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High-Pressure Reactions on Metals in SBA-15
Ching-Yu Wang, Kai Shen, John M. Vohs, and

Raymond J. Gorte
Department of Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia,
Pennsylvania 19104, United States
ABSTRACT

It was recently shown that deactivation due to coking can be greatly suppressed for ethene
dimerization over Ni in mesoporous materials at pressures higher than that at which pore
condensation occurs [Agirrezabal-Telleria & Iglesia, J. Catal. 352 (2017) 505]. However,
preparation of catalysts in which all of the metal is in the mesopores can be difficult and silica may
not be the ideal support for all reactions. In the present talk, we will describe simple methods for
modifying the surface composition of SBA-15 and for incorporating various catalytic metals into
the pores of SBA-15. We will also report preliminary results for using these catalysts at high
pressures.
Vapor-phase infiltration of organometallic precursors was used to incorporate Pt, Pd, Rh,
Ru, and Ni into SBA-15. The evacuated SBA-15 was exposed to a few torr of the precursor
molecules between 443 and 523 K, resulting in monolayer films of the adsorbed precursors inside
the mesopores. The metal particles that formed after removal of the precursor ligands remained in
the pores and had particle sizes ranging from 3.8 nm for Pt to 5.2 nm for Ni, as determined by
Transmission Electron Microscopy (TEM), XRD, and CO chemisorption. When alkane
dehydrogenation reactions were performed over Pt/SBA-15 as a function of pressure, there was
shown to be a critical pressure, above which the dehydrogenation reaction is stable in the absence
of added H2. Although equilibrium yields were low at high pressures, the H2 produced by these
reactions can be used in other reactions. Finally, we show that the surface composition of SBA-15
could be modified by depositing thin films of TiO2, WOx, ZrO2, and CaCO3 using Atomic Layer
Deposition. Calorimetric measurements with hexane and benzene showed that these films
significantly changed the hydrocarbon adsorption properties of the mesoporous material, a result
which could allow tuning of the critical pressure.
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Bio sketch
Ray joined the faculty at the University of Pennsylvania in 1981 after receiving his PhD in
Chemical Engineering from the University of Minnesota. He is currently the Russell Pearce and
Elizabeth Crimian Heuer Professor of Chemical & Biomolecular Engineering, with a secondary
appointment in Materials Science & Engineering. Since joining Penn, Ray served as Chairman of
Chemical Engineering from 1995 to 2000. He received the 1997 Parravano Award of the Michigan
Catalysis Society, the 1998 Philadelphia Catalysis Club Award, the 1999 Paul Emmett Award of
the North American Catalysis Society, the 2001 Penn Engineering Distinguished Research Award,
and the 2009 AIChE Wilhelm Award. He served as Chairman of the Gordon Conference on
Catalysis (1998) and Program Chairman of the 12th International Zeolite Conference (1998). He
became a Fellow of the Journal of the Electrochemical Society in 2015.
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Challenges and Opportunities in Manufacturing Zeolites

Sanyuan Yang
JMTC Zeolite Lab, Johnson Matthey
214 Bourne Blvd, Savannah, GA 31408, USA
sanyuan.yang@matthey.com
ABSTRACT

Production of zeolite in an industrial plant differs from preparation of a small lab sample
not only in scale but also by many other considerations. For example, in manufacturing,
commercially available and cost-effective raw materials, robust gel formulation, adaptable process
scheme, and dischargeable effluents without unusual requirements for treatment are either required
or highly desirable but usually not issues of much concern in typical lab experiments. Some
selected issues in zeolite manufacturing technology related to performance improvement, quality
control and cost of raw materials are discussed. This talk is limited to the high silica zeolites
(SiO2/Al2O3>10) made with organic structure directing agents (OSDAs) and used as raw material
in making catalysts.
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Bio sketch
Sanyuan Yang is a Scientific Consultant at Johnson Matthey Technology Center (JMTC). He
currently leads a JMTC zeolite lab in Savannah and his team is mainly responsible for
development and transfer of new zeolite technologies for manufacturing. His recent interests are
small pore zeolites used in JM environment catalyst products. Prior to his present role, Sanyuan
worked as a catalyst development scientist in the R&D group of JM FCC Additive Business
(Intercat) from 2004 to 2012. He studied Chemistry and received BSc from Wuhan University
(1983) and MS from Nankai university (1986), China. He completed his PhD study in zeolite
synthesis (1996) from Ioannina University, Greece, under the guidance of Prof. N.P. Evmiridis.
He was a postdoc (1998-2001) and then a research staff (2001-2004) in Prof. Alexandra
Navrotsky’s Group at UC Davis where his research area was mainly about energetics of zeolite
materials.
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Emerging Strategies for Zeolite Membrane, Adsorbent, and Catalyst
Synthesis

Michael Tsapatsis
Department of Chemical and Biomolecular Engineering, Johns Hopkins University
Baltimore, Maryland 21218, United States
ABSTRACT

Most commercial nanoporous materials are based on zeolites, which have reached high
technological maturity. With the paradigm shifts in energy, fuels, and chemicals production driven
by urgent needs for decarbonization and sustainability, new membranes, adsorbents and catalysts
may be needed for key roles in product purification, in feedstock fractionation, and for intensified
chemical conversions and separations. In the last 20 years, research efforts on nanoporous
materials like zeolites, metal organic frameworks (MOFs), graphenes/graphene oxides, and other
2D materials, provided demonstrations of breakthrough performance exceeding that of currently
available technologies. Selected important synthesis concepts that allowed these developments
(e.g., nanoparticle/nanosheet assembly, solvent-free crystallization, nanocomposites, epitaxial
growth, post-synthesis modifications) will be reviewed. Efforts to control composition, crystal
morphology, and the presence of intergrowths in zeolites towards making zeolite nanosheets and
nanoparticles as well as hierarchical meso/microporous zeolites will be presented along with their
emerging applications.
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Bio sketch
Michael Tsapatsis is a Bloomberg Distinguished Professor of Chemical and Biomolecular
Engineering at Johns Hopkins University (JHU) with a joint appointment in the Applied Physics
Laboratory. He received an Engineering Diploma (1988) from The University of Patras, Greece,
and MS (1991) and Ph.D. (1994) degrees from the California Institute of Technology (Caltech)
working with G.R. Gavalas. He was a post-doctoral fellow with M.E. Davis at Caltech
(1993/94). His research group’s accomplishments include development of 2-dimensional zeolites,
hierarchical meso/microporous zeolite catalysts, and zeolite membranes. His work on zeolites has
been recognized by the Donald W. Breck Award (2013) and election to the National Academy of
Engineering (2015). Homepage: https://tsapatsislab.wse.jhu.edu/
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Impact of mesopores on reaction-diffusion-deactivation of bulky molecule
conversions in hierarchical zeotypes with differing frameworks and crystal
sizes

