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Supercritical CO; activation: A green route to high surface area MOF for
enhanced hydrogen storage
Pradnya Paramitha, Ardila Hayu Tiwikrama®
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Development of Inhalable Niclosamide—Lysozyme Composites with Enhanced

Aerosolization and Dissolution by Supercritical Assisted Atomization

Wei-Lun Chen, Yu-Xuan Huang, Hsien-Tsung Wu*

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

Lysozyme (LYS) nanoparticles with a narrow size distribution were prepared through
supercritical assisted atomization (SAA). The influences of major operating variables on particle
dimensions and morphology were systematically examined. These variables included solvent
composition, precipitation and saturation temperatures, LYS concentration, and the COz/solution
flow-rate ratio. Higher ethanol fractions in the feed produced smaller particles. This behavior was
attributed to stronger secondary atomization resulting from increased CO: dissolution in the
ethanol-water mixture. The favorable operating conditions consisted of 30 wt% ethanol in water
and a COq/solution flow-rate ratio of 1.8 [1]. Leucine was subsequently incorporated to improve the
aerosolization properties of LYS particles, and 10 wt% was identified as the optimal amount.

Niclosamide (NIC), a poorly water-soluble drug with potential for repurposing against COVID-
19, was subsequently incorporated with LY'S using SAA under the optimized processing conditions.
The influence of the LY S/NIC mass ratio (Z) on aerosol deposition and drug dissolution of the
resulting composites was systematically investigated in vitro. Increasing Z resulted in a greater fine
particle fraction (FPF). Moreover, NIC dissolution was accelerated as the proportion of water-
soluble LYS in the formulation increased. Overall, the SAA-prepared NIC-LYS composite particles
demonstrated favorable aerodynamic and dissolution characteristics, supporting their potential as

immediate-release formulations for pulmonary drug delivery.
Reference

[1] H.-T. Wu*, Y.-J. Tu, Y.-X. Huang, K. H. Ng, Monodisperse protein nanoparticles production by
supercritical assisted atomization, J. Supercrit. Fluids, 218, 106517 (2025).

13



OP2

% Fe-SBA-15 f 4L # ¢ 1 4% 6 AR B -k #ig L wice p %
Sl kel PaEs T e 2 L g
TR A AR FRB I AREFIA L S0 10608 0 5
PR A PR AL FEE IR AFFEFATFL A S8 0 10608 0 5
SRFERBFA T F BT ¢ o FF 0 320680 0 5

EEIRE R R RS FFEH e PRERF A i R g s rkE EZ S
ALEL F - FEAREEREAP[] R o RAT6F R VOB RIETE I FREA L
@%%@ﬁ&lﬁﬁ%’@ﬂ%ﬁézéﬁﬁbﬁ’_Lﬁﬁﬁﬁémqﬁﬁﬁ?kmﬁa
R SONEE WA I o S A

R I KRB BT AT 6 RS RRE TR D BRA KA T F &
MRS FRB BN BAERAT 6 L 4hY fRiRgE KRR EH S REE L3 Bl
82 pfgi(E-caprolactam, CPL) e 5 i - #H k2 kA F B 2 fR4fE e 2T REFF =
it 22 5 Fe/SBA-15 jf45- o d ** SBA-15 /i3 & 30 3 8 8 B-KApskE ¥ % % 2 Si-O-Si 42

KRR IVE R T BEA G PR R R PR R R L 44 5
s 1‘%1 & - 2[2] o
el T aL ik k2 Fe/SBA-15S 45 & > R3T 6 AP ¥ F 2cfd R0 B3 %
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[1] T. Rheinland., "DETOX s % 2 $75 4.".

https://www.tuv.com/landingpage/tw/detox-textile/detox-responds-to-textile-industry-pollution.html

[2] Q. Lin, K. Wu, Y. Chen, Y. Tang, Y. Wu, M. Yang, Catalytic hydrothermal liquefaction of
microalgae for bio-oil production over silylated SBA-15 with high hydrothermal stability,
Industrial & Engineering Chemistry Research 56(49) (2017) 14454-14462.

https://pubs.acs.org/iecred/article/56/49/14454/867080/Catalytic-Hydrothermal-Liquefaction-of-
Microalgae
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Supercritical CO; activation: A green route to high surface area MOF for
enhanced hydrogen storage

Pradnya Paramitha, Ardila Hayu Tiwikrama”

Department of Chemical Engineering and Biotechnology, National Taipei University of Technology, 1, Section 3,
Zhongxiao East Road, Taipei 106, Taiwan

