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Abstract

Cocrystals are solids that are neutral crystalline materials composed of two
compounds generally in a stoichiometric ratio which are neither solvates nor simple
salts. Cocrystallization of active pharmaceutical ingredient (API) with suitable
conformer is a tool of interest in the pharmaceutical industry for solubility and
dissolution improvement. This study aimed to perform cocrystal screening of a
developing anticancer drug, p-toluenesulfonamide, using several commonly used
conformers. The solid-state properties of produced crystals were characterized
by FTIR, DSC, PXRD, and TGA. According to the analytical results, a novel
cocrystal of p-toluenesulfonamide with conformer 4,4'-bipyridine was successfully
obtained with a stoichiometric ratio of 2:1. The crystal structure of the cocrystal
was also verified by single crystal XRD. Furthermore, in this study, supercritical
antisolvent (SAS) process was used to synthesize this cocrystal. One factor at a time
(OFAT) approach was used to investigate the SAS process parameters, including
operating temperature, pressure, solution flow rate, carbon dioxide flow rate, and
nozzle diameter. At the optimal operating conditions, p- toluenesulfonamide
cocrystal with conformer 4,4'-bipyridine was successfully produced with mean size
of 69 um. The cocrystal purity was within 85-90%. By the dissolution rate test, and
the dissolution rate of produced cocrystal was enhanced considerably compared
with the physical mixture. In summary, a novel cocrystal of p-toluenesulfonamide

was successfully obtained, which is potentially used for further formulation design.

Keywords: Supercritical antisolvent, Cocrystal, p-Toluenesulfonamide, 4,4’-

Bipyridine
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Abstract

Ecamsule (tetrephthalylidene dicamphor sulfornic acid, C2gH3403S>), also known
as Mexoryl SX, is a water-soluble and photostable organic UVA sunscreen agent.
Ethanol was used during the acidification step of the ecamsule synthesis process to
produce light-yellow ecamsule powder. Because the ecamsule powder used in
sunscreen product formulations should be highly pure and completely dry, ethanol
should be almost completely removed from ecamsule—ethanol solutions. Typically,
ethanol is separated from ecamsule—ethanol solutions using conventional techniques,
such as vacuum distillation, superheated-steam drying, and hot-air oven drying.
Conventional drying techniques present disadvantages, such as high energy
consumption, high cost, and long duration. Moreover, they can cause damage to
organic molecules via non-homogenous heat transfer, which reduces the ecamsule
production profit. Therefore, the development of a fast, complete, energy efficient,
and inexpensive alternative drying technique for the separation of ethanol from
ecamsule—ethanol solutions without damaging the chemical structure of ecamsule, is
highly desirable. In this study, we demonstrated that the supercritical antisolvent
(SAS) technique with supercritical carbon dioxide (scCO») as the antisolvent can be
used to obtain completely dry and uniform micronized ecamsule powder from dilute
ecamsule-ethanol solution with high recovery. The effects of different operating
parameters, such as temperature, pressure, initial concentration of ecamsule solution,
and solution flow rate on the recovery yield, ethanol removal efficiency, surface
morphology, particle size, and chemical, thermal, and textural properties of dry
ecamsule powder were investigated. To elucidate the ecamsule precipitation
mechanism during the SAS process, the Hansen solubility parameters (HSPs) and
relative energy differences were used to analyze the solubility of ecamsule in scCO2—

ethanol mixtures under the studied conditions.
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Advanced Tool for Chiral Separations of Anionic and Zwitterionic
(Metalla)carboranes: Supercritical Fluid Chromatography
[EEEFAMMEETF (8 ) M F U BRIOSHRLIE | BERFAEEE
By Ondiej Horacek, Lucie Novakova, Ece Tiiziin, Bohumir Griiner, FrantiSek
Svec*, and Radim Kudera*

Department of Analytical Chemistry, Faculty of Pharmacy in Hradec Kralové, Charles
University, 500 05 Hradec Kralové, Czech Republic

Abstract

The continuous expansion of research in the field of stable carboranes and their wide
potential in the drug design require carrying out fundamental studies regarding their
chiral separations. Although supercritical fluid chromatography (SFC) is a viable
technique for fast enantioseparations, no investigation concerning boron cluster
compounds has been done yet. We aimed at the development of a straightforward
method enabling chiral separations of racemic mixtures of anionic cluster carboranes
and metallacarboranes that represent an analytical challenge. The fast gradient
screening testing nine polysaccharide-based columns was used. The key parameters
affecting the selectivity were the type of chiral selector, the type of alcohol, and the
base in cosolvent. Moreover, the addition of acetonitrile or water to the cosolvent was
identified as an effective tool for decreasing the analysis time while preserving the
resolution. After the optimization, the chiral separations of 19 out of 20 selected
compounds were achieved in less than 10 min. These results demonstrate the clear
advantage of SFC over chiral separations using HPLC in terms of both analysis time

and structural variety of successfully separated compounds.