Michele L. Sarazen
Department of Chemical and Biological Engineering, Princeton University, Princeton, NJ 08544
*msarazen@princeton.edu

The catalytic scope of solid acid zeotypes has grown to span reactions of increasingly bulky
aromatics and oxygenates, owing to advancing (post)synthetic strategies for modifying
conventionally microporous (pore diameters < 2 nm) zeotypes with auxiliary mesopores (2-50 nm)
that alleviate diffusional barriers otherwise hindering access to confined active sites, reducing
selectivity to desired bulky products, and/or accelerating deactivation. Despite generally enhanced
bulk performance of mesopore-modified “hierarchical” zeotypes in upgrading bulky molecules,
we show that diffusivity enhancements must be contextualized with crystal sizes, microporous
framework architectures of parent zeotypes, and active site distributions. For poly-substituted
aromatics alkylation on Brønsted acid zeolites (H-Al-MFI, H-Al-MOR, H-Al-BEA) in the liquid
phase, as probed via batch alkylation of 1,3,5-trimethylbenzene (TMB) with benzyl alcohol,
kinetic control (Thiele modulus ≤ 1) dominates in hierarchical zeolites for all studied mesopore
synthesis strategies (recrystallization, desilication, and/or dealumination) unless a high crystal
radius (R ~ 10 µm) oversaturates the Thiele modulus beyond feasibly compensatory increases in
effective diffusivity. We further conclude that mesopores provide identical diffusional
environments to crystal surfaces, consistent with converged TMB alkylation rates on H-Al-MFI
and a mesoporous aluminosilicate control (Al-MCM-41) when alkylation rates on H-Al-MFI are
normalized by surface proton density. These outcomes highlight mass transport as primarily
responsible for relative activity between microporous and hierarchical zeolites for hydrocarbon
upgrading.
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Bio sketch

Michele L. Sarazen is an Assistant Professor in the Department of Chemical and Biological
Engineering at Princeton University. Her research group at Princeton couples synthetic, kinetic,
and theoretical investigations of porous crystalline materials as catalysts and adsorbents for
sustainable fuel and chemical production with an emphasis on reaction and deactivation
mechanisms. She earned her BS in Chemical Engineering, summa cum laude, at the Pennsylvania
State University and her PhD in Chemical Engineering from the University of California, Berkeley.
Her thesis, completed under the guidance of Enrique Iglesia, investigated zeolite-catalyzed alkene
and alkane chain growth reactions through both experimental and theoretical approaches. She was
a postdoctoral fellow at the Georgia Institute of Technology, working with Christopher Jones on
the synthesis of hybrid adsorbents for direct air capture of CO2 and metal-organic frameworkbased catalysts. Her recognitions include the National Science Foundation Graduate Research
Fellowship, Howard B. Wentz, Jr. Junior Faculty Award, National Academy of Engineering
Frontiers of Engineering, as well as a Division Director for the American Institute of Chemical
Engineers and the recent Chair of the Catalysis Society of Metropolitan New York.
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Synthetic Methods to Tune Active Site Distribution in Zeolite Catalysts for
Regioselective Methylation of Toluene to para-Xylene
Sopuruchukwu A. Ezenwa and

Rajamani Gounder*
Larry and Virginia Faith Professor
Davidson School of Chemical Engineering, Purdue University
480 Stadium Mall Drive, West Lafayette, IN 47907, USA
*rgounder@purdue.edu

Toluene methylation to para-xylene involves a complex reaction network on Brønsted acid
zeolites. Here, we assess the influence of acid site location and distribution within MFI zeolites on
xylene formation rates and isomer selectivity during toluene methylation at low temperatures
(<433 K). MFI samples of fixed Al content (Si/Al = 50), but with varied crystallite sizes and Al
siting and distribution, were synthesized using different organic structure-directing agents and
obtained from different commercial sources. We show kinetic evidence that rates and selectivity
on MFI zeolites are insensitive to intracrystalline and bed-scale transport phenomena and to the
presence of acid sites unconfined at external surfaces but vary significantly among MFI zeolites
with different Al site distributions. We also show that rates and selectivities vary systematically as
acid sites are confined within different void sizes among other aluminosilicates (TON, MFI, BEA,
MCM-41), indicating that the catalytic diversity among MFI samples for toluene methylation
arises from differences in Al siting within different channel and intersection locations. Overall,
these findings highlight the importance of combining synthesis, characterization, and kinetic
assessments to elucidate synthesis-structure-function relationships that describe how active site
distributions influence rates and selectivity in complex networks in microporous catalysts.
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Bio sketch

Raj Gounder is the Larry and Virginia Faith Professor of Chemical Engineering at Purdue
University. He received his BS in Chemical Engineering with a double major in Chemistry from
Wisconsin in 2006, his PhD in Chemical Engineering from UC-Berkeley in 2011, and a
postdoctoral appointment at Caltech in 2013.
His research group studies catalysis for applications in energy production and
environmental protection, including automotive pollution abatement and converting carbon
feedstocks such as shale gas to fuels and chemicals. His research focuses on elucidating the kinetic
and mechanistic details of catalytic reactions, synthesizing zeolites with tailored site and surface
properties, and developing methods to characterize and titrate active sites in catalytic materials.
His research has been recognized by the NSF and DOE Early Career Awards, the ACS
CATL Early Career Award, the Sloan Research Fellowship in Chemistry, the AIChE 35 Under 35
Award, and the 3M Non-Tenured Faculty Award. His teaching has been recognized by the Shreve
(undergraduate) and Wankat (graduate) Awards for Outstanding Teaching in Chemical
Engineering at Purdue, and his mentoring by the Outstanding Mentoring Award of Engineering
Graduate Students at Purdue. He is an Associate Editor of Science Advances, and on the Editorial
Advisory Board of ACS Catalysis and Reaction Chemistry & Engineering.
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Advanced Solid-State NMR approaches and their application in catalyst
development

Subramanian Prasad
BASF Corporation, 25 Middlesex Essex Turnpike, Iselin, New Jersey 08830.

