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Preface
Welcome to the international symposium Catalysis – A Key to Sustainability. In this book of
abstracts you will find an overview of the conference and the extended abstracts of the
plenary lectures, oral presentations and posters. As you will see, these abstracts cover a
wide range of topics, from computational chemistry through biomass conversion,
sustainable energy, new materials, surface science studies, and industrial applications. This
variety of subjects reflects the importance of catalysis in solving the formidable global
challenges we face: providing eight billion people with clean water, clean air, and
sustainable food and energy, while minimizing our impact on the climate and on our planet.
To do this, we must transform our energy, water, food and materials sectors. We must use
renewable resources, green processes and circular economy principles. Catalytic
processes can enable the transition to a hydrogen economy, to carbon-neutral products
and processes, and to improved waste recycling and waste minimization.
This three-day conference arose from the joint interests and complementarity between
the heterogeneous catalysis research groups at the University of Amsterdams Van ‘t Hoff
Institute for Molecular Sciences and at the Izmir Institute of Technology. With mounting
interest in sustainable technologies and a desire for a platform for scientists to exchange
ideas face-to-face after over two years of pandemic-induced isolation, it quickly grew to
the limit of 85 participants, attracting people far and wide to beautiful Izmir, here on the
shores of the Aegean Sea.
Organising conferences is rewarding, though hard, work. We thank all the people who
have made this possible, especially our amazing international and local organising
committee: Başar Çaglar, Azime Arıkaya, Günsev Dizoğlu, Martijn Mekkering and Fran
Pope. The free registration, lunches, coffee breaks and conference facilities were enabled
through the generous support of the Izmir Institute of Technology, the Research Priority
Area Sustainable Chemistry of the University of Amsterdam, and The Catalyst Group
Resources. Thank you.
Gadi Rothenberg and Selahattin Yılmaz,
co-chairs of the organizing committee
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Understanding adsorption and surface travel in heterogeneous catalysis
Gadi Rothenberg
Van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, The Netherlands.
g.rothenberg@uva.nl
www.hims.uva.nl/hcsc
The interactions of molecules at surfaces are the basis for all heterogeneous catalysis. Considering this, it is
surprising how little we know about the actual steps that occur when molecules from the bulk fluid approach a
catalyst surface and how they interact there. There are many excellent theoretical and experimental studies on
the reactions that occur at the catalyst active site, but most of the catalyst surface is not an active site. Often,
the travel to/from the site is ignored under the premise that the reaction is chemically controlled, and any nonreactive interactions are lumped together in a so-called “frequency factor” or “collision factor”.[1]
The problem is that the underlying theory for such factors is based on molecular interactions in the gas phase.
This does not make sense, because a heterogeneous catalyst is per definition in a different phase than the
reactants and products. To understand the meaning of the so-called “frequency factor” for catalyst surfaces, we
need to first figure out the kinetic behaviour of molecules at (and close to) the surface. This is a difficult challenge,
as it requires precise measurements of multiple sets of Arrhenius relations, which is very time-consuming, and
labour-intensive.
In 2019, we developed a simple device for measuring the kinetics of gas-producing reactions.[2] This device costs
<€250 and weighs <2kg, yet gives accurate reaction profiles with >3000 measurements. It can also run
temperature profiles, giving Arrhenius plots with hundreds of data points from a single experiment. In the
lecture, I will outline the working principles of this device, and show how you can build one yourself. Then I will
show how we can use this device to precisely measure the kinetics of catalytic reactions at various modified
surfaces. Finally, I will explain how these measurements can help us understand how molecules interact with
catalyst surfaces.[3]
[1] Catalysis: Concepts & Green Applications, G. Rothenberg, Wiley-VCH (2nd edn., 2017). ISBN 978-3-52734305-8.
[2] A simple and efficient device and method for measuring the kinetics of gas-producing reactions. T.K. Slot,
N.R. Shiju and G. Rothenberg, Angew. Chem. Int. Ed., 2019, 58, 17273–17276. DOI: 10.1002/anie.201911005
(open access)
[3] An experimental approach for controlling confinement effects at catalyst interfaces. T.K. Slot, N. Riley, N.R.
Shiju, J.W. Medlin and G. Rothenberg, Chem. Sci., 2020, 11, 11024–11029. DOI: 10.1039/D0SC04118A (open
access)

11

Towards a carbon neutral civilization: A First and second law analysis of
artificial photosynthesis
Deniz Uner
Chemical Engineering Middle East technical University Ankara 06800 Turkey
Micro and Nanotechnology Program, Middle East technical University Ankara 06800 Turkey
uner@metu.edu.tr
Applying the First Law of Thermodynamics along with a material balance on carbon reveals the basis of the
strong correlation between the average temperature increase and the amount of accumulated carbon dioxide
in the atmosphere. The strong correlation between the accumulated carbon dioxide in the atmosphere and the
average annual temperature increase can be quantified directly if the impact of the thermal energy release by
combusting fossil fuels on the atmospheric temperature increase is estimated by including parameters such as
the thermal energy absorption due to melting glaciers and increased evaporation from surface waters. With this
analysis, the direct role of the thermal energy released upon fossil fuel use is revealed.
Hydrogen and nuclear energy are two of the alternatives for a carbon neutral civilization. Hydrogen produced
through solar or renewable energy is gaining prominence as an alternative energy vector, especially for its use
in transportation. When the use of hydrogen produced through solar (or nuclear) energy for transportation
purposes is scrutinized through the first and second laws, the final scenario does not give a better outlook than
the fossil energy use, as long as the final use include a thermal dissipation to the environment. Because the heats
of combustion of most materials are within the same range when normalized with respect to the amount of
oxygen needed to carry out the combustion. Hence the thermal energy produced during the combustion of
fossil fuels are akin to that released when hydrogen is converted to water, regardless of the technology used.
The evidence from the first law analysis hints towards the role of thermal energy dissipation as the major
contributor of the climate change. This necessitates re-examination of the thermal energy footprint of the
carbon neutral technologies. For example, carbon dioxide sequestration comes along with a thermal energy
dissipation during compression and energy release upon carbon dioxide adsorption or condensation. All of these
attributes can be summed up by the entropy generation of the Second law. The minimization of the entropy
generation requires slow and efficient processes both during carbon dioxide capture and conversion and in the
utilization of the stored energy in the chemical bonds needed for our not yet sufficiently advanced civilization.
In other words, large temperature gradients must be avoided during chemical conversions, and slow processes
with higher material and energy efficiencies must be preferred over faster ones.
Under the constraints of slow processes running with smaller temperature gradients, bond breaking events
becomes more challenging. Very strong dioxygen and dinitrogen bonds demand high energy inputs, but not
necessarily high temperatures, for rupture. Beyond this bond rupture, the chemical conversion processes are
energetically downhill. Natural processes with an oxygen metabolism tend not only to manage with excellent
catalysis of a highly selective active site at the enzyme, but also provide the needed energy through the local
fluctuations of the surrounding folded protein framework. The excellent example of the oxygen evolution center
within the photosynthetic process will be discussed from both catalytic and thermodynamic perspective.[1] The
discussion is intended to shift the attention from carbon dioxide to oxygen as the key player molecule of the
climate change problem and its ultimate solution.
[1]

