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Abstract

Mixtures of environmentally benign organic solvents with supercritical
carbon dioxide (COz2) have potential applications in various processes such as
environmentally benign heat supply systems and supercritical fluid extraction. We
focus on the excess enthalpy (HE) of the system CO2 + organic solvent near the
critical point of CO2 as a physical property to be considered in the design and
development of these processes, and have measured HEe using a flow-type isothermal
microcalorimeter (IMC).

In this work, ethyl lactate was selected as the organic solvent to be mixed with
COa. Ethyl lactate is an ester that can be synthesized from ethanol and lactic acid
obtained by biomass fermentation. It also has low toxicity and biodegradability,
and is a substance with low environmental impact. Therefore, it is expected to be
applied to greener processes. In this work, we measured HE values for the system
CO2 + ethyl lactate near the critical point of CO2 (i.e., at temperatures of 298.15 and
303.15 K and pressures of 5.0, 6.0 and 7.0 MPa), using IMC. The experimental He
data were correlated by the modified Redlich-Kister (mRK) model as a polynomial
expression of composition, and the Peng-Robinson (PR) equation of state (EOS)
coupled with the van der Waals one fluid mixing rule.

The experimental He data showed exothermic behavior at all mole fractions,
temperatures and pressures studied. In particular, an extremely large exothermic
behavior was observed in the COz-rich region at 5.0 and 6.0 MPa and both 298.15
and 303.15 K, with large negative He values. The maximum absolute values, |HE|max,
were approximately 7.4 kJ mol-1 at 298.15 K. At all temperatures and pressures
(except for 7.00 MPa at both 298.15 and 303.15 K), He varied linearly with
composition in the CO2-rich region, which corresponded to a two-phase (vapor and
liquid) region, as well as our previous experimental results of He for the CO2 +

ester systems.




Prediction of Drug Solubility in Supercritical Carbon Dioxide by PC-SAFT EOS
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Abstract

This study aims to understand the accuracy of the Perturbed
Chain-Statistical Association Fluid Theory (PC-SAFT) EOS [1] in predicting
solubility of drug-like molecules in supercritical carbon dioxide (ScCO2). In PC-
SAFT, a modified version of SAFT EOS [2], a molecule is regarded as a long-chain
molecule composed of hard spheres of the same size. Three species-dependent
parameters are required to describe the sphere diameter, number of spheres and
interaction between spheres for each molecule. Besides, interaction site(s) are
assigned to a specific position in the molecule, so that the molecule can associate.
Two extra species-dependent parameters are required to describe the association
interaction between molecules. In this study, a total of 60 drug-like solutes was
considered in this work, which includes 22 non-associating solutes and 38
associating solutes. The calculation results from PC-SAFT were compared
to those from Peng-Robinson EOS with critical properties estimated
from NRR (PR-NRR). For the 22 non-associating systems, there are 13 solutes
with vapor pressure experimental data, the average absolute relative deviation
(AARD-P) in vapor pressure is 2.53% from PCSAFT, and 48.66% from
PR-NRR. For the solubility prediction, the overall deviation in tern of ALD-x
in solubility for these 22 solid solutes is

0.22 from PCSAFT and 0.52 from PR-NRR. For the 38 associating
systems, there are 18 solid solutes with vapor pressure, the average absolute
relative deviation (AARD-P) in vapor pressure is 8.56% from PC-SAFT and
88.46% from PR-NRR. For the solubility prediction, the overall deviation in tern of
ALD-x in solubility for 38 solid solutes is 0.28 from PC-SAFT and 0.64 from PR-
NRR.
References
[1] Gross J, Sadowski G. Perturbed-chain SAFT: An equation of state
based on a perturbation theory for chain molecules. 2001; 40: 1244-60.
[2] Chapman WG, Gubbins KE, Jackson G, Radosz M. SAFT: Equation-of-state
solution model for associating fluids. 1989; 52: 31-8..
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An extraction-based facile method for measuring the solubility of organic solid
compounds in supercritical carbon dioxide
—REERZENNEERE - ARSEERERICSYEBER _SCikPrISEE
By Jian-Lei Qi,Qin-Qin Xu,Jian-Fei Sun,Dan Zhou & Jian-Zhong Yin
State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of

Technology, Dalian, China

Abstract

Due to its dual gas- and liquid-like properties, supercritical carbon dioxide (scCO3) is
considered an excellent solvent for dissolving precursors and penetrating nanoscale
pores. After subsequent calcination, uniformly dispersed metal or metal oxide
nanoparticles or nanowires can be obtained. Organometallic salts are commonly used
precursors in this method because they usually have high solubility in scCOs.
Therefore, solubility data are essential for the controllable synthesis of such
nanocomposites. This work establishes a facile and accessible method for measuring
the solubility of organic solids in scCO>. The solubilities of copper acetylacetonate
and cobalt acetylacetonate were obtained at temperatures of 313—-333 K and pressures
of 11-24 MPa. And the solubilities were within 2.3 x 1072 to 14.1 x 1072 g/L for
Cu(acac), and 6.9 x 1072 to 13.4 x 1072 g/L for Co(acac),. The experimental data were
fitted to the semi-empirical model with the AARD values of 4.58% and 2.14% for
Cu(acac)2 and Co(acac)y, respectively, and the obtained equations could be used to

predict solubility of the same systems in the experimental range.