Transition metal containing zeolites such as Cu and Fe exchanged CHA are of crucial
importance for the remediation of environmentally hazardous engine exhaust gases [1]. Direct
measurement of the active species of exchanged transition metals is generally challenging due to
a number of effects, particularly their paramagnetic nature [2]. We have observed through
numerous studies that these paramagnetic ions, when in close proximity with silicon-29 nuclei
within a zeolite framework, cause drastic yet consistent reductions in the spin-lattice relaxation
time (T1) of those nuclei. This reduction can be correlated with distribution of active sites and
overall activity in Selective Catalytic Reduction (SCR). As a relatively simple exchange ion in
CHA, Cu2+ demonstrates that T1 decreases asymptotically as Cu/Al ratio [3] is increased until the
exchange sites are saturated reaching an effective maximum activity. The mobility of these ions in
poorly exchanged CHA is demonstrated with reduced T1 and improved activity. The much more
complex system of Fe ion exchange shows a parallel improvement in ion evolution after
hydrothermal treatment in CHA. A broader study of efficacy of ion exchange vs pore size shows
that other zeolites MFI and BEA which have larger pores (10 and 12 Member Rings respectively,
vs 8MR for CHA) display lower silicon-29 T1 values as pore size increases. This trend is reflected
in the catalytic activity, further showing the power of using silicon-29 T1 analysis as a
nondestructive probe for final SCR functionality [4].
Reaction properties of these catalysts, including hydrothermal stability and product
selectivity, depend on the distributions of Al heteroatoms in the zeolite framework, particularly
“paired” Al heteroatoms separated by one or two O-Si-O linkages [5]. The local Al distributions
in zeolites can be varied by zeolite synthesis approaches or post-synthetic treatments. However,
atomic-level evidence for these paired framework Al sites has been challenging to obtain, along
with their effects on cation distributions and catalytic reaction properties. Through a combination
of two-dimensional (2D) 27Al{29Si} and 29Si{29Si} through-bond NMR correlation experiments,
direct evidence of “paired” framework Al atoms in aluminosilicate chabazite zeolite catalysts is
obtained. In particular, the 2D NMR analyses enable second- and third-nearest-neighbor
tetrahedral sites to be detected and resolved, which are challenging to distinguish by other methods
[6]. In situ 13C NMR measurements, furthermore, enable the distributions of adsorbed reactant
species on chabazite catalysts to be resolved, quantified, and correlated with macroscopic catalytic
reaction properties for methanol dehydration. The results yield new atomic-level insights on how
14

different distributions of framework heteroatoms, such as aluminum, affect the activity and
selectivity of zeolite catalysts.
References
1. “Urea-SCR Technology for deNOx After Treatment of Diesel Exhausts”, I. Nova, E. Tronconi (Eds.)
Springer New York, New York, NY, (2014).
2. A.J. Pell, G. Pintacuda, C.P. Grey, “Paramagnetic NMR in solution and the solid state”, Prog. Nucl.
Magn. Reson. Spec., 111 (2019) 1-271.
3. J. Palamara, K. Seidel, A. Moini, S. Prasad, “Ion distribution in copper exchanged zeolites by using
Si-29 spin lattice relaxation analysis” J. Magn. Reson. 267 (2016) 9–14.
4. J. Palamara, J. Yang, A. Moini, S. Prasad, “Exploiting inherent paramagnetic effects in transition
metal exchanged zeolites as predictors of catalytic activity“ 61st Experimental NMR Conference,
Baltimore, MD, March 3-8, 2020.
5. J. Di Iorio, C. Nimlos, R. Gounder, “Introducing catalytic diversity into single-site chabazite zeolites
of fixed composition via synthetic control of active site proximity” ACS Catalysis., 7 ( 2017) 6663
and references cited therein.
6. M. Schmithorst, B. Chmelka, A. Moini, S. Prasad, “Distributions of Al atoms in chabazite zeolite
frameworks and their effects on adsorption and catalytic reaction properties“ 20th International
Zeolite Conference, Valencia July 3-8, 2022.

Bio sketch
Subramanian Prasad is a Senior Chemist at BASF
corporation. His expertise is in materials characterization,
specifically by solid-state NMR. He is a member of the
zeolite team geared towards environmental applications.
Prior to BASF, his studies in academia were in the design
and implementation of NMR techniques with focus on
inorganic materials. He has a PhD in chemistry from the
National Chemical Laboratory, India.
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Poster 1

Synthesis of Aromatic Compounds via CO2 Hydrogenation via H-Fe-ZSM-5 / ZnOZrO2 Tandem Catalysts
Dhrumil R. Shah1, I. Nezam, C. W. Jones1,*
1

School of Chemical & Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst
Drive NW, Atlanta, 30318
Intensified reactors for conversion of CO2 to methanol (via hydrogenation) using metal oxide catalysts
coupled with methanol conversion to aromatics in the presence of zeolites (e.g.: H-ZSM-5) in a single step are a
current topic of research1. However, the high selectivity to aromatics remains a challenge, with CO from the RWGS
reaction on metal-oxide catalysts and alkane production being significant co-products. To this end, we are interested
in tuning the catalyst properties to favor aromatics production.
Brønsted acid sites (BAS) in H-ZSM-5 are important sites in methanol aromatization reactions. Prior reports
have evaluated the modification of acid sites in H-ZSM-5 to promote aromatization1,2. However, the effect of
isomorphous substitution has not been investigated. In this work, H-[Al/Ga/Fe]-ZSM-5 zeolites are synthesized with
Si/T ratios = 80, 300, affecting the acid site strength as well as distribution of Brønsted and Lewis acid sites3,4. These
catalysts are combined in tandem with ZnO-ZrO2 (methanol synthesis catalyst) for CO2 hydrogenation, seeking to
better understand the reactivity and improve aromatics selectivity. Of these zeolites, H-[Fe]-ZSM-5/ZnO-ZrO2 gave
the highest selectivity for aromatics at Si/Fe = 80, with good aromatics selectivity even at Si/Fe = 300.
Interestingly, at Si/Fe = 300, the aromatization reactivity seems to be mainly controlled by Lewis acid sites,
as evidenced by its competitive conversion rate at no measurable zeolite Brønsted acid site density (Figure 1). To
further study this family of zeolites, H-[Fe]-ZSM-5 of different Si/Fe ratios are being synthesized to further explore
the compositional space. Under similar conditions, at Si/Fe = 160, H-[Fe]-ZSM-5/ZnO-ZrO2 shows the highest
selectivity for aromatics (~50%). It is interesting to note that there is no measurable BAS even at that Si/Fe ratio,
implying a possibility of another extra framework Fe species being involved in the aromatization reaction mechanism.
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Figure 1: A, B) CO2 hydrogenation over H-ZSM-5 in tandem with ZnO-ZrO2 A) Si/T = 80 and B) Si/T = 300; C) Acid site
characteristics of H-[Fe]-ZSM-5; D) CO2 hydrogenation of H-[Fe]-ZSM-5 with ZnO-ZrO2. TAS = Total Acid Site Density

References
[1]
I. Nezam; W. Zhou et al., J. CO2 Util. Vol. 45 (2021) 101405.
[2]
Y. Xu; C. Shi et al., Catal. Sci. Technol., Vol. 9 (2019) 593.
[3]
J. B. Nagy; R. Aiello et al., Mol. Sieves – Sci. Technol. Vol. 5 (2006) 365.
[4]
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Biomass-Derived Porous Carbons for Supercapacitive Swing Adsorption
Muhammad Bilal1, K. Landskron1,*
1