Elucidating the role of adsorption during artificial photosynthesis: H2O and CO2 adsorption isotherms over TiO2 reveal thermal
effects under UV illumination D. Uner, B. Yilmaz Photosynthesis Research, 2022 doi: 10.1007/s11120-22-00924-9.
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Computational catalysis: A powerful tool for catalyst design
Ali Can Kizilkaya
Department of Chemical Engineering, Izmir Institute of Technology, 35430, Urla, Izmir, Turkiye
alicankizilkaya@iyte.edu.tr
Human civilization faces serious challenges in the 21st century including climate change, waste accumulation
and depletion of crucial resources. The solution to these issues requires a holistic approach centered on
sustainable technologies. Catalysts, in particular the solid, heterogeneous catalysts, are the key materials that
can enable this shift by minimizing waste and enabling economic utilization of resources. However, most of the
catalysts that are currently used are based on scarce resources or they are non-optimal. Therefore, we either
need to design novel catalysts based on abundant materials or improve existing ones.
A serious complexity in catalyst design stems from the fact that catalysts are composed of several components,
mostly including a support and promoter, in addition to the active phase. Tackling this task of multi-component
system design with experimental means has been tedious due to the dominant empirical approach and lack of
fundamental insights. Therefore, identification of design rules based on fundamental understanding of catalyst
components and their interactions with their environment is vital for the design of novel catalysts. The
development of these design rules necessitates the utilization of experimental characterization techniques in
concert with the state-of-the art computational modeling approaches.[1]
Computational catalysis has proved its worth in terms of generating important catalytic insights in the last
decades. I will start my talk by briefly introducing the principles, advantages and limitations of Density Functional
Theory (DFT) modeling in catalysis. Afterwards I will focus on how DFT methods have allowed to develop insights
for practical catalysts [2], and contributed to the design of new ones [3,4]. Finally, I will present an outlook where
multiscale modeling [5] and machine-learning methods [6] will make computational catalysis an indispensable
part of catalyst design in the near future.
[1] Towards the computational design of solid catalysts. J.K. Nørskov, T. Bligaard, J. Rossmeisl, C.H.
Christensen, Nat. Chem., 2009, 1, 37–46. https://doi.org/10.1038/nchem.121.
[2] Mechanistic Insights into the Effect of Sulfur on the Selectivity of Cobalt-Catalyzed Fischer–Tropsch
Synthesis: A DFT Study. Y. Daga, A.C. Kizilkaya, Catalysts, 2022, 12, 425-443. 1.
https://doi.org/10.3390/catal12040425.
[3] Design of Cobalt Fischer-Tropsch Catalysts for the Combined Production of Liquid Fuels and Olefin
Chemicals from Hydrogen-Rich Syngas. K. Jeske, A.C. Kizilkaya, I. López-Luque, N. Pfänder, M. Bartsch, P.
Concepción, G. Prieto, ACS Catal., 2021, 11 4784–4798. https://doi.org/10.1021/acscatal.0c05027.
[4] Theory-Aided Discovery of Metallic Catalysts for Selective Propane Dehydrogenation to Propylene. T. Wang,
X. Cui, K.T. Winther, F. Abild-Pedersen, T. Bligaard, J.K. Nørskov, ACS Catal., 2021, 11, 6290–6297.
https://doi.org/10.1021/acscatal.0c05711.
[5] First-principles-based multiscale modelling of heterogeneous catalysis. A. Bruix, J.T. Margraf, M. Andersen,
K. Reuter, Nat. Catal., 2019, 2, 659–670. https://doi.org/10.1038/s41929-019-0298-3.
[6] Z.W. Ulissi, M.T. Tang, J. Xiao, X. Liu, D.A. Torelli, M. Karamad, K. Cummins, C. Hahn, N.S. Lewis, T.F.
Jaramillo, K. Chan, J.K. Nørskov, Machine-learning methods enable exhaustive searches for active bimetallic
facets and reveal active site motifs for CO2 reduction, ACS Catal., 2017, 7, 6600–6608.
https://doi.org/10.1021/acscatal.7b01648.
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Overcoming the Challenges with Atomically Dispersed Supported Metal
Catalysts
Alper Uzun
Department of Chemical and Biological Engineering, Koç University, Rumelifeneri Yolu, Sariyer, 34450 Istanbul,
Turkey
auzun@ku.edu.tr
http://home.ku.edu.tr/~auzun
Atomically dispersed supported metal catalysts are drawing wide attention because they offer unprecedented
catalytic properties along with an opportunity for the efficient use of expensive transition metals at the
highest possible metal loading. This talk will present some of the recent research outputs from my research
group at Koç University demonstrating how the central challenges related with these novel catalysts: (i) tuning
their catalytic performance, (ii) improving their stability, and (iii) enhancing their metal loadings, can be
overcome. The specific topics are as follows:
Supported Ir complexes were synthesized by the reaction of Ir(C2H4)2(acac) and Ir(CO)2(acac) (acac =
CH3COCHCOCH3) with various supports having a wide range of electron-donor character and coated with various
ionic liquids (ILs). Detailed characterization demonstrated the control of catalytic performance by choice of the
environment surrounding metal—both the support and a sheath of IL molecules. Next, we evaluated the
changes in the coordination environment of Ir complexes on each support by continuous-scan X-ray absorption
spectroscopy during a temperature ramp in flowing pure H2. Data illustrated that the Ir complexes become more
stable as their electron density increases with an increase in the electron-donor strength of the support.
To enhance the metal loadings, we used a support in the form of a reduced graphene aerogel (rGA). The high
density of surface sites and the high surface area of the rGA allowed us to increase the Ir loading beyond 20 wt%.
In this regard, the Ir(C2H4)2 complexes prepared on rGA were exposed to ethylene hydrogenation catalysis
conditions at varying temperatures and reactant concentrations. Continuous-scan X-ray absorption spectra
demonstrated the formation of Ir4 clusters during reaction in flowing equimolar C2H4 and H2, and their
transformation into Ir6 clusters when the feed was H2-rich. Catalytic performance data indicated that having
neighboring metal centers in the clusters, including Ir6, which is stable even in pure H2 at 100 °C, offers
opportunities for boosting the performance more than two orders of magnitude. These results demonstrate
that the rGA is an ideal support owing to its high surface area, high density of anchoring sites for Ir, and its
strong-electron-donating character. These properties uniquely allow the formation of stable Ir6 clusters at an
exceptionally high Ir loading of 9.9 wt%, setting a new benchmark value for the highest metal loading in a
supported metal cluster catalyst with a non-crystalline support. Besides, the continuous-scan X-ray absorption
data further demonstrate how coating of these rGA-supported Ir(C2H4)2 complexes with 1-ethyl-3-methylimidazolium acetate hinders the metal aggregation under ethylene hydrogenation conditions—and even in pure
H2 at elevated temperatures—at an Ir loading of 9.9 wt%. These results point to opportunities for overcoming
the central limitations related with the atomically dispersed supported noble metal catalysts by choice of
electron-donor supports and IL sheaths.
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Solid acid catalysts: From fundamentals to applications
Selahattin YILMAZ
İzmir Institute of Technology, Faculty of Engineering, Department of Chemical Engineering, 35430, Urla, İzmir,
Turkey
selahattinyilmaz@iyte.edu.tr
There is a growing need for more environmentally acceptable processes in the chemical industry. This trend has
become known as ‘Green Chemistry’ or ‘Sustainable Technology’ and necessitates a paradigm shift from
traditional concepts of process efficiency, that focus largely on chemical yield, to one that assigns economic
value to eliminating waste at source and avoiding the use of toxic and hazardous substances.
A wide variety of reactions, e.g. sulfonations, alkylations, nitrations, halogenations, diazotizations and FriedelCrafts acylations, are generally catalyzed by mineral acids (H2SO4, HF, H3PO4) and Lewis acids (AlCl3, ZnCl2, BF3).
These reagents are typically associated with problems of high toxicity, corrosion, catalyst waste, use of large
amounts of catalyst, and difficulty of separation and recovery. The replacement of the liquid mineral acids by
solid acids would afford a dramatic reduction in waste and environmental effects and help to easy the processing.
The application of solid acid catalysts started in the late 1930s with Houdry cracking process. Since then, various
solid acids and their applications as catalysts have been extensively studied and developed. There are different
types of solid acids, such as amorphous silica-alumina, clays, zeolites and zeotypes, resins, sulphated metal
oxides and heteropoly acids. They can easily be separated from liquid reaction mixtures and recycled. In addition,
they are noncorrosive and environmentally benign, presenting fewer disposal problems. Furthermore, they can
be designed to give higher activity, selectivity, and longer catalyst life. And there is still an incentive for
developing new solid acid catalysts.
The fundamentals of solid acid catalysts will be presented. The nature of acid sites (Bronsted and Lewis) and
their physiochemical characterization will be described. Then different solid acids developed in our studies and
tested in in dehydration, esterification, and dehydration reaction will be given. The catalysts studied include
heteropoly acids, sulphated and sulfonated metal oxides and titania silicates. Mesoporous sulphated and
sulfonated titania silicates, tungsten loaded Zr incorporating mesoporous silica and sulphated carbon gained
high interest nowadays. The investigations to introduce and optimize acidity of mesoporous catalyst for high
activity and selectivity will be explained.
[1] Gupta P., Paul S., Catalysis Today 2014, 236, 153–170
[2] Hattori H., Ono Y., Solid Acid Catalysis: From Fundamentals to Applications, Pan Stanford Publishing Pte.
Ltd. 2015.
[3] Corma A. Chem. Rev. 1995, 95, 559-614
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Photocatalytic degradation of aquatic organic pollutants with Zn and Zr
based metal-organic frameworks: ZIF-8 and UiO-66
Fehime ÇAKICIOĞLU-ÖZKAN
İzmir Institute of Technology, Faculty of Engineering, Department of Chemical Engineering, 35430, Urla, İzmir,
Turkey
fehimeozkan@iyte.edu.tr
Water treatment has been an essential issue with the increasing population over 40 years. Researchers center
on the major organic pollutants, such as dyes, pesticides, and pharmaceutical products. Photocatalytic
degradation is one of the promising methods for aquatic organic pollutant treatment. Over the years, scientists
have been working on developments for photocatalysts to enhance their pollutant degradation performances.
From the reviewed studies, it is seen that properties like surface area, chemical, mechanical, and thermal
stability, and uniform distribution of active sites are crucial, and an increase in these properties provides better
degradation efficiency. In this sense, metal-organic frameworks as photocatalysts can be considered more
advantageous. This study focuses on the organic aquatic pollutant degradation studies by using well-known
MOFs like ZIF-8 and UiO-66 photocatalysts. Mainly the organic dye (RhB, MB, MO, etc.) degradation efficiencies
of ZIF-8 and UiO-66 have been achieved to 100%. Recently, the degradation capacities of various
pharmaceuticals such as diazinon, acetaminophen, levofloxacin, and sulfamethoxazole have also been
investigated. According to the reviewed studies, ZIF-8 and UiO-66 can be considered remarkable photocatalysts
for the degradation of organic pollutants.