Keywords: Cobalt acetylacetone, copper acetylacetone, correlation model, solubility

mea, surement, supercritical carbon dioxide
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Design and Operability Challenges for Supercritical CO2 Plants: The sCO:2-Flex
Centrifugal Compressor Test Experience
HBERSR CO, LAY sRat M oRIEMBEEL : sCO, -Flex B /O\ERARTE Gl ACBR
By Bigi Manuele, Bisio Valentina, Evangelisti Silvia, Giancotti Marco, Milani
Alberto, Pellegrini Tiziano
Engineering—New Product Development, Nuovo Pignone Tecnologie Srl, Turbomachinery and

Process Solutions, Baker Hughes, Florence 50127, Italy

Abstract

Interest in supercritical carbon dioxide (sCO2) cycles has grown significantly in recent
years. The peculiar properties of the fluid open unique opportunities but also poses
several challenges. This article aims at narrowing the knowledge gap in operating
such plants, leveraging the test experience of a full-scale 5 MW centrifugal
compressor (CC) prototype designed for the sCO»-flex project (H2020 funded
program, grant agreement No. 764690). The test rig replicated a complete recycle
loop for the compressor. In addition to validating the compressor's performances in its
design condition, a larger envelope of operation and transients was explored. The
chapter describes engineering groundwork and design choices regarding: (1) transient
operation such as pressurized startups and emergency shutdowns (ESDs); (ii) safety
relief valves and discharge lines, with possible CO> solidification; and (iii) vibrations
due to extremely high density. For all these topics, specific challenges brought by the
sCO; are described. The most meaningful results, in excellent agreement with
predictions, are shown; key learnings from the test experience are discussed. The
importance of anticipating risks during the design phase is highlighted and
recommendations for similar installations are given. The article concludes with hints

on testing severe off-design conditions, with two-phase flow at compressor suction.

Keywords: supercritical CO», centrifugal compressor, operability, safety relief

valve, vibrations
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Isobaric Heat Capacity and Density of Supercritical H20/CO2 Mixtures:
Measurements in a Multifunction Apparatus
HERSR H0/CO.REY NWEBRENMEE | ZIEEERTPAS
By Hanlin Zhang, Haomin Wu, Sha Li, Dong Liu, Qiang Li
MIIT Key Laboratory of Thermal Control of Electronic Equipment, School of Energy and Power
Engineering, Nanjing University of Science and Technology, 200 Xiaolingwei Street, Nanjing

210094, China

Abstract

Studies on the thermophysical properties of H2O/CO; mixtures for supercritical
conditions, typical for a promising power generation system are far fewer than those
for typical conditions of CO» capture and storage (lower temperatures and pressures).
In the previous heat transfer studies, we have setup a high-temperature and high-
pressure apparatus. Here, we have extended it to a multifunction apparatus to enable
the measurements of both the isobaric heat capacity and density that are important for
the understanding and prediction of heat transfer behaviors, besides the design of the
power generation system. For the experimental conditions, the pressure is 24 MPa, the
temperatures range from 300 °C to 410 °C, and the CO; mass fractions are 10%, 15%,
and 18.5%. The isobaric heat capacities have been measured using the flow
calorimeter method. The expanded relative uncertainty is 8.2% for temperatures
beyond +4 °C from the pseudocritical point and is 18.2% near the pseudocritical
point. The densities were obtained from the measurements of the pressure drops with
an expanded relative uncertainty of 4.8%. These two methods were validated by
supercritical pure water experiments. The isobaric heat capacity and density data
given in this work, as well as our previous heat transfer data, are self-consistent

regarding the pseudocritical temperatures of supercritical H2O/CO2 mixtures.
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Reactor for biomass conversion and waste treatment in supercritical water: A

review
ARBERFKPEMEBCMEYEIENK B | Rt
By Zhong Chen*, Hongzhen Chen*, Yuanjian Xu?, Mian Hu", Zhongting Hu", Junliang
Wang®, Zhiyan Pan”
2 Chonggqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences,
Chonggqing, 400714, China
® College of Environment, Zhejiang University of Technology, Hangzhou, 310032, Zhejiang,
China
¢ Chongqing School, University of Chinese Academy of Sciences, Chongqing, 400714, China