Department of Chemistry, Lehigh University, 6 East Packer Ave, Bethlehem, PA, 18015

The increasing levels of anthropogenic carbon dioxide in the atmosphere is one of the grand challenges facing
our society. Addressing this challenge by removing CO2 from the atmosphere demands the rapid development of
efficient carbon capture technologies capable to separate and concentrate CO2 from dilute sources in an energy
efficient, environmentally benign, and cost-effective manner. Traditional CO2 adsorption on porous sorbents (e.g.,
zeolites, porous carbons) requires energy-intensive thermal and pressure swings and present problems of low
selectivity and moisture sensitivity1. In contrast, supercapacitive swing adsorption (SSA) is an electrochemical carbon
capture technology capable of capturing and releasing CO2 from a gas mixture upon charging and discharging of
supercapacitor electrodes2. SSA only requires activated carbon electrodes, separator, and an aqueous electrolyte, and
is much simpler than other electrochemical carbon capture technologies requiring expensive sorbents and ion
exchange membranes. Previously, the performance of SSA was largely limited by the low CO2 sorption capacity and
slow sorption kinetics3.
Herein, we investigate a series of activated carbons synthesized from different sources (biomass, coke, coal,
carbide) and correlate the improved CO2 capture performance with enhanced electrochemical performance of activated
carbon electrodes. Garlic roots-derived activated carbon electrodes showed around four times higher capacitance (Cs
= 257 F/g) and CO2 adsorption capacity (AC = 273 mmol/kg) compared to coal-derived BPL 4 × 6 carbon (Cs = 85.9
F/g and AC = 70 mmol/kg). The electrodes showed an energy consumption of 179 kJ/mol CO2 and a charge efficiency
of 0.16. To further improve the energetic and adsorptive performance of SSA, we prepared micro-mesoporous garlic
root-derived activated carbon in a one-step process using K2CO3 and air as activators. The electrodes were hot pressed
at 50oC and 10,000 pounds to achieve high mass-loadings of 38 mg/cm2, which is critical for improved volumetric
performance. Charging the supercapacitor up to -1 V led to a record-high CO2 adsorption capacity (312 mmol/kg),
very low energy consumption (70 kJ/mol), and improved charge efficiency (0.30). Increasing the voltage window up
to -1.4 V led to 68 % increase in the adsorption capacity (524 mmol/kg) without any significant performance loss up
to 130 h (Fig. 1). The results show that novel electrode materials development is a promising route for enhancing the
performance of SSA for real world applications.

Fig. 1 SSA performance of GR-AC electrodes at -1.4 V and 5 sccm flowrate showing stable performance.
References
[1] M. Rahimi; A. Khurram; T. A. Hatton, Chem. Soc. Rev., (2022).
[2] B. Kokoszka; N. K. Jarrah; C. Liu; D. T. Moore; K. Landskron, Angew. Chemie - Int. Ed. 53 (14) (2014) 3698.
[3] S. Zhu; J. Li; A. Toth; K. Landskron, ACS Appl. Energy Mater., 2 (10) (2019), 7449.
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Synthesis of SBA-15 Supported Metals and Metal Oxides by Atomic Layer
Deposition for High Pressure Reactions
Ching-Yu Wang1, R. J. Gorte1,*, J. M. Vohs1,*
1

Department of Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104

It was recently shown that deactivation due to coking can be greatly suppressed for ethene dimerization over
Ni in mesoporous materials at sub-ambient temperature and at pressures higher than that at which pore condensation
occurs1. However, preparation of catalysts in which all of the metal is in the mesopores can be difficult and silica may
not be the ideal support for all reactions. In addition, the deactivation suppression characteristics for such catalysts is
unclear for reactions running at temperature higher than the critical temperature of reactants.
In this work, we modified the surface composition of SBA-15 with various metal oxide thin films by atomic
layer deposition (ALD)2. Vapor-phase infiltration was found to efficiently incorporate various catalytic metals into
the pore of SBA-15. Pt/SBA-15 was synthesized by vapor-phase infiltration with a loading of 9.1 % and particle size
3.8 nm. Hexane dehydrogenation reactions were then performed on Pt/SBA-15 at 773 K and at various pressures in
the absence of H2. Pt/SBA-15 was found to be stable (>5 h) at pressure higher than 40 bar, while deactivation was
rapid (<1 h) below 30 bar. To determine the effect of support structure, reaction stability tests were performed on SiO2
supported Pt. Much higher pressures were required to stabilize reaction on Pt/SiO2 compared to Pt/SBA-15. In addition,
the transition to instability occurred over a wider range of pressures on Pt/SiO2, which we attribute to the lack of a
uniform pore structure on SiO2 nanoparticle. Finally, SBA-15 was modified with various metal oxides (i.e., TiO2,
WOx, and CaCO3) by ALD, and calorimetric measurements with hexane and benzene were performed. It was found
that modification of SBA-15 with various oxides can significantly change the adsorption of hydrocarbons on SBA-15,
which can in turn change the transition pressure for stabilization of Pt catalyst.
References
[1] I. Agirrezabal-Telleria; E. Iglesia, Journal of Catalysis, 352 (2017) 505.
[2] C. Y. Wang; O. Kwon; R. J. Gorte; J.M. Vohs, Microporous Mesoporous Mat. 335 (2022) 111821.
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Supercapacitive Swing Adsorption Module with Bipolar Electrode Stacks
Jiajie Li1, M. Bilal1, A. Bermudez1, K. Landskron1,*
1

Department of Chemistry, Lehigh University, 6 East Packer Avenue, Bethlehem, PA, 18015