16

Science Diplomacy: Soft Power to Connect the World through Science
Yusuf BARAN
Izmir Institute of Technology, Department of Molecular Biology & Genetics, 35430, Urla, İzmir, Turkey
yusufbaran@iyte.edu.tr
In our contemporary world, many threats, conflicts and competitions exist and arise between different worlds (South and
North, East and West, developed and developing, etc..) and among countries, cultures, races, ethnic groups, religions,
nations, etc.. These conflicts that our world is suffering of nowadays is due to the differences in interests, life styles, ideas,
ideologies, values, religions and cultures. These competitions and conflicts are not limited to small groups such as individuals
or groups of people within their societies but it could also arise among big groups such as nations and states. However,
conflicts are not the only relationship that arises among different nations but opportunities and success stories have also
been documented where groups and nations of different backgrounds have a harmonious relationship.
Fortunately, we have a strong tool, a magic wand, which can create bridges between the worlds and has the ability to bring
peace. This tool is SCIENCE. Science is apolitical and able to solve the local and global challenges that all societies are facing.
It is proof based, data driven and gives us the opportunity to allow the World’s best minds to come together and
communicate. For all these reasons, science, without any doubt, is the best and almost the only platform that can bring
people from different cultures, colors, religions, regions and nations together. The term “Science Diplomacy” is used to refer
to the collaborative effort of different nations to come together and join forces to tackle and solve shared challenges.
“Science for diplomacy” is the use of scientific collaborations to initiate and strengthen international relations among nations
while “diplomacy for science” is the use of diplomatic ways and networks to aid in scientific collaborations or utilizing
diplomacy in order to convince policy makers to invest more on science.
In the world’s current ecosystem, we need more science diplomacy to (I) solve the local and global challenges, (II) achieve
long-term sustainable development goals, (III) initiate/strengthen international communications and collaborations, (IV)
increase research, development and innovation capabilities and (IV) use science diplomacy as a soft power to improve the
current state of the world. To achieve these goals and solve the regional and global problems, we need international and
interdisciplinary collaborations and cooperations that can be achieved by science diplomacy.
In this talk, I will present my view and understanding of science diplomacy as a young scientist/diplomat from
Europe/Asia/Middle East.
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Controlling First- and Second- Coordination Sphere Effects of Heterogeneous
Catalysts via Surface Immobilization of Supramolecular Cage Structures
Petrus C. M. Laan1, Joppe A. Vleer1, Eduard O. Bobylev1, Felix J. de Zwart1, Alessandro Troglia2, Ronald Bliem2,
Joost N. H. Reek1, * and Ning Yan1, *
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Heterogeneous catalysts are widely used in a variety of applications for sustainable and renewable ways of
producing energy and raw materials. A known factor that determines the performance of heterogeneous
catalysts is the distance between active sites for stepwise reactions (Weisz’s intimacy criterion).[1,2] During my
presentation, I will discuss our recent findings on proximity effects of atomically dispersed metals. Our results
show both a new strategy to synthesize well-defined heterogeneous catalysts as well as new fundamental
insights on inter-site distance effects in heterogeneous catalysis.
More specifically, we explored a novel strategy to control the exact metal-to-metal distance of atomically
dispersed heterogeneous catalysts by combining supramolecular chemistry and material science, as this control
is hard to achieve by classical synthetic strategies.[3-5] To this end, we synthesized well-defined supramolecular
complexes in which the metal speciation and metal-to-metal distance are both pre-controlled and immobilized
them on a heterogeneous support afterwards. Thereafter, the catalytic activity of these materials was studied
with fast and precise online measurements by using the hydrolysis of ammonia borane as a probe reaction. We
found that the bi-atomic catalysts had a 20-time increased reaction rate and, more importantly, operated via a
different mechanism compared to its single-atom analogue.

[1]

Stepwise Reaction via Intermediates on Separate Catalytic Centers. P. B. Weisz, Science, 1956, 123, 887-888.
10.1126/science.123.3203.887

[2]

Stepwise Reaction on Separate Catalytic Centers: Isomerization of Saturated Hydrocarbons. P. B. Weisz and E. W. Swegler,
Science, 1957, 126, 31-32. 10.1126/science.126.3262.31

[3]

Heterogeneous Supramolecular Catalysis through Immobilization of Anionic M4L6 Assemblies on Cationic Polymers. H. Miyamura,
R. G. Bergman, K. N. Raymond and F. D. Toste, J. Am. Chem. Soc., 2020, 142, 19327–19338. 10.1021/jacs.0C09556

[4]

Confinement Self-Assembly of Metal-Organic Cages within Mesoporous Carbon for One-Pot Sequential Reactions. F.-F. Zhu, L.-J.
Chen, S. Chen, G.-Y. Wu, W.-L. Jiang, J.-C. Shen, Y. Qin, L. Xu and H.-B. Yang, Chem, 2020, 6, 2395–2406.
10.1016/j.chempr.2020.06.038

[5]

Guest Encapsulation within Surface-Adsorbed Self-Assembled Cages. H. P. Ryan, C. J. E. Haynes, A. Smith, A. B. Grommet and
J. R. Nitschke, Adv. Mater., 2021, 33, 2004192. 10.1002/adma.202004192
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Borohydrides as practical carbon-free fuels
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Hydrogen is a clean fuel for our future, as water is its only burning product. However, compressed or liquefied
hydrogen give efficiency and safety concerns. Solid chemical hydrogen carriers are safer. Alkali borohydrides
such as NaBH4 and KBH4 are attractive as fuels, because they can be stored and transported as stable solids.
When reacted with water, they release four equivalents of hydrogen gas plus the metaborate salt (MBO2) as a
side-product (eq 1). This spontaneous reaction is stabilised at higher pH.[1] In the presence of a catalyst, the
release of hydrogen can be controlled, resulting in a carbon-free fuel.
𝐾𝐵𝐻! + 2 𝐻" 𝑂 → 4 𝐻" + 𝐾𝐵𝑂"

(1)

NaBH4 has been favoured in research due to its higher hydrogen density. However, its NaBO2 by-product has
low solubility in water, resulting in crystallisation.[2] This is a no go for practical applications. KBO2 is more soluble,
making KBH4 preferable for real-life fuel applications.[3]
We studied KBH4 hydrolysis with and without catalysts, monitoring the reaction in real time using a bubble
counter.[4] Using rheology measurements, we showed that the final self-hydrolysis solution behaves more like a
polymer than individual metaborate particles or agglomerates. For example, increased shear rate gave
decreased viscosity. However, this was not fully reversible showing an irreversible disorder of particles. This
means that the metaborate ions form a complex polymeric structure. In the lecture, we will show how
understanding the structure of the metaborate by-product can help us design better borohydride
dehydrogenation catalysts.