Abstract

Hydrothermal treatment of renewable biomass and organic waste using supercritical
water (SCW) is a sustainable, green, and efficient route for achieving energy
recovery, chemicals production, and harmless treatment. The reactor is undoubtedly
the central arena where various SCW reactions perform. This review is the first to
focus on the special topic, i.e., SCW reactors for biomass conversion and waste
treatment. All reported reactors have been classified into three groups to discuss their
individual merits and demerits, with a particular focus on their advanced aspects, to
minimize or overcome their inherent technical problems (corrosion, plugging, safety
issues, poor accessibility, and high energy cost). The first group—metallic reactors—
includes tank and tube reactors. These are the most commonly used reactors for
diverse SCW processes, and can be operated in three modes: batch, semi-batch, and
continuous. The second group includes visual reactors, which are the most attractive
experimental devices for SCW processes because they enable visual observation

and in situ optical detection. These include X-ray/neutron-radiography-based reactors,
the diamond anvil cell, sapphire window reactor, fused silica/quartz capillary reactors,
and analogous transparent reactors. The last group includes specially designed
reactors for different SCW processes geared toward industrial applications, such as
reactors for SCW-based hydrolysis, upgrading, gasification, and oxidation. This
review provides comprehensive information for the non-expert reader to select a
suitable experimental device for fundamental research and discusses diverse advanced

concepts for the development of industrial reactors.



Keywords: Supercritical water, Reactor design, Visual reactor, Industrialization,

Energy recovery, Hydrothermal
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Techno-Economic Comparison of Supercritical COz, Steam, and Organic
Rankine Cycles for Waste Heat Recovery Applications
RRERZACIKNER RUEBERSR CO, ~ ZANBHIIERIIREN KITEELLR
By Giovanni Baglietto, Simone Maccarini, Alberto Traverso, Paolo Bruttini

Thermochemical Power Group (TPG) — DIME, Universita di Genova, Genoa 16145, Italy

Abstract

Supercritical COz (sCO2) is taking a growing interest in both industry and academic
communities as a promising technology capable of high efficiency, flexibility, and
competitive capital costs. Many possible applications are studied in the energy field,
from nuclear power plants to concentrating solar power and waste heat recovery
(WHR). To evaluate the competitiveness of sCO; cycles relative to other competing
technologies, mainly steam and organic fluid Rankine cycles (ORC), a specific
techno-economic analysis is needed to fairly compare the different technologies for
each application, in order to find the most appropriate market position of the
innovative sCO; plants, compared to the existing steam and ORC solutions. In the
present study, techno-economic analysis and optimization have been conducted
focusing on WHR applications, for different sizes and cycle parameters operating
conditions using an in-house simulation tool. The analyzed cycles were first
optimized by aiming at maximizing the net electrical power and then aiming at
minimizing the specific capital cost. As a result, compared to traditional plants, we
obtained that in the first case, the more complex sCO; cycle configuration shows
competitive performance, while in the second case, the simpler sCO2 cycle
configuration has a lower specific cost for the same electrical power produced (with a
difference of approximately —130 €/kW compared to the steam cycle). In general,
while traditional technologies confirmed a good tradeoff between performance and
cost, supercritical CO; cycles show attractive characteristics for applications requiring
simplicity and compactness, guaranteeing in the meantime other technical advantages

such as water-free operation.

Keywords: sCO2 power cycles, organic Rankine cycle, steam Rankine cycle, waste

heat recovery, techno-economic analysis
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Transient Analysis of a Supercritical Carbon Dioxide Air Cooler Using IDAES
£ IDAES HiBRFR _S bk =R 2 AR ETHRED T
By Russell Gentile, Ladislav Vesely, Jaffer H. Ghouse, Vipul Goyal, Jayanta S. Kapat
Department of Mechanical and Aerospace Engineering, Center for Advanced Turbomachinery and

Energy Research (CATER), University of Central Florida, Orlando, FL 32816

Abstract

Supercritical CO» offers a promising solution for meeting modern energy demands.
Used as a working fluid in Brayton cycles, it yields greater net efficiencies than
traditional atmospheric air or flue gas. To achieve this, however, compressor inlet
conditions must be kept close to the critical point (7.32 MPa and 31 °C), posing a
design and operations challenge. To cool the working fluid, most designs rely on
ambient air which fluctuates in temperature. In this paper, we present a model of one
such air cooler that can be used as a digital twin. Our model captures two-
dimensional, cross flow, and counter-current geometry while also accounting for heat
holdup in the tube and fin material. This was achieved using entirely free, open-
source software, namely the Institute for the Design of Advanced Energy Systems
(IDAES) process systems engineering (PSE) framework. We demonstrate our model’s
capability with transient simulations of air temperature changes, predicting

CO; properties at the compressor inlet. Results show an asymmetric, non-linear
response in CO; temperature and density, and highlighting the difficulty in working

near the fluid’s critical point.

Keywords: power generation, sCO; air cooler, transient behavior, digital

twin, physics-based model, energy conversion/systems, energy systems analysis
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