The Supercapacitive Swing Adsorption (SSA) developed by our group is a more energy efficient gas
separation technology compared to conventional pressure and temperature swing adsorption processes (PSA and TSA)
which rely on temperature or pressure changes. SSA achieves reversible gas adsorption and desorption by capacitive
charging and discharging the high surface area activated carbon materials1. In previous studies, we presented an SSA
module with a radial gas flow system2, which was able to separate CO2 from a 15%CO2/85%N2 gas mixture stream.
The module was constructed using a single pair of BPL 4x6 AC electrodes. With applied bias (1V), we investigated
different charge-discharge methods, electrolytes, and electrolyte concentrations2,3,4. The sorption capacity was ~ 3060 mmol/kg and the energy consumption strongly decreased with increasing electrolyte concentration and was 90-200
kJ/mol at concentrations of 1M or higher3. Based on the simple internal layering structure, the SSA module can be
easily scaled by increasing the number of electrodes and separators in a stack. The in-series stacking of the electrodes
will require only two current collectors at the ends, which reduces cost. The design and construction of a module
containing four electrodes (one bipolar electrode included) is shown in Fig. 1.
In the stacks, the electrodes are separated by cellulose-based separator sheets that contain 1M NaCl solution.
Electric insulation between the two parts of the bipolar electrode is achieved by inserting a titanium sheet, which is
impenetrable for the electrolyte. A thinner tubing with side openings is inserted in the center of the gas inlet channel
to obtain a more uniformed gas environment in the module. For the testing of module with bipolar electrodes, we
introduced electrodes pairs of 2, 4, 8 and 12, and apply the voltage at the current collectors respectively with 2V, 4V,
8V and 12V. We determined the
sorption capacity, adsorption rates
and energy consumption for each
stack. The expectation is that these
values are constant regardless the
number of electrodes in the stacks,
which would argue that a module
can be further scaled without
affecting performance. So far, we
have found the sorption capacity for
all the tested stacks could achieve ~
52-57 mmol/kg by adjusting the gas
flow rates and charging times. With
controlling the same charging time,
it is promising to obtain the same
Figure 1: Design of a SSA module
energy consumption for these
stacks.
References
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The conversion of methanol to olefins (MTO) is catalyzed by zeolite or zeotype catalysts. In the pores of
these materials, long-lived surface intermediates (“hydrocarbon pool”) accumulate which are essential for olefin
formation. Insights into the chemistry of these species may allow steering selectivity and preventing deactivation.
Cyclic species, identified as alkylcyclopentenyl and alkylbenzenium ions, constitute a large fraction of the pool species
and are among the proposed intermediates in the catalytic cycle.1 It has been inferred that these cyclic species undergo
a variety of reactions: isomerizations including ring contraction, ring expansion, and substituent shifts, as well as
alkylation and cleavage. The difficulty lies in determining the exact constitution of surface species and distinguishing
relevant intermediates from spectators.2 Additionally, the experimental energy barriers for various transformations of
these cyclic species inside the pores are still unknown. Thus, there are inconsistencies in the literature3 regarding the
stable surface intermediates and their transformation in the MTO reaction. In this investigation, we seek to overcome
these limitations and expand the knowledge on these surface intermediates by:
1. Detailed interpretation of UV-vis and IR spectra to identify the surface intermediates and observe their
transformation.
2. Spectroscopic measurements of surface kinetics to determine true activation energies of intermediate
transformations from reactant to product state inside the zeolite pores.
Here, we analyze the ring contraction of 1,3,5,5-tetramethylcyclohexadiene (TMCH) in H-MOR by using
diffuse reflectance UV-Vis and FTIR spectroscopy. The six-membered TMCH is protonated to cyclohexenyl cations,
which are stable enough in the pores to be observable (C=C-C+ stretch at 1548 cm-1). As shown in the figure, at 100 ℃,
the cyclohexenyl cations contract to cyclopentenyl cations (1504 cm -1). We attempt to measure the kinetics by the
disappearance or appearance of the characteristic bands of these ions. Several challenges are encountered.
Cyclopentenyl cations of different constitution form, distinguished by the substitution pattern of the allylic system
(1,2,3 alkyl vs 1,3 alkyl-substituted). Further, changes of the reflectance of the sample with temperature and adsorbate
coverage affect quantitative analysis. We present several methods of data treatment and are able to demonstrate that
reasonable activation energies can be extracted.
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Current natural gas infrastructure beyond electricity relies on energy-intensive syngas-mediated pathways
to upgrade methane (CH4) to liquid chemicals. Gold-palladium (AuPd) nanoparticles are promising catalysts for
low- temperature CH4 upgrading, as they are active for CH4 partial oxidation (MPO) to methanol utilizing hydrogen
peroxide (H2O2)1 as well as H2O2 synthesis from molecular hydrogen and oxygen2, enabling one-pot chemistry.
Additionally, supporting or encapsulating AuPd nanoparticles within microporous zeolite frameworks can enable
tandem catalysis, as zeolitic Brønsted acid sites catalyze hydrocarbon and oxygenate chain-growth reactions, hence
enabling growth to C4-C7 products via methylation and methanol-to-hydrocarbon (MTH) type chemistry3.
However, the details and optimization of this bifunctional acid-metal conversion of CH4 to produce fuels and
commodity chemicals have not been significantly probed. Further, MPO literature utilizing AuPd catalysts consists
primarily of materials with wide nanoparticle size distributions or varying degrees of atomic mixing, making
comparison of intrinsic catalytic performance difficult.
Here, encapsulated metals in MFI and BEA (Au, Pd, or AuPd@NaZeolite; Au:Pd = 1:1) are prepared via
direct hydrothermal syntheses utilizing 3-mercaptopropyl trimethoxysilane to ligate metal precursors during zeolite
crystallization. Powder X-ray diffraction indicates that encapsulated metal nanoparticle-zeolite catalysts are wellcrystallized, and N2-physisorption at 77 K yields expected pore size distributions for MFI and BEA frameworks.
Transmission electron microscopy reveals that encapsulated nanoparticles are well-dispersed and small (dTEM = 1-3
nm), consistent with the absence of bulk Au or Pd diffraction peaks from XRD. Further, diffuse reflectance UV-vis
suggests a prevalence of alloy AuPd nanoparticles in AuPd@NaMFI and AuPd@NaBEA, as the localized surface
plasmon resonance band indicative of bulk gold (> 2 nm diameter) at ~500 nm is absent from their spectra, but
present in monometallic Au@NaZeolite and its physical mixtures with Pd@NaZeolite. Additionally, BEAsupported monometallic and bimetallic metal catalysts are evaluated in aqueous-phase MPO to assess liquid
product selectivity and H2O2 utilization efficiency for future comparison with these zeolite-encapsulated metal
nanoparticle catalysts. Pd catalysts exhibit enhanced selectivity toward methanol versus Au, but unproductive H2O2
utilization via disproportionation also increases. Compared to Au and Pd catalysts, the bimetallic AuPd catalyst
yields increased selectivity to methanol, which is attributed to Au-Pd electronic interactions mitigating
overoxidation of liquid oxygenates. Finally, Brønsted acidic HBEA supports advantageously inhibit unproductive
H2O2 decomposition over NaBEA analogs. Future studies will investigate aqueous-phase MPO with zeoliteencapsulated metals and evaluate these bifunctional catalysts for gas-phase tandem catalytic upgrading of CH4 to
liquids. Insights from these tailored catalyst syntheses can be applied to other metals and zeolite frameworks for more
precise syntheses of thermally stable catalysts.
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In recent years, the rapid accumulation of plastic waste in the environment, due in part to significant growth
rate of plastic production, has resulted in global ecological concerns. Currently, most plastic waste originates from
single-use packaging, as current recycling and recovery technologies (e.g., mechanical recycling) are unable to
reutilize this waste in ways that are practically and economically viable1. As such, chemical upcycling or conversion
methods can serve as potential alternatives to convert plastic waste into gaseous or liquid hydrocarbons that can be
reutilized as fuels and chemical intermediates. Indeed, previous examples have showcased that polyethylene (PE)
hydrogenolysis and hydrocracking reactions on Ru/C and Pt deposited onto tungstated zirconia, respectively, can
deconstruct PE into liquid and gaseous alkanes with product distributions in the range of C1-C402,3.
Here, we performed solvent-free catalytic hydrocracking to convert PE to gaseous fuels (C3-C7) under mild
conditions (i.e., H2 pressure <30 bar H2, T <523 K) on Pt- and Ni-loaded MFI-based zeolites to exploit metal sites
(mostly on catalyst surface) and solid acid sites in a confined microporous environment. However, mechanistic
questions regarding polymer accessibility to micropores and cooperative effects between metal and acid sites remains
open; consequently, PE hydrocracking reactions on metal-loaded MFI were compared to metals on hierarchical MFI
and SiO2 in order to elucidate how introduction of mesopores can affect solid conversion and product yield and