Figure 1 – a) KBH4 self-hydrolysis setup and b) rheology results of the complex self-hydrolysis solution vs KBO2 solution
[1]

Long-Term Stability of Sodium Borohydrides for Hydrogen Generation. V. Minkina, S. Shabunya, V. Kalinin V. Martynenko, A.
Smirnova, Int. J. Hydrog. Energy, 2008, 33 (20), 5629–5635. https://doi.org/10.1016/j.ijhydene.2008.07.037

[2]

Temperature-Induced Transformation of the Phase Diagrams of Ternary Systems NaBO 2 + NaOH + H 2 O and KBO 2 + KOH + H
2 O. A.V. Churikov, K.V. Zapsis, V.V Khramkov, M.A. Churikov, I.M. Gamayunova, J. Chem. Eng. Data, 2011, 56 (3), 383–389.
https://doi.org/10.1021/je1007422

[3]

Solubility and Related Equilibria in the KBO 2 – H 2 O and KBO 2 – H 2 O – KOH Systems. O. Krol, J. Andrieux, J.J. Counioux, R.
Tenu, C. Goutaudier, XXXV JEEP – 35th Conference on Phase Equilibria, 2009, 00023. https://doi.org/10.1051/jeep/200900023

[4]

A Simple and Efficient Device and Method for Measuring the Kinetics of Gas-Producing Reactions. T.K. Slot, N.R. Shiju, G.
Rothenberg, Angew. Chem. Int. Ed., 2019, 58 (48), 17273–17276. https://doi.org/10.1002/anie.201911005
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In-situ Characterization of Electrocatalytic CO2 Reduction Reactions Using
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We investigate the catalytic activity and C2 selectivity in electrochemical carbon dioxide reduction reaction
(CO2RR) on two distinguished electrodeposited copper oxides with distinct morphologies and structures. The
electrode with a compact structure exhibits two times higher Faradaic efficiencies of C2 products (40%). Through
utilizing Surface Enhanced Raman Spectroscopy (SERS), it was realized that the formation of a metastable phase
(malachite) on top of the electrode with a porous structure can hinder the charge exchange and interfere with
further reductions to C2 products. Also, by consumption of HCO#
3 , malachite formed can cause a shift in local
pH to higher alkalinity. Overall, our study can suggest that the different behavior in the CO2RR selectivity is
mostly originated from the morphology and structure of the electrode, besides the composition itself.
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Catalyst and process development for sustainable technologies
Vahide Nuran MUTLU
SOCAR Turkey Research & Development and Innovations Inc., Türkiye
vahide.mutlu@socar.com.tr
Chemical and allied industries are facing the big challenge of the transition to greener, more sustainable
manufacturing processes that efficiently use raw materials and energy, eliminate waste and avoid the use of
toxic and hazardous materials. In light of the EU goal of ‘no net emissions of greenhouse gases in 2050, as stated
in the European Green Deal, both the academics and industry perform research and innovation studies in the
areas such as, carbon capture, utilization and storage (CCUS), hydrogen production, plastic recycling and
biomass conversion… etc. At this point catalysis is crucial and plays a key role for the development of more
sustainable chemical processes by allowing reactions to be performed with the highest energy saving, in the
most efficient, economic and environmental responsible way.
Our group study the development of bifunctional heterogeneous catalysts prepared by sol-gel method for the
synthesis of dimethyl ether DME from CO2. DME is a very promising alternative to diesel, due to better
combustion performance (cetane number =55-60), much lower emission of NOx and most importantly no
emissions of SOx and particulate matters (PM). DME could be synthesized in two ways: indirect way and direct
way. In the indirect way, syngas (CO+H2) is first catalytically converted to methanol and then is purified and is
catalytically dehydrated to DME.[1] In contrast, in the direct synthesis method, CO2 (instead of CO) and H2 are
used to produce DME over a single catalyst. Another project of our group in CCUS area is about the synthesis of
sustainable aviation fuel from CO2 via Fischer-Tropsch synthesis. [2] We collaborate with IZTECH for the
development of both catalyst and process.
Regarding with our sustainability strategy, hydrogen technologies is another area that we are interested in. Our
research projects are about the development of bipolar membranes for PEM electrolysers and the development
of electrocatalysts for the production of value-added chemicals via electrocatalytic hydrogenation. [3]
Since circular economy is another pillar of the sustainability, plastic recycling is another area that we conduct
research with the collaboration of METU. In this project we both test the commercial catalysts and design of our
own catalysts for the production of naphtha-like stream from the waste olefins. The research is about the effect
of the catalyst specifics and the reaction parameters on the yield of py-oil.
[1] Catalysis Chemistry of Dimethyl Ether Synthesis, J. Sun, G. Yang, Y. Toneyama, N. Tsubaki, ACS Catalysis, 2014, 4, 3346-3356.
10.1021/cs500967j
[2] Catalyst design for maximizing C5+ yields during Fischer-Tropsch synthesis. J. L. Hodala, D.J. Moon, K.R. Reddy, T.N. Kumar. M.I.
Ahamed, A.V. Raghu, International Journal of Hydrogen Energy., 2021, 46, 3289-3301. 10.1016/j.ijhydene.2019.12.021
[3] Selective electrocatalytic semihydrogenation of acetylene impurities for the production of polymer-grade ethylene. J. Bu, Z. Liu, W. Ma,
L. Zhang, T. Wang, H. Zhang, X. Feng, Nature Catalysis, 2021, 557 – 564. doi.org/10.1038/s41929-021-00641-x
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Problems in liquid phase photocatalytic reactions due to reactor structure
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The progress in the field of photocatalysis, in terms of the power conversion efficiency, hydrogen yield or any
other performance measures used in the field, cannot be precisely assessed, or compared with the previous
works due to the lack of standard testing and reporting protocols as have been attempted in closely related field
of solar cells. [1,2] The effects of mass transfer limitations could not be easily evaluated when the results from
two different laboratories are compared because no one is fully reporting the properties of reaction system used
(like the size of gas-liquid interfacial area between the reaction medium and empty space in reactor). In this
work, we investigated the influence of dead volume, in which the gas products bubbled from the reaction
medium are collected before the analysis and the interfacial area between the reaction solution and dead
volume on the H2 evolution rate. To study the effect of dead volume, we repeated the experiments with five
different dead volumes (15, 45, 75, 190, and 425 ml) under the constant liquid volume (310±10 ml) and
interfacial area (30 cm2) using cylindrical reactors. The H2 production rates as a function of time are given in
Figure 1a. The measured H2 production rates decrease with increasing dead volume (or decreasing residence
time) even though the other factors such as light source, liquid to gas mass transfer area, catalyst type, etc. were
exactly same. More interestingly, the H2 production rates obtained with different dead volumes are still different
from each other even after they became constant at the 4th-5th hours, in which some researchers stop
measurements. These differences observed in the rate of H2 production up to a certain time indicating the
possibility of different level of error in H2 measurements at different dead volumes. The residence time is much
higher for higher dead volumes; hence, the change in the H2 production between two measurements may not
be captured correctly. The effect of gas-liquid interfacial area on H2 production rate was also investigated using
three different interfacial areas as 42 cm2, 72 cm2, and 90 cm2 with 2 g/L catalyst concentration, results given in
Figure 1b. Considering that the interfacial area may influence the mass transfer limitation and gas-liquid H2
equilibrium, which also depend on H2 concentration, we also repeated the experiments with 3 g/L catalyst
concentrations (Fig 1b). The lowest H2 production rate (per gram catalyst) was obtained at 42 cm2 and H2
production was almost doubled when liquid to gas interfacial area increased from 42 cm2 to 72 cm2.Further
increase of interfacial area to 90 cm2, on the other hand, resulted in decreasing H2 production rate slightly
suggesting that there is an optimum interfacial area; additionally, the difference between the rates at 2 g/L and
3 g/L catalyst became more apparent again. It is not possible to draw the definitive conclusions about the
dominant cause at this stage; however, interfacial area (and other factors related to reactor shape) clearly
affects the H2 production rate making the comparison of the results from different works impossible. Additionally,
any changes in these variables changes the reactor structure and may change the light absorption characteristics
due to the change in the distance and angle between the light source and reaction medium. Due to all these
uncertainties, it is almost impossible to compare the results obtained from different works unless some standard
measurement and testing protocols are developed.