B ; https://doi.org/10.1021/acs.analchem.2¢03895




An Experimental Investigation of Supercritical Methane Injection
Characteristics in a CO2 Environment
CO, Rz MBEFRPHEAFUENERITR
By Ritesh Ghorpade, Gihun Kim, K. R. V. Manikantachari (Raghu), Joshua Weiner,
Daniel T. Banuti, Subith Vasu
Center for Advanced Turbomachinery and Energy Research (CATER), University of Central
Florida, Orlando, FL 32816

Abstract

Clean energy generation is gaining significant attention from industries, academia,
and governments across the globe. The Allam cycle is one such technology that has
been under focus due to its efficiency, environmental friendliness, and economics.
This is a direct-fired cycle operating at supercritical conditions using carbon dioxide
as a working fluid. Fuel or oxidizer jet mixing with COx is a vital phenomenon that
governs combustion efficiency, and it is not well understood for the Allam cycle
conditions. This paper experimentally investigated the jet characteristics of a methane
jet injected into a subcritical to supercritical carbon dioxide environment. A wide
range of injection pressures and temperatures were targeted between subcritical to
supercritical conditions. Unlike previous studies, the current work focused on
injecting lower-density (methane) jets into higher-density (carbon dioxide)
environments. Schlieren imaging and methane absorption measurements were
simultaneously performed with a CMOS high-speed camera and a 3.39 um infrared
laser. Specifically, we looked at the classical injection parameter of jet spreading
angle, which was classically established to be mainly a density ratio function. Here,
the jet cone angle was obtained from the postprocessed schlieren imaging. The jet
cone angle is a critical characteristic parameter that describes the entrainment rate in a
jet; thus, it is a crucial parameter in understanding the nature of the jet. The laser
measurements were only used as an additional check to confirm the entry time of
methane into the chamber filled with carbon dioxide. Notably, this paper makes a
detailed comparison between the jet cone angles of jets with a density ratio. The result
showed that the classical correlations, such as Abramovich's theory applied to
submerged turbulent gas jets developed for low-density ratio jets, were unsuitable for
higher-density ratio jets. It was also observed that the divergence angles were
dependent not only on density ratio but also on other parameters such as pressure

ratios and reduced pressures.

Keywords: jet spreading, supercritical CO2, methane injection, subcritical region
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Comparisons of Supercritical Loop Flow and Heat Transfer Behavior Under
Uniform and Nonuniform High-Flux Heat Inputs
BT REMNMA T BT ERERENERTHAILLE
By Dong Yang, Lin Chen, Yong Chang Feng & Haisheng Chena
Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China

University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

The heat transfer characteristic of supercritical water is one of the crucial issues in
SuperCritical Water-Cooled Reactors (SCWRs). The efficiency and safety of the
SCWR system are largely dependent on the local heat transfer performance. This
paper establishes the numerical model for supercritical water in a long vertical
circular loop (inside diameter = 10 mm) and analyzes the flow and heat transfer
mechanism during the transition process from subcritical to supercritical states under
various heat fluxes (uniform and nonuniform). The results reveal that the difference in
thermophysical properties between the boundary layer and the core region is the main
reason for the heat transfer behavior, especially during the transition from subcritical
to supercritical and liquidlike to gaslike. The flow structure on the buffer layer is a
dominating factor for heat transfer deterioration. The cases under variable nonuniform
heat fluxes have a higher heat transfer coefficient compared with uniform heat fluxes.
But, this will cause large changes of the parameter locally. The dominating factors of

heat transfer deterioration under these conditions are also identified.

Keywords: Supercritical water, heat transfer, variable heat fluxes, boundary layer,

flow stability

ERIFE : https://doi.org/10.1080/00295639.2022.2102391




Experimental Investigations on Heat Transfer Deterioration for Vertical Flow of
Supercritical Carbon-Dioxide Under Natural Circulation
BAER B _ Stk EERSERSENERIR
By Kapil Bodkha, D. S. Pilkhwal, N. K. Maheshwari
Engineering Sciences Discipline, Homi Bhabha National Institute, Mumbai 400094, India
Reactor Design & Development Group, Bhabha Atomic Research Centre, Mumbai 400085, India

Abstract

Many upcoming designs of nuclear reactors conceptualize use of supercritical fluids
(SCFs) due to certain associated advantages. Supercritical helium (SC-He),
supercritical carbon-dioxide (SC-CO2), and supercritical water (SCW) find proposed
applications in primary/secondary heat removal cycles in nuclear reactors. The
knowledge of heat transfer characteristics of the working fluid is essential prerequisite
for its actual application. Similarly, for SCF, heat transfer deterioration (HTD) is an
area having much ambiguity and thus has attracted many researchers in the recent
past. Still, conclusive guidelines for design applications of SCF are lacking due to
dramatic variation of thermos-physical properties of SCF in the pseudo-critical
region. In this paper, extensive experimental investigations are undertaken to study
HTD of SC-CO> under natural circulation (NC) system. Experiments conducted at
pressures between 7.9 and 12.31 MPa for vertical heater horizontal cooler (VHHC)
and vertical heater vertical cooler (VHVC) are reported. Effect of heat flux, operating
pressure, and cooler orientation are discussed based on the experimental data
generated. Methodologies available in literature for identification of HTD are also
examined with the present experimental data. The experimental data are compared
with the HTD criteria available in literature and a new criterion for onset of HTD is
proposed for vertical flows under natural circulation. Role of buoyancy (Bu) and
acceleration (Ac) parameters are also investigated. Noticeable HTD is observed

for Bu >3 x 107® whereas Ac is not found to affect the HTD in this study.