deconvolute effects of metal/acid sites on polyethylene scission (i.e., hydrogenolysis versus hydrocracking). In
general, metal-loaded hierarchical MFI zeolites have higher solid conversion than both metal-loaded parent zeolites
and metal-loaded SiO2, which can be associated to alleviation of mass-transfer limitation (of bulky PE molecules to
acid sites within zeolite voids) and cooperative effects between metal and acid sites, respectively. Ongoing work in
our group aims to elucidate the contribution of metal and Brønsted acid sites for PE conversion and the benefits of
hierarchical (and mesoporous) catalysts for PE upcycling.
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Plastic waste (PW) is a threat to the environment due to the accumulation of the PW in landfills with massive
leakage to the ocean and soil1,2. One of the most abundant sources of PW are single-use packaging materials made
mostly of polyolefins (PO). These polymers - polypropylene and polyethylene are currently recycled using hightemperature pyrolysis. This approach has its environmental drawbacks and is also energy intensive. We propose a
low-temperature catalytic hydrocracking process that operates at 200-280 °C at 30 bar H2 pressure1. The reaction has
been tested in a closed reactor under stirring using virgin low-density polyethylene as a model feedstock. Different
solid acids, including WO3/ZrO2, zeolite with MOR, BEA, MFI, FAU structures, and amorphous silica-alumina, were
used. Various polymer bags, bottles, and caps were studied to check feedstock versatility.
We utilize catalysts blend of two well-known components: Pt/WO3/ZrO2 and zeolite solid acid. The first
component provides metal sites for bifunctional polymer activation, formation of olefin intermediates, and initial CC bond cracking. The second component is responsible for sequential cracking into smaller products (Fig. 1). Primary
products involve C17-C12 alkanes formed over Pt/WO3/ZrO2, which are converted to C5-C8 products over zeolite
HY(30) (Fig. 1). Due to accelerated consumption of reaction intermediates by zeolite overall reaction rate increases
dramatically. Selective poisoning experiment showed that part of reaction intermediates is transferred directly from
Pt nanoparticles to zeolite acid sites with marginal participation of WO3/ZrO2 support. Interestingly, spatial separation
of active sites in a bifunctional catalyst blend is a prerequisite for milder cracking.
Zeolite acidity and porosity have a detrimental impact on olefin intermediate residence time in the
microporous network. To check these effects separately, we systematically vary the micro/mesopore volume ratio and
acid site density of model MOR zeolite. Results show a remarkable deviation of polyolefin cracking from model
alkanes related to their different diffusivities.
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Fig. 1. General reaction network of polyolefins hydrocracking over Pt/WO3/ZrO2 blended with
HY(30) zeolite1. With permission of AAAS.
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Hierarchical zeolites contain mesopores that increase catalyst lifetimes, bulk reaction rates, and yields of
bulky products that are otherwise diffusion-constrained in conventionally microporous zeolites. A plethora of
synthetic and post-synthetic mesopore incorporation methods are utilized for hierarchical zeolites varying widely in
micropore-mesopore connectivity, BET surface areas, (meso)pore volumes, defect densities, and proton distributions1.
Previous work probing the batch, liquid-phase alkylation of 1,3,5-trimethylbenzene (TMB) with benzyl alcohol (BA)
demonstrated that mesopores easily overcome diffusional constraints of narrow micropores in zeolites unless very
high crystal diameters (> 10 μm) severely inflate Thiele moduli beyond feasible compensatory increases in effective
diffusivity2. Discussions of how hierarchical zeolites improve catalytic efficiency focus predominantly on their
specific impacts on micropore occlusion and/or active site poisoning by coke3.
Using thermogravimetric analysis of pyrolyzed (i.e., under Ar) and calcined (i.e., under air) (hierarchical)
zeolites spent during TMB alkylation with BA, we demonstrate that for hydrocarbon upgrading, (hierarchical) zeolite
deactivation proceeds through buildup of hydrogen-rich organic adsorbates and condensed polyaromatic coke species
with combustion temperatures between 80-400 °C (Zone I) and 400-900 °C (Zone II), respectively4. Despite sample
nuances in framework tortuosity, dimensionality, proton distribution, silanol density, and mesopore incorporation
method, total organics buildup and low organics (Zone I) buildup collapse as strongly positive linear functions of BET
surface area and total pore volume (Vtotal), respectively, across all 14 (hierarchical) zeolites probed from MFI, BEA,
and MOR architectures at varying crystal sizes, as well as an Al-MCM-41 mesoporous control.4 Coke (Zone II)
buildup collapses as a strongly positive linear function of micropore surface area, but in a non-causal correlation
attributed to preferential deposition of hydrophobic coke within micropore constrictions with low densities of
hydrophilic silanol defects4. Diffuse-reflectance infrared Fourier-transform spectroscopy (DRIFTS), N2 physisorption,
transmission electron microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDXS) enable contextualization
of coke buildup nuances within hierarchical zeolites according to silanol defect density and micropore-mesopore
connectivity as dictated by post-synthetic treatments and Al-zoning in parent zeolites4.
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PFAS are fluorochemicals that have been produced since before the 1940’s and have a wide range of uses in
consumer and industrial products. While useful, these chemicals have been identified as “forever chemicals” and are
ubiquitous almost everywhere. The persistence of PFAS in the environment has called for the monitoring and
remediation of drinking water in the US as well as the entire world. While traditional sorbent materials such as
activated carbon and ion exchange resins are already being used, they lack the specificity that is needed to work
efficiently in large bodies of real polluted water. Zeolites have been identified as potential sorbent materials to
selectively remove and concentrate PFAS in the environment. Zeolites have a wide range of pore openings, as well
tunable properties to make them ideal for removing pollutants from the environment. Currently there is very little
research investigating zeolites for PFAS sorption.
In this research, a number of high silica zeolites were investigated for their ability to adsorb PFAS out of
water samples. Due to the widespread contamination of low level PFAS everywhere, specific analytical techniques
and material considerations had to be used to get consistent and accurate measurements at the ppt level.
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The covalent linking of organic building blocks (BBs) into crystalline polymers called covalent organic
frameworks (COFs) has emerged as an exciting route to materials with tunable porosity1. Constructed through the
dynamic reversible covalent assembly of organic molecules, COFs benefit from intrinsically tunable pore size,
composition, topology, and functionality2,3. As such, COFs constitute a diverse materials platform with conceivable
applications spanning molecular separations4, catalysis5, energy storage6, and beyond.
Yet, designing these materials to meet the demands of specific applications requires knowledge of how
synthetic conditions offer control over specific structural hierarchy, spanning molecular and mesoscopic (i.e., pore
size, topology) to macroscopic scales (e.g., morphology). Judicious choice of monomeric BBs and control of reaction
conditions have been established as tools for controlling pore size and crystallinity7,8. Yet, efficient molecular access
to crystalline micro/mesopores—required for many applications—remains a challenge with COFs as with other
classes of porous materials. To tailor characteristic diffusion length scales of these materials, recent work has begun
to explore how synthesis conditions (i.e., changes of monomers and kinetic factors) can be exploited for controlling
COF morphology9,10.
While the first COF materials were developed
around boronate ester chemistries, a growing focus is
being paid to imine-linked COFs, owing to their
relatively good water stability and ease of synthesis11.
Here, we have leveraged COF-LZU1, the first reported
2D imine-based COF,12 and TAPB-PDA COF13 as test
bed materials for elucidating synthesis-structurefunction relations governing how factors such as
catalyst type and composition influence kinetics of
assembly, covalent linkage chemistry, material growth,
and activation. The overarching goal is to establish
generalized strategies for tuning diffusion length scales
in this emergent materials class.
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Selective oxidation of alcohols to aldehydes, acids and esters is required in the production of numerous
products in the chemical industry. Some current commercial technologies use non-catalytic stoichiometric reactions
with oxidants, such as chromate or permanganate, which are expensive and toxic. It is, therefore, highly desirable for
green chemistry and improved efficiency to replace these current technologies with catalytic processes using gasphase oxygen as the oxidant. In this work, Au/ZSM-5 catalysts were synthesized, characterized and tested for ethanol
selective oxidation. Effects of the Au loading, zeolite acidity as well as proximity of Au and zeolite acid sites were
studied with X-ray diffraction (XRD), transmission electron microscopy (TEM), diffuse reflectance ultraviolet–visible
spectroscopy (UV-vis DRS), in situ diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) and density
functional theory (DFT) calculations.