Figure 1. a) The effect of dead volume and b) interfacial area in semi-batch reactors on H2 production.
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[1] Consensus Stability Testing Protocols for Organic Photovoltaic Materials and Devices. Reese, M. O et al.;
Sol. Energy Mater. Sol. Cells, 2011, 95 (5), 1253–1267. 10.1016/j.solmat.2011.01.036
[2] Consensus Statement for Stability Assessment and Reporting for Perovskite Photovoltaics Based on ISOS
Procedures. Khenkin, M. V. et al.; Nat. Energ, 2020, 5 (1), 35–49. 10.1038/s41560-019-0529-5
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Interplay between Copper Nanoparticle Size and Oxygen Vacancy on MgDoped Ceria Controls Partial Hydrogenation Performance and Stability
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Palladium-based catalysts offer high performance for partial hydrogenation reactions, however they suffer from
the cost of palladium.[1] Copper-based catalysts can also offer a high selectivity for partial hydrogenation
reactions. Yet, they tend to deactivate quickly because of coke formation; thus, they cannot compete with their
much more expensive Pd-based counterparts.[2] In this work, we doped ceria with trace amount of Mg and
synthesized a series of CunCeMgOx catalysts with different copper loading amounts and investigated their
performance in 1,3-butadiene (1,3-BD) partial hydrogenation reaction.[3]
With the increasing of copper loading amount, the corresponding average copper nanoparticle sizes increased
from 1.3 to 8.6 nm. Among the catalysts considered, Cu0.5CeMgOx with the smallest copper nanoparticle size
provided a stable performance with almost complete selectivity towards butenes for at least 15 h time-onstream, while the others were easily deactivating because of carbon deposition (Fig. 1(a)). The data
demonstrated a reaction pathway involving the dissociation of molecular hydrogen on the peripheral oxygen
vacancies (Ov-Cu+) before reacting with 1,3-BD adsorbed on the corresponding Cu+ atoms. Analysis of the
performance data indicated that the turnover frequency of these Cu+ sites is approximately five-times higher
than those of the surface Cu0 sites (Fig. 1(b)). Furthermore, different from the conventional copper-based
catalysts, on the basis of this reaction pathway, the Cu0.5CeMgOx catalyst achieved a complete suppression of
total hydrogenation even at a complete 1,3-BD conversion condition (Fig. 1(c), where the 1,3-BD conversion
reached 100 % at 170 °C under the same space velocity). The analysis also indicated that coke formation
occurring on the catalysts with relatively larger Cu nanoparticles is associated with the insufficient supply of
dissociated hydrogen from the interface to the surface Cu0 sites. These findings offer a broad potential for the
rational design of low-cost, highly selective, and stable copper-based partial hydrogenation catalysts for
reactions that are prone to coke formation.

Figure 1. (a) Comparison of the catalytic performance of CunCeMgOx catalysts with different copper
nanoparticles sizes in 1,3-BD partial hydrogenation (Gas hourly space velocity (GHSV) was adjusted to reach
approximately the same initial conversion); (b) Initial TOFs on different surface copper species; (c) Product
selectivity as a function of temperature (GHSV = 6000 mL 1,3-BD × gcat-1 × h-1). Reaction conditions: 10 vol% 1,3BD, 30 vol% H2 balanced in He; 1 bar and 130 °C.
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[1] Recent Advances on the Rational Design of Non-Precious Metal Oxide Catalysts Exemplified by CuOx/CeO2
Binary System: Implications of Size, Shape and Electronic Effects on Intrinsic Reactivity and Metal-Support
Interactions. M. Konsolakis, and M. Lykaki, Catalysts, 2020, 10, 160. 10.3390/catal10020160
[2] The Mechanism of the Selective Hydrogenation of 1, 3-Butadiene on Copper Surfaces. E. Nishimura, Y.
Inoue, and I. Yasumori, Bull. Chem. Soc. Jpn., 1975, 48, 803-807. 10.1246/bcsj.48.803
[3] Interplay between Copper Nanoparticle Size and Oxygen Vacancy on Mg-Doped Ceria Controls Partial
Hydrogenation Performance and Stability. Y. Zhao, A. Jalal, and A. Uzun, ACS Catal. 2021, 11, 8116-8131.
10.1021/acscatal.1c01471
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Biodiesel production from waste cooking oil (WCO) becomes attractive renewable energy production method.
WCO possess high amount of free fatty acid (FFA). Therefore, FFA can be removed from WCO, or it can be
converted to ester. Conversion of FFA in WCO can be reasonable method to utilize WCO completely. Conversion
of FFA is provided by using acidic catalyst like sulfuric acid. However, heterogenous catalyst can be used to
eliminate separation cost and non-environmentally friendly approaches. Therefore, Al2O3/SiO2 catalyst can be
utilized as heterogenous catalyst due to acidic structure. In this work, Box-Behnken statistical design was applied
to screen effects of parameters (alumina composition, reaction temperature and catalyst weight percentage)
on conversion of FFA. Different alumina compositions (20%, 50% and 80%) were studied to understand the effect
of the acidic strength and acidity on conversion of FFA. In addition to this, reaction temperatures (80°C, 100°C
and 120°C) and catalyst weight percentage (10%, 15% and 20%) were investigated to understand the effects of
this parameters on conversion of FFA. After screening parameters, reaction temperature and catalyst weight
percentage were found to be insignificant statistically. NH3-TPD and XRD analysis were done. It was found that
certain acidic strength may have higher activity for esterification of FFA. Also, aluminum sulfate phase may be
active site to take place esterification reaction. In addition to these parameters, effect of alcohol to FFA ratio
was investigated. It was found that conversion of FFA decreases from 41% to 32% as alcohol to FFA ratio
increases from 2 to 15 statistically.
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Carbon dioxide emissions have increased by 90% since 1970.[1] Industries are moving away from fossil-based
resources to decrease their carbon footprint. Nevertheless the bio-based industries still emit about 506.7 Mt
CO2 annually.[2] This makes the more sustainable alternative industries still quite polluting to the environment.
To improve circularity and sustainability, the emitted carbon dioxide can be used as a feedstock. The CO2SMOS
consortium focusses on developing cost-competitive CO2 conversion technologies that can be used to convert
the CO2 emitted by the bio-industry into high value-added chemicals.[3] In this project specifically, we aim to use
the biogenetic carbon dioxide in an electrochemical cell. In the cell, CO2 reduction will be paired with polyol
oxidation. Paired electrolysis has its advantages over regular electrolysis as both the oxidation and the reduction
processes are utilised to obtain desired products. However, building a paired electrolysis system comes with its
own challenges such as the compatibility of reaction conditions.
To entice the bio-industry to start using their carbon dioxide in a paired electrolysis cell, the product produced
on the oxidation side needs to be of high value. Oxidising polyols on the other side of the paired electrolysis cell
has many advantages. The compounds can be derived from plant material and when they are partially oxidised
to their corresponding hydroxycarboxylic acid species, they can be used as building blocks in biodegradable
polymers.[4,5] This research is focussed on preparing a stable and cheap heterogeneous electrocatalyst for the
oxidation of polyols towards their hydroxycarboxylic acids.
[1] US EPA, “Global Greenhouse Gas Emissions Data,” can be found under
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data, 2016.
[2] V. Rodin, J. Lindorfer, H. Böhm, L. Vieira, J. CO2 Util. 2020, 41, 101219. 10.1016/j.jcou.2020.101219
[3] CO2SMOS, “Solutions for a circular biobased industry,” can be found under https://co2smos.eu/, 2022.
[4] O. Gómez-Jiménez-Aberasturi, J. R. Ochoa-Gómez, J. Chem. Technol. Biotechnol. 2017, 92, 705–711.