Keywords: supercritical carbon-dioxide, natural circulation, heat transfer

deterioration, vertical flow, experiments
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Interlayer Cation Polarizability Affects Supercritical Carbon Dioxide
Adsorption by Swelling Clays
BB E AR C R E RN L BB R R S bk 2 R
By Sydney S. Cunniff, H. Todd Schaef, Sarah D. Burton, Eric D. Walter, David W.
Hoyt, John S. Loring, and Geoffrey M. Bowers*
William R. Wiley Environmental and Molecular Sciences Laboratory, Pacific Northwest
National Laboratory, Richland, Washington99352, United States

Abstract

Several strategies for mitigating the build-up of atmospheric carbon dioxide (CO2)
bring wet supercritical CO2 (scCO3) in contact with phyllosilicates such as illites and
smectites. While some work has examined the role of the charge-balancing cation and
smectite framework features on CO»/smectite interactions, to our knowledge no one
has examined how the polarizability of the charge-balancing cation influences these
behaviors. In this paper, the scCO: adsorption properties of Pb2+, Rb+, and NH4+
saturated smectite clays at variable relative humidity are studied by integrating in situ
high-pressure X-ray diffraction (XRD), infrared spectroscopic titrations, and magic
angle spinning nuclear magnetic resonance (MAS NMR) methods. The results are
combined with previously published data for Na+, Cs+, and Ca2+ saturated versions
of the same smectites to isolate the roles of the charge-balancing cations and perform
two independent tests of the role of charge-balancing cation polarizability in
determining the interlayer fluid properties and smectite expansion. Independent
correlations developed for (i) San Bernardino hectorite (SHCa-1) and (ii)) Wyoming
montmorillonite (SWy-2) both show that cation polarizability is important in
predicting the interlayer composition (mol% CO: in the interlayer fluid and
COg/cation ratio in interlayer) and the expansion behavior for smectites in contact
with wet and dry scCOa. In particular, this study shows that the charge-balancing
cation polarizability is the most important cation-associated parameter in determining
the expansion of the trioctahedral smectite, hectorite, when in contact with dry scCOa.
While both independent tests show that cation polarizability is an important factor in
smectite-scCO> systems, the correlations for hectorite are different from those
determined for montmorillonite. The root of these differences is likely associated with
the roles of the smectite framework on adsorption, warranting follow-up studies with
a larger number of unique smectite frameworks. Overall, the results show that the
polarizability of the charge-balancing cation should be considered when preparing
smectite clays (or industrial processes involving smectites) to capture CO2 and in
predicting the behavior of caprocks over time.

B RIFE ¢ https://doi.org/10.1021/acs.langmuir.2¢02139




Static and Rotordynamic Characteristics for Supercritical Carbon Dioxide
Spiral Groove Dry Gas Seal With the Tilted Seal Ring
AN B IIROBE R A bk BB N RERME 8 HERHT
By Tao Yuan, Zhigang Li, Jun Li, Qi Yuan
School of Energy & Power Engineering, Institute of Turbomachinery, Xi'an Jiaotong
University, Xi'an 710049, China

Abstract

Superecritical carbon dioxide (SCO2) Brayton cycle has been widely used as a
substitute for traditional steam cycles. As one of the key components of power-dense
turbomachines, dry gas seal (DGS) has been considered one of the most suitable
dynamic seal options due to its superior sealing performance. In this paper,
considering the installation errors and external disturbances of the shaft end seal in a
14 MW supercritical carbon dioxide turbine, a comprehensive numerical study was
conducted on the seal static and rotordynamic characteristics for four dry gas seal
designs with different coning displacements. To account for the real gas effect of
SCO3, a table lookup program was used to obtain the physics properties of CO> under
supercritical conditions based on the database of the National Institute of Standards
and Technology (NIST). A frequency-dependent rotordynamic coefficients stiffness
damping model (KC model) for SCO> DGS and the mesh deformation technique were
adapted to analyze the rotordynamic performance of the designed DGS. Steady-state
numerical results of leakage rate, opening force, and steady film stiffness were
analyzed and compared under four coning displacements. Transient numerical results
of rotordynamic force coefficients were analyzed and studied under four coning
displacement ratios and 10 vibration frequencies. Results show that the increase in
coning displacement causes a 20% rise in leakage rate and a 2.4% increase in opening
force. The tilted seal ring results in a maximum 30%-84% variation of the dynamic
stiffness and greatly influences the damping coefficient. From a comprehensive view,
the tilt of the seal rings brings undesired influences on both the static and rotor
dynamic performance of SCO2 DGS. The distortion of the seal rings due to
installation errors and other disturbances should be avoided as far as possible in SCO»
DGS:s.

Keywords: SCO; dry gas seal, rotordynamic characteristics, sealing performance, off-

design condition
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