Figure 1. DFT model for an Au5 cluster anchored on a double Al-atom site in the ZSM-5 framework.
The ethanol reaction rate over 1 wt. % Au/ZSM-5 (Si/Al=15) (58 mol ethanol/mol of Au/h) was 26 times
higher than that over 1 wt. % Au/SiO2. 1 wt.% Au/S-1 was found to be more active than Au/SiO2 by a factor of 3.
Furthermore, 1 wt. % Au/ZSM-5 exhibited better stability than the SiO2-supported catalyst. The ethanol reaction rate
increased with increasing Al concentration in the zeolite. At the highest tested Al concentration (Si/Al = 15), the
ethanol reaction rate over Au/ZSM-5 was 9 times higher than that over Au/S-1 at the same Au loading of 1 wt.%. The
dependence of the reaction rate on the Au loading for the ZSM-5 support with Si/Al=15 was a volcano curve with a
maximum at 0.5 wt. % Au.
Physical mixtures of 1 wt.% Au/S-1 and blank ZSM-5 (Si/Al = 15) with different ratios were tested to
evaluate the influence of proximity of Au and Al atoms. The physical mixtures had reaction rates similar to that of
pure 1 wt.% Au/S-1, and the rates were much lower than that of 1 wt.% Au/ZSM-5 (Si/Al = 15). Therefore, Al zeolite
sites do not serve as independent catalytic sites, but they enhance the catalytic activity of Au sites when Au and Al
atoms are in proximity.
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1,4-dioxane is used to manufacture both industrial and consumer products. Its stability, solubility, and
widespread use have affected drinking water sources. Consequently, the U.S. Environmental Protection Agency has
classified it as an emerging contaminant and a probable human carcinogen by all routes of exposure1. However, the
incompetence of conventional treatment processes demonstrates the need for an effective remediation strategy.
All-silica zeolites are hydrophobic microporous materials, allowing the adsorption of nonpolar molecules
from mixtures, and such materials could serve as effective adsorbents for the separation of 1,4-dioxane from water.
We investigated this using Monte Carlo simulations in the Gibbs ensemble, using the TraPPE united-atom model for
1,4-dioxane2 and the TraPPE-zeo3 model for the zeolites. We reproduced the vapor-liquid equilibrium properties of
1,4-dioxane, using Self-Adapting Fixed Endpoint Configurational-Bias Monte Carlo (SAFE-CBMC) to sample the
flexible ring configurations of 1,4-dioxane. Then, we simulated the adsorption of 1,4-dioxane into different zeolite
frameworks and investigated the effects of comparative pore size, shape, and connectivity on the adsorption properties
of this system. We also investigated the selectivity of 1,4-dioxane from adsorptions with water under environmental
conditions.