10.1002/jctb.5149
[5] X. Zhou, M. Zha, J. Cao, H. Yan, X. Feng, D. Chen, C. Yang, ACS Sustain. Chem. Eng. 2021, 9, 10948–
10962. 10.1021/acssuschemeng.1c03717
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Excessive production and consumption of plastic and the inability to manage the resulting plastic waste
endanger the environment and human health. To prevent this damage and to provide a sustainable world,
plastics can be used as raw materials for various processes, of which pyrolysis is one of them. Pyrolysis means
thermochemical conversion that takes place at moderate-high temperatures (450-550 °C) in an oxygen-free
environment (under inert gas flow, i.e. N2).[1] In this work, household plastic waste was collected from İzmir
within the scope of the TÜBİTAK 119N302 project. The polyolefins in this mixture were proportioned in weight
percent as: high density polyethylene, 40.5 wt.%; low density polyethylene, 17.1 wt.%; polypropylene, 42.4 wt.%.
A model pure feedstock was prepared using this ratio. Continuous thermal pyrolysis of plastics was performed
at 460 °C. Effect of N2 flowrate and feeding rate to the product content was investigated. All experiments were
performed at least duplicates. The optimum liquid yield as 71.01% for pure polyolefin mixture was obtained by
using 1.1 L/min and 1.5 g/min feeding rate conditions. Gas and residue were estimated as 22.38% and 6.61%
respectively. Again with determined optimum conditions waste mixture was pyrolyzed. The products obtained
from the pyrolysis of pure and waste feedstock (wax fraction) at the determined optimum conditions were then
collected for ex-situ catalytic cracking. The contact of the vapors obtained from the thermal pyrolysis of waxes
with the catalysis in the catalytic bed is called ex-situ catalytic cracking.[2] To compare with zeolites in producing
hydrocarbons in the gasoline-diesel range, silica-alumina catalysts (based on silica-alumina ratios of zeolites)
were produced by sol-gel method. NH3-TPD analysis was used to observe the acidic properties of the catalysts
and BET adsorption-desorption was used to obtain their physical properties. Pre- and post-cracking liquid
analysis by GC-MS were performed. The effect of catalyst type and catalyst/plastic ratio on the end-target
product (C5-C15) were investigated.
[1] Current technologies for plastic waste treatment: A review. F. Zhang, Y. Zhao, D. Wang, M. Yan, J. Zhang, P.
Zhang, T. Ding, L. Chen, and C. Chen, J. Clean. Prod., 2021, 282, 124523. 10.1016/j.jclepro.2020.124523
[2] Cracking of High Density Polyethylene Pyrolysis Waxes on HZSM-5 Catalysts of Different Acidity. M. Artetxe,
G. Lopez, M. Amutio, G. Elordi, J. Bilbao, and M. Olazar, Ind. Eng. Chem. Res., 2013, 52, 10637−10645.
10.1021/ie4014869
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Global concern over ever increasing atmospheric CO2 concentrations is mounting, and new solutions are
required to address the issue. One of the most promising resolutions to this is by utilizing electrochemical carbon
dioxide reduction (CO2R). When performed over a copper cathode, this process allows for CO2 to be upcycled
into valorized products, such as ethanol, ethylene, and propanol. Whilst the specific mechanism by which these
reactions proceed is being further refined, most studies focus on aqueous systems. Water based electrolyte
systems are often considered to be the most sustainable and effective. This is due to water being inherently
nontoxic whilst maintaining favourable physical parameters such as a high relative permittivity and donor
number. However, these solvent systems also suffer various drawbacks. CO2 and many organic substrates do
not readily dissolve in water, and the competitive hydrogen evolution reaction (HER) limits the potential window
in which electrochemistry can be performed leading to low Faraday Efficiency of the desired products. These
inherent limitations mean that the use of water, whilst a green solvent in itself, may in fact have limited
applicablity in CO2R. Organic solvents such as dimethylformamide, dimethylsulfoxide and acetonitirle may be
used as an alternative. These solvents boast high CO2 and organic solubilities and increased stability, whilst
maintaining positive electrochemical properties.
Copper is the only elemental metal electrode able to produce C-C bonds under reductive conditions. It is also
known that the facet number of Cu also largely influences the products that can be generated. Of particular
interest is the facet number (100), which more easily produces C-C coupled species. Coppper nanoparticles,
such as nanocubes, can be produced electrochemically which primarily consist of this facet number structure.
This, in combination with the increased catalytic surface area, gives rise to a highly selective and active
electrocatalyst.
This research investigates the selectivity and activity of copper nanoparticle electrocatalysts in traditional
aqueous and organic solvents, such as acetonitrile. HPLC and online-GC is used to determine faradaic efficiencies
and product conversions, whilst in situ FTIR Spectroscopy is used to determine adsorbate species across varying
potentials. In addition, SEM is used to determine nanoparticle shape and size.

[1] Yoshio Hori, Katsuhei Kikuchi, and Shin Suzuki, ‘Production of Co and Ch4 in Electrochemical Reduction of
Co2 at Metal Electrodes in Aqueous Hydrogencarbonate Solution’, Chemistry Letters 14, no. 11 (5 November
1985): 1695–98, https://doi.org/10.1246/cl.1985.1695.
[2] Maximilian König et al., ‘Solvents and Supporting Electrolytes in the Electrocatalytic Reduction of CO2’,
IScience 19 (27 September 2019): 135–60, https://doi.org/10.1016/j.isci.2019.07.014.
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[3] Marta C. Figueiredo, Isis Ledezma-Yanez, and Marc T. M. Koper, ‘In Situ Spectroscopic Study of CO2
Electroreduction at Copper Electrodes in Acetonitrile’, ACS Catalysis 6, no. 4 (1 April 2016): 2382–92,
https://doi.org/10.1021/acscatal.5b02543.
[4] Klaas Jan P. Schouten, Elena Pérez Gallent, and Marc T. M. Koper, ‘Structure Sensitivity of the
Electrochemical Reduction of Carbon Monoxide on Copper Single Crystals’, ACS Catalysis 3, no. 6 (7 June
2013): 1292–95, https://doi.org/10.1021/cs4002404.
[5] Alisson H. M. da Silva et al., ‘Electrocatalytic CO2 Reduction to C2+ Products on Cu and CuxZny Electrodes:
Effects of Chemical Composition and Surface Morphology’, Journal of Electroanalytical Chemistry 880 (1
January 2021): 114750, https://doi.org/10.1016/j.jelechem.2020.114750.
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Single-atom catalysts often show exceptionally high performance per metal loading.[1] However, besides
benefiting from an increased surface-to-volume ratio, stable SACs also have a better interaction with the support.
Photochemical conversions rely on the feasibility of the excitation of one of the reactants which is in proximity
to the other (activated) reactant. Here we show exactly this by minimizing the distance between anthracene
coordinating to the Pt SAC and 1O2 generated on TiO2. We explain that 1O2 is easily quenched in large
conducting nanoparticle supported catalysts. We proved this by using SACs (supported on TiO2) which have the
same conductivity as TiO2 and observed a massive improvement in anthracene oxidation. SACs therefore take
advantage of using less expensive material and an improved catalytic activity in such reactions.
[1]