Supercritical fluid (SCF) technology offers a particularly effective technology for the synthesis
and processing of porous materials. Well-designed metal-organic porous materials such as metal-
organic frameworks (MOFs) which is prepared from metal-containing nodes and organic linkers,
have been known as crystalline nanoporous materials with wide areas of application including
hydrogen storage. As promising clean energy carrier, hydrogen produced via methane reforming and
gasification is typically contains CO»> impurities, requiring efficient Ho/CO, separation to yield high-
purity hydrogen [1,2]. Two representatives of MOFs, CALF-20 and JLU-Liu-39, were successfully
synthesized with and without supercritical carbon dioxide (scCOz). The activation of scCO- to these
MOFs resulted increasing the internal surface area of MOFs. The resulting MOFs were characterized
by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM) and BET analysis for surface area and porosity. In addition, Ho/CO> adsorption
experiments were conducted at temperature ranges from 263.15 K to 323.15 K and pressures up to 5
MPa. With scCO; preparation, CALF-20 exhibited the highest CO; adsorption capacity at 50 bar and
263.15 K with 99.8 % adsorption capacity of CO» after five adsorption-desorption cycles. While JLU-
Liu-39 showed high adsorption H» capacity up to 5 wt%. For comparison, conventional solvothermal
synthesis (without scCO-) yielded MOFs with roughly half the hydrogen adsorption capacity of those
synthesized via scCO-. Furthermore, the equilibrium adsorption data were modeled using Langmuir,
Freundlich, Sips, Toth, and Temkin isotherm equations. Additionally, adsorption kinetics were
examined employing the pseudo-first-order (PFO), pseudo-second-order (PSO), and Elovich kinetic
models. The adsorption results demonstrated that CO: uptake increased with elevated pressure but
diminished as temperature rose, consistent with the exothermic nature of the adsorption process [3] .
Kinetic analysis revealed that the PFO model more effectively represented the experimental CO:
adsorption kinetics in comparison to the PSO and Elovich models, with R*> values spanning from
0.974 to 0.990 for all adsorbents. These findings highlight the superior performance of the scCO»
synthesize method in enhancing the properties of MOF structures and demonstrate that scCO-
activation-MOFs as effective CO2/H> adsorbents for achieving zero-target CO: emission.
Keywords: Metal-organic framework, adsorption isotherm, H»/CO, separation, supercritical carbon
dioxide (scCOz)
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[1]

2]

[3]
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P A TR ER[] e 50 R PRIBEFTLE ALY AR F AR (Supercrltlcal
antisolvent » SAS) ﬁﬁ‘f’ ARTRR - §F O BITL R A %ﬂl%ﬁﬁ & AN 22 PSAN » A7 7 &
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[1] K. Y. Hasue, Kazuya, The mixture of the phase stabilized ammonium nitrate

containing potassium nitrate and 1HT as the new gas generant composition,
Science and Technology of Energetic Materials 74 (2013) 66-72.
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[1] Chrastil, J. Solubility of solids and liquids in supercritical gases. J. Phys. Chem. 1982, 86, 3016—
3021

[2] Méndez-Santiago, J.; Teja, A. S., The solubility of solids in supercritical fluids. Fluid Phase
Equilibria 1999, 158, 501-510.
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Comment on ‘High-Pressure Phase Equilibria of CO; + Acetophenone’: On the
Consistency of the Reported VLE Data
Zhe-Wei Lin, Ardila Hayu Tiwikrama”
Department of Chemical Engineering and Biotechnology, National Taipei University of Technology,
1, Section 3, Zhongxiao East Road, Taipei 106, Taiwan

Dwi et al [1]. 2016 reported vapor-liquid equilibrium (VLE) data for the CO; + acetophenone
system at high pressure over the temperature ranges from 313.15 K to 343.15 K and pressures up to
28 MPa. In this study, VLE data were investigated the consistency of the reported VLE data using
phase equilibrium analyzer (PEA) [2] and cross-validation against reported VLE data [1]. A
fundamental inconsistency is identified in the experimental method by Dwi et al. [1]. Given the
solubility measurements of acetophenone at 313.15 K to 343.15 K should occur within VLE two-
phase coexistence region, however the reported method is suspected to be operated at single-phase
region, either in supercritical or superheated vapor region. These discrepancies suggest the
experimental uncertainty of data measurements may affect the reliability of the VLE database at
isothermal condition. In this study, the high-pressure VLE phase behavior of binary CO. +
acetophenone system was re-investigated using PEA variable-volume view cell [3]. The isothermal
of VLE data were measured at temperatures ranging from 303.15 K to 333.15 K and pressures up to
12 MPa. The equilibrium pressure was determined using an adjustable manual hand-pump,
incrementally adjusting the pressure while observing the phase behavior through the view cell.
Bubble-point and dew-point transitions were visually observed. The experimental VLE data for the
CO: + acetophenone system were successfully correlated using the Peng—Robinson (PR) and Soave—
Redlich—-Kwong (SRK) equations of state combined with van der Waals mixing rules, yielding an
absolute average deviation in pressure (44Dp) of less than 3%. These results provide re-

measurements of VLE data for future separation of CO> + acetophenone application.

Keywords: carbon dioxide; acetophenone; vapor—liquid equilibrium; high-pressure variable-volume
cell
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