This material is based upon work supported by the National Science Foundation CBET Catalysis division, under
Grant #2138938.
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Metal-organic frameworks (MOFs) are solid porous catalysts used in hydrocarbon oxidative upgrading1,2,
but life cycle analyses encompassing reaction mechanisms and deactivation behavior for many transition-metal MOFs
are not well-understood, particularly for systems with varied reaction environments via linker functionalization, pore
topology, or solvation.
Here, we investigate styrene oxidation by hydrogen peroxide (H2O2) as a probe reaction on two families
(MIL-101, MIL-100) of transition metal-based carboxylate MOFs. Both families have mesoporous MTN zeotype
framework architectures with trimeric metal oxide nodes and aryl carboxylate ligands contained within microporous
tetrahedra substructures. Batch liquid-phase kinetics over isoreticular Cr- and Fe-based MIL-101 reveal higher initial
rate constants (pseudo first-order with respect to styrene) over Fe sites (1.79 ± 0.06 s−1 MFe−1) compared to Cr sites
(0.17 ± 0.04 s−1 MCr−1) at 323 K in acetonitrile (MeCN) solvent. Disparate oxygenate product distributions at
differential isoconversion (7 %) points observed between MIL-101(Fe) and MIL-101(Cr) are likely rooted in differing
H2O2-derived reactive intermediate surface coverages and acidic site densities2,3. Temporal metal leaching assessed
via liquid-phase UV-Vis spectroscopy is consistent with first-order deactivation rates for both MIL-101(Fe) and MIL101(Cr), yet numerical fitting of reaction rates suggests that MIL-101(Cr) catalyst inefficiencies are dominated by Cr
leaching, while MIL-101(Fe) suffers from both Fe leaching and other (ir)reversible phenomena. This leaching is also
dependent on solvent identity, where MeCN leads to more pronounced Cr leaching than methanol (MeOH).
Additionally, comparison between MeCN and MeOH as reaction solvents indicates greater stabilization (1-7 kJ mol1
) of distinct primary product (styrene oxide, benzaldehyde) transition states in MeOH than in MeCN due to H-bonding
with surrounding MeOH molecules. Finally, a series of isometallic Fe MOFs (NH2-MIL-101(Fe), MIL-101(Fe), MIL100(Fe)) are investigated to ascertain the ramifications of framework pore size, coordination environment, and
oxidation state on reactivity and selectivity for H2O2-driven styrene oxidation in MeCN at 323 K. Overall, this work
leverages MOF structural tunability to investigate the consequences of metal identity and solvent and coordination
environments on observed reactivity and deactivation during alkene oxidation by a mild oxidant.
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Effective wastewater treatment remains critical in the face of increased global water consumption and
pollution, with industrial effluent posing a significant threat to environmental and human health. Metal-organic
frameworks (MOFs), consisting of networks of organic ligands coordinatively bound to metal-containing nodes, with
reported water-stability have demonstrated promise toward adsorptive and catalytic removal of pollutants from
wastewater1.
This work focuses on the use of iron(Fe)-based MOFs, constructed from earth abundant, low-toxicity metal
material, for the catalytic degradation of contaminants. The polymorphic structures used in this study, MIL-101(Fe)
and MIL-88B(Fe), are made from the same source materials, but differ in their lattice arrangements due to the use of
contrasting solvothermal synthesis conditions (resulting in 1.6 nm and 0.8 nm pore limiting diameters, respectively)2,3.
Here, we probe the function and stability of these Fe-MOFs for the degradation of methylene blue (MB), a dye and
medication, by hydrogen peroxide (H2O2) oxidant, to understand their potential and limitations for use in advanced
oxidation processes (AOPs). While these materials are each posited to create radical species in the presence of oxidant
that breakdown organic pollutants4,5, this work expands interrogation of their contrasted performance. Specifically,
MIL-101(Fe) shows over three times the metal-normalized pseudo-first order rate constant as MIL-88B(Fe) under
identical catalyst loadings and excess hydrogen peroxide conditions, potentially as a result of differences in either
their lattice arrangements or their electronic contributions from ligated residual synthesis components. Although
catalyst reactivity continues upon its reuse in new degradation reactions for both MOFs, loss of long-range order is
evident from X-ray diffraction after ambient drying of catalyst recovered after use in a single cycle. Moreover,
leaching tests conducted on fluid recovered after catalyst removal from reaction broth demonstrate continued
degradative reactivity from both systems, indicating loss of active species from the initial MOF structures. Leaching
is present even when MOF is exposed only to water (in the absence of dye and oxidant), indicating the prominent role
solvent interactions play in framework restructuring. By highlighting the role of leaching and structural change in
MIL-101(Fe) and MIL-88B(Fe), insights into their potential for water treatment applications and aqueous use more
broadly are achieved.
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Carbon capture requires a large-scale application to mitigate climate change in a significant manner.
Due to the large scale, it is essential that the chemicals and materials used for carbon capture do not harm the
environment and do not produce a waste problem at the end of the material’s/chemical’s lifetime.
Supercapacitive Swing Adsorption (SSA) is a carbon capture technology that uses activated carbon and salt
water, which are environmentally benign1. At the end of their lifetime, electrodes used for SSA could
potentially be used for other applications, like soil conditioning (similar to biochar), recycled, or disposed of
in landfills. However, supercapacitor electrodes are currently fabricated with PTFE or PVDF as binders,
which are both fluorinated hydrocarbons that can release toxic PFAS and are bioaccumulative to humans and
animals.
Therefore, it is desirable to develop SSA electrodes with non-toxic biopolymers as binders. An
alginate binder is an intriguing option because it forms hydrogels with divalent and trivalent cations. These
polymers have a high elastic modulus and toughness. In addition, it is hydrophilic, making it attractive for
aqueous electrolytes and leading to better rate capabilities2. Here, the facile and time-efficient preparation
of SSA electrodes with alginate as a binder and glycerol as a plasticizer, as well as BPL Activated Carbon as
the active material is presented3-4. These electrodes have a high mass loading, exhibit a capacitance of
43±0.02 F/g at a Cyclic
Voltammetry scan rate of 5mV/s,
in agreement the same number
for
Galvanostatic
ChargeDischarge at 50mA/g, and a
thickness of ~1 mm, which
allows the direct imprinting of
gas flow channels.
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Catalytic non-oxidative dehydrogenation of light alkanes is a promising process for efficiently producing
platform olefins, such as ethylene and propylene, while reducing greenhouse gas emissions. Although Pt-based
catalysts catalyze this reaction effectively1, non-precious metal catalysts are desired and chabazite zeolites containing
isolated extra-framework Ga+ species (Ga-CHA) catalyze light alkane dehydrogenation with high selectivity2,3.
Computational research on why and how a main-group metal like Ga can catalyze these reactions has focused on Gacontaining MFI zeolites, which contain at least two different types of catalytic sites4,5.
Although there is some disagreement in MFI/ZSM-5 over the active site—isolated Ga(I) (Ga+)4 vs. Ga
hydride ([GaH2]+)5—there is consensus that ethane activation begins with heterolytic C-H bond cleavage to form a
neutral alkyl-Ga(-dihydride) species and a Brønsted acid site (BAS) as a high energy intermediate. This route to
forming an alkyl-Ga-hydride intermediate is favorable compared to a single-step “oxidative” addition. In all cases,
sequential hydrogen abstraction through alkyl-Ga-hydride is favorable compared to concerted dehydrogenation
mechanisms.
With this as background, a comprehensive density functional theory (DFT) study of a proposed reaction
network was used to investigate how Ga-CHA catalyzes ethane dehydrogenation. Initial results indicate that the DFTcalculated ∆G and ∆G‡ for many of the elementary steps are closer in energy compared to literature results for GaMFI, and that micro-kinetic modelling of the entire network is warranted.
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