Carbon-based single atom catalyst: Synthesis, characterization, DFT calculations, Y. Shang, X. Duan, S. Wang, Q. Yue, B. Gao, X.
Xu, Chinese Chem. Lett. 2021, 33, 663–673
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Polyols are the raw materials having more than one hydroxyl group and mostly used in polymer industry
producing polyurethane. They are currently produced using petroleum, which is not environmentally friendly
and is getting depleted. Vegetable oils (VOs) are a well-known substitute for petroleum feedstocks in the
manufacturing of polyols since they are renewable resources. Double bonds are among the reactive sites in
VOs.[1] Soybean oil stands out as one of the best VOs since it is produced in vast amounts and contains more
double bonds. The most favored approach for making polyols from VOs is epoxidation followed by a ring opening
reaction.[2] Homogeneous acid catalysts are mostly used in polyol synthesis. They damage the ecosystem and
cannot be reused. The purpose of this work is to synthesize polyol by using the methanolysis reaction of
epoxidized soybean oil (ESO) in the presence of solid acid catalyst. For this aim, sulfated Ti-SBA-15 (AS/Ti-SBA15) and sulfated La-doped TiO2-SiO2 (AS/La-TiO2-SiO2) were prepared.
AS/Ti-SBA-15 were synthesized by hydrothermal method with different Si/Ti molar ratio (Si/Ti=10, 20, 40). And
these catalysts were sulfated with 1 M of (NH4)2SO4 solution. For the preparation of AS/La-TiO2-SiO2, La-TiO2SiO2 was firstly synthesized sol-gel method (molar ratio of Si/Ti=10). Then, the La-TiO2-SiO2 material was sulfated
with 0.5 M of (NH4)2SO4 solution. All catalysts had high surface area and mesopores. Sulfation enhanced the
acidity of Ti-SBA-15 significantly as given in Table 1. The catalysts were tested in methanolysis of ESO under
following conditions: 60℃, ESO/Methanol (n/n)=1:9, catalyst loading=3 wt. % of ESO and 1000 rpm for a reaction
time of 6 h. The prepared catalysts were found to be active in ESO conversion. With Ti-SBA-15-10, Ti-SBA-15-20,
and Ti-SBA-15-40 catalysts 39.3, 27.7 and 20.96% epoxy conversions were obtained after 6 h reaction time,
respectively. Whereas much higher conversion was obtained by sulfated catalysts. AS/Ti-SBA-15-10, AS/Ti-SBA15-20 and AS/Ti-SBA-15-40 catalysts gave 99.0, 98.7 and 98.0% conversions respectively. This showed that
catalyst having higher acidity provided higher conversion, as shown in Table 1. AS/La-TiO2-SiO2 was also found
to be active in methanolysis of ESO. Epoxy conversion obtained was 84.35% for 6 h. The research is still in
progress.
Catalysts

Table 1 Textural and acidic properties of Ti-SBA-15-based catalysts
SBET, m2/g
Pore volume,
Pore
Acidity,
cm3/g
diameter, Å
mmol NH3/g cat

Ti-SBA-15-10

784.13

0.55

43.60

0.66

AS/Ti-SBA-15-10

340.84

0.37

48.00

2.03

na

na

na

0.46

AS/Ti-SBA-15-20

374.94

0.45

59.60

1.87

Ti-SBA-15-40

864.07

0.72

56.40

0.31

AS/Ti-SBA-15-40

421.66

0.57

63.90

1.22

Ti-SBA-15-20

[1] Vegetable oil based polyurethane coatings – A sustainable approach: A review. P.M. Paraskar, M.S.
Prabhudesai, V.M. Hatkar and R.D. Kulkarni, Prog. Org. Coatings., 2021, 156.
https://doi.org/10.1016/j.porgcoat.2021.106267
[2] Bio-based polyurethane: An efficient and environment friendly coating systems: A review. A. Noreen, K.M.
Zia, M. Zuber, S. Tabasum, A.F. Zahoor, Prog. Org. Coatings., 2016, 92, 25–32.
https://doi.org/10.1016/j.porgcoat.2015.11.018.
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Water is an indispensable source of life for all living things, so the uncontrolled and wasted use of water is a
global problem. Moreover, it is thought that global climate change will affect clean water resources and the
continuity of existing clear water resources remains uncertain. The largest proportion of pollutants in aquatic
ecosystems originate from industrial activities and include oil refineries, textile industry, personal care product
waste, agricultural pesticides and fertilizers, detergents, hormones, endocrine disrupting compounds and
pharmaceuticals. [1] Treatment of wastewaters that contains mentioned organic pollutants is very difficult with
traditional urban water treatment methods (biological treatment). Generally, wastewater treatment plants are
designed to treat easily or moderately easily biodegradable compounds. Thus, an efficient, sustainable and
economical technology is needed. To this end, Advanced Oxidation Processes (AOPs) are highly desired for
efficient treatment of wastewaters contain organic pollutants. [2] AOPs can be said to be effective as tertiary
treatment in urban wastewater treatment plants and have high capacity to remove/transform organic pollutants
in water and provide an increase in their biodegradability and/or a decrease in their toxicity. [3]
Among the reported AOPs, photolysis is considered to be the most promising green and efficient method that
uses renewable solar energy and catalyst to degrade organic pollutants. In the photocatalytic reactions
development of visible light response photocatalysts is critical issue. Because UV light generates only a small
fraction (5%) of solar energy compared to visible light (45%).[4] In this concern, Z-scheme plasmonic composites
are good candidate for photocatalytic removal.
Yentür and Dükkancı (2020) synthesized visible light photocatalysis of Z-scheme Ag/AgCl/BiVO4 by the selective
doping of Ag/AgCl on (040) facet of monoclinic BiVO4. The activity of as-prepared catalyst was tested on the
removal of a pharmaceutical drug carbamazepine (CBZ). A CBZ removal of 70.6% and COD and TOC reductions
of 21% and 9.6% were achieved within a reaction time of 4h. [5]
In another study done by Yalçın and Dükkancı (2022) well-designed Z-Scheme CuS@Ag/BiVO4 photocatalyst was
synthesized through a multi-step synthesis. The activities of the samples were tested for photocatalytic
oxidation of most known endocrine disrupting compound of Bisphenol – A (BPA) under visible LED light
irradiation. The photo- catalytic efficiencies of CuS@BiVO4 and CuS@Ag/BiVO4 samples were explained by
conventional heterojunction and Z- scheme mechanisms, respectively. The highest degradation of BPA as 77.1%
was observed over CuS@Ag/BiVO4 photocatalyst at the end of 3h. [2]
Our research group also synthesized a series of plasmonic g-C3N4 supported Ag/AgCl@MIL-88A composites. The
photocatalytic performance of composites was tested by the photodegradation of diuron (DRN), which is used
as an herbicide in agriculture. It was clearly demonstrated that the Ag/AgCl/MIL-88A/g-C3N4 composites
achieved very high visible-light photocatalytic activity with complete photodegradation of DRN within 2h in the
absence of oxidants. The photodegradation and radical formation mechanism is given in the Figure.
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[1] Photocatalytic degradation behavior of multiple xenobiotics using MOCVD synthesized ZnO nanowires.V.
Rogé, C. Guignard, G. Lamblin, F. Laporte, I. Fechete, F. Garin, A. Dinia, D. Lenoble, Catalysis Today, 2018,
306, 215-222.
[2] Ternary CuS@Ag/BiVO4 composite for enhanced photo-catalytic and sono- photocatalytic performance under
visible light, E. Yalçın, M. Dükkancı, Journal of Solid State Chemistry, 2022, 313, 123319.
[3] Photocatalytic oxidation of diuron using nickel organic xerogel under simulated solar irradiation, M.V. LópezRamón, J. Rivera- Utrilla, M. Sánchez-Polo, A.M.S. Polo, A.J. Mota, F. Orellana-García, M.A. Álvarez, Science of
the Total Environment, 2019, 650, 1207- 1215.
[4] Carbamazepine degradation using a N-doped TiO2 coated photocatalytic membrane reactor: Influence of
physical parameters. I. Horovitz, D. Avisar, M.A. Baker, R. Grilli, L. Lozzi, D. Camillo, H. Mamane, Journal of
Hazardous Materials, 2016, 310, 98-107.
[5] Synthesis of Visible-Light heterostructured photocatalyst of Ag/AgCl deposited on (0 4 0) facet of monoclinic
BiVO4 for efficient carbamazepine photocatalytic removal, G. Yentür, M. Dükkancı, Applied Surface Science,
2020, 531, 147322.
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With outstanding sensitivity and reproducibility, electrochemical sensors play a vital role and have attracted
great attention in the general field of analytical chemistry in the last decades, especially in the biosensing
direction. [1] Recent advances in nanotechnology and material sciences benefit the evolution of electrochemical
biosensors, allowing for multi-functionalization and integration and thereby bringing opportunities to multiplex
detection and precise diagnosis. The nanomaterials used in electrochemical biosensors, also known as
nanoprobes, could improve the performance of current procedures or guide the development of nextgeneration ones. As a result, electrochemical biosensors with optimized nanoprobes are efficient toolboxes for
sensing and diagnostic research.

