the surface roughness, an inherent
outcome of the additive manufacturing process. Surface roughness is simulated using
sand grain roughness height (KS) calculated from the experimental data, and a
comparison is presented with the corresponding channel configuration with varying
surface roughness heights starting from smooth surfaces (KS = 0). Experimental
results indicate that the heat transfer augmentation is negligible in the rectangular
channels with ribs on the long side compared to the square channel. However, it is
enhanced by 60% in comparison to placing ribs on the shorter side. The TPF remains
constant at around 1 for the entire range of Reynolds numbers consistent with prior
work at the National Energy Technology Laboratory (NETL). The simulation results
highlight that increased surface roughness can have a favorable considerable influence

on Nusselt number and overall thermal performance enhancement.

BRAGE ¢ https:/doi.org/10.1115/1.4055497
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Modeling and thermodynamic analysis of gas-supercritical carbon dioxide —

combined cycle system
Ris-BEA_SChBSERARBEREZRNEDH
By Jiayin Zhou, Diangui Huang & Yinke Qi
School of Energy and Power Engineering, University of Shanghai for Science and
Technology, Shanghai, China;b Shanghai Key Laboratory of Multiphase Flow and Heat

Transfer in Power Engineering, Shanghai, China

Abstract

Gas turbine power generation has the advantages of flexibility, efficiency, and lower
carbon emissions compared with coal-fired power generation. Under the situation of
energy structure transformation and upgrading, gas turbine power generation will
have bright prospects. In this paper, the modeling and thermodynamic analysis of
various gas-supercritical carbon dioxide(sCO2) combined cycle systems are carried
out based on the calculation method of total physical properties, and six typical
combined cycle layouts are selected for detailed research. In order to obtain the
optimal state of the combined cycle system, the parameters of the sCO; bottom cycle
are optimized within a certain range of the gas turbine pressure ratio. It is found that
the combined cycle system has high thermal efficiency when the top cycle adopts the
air preheating cycle, and a higher top cycle regenerative degree does not represent a
better performance. In fact, the optimal regenerative degree is related to the bottom
cycle performance. The study also found that the air preheating-dual heated cascade
combined cycle system has the highest thermal efficiency of the layouts studied,
reaching 65.3%, but it comes at the cost of a complex operating system. The heat
recovery performance of the sCO» partial heating bottom cycle is relatively poor, and
its mass flow rate is the highest, so it is not suitable for the bottom cycle of the
combined cycle. The sCO; dual heated cascade cycle has the highest output work and
the smallest CO» flow, so this paper considers this bottom cycle as the most suitable
bottom cycle for the combined cycle system. This research can provide a certain basis

for the design of gas turbine combined cycle system.

Keywords: Gas turbine, waste heat recovery, supercritical carbon dioxide cycle,
thermodynamic analysis
ERRIR : https://doi.org/10.1080/15567036.2022.2127980




Phytochemical profiling and biological activity of the extracts obtained from
green biomass of three Miscanthus L. species - using supercritical carbon dioxide

extraction
R=ETEREYNGZEENEPESHNRINEM LB TNEYEY - ERBER
FR S Ehx=5HEY
By Agnieszka Korga- Plewko, Grazyna Zgorka, Aleksandra Jozefczyk, Agnieszka
Grzegorczyk, Anna Biernasiuk, Anastazja Boguszewska, Barbara Rajtar, L.ukasz
Swigtek, Matgorzata Polz-Dacewicz, Przemystaw Kolodziej, Daniel Zalewski, Anna
Bogucka-Kocka, Magdalena Iwan, Jarostaw Dudka, Edward Roj, Katarzyna
Tyskiewicz, Ewelina Olba-Zigty, Michal Krzyzaniak, Mariusz Jerzy Stolarski, Anna Malm

Abstract

Taxa belonging to the genus Miscanthus L. (silvergrass) are non-invasive plants that
can grow on marginal land that are not suitable for food production. These species
give high yields of lignocellulosic biomass, being a rich and renewable source of
organic matter for the production of second-generation biofuels (ethanol) and for
other practical purposes, such as raw material for paper production. The most
promising species of the genus Miscanthus L., in terms of practical use in industry
and agriculture, are M. sinensis, M. sacchariflorum and their hydride - M. x
giganteus. In this study, extracts obtained from the green biomass of these Miscanthus
species underwent detailed phytochemical investigation and multidirectional
biological evaluation. The extracts were prepared using supercritical fluid extraction
with water as co-solvent. The qualitative RP-HPLC/PDA analysis of the extracts after
their purification with solid-phase extraction confirmed their similar phytochemical
profiles. Six free phenolic acids (p-hydroxybenzoic, isovanillic, syringic, p-coumaric,
ferulic and isoferulic) and one trans-cinnamic acid derivative were identified and
determined. The antimicrobial, antiviral, anthelmintic and anticancer activity of the
supercritical extracts of Miscanthus L. species studied was revealed for the first time.
Moreover, the extracts possessed low cytotoxicity against normal cells. This screening
evaluation showed that, besides giving high yields of lignocellulosic biomass, these
grasses could also be a source of valuable bioactive compounds for the

pharmaceutical and cosmetic industries.
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