Figure 1. Schematic illustration of a typical electrochemical biosensor.
Our research mainly focused on the exploration of strategies for improving sensing performance and diagnostic
precision by constructing advanced electrochemical biosensors with multi-functional nanoprobes. First, we
applied the photothermal technique to improve the efficiency of catalytic amplification reaction in the
biosensing platform due to the catalytic reaction could significantly influence the performance of the biosensors.
[2]
After that, we tried to integrate the photothermal materials, electrochemical materials, and luminescence
materials in the same biosensing platform to reach the multi-channel biosensor. This multi-channel biosensor
could enhance the precision of disease diagnosis. [3] Then, we tried to design enzymes to follow our requirements
in designing biosensors. The engineered enzyme could improve the stability and sensitivity in a simple method.
This relevant abstract is intended to refresh our understanding of electrochemical detection in biomedical
research and to support the advancement of detection and diagnostics.
[1] Fundamentals, Applications, and Future Directions of Bioelectrocatalysis. Chen, H.; Simoska, O.; Lim, K.;
Grattieri, M.; Yuan, M.; Dong, F.; Lee, Y. S.; Beaver, K.; Weliwatte, S.; Gaffney, E. M.; Minteer, S. D., Chemical
Reviews, 2020, 120 (23), 12903-12993. https://dx.doi.org/10.1021/acs.chemrev.0c00472
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[2] Elevating performance of electrochemical immunosensor via photo-induced microscale hyperthermia in situ.
Wei, Z.; Liu, Y. X.; Ma, Z. F.; Han, H. L., Biosens. Bioelectron. 2020, 150.
https://doi.org/10.1016/j.bios.2019.111951
[3] Simultaneous multi-signal quantification for highly precise serodiagnosis utilizing a rationally constructed
platform. Liu, Y. X.; Wei, Z.; Zhou, J.; Ma, Z. F., Nat. Commun. 2019, 10, 10. https://doi.org/10.1038/s41467-01913358-0.
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Increasing global concerns about energy and the environment caused by over-reliance on fossil fuels have
intensified the interest in the use of clean and renewable energies. [1] Lignocellulosic biomass serves as an
important renewable raw material that can be used to replace oil refineries based on fossil fuels with
biorefineries. Agricultural and forest residues are an important source of biomass and are accepted as
sustainable raw materials for this purpose. [2]
In this study, ZnO-TiO2 mixed metal oxide was found to act as a heterogeneous catalyst for the efficient
conversion of coffee husk into value-added chemicals under UV-C. During the reaction, the active sideof the
catalyst first catalyzed the depolymerization of cellulose and hemicellulose to monosaccharidesand then further
converted to a wide range of chemicals such as glycerol, succinic acid, acetic acid, andethanol. In the presence of
7525ZT, direct conversion of coffee husk to value-added chemicals reached 65.66% after 8 hours at room
temperature. The 7525ZT mixed metal oxide catalyst was able to catalyze57.14% conversion of coffee husk to
valuable additive chemicals after four cycles. As a result, it has been observed that the mixed metal oxide
catalyst can be easily recovered and reused without significant loss of activity after the reaction. The results
obtained show that the synergistic effect of 7525ZT binary metal oxide catalyst has an important role in
obtaining valuable chemicals from biomass.
[1] Biomass as Renewable Energy: Worldwide Research Trends. M.A. Moreno, E. S. Manzano, A.J. Moreno,
Sustainability, 2019, 11(3), 863, 10.3390/su11030863.
[2] Agroindustrial Byproducts for the Generation of Biobased Products: Alternatives for Sustainable Biorefineries.
R. R. Philippini, S.E. Martiniano, A.P. Ingle, P.R.F. Marcelino, G.M. Silva, F.G. Barbosa, J.C. Santos and S.S.
Silva, Front. Energy Res., 2020, 8, 152. 10.3389/fenrg.2020.00152.
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One of the raw materials used in the polymer industry to make polyurethane is polyols, which are compounds
with several hydroxyl groups. Currently, petroleum, which is unsustainable and running out, is used to
manufacture them. Vegetable oils (VOs) are a well-known alternative to petroleum feedstocks in the production
of polyols since they are made from renewable resources. VOs have more than one reactive sites and double
bonds are among the reactive sites. [1] Because it is produced in large quantities and has more double bonds
than other VOs, soybean oil stands out as one of the decent options. Epoxidation followed by a ring opening
reaction is the most preferred method for converting VOs into polyols. [2] The majority of polyol synthesis uses
homogeneous acid catalysts. However they cannot be recycled and harm the environment. The purpose of this
work is to synthesize polyol by using the methanolysis reaction of epoxidized soybean oil (ESO) in the presence
of solid acid catalyst. For this aim, sulfated Ti-SBA-15 (AS/Ti-SBA-15) and sulfated La-doped TiO2-SiO2 (AS/LaTiO2-SiO2) were prepared.
AS/Ti-SBA-15 were synthesized by hydrothermal method with different Si/Ti molar ratio (Si/Ti=10, 20, 40). And
these catalysts were sulfated with 1 M of (NH4)2SO4 solution. For the preparation of AS/La-TiO2-SiO2, La-TiO2SiO2 was firstly synthesized sol-gel method (molar ratio of Si/Ti=10). Then, the La-TiO2-SiO2 material was sulfated
with 0.5 M of (NH4)2SO4 solution. All catalysts had high surface area and mesopores. Sulfation enhanced the
acidity of Ti-SBA-15 significantly (from 0.66 to 2.03 mmol NH3/g cat for Ti-SBA-15-10). The catalysts were tested
in methanolysis of ESO under following conditions: 60℃, ESO/Methanol (n/n)=1:9, catalyst loading=3 wt. % of
ESO and 1000 rpm for a reaction time of 6 h. The prepared catalysts were found to be active in ESO conversion.
With Ti-SBA-15-10, Ti-SBA-15-20, and Ti-SBA-15-40 catalysts 39.3, 27.7 and 20.96% epoxy conversions were
obtained after 6 h reaction time, respectively. Whereas much higher conversion was obtained by sulfated
catalysts. AS/Ti-SBA-15-10, AS/Ti-SBA-15-20 and AS/Ti-SBA-15-40 catalysts gave 99.0, 98.7 and 98.0%
conversions respectively. This showed that catalyst having higher acidity provided higher conversion. AS/LaTiO2-SiO2 was also found to be active in methanolysis of ESO. Epoxy conversion obtained was 84.35% for 6 h.
The research is still in progress.
[1] Vegetable oil based polyurethane coatings – A sustainable approach: A review. P.M. Paraskar, M.S.
Prabhudesai, V.M. Hatkar and R.D. Kulkarni, Prog. Org. Coatings., 2021, 156.
https://doi.org/10.1016/j.porgcoat.2021.106267
[2] Bio-based polyurethane: An efficient and environment friendly coating systems: A review. A. Noreen, K.M.
Zia, M. Zuber, S. Tabasum, A.F. Zahoor, Prog. Org. Coatings., 2016, 92, 25–32.
https://doi.org/10.1016/j.porgcoat.2015.11.018.
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In this work, the gas phase photocatalytic CO2 reduction was analyzed via machine learning, and the results were
compared with those obtained in liquid phase process. Total of 549 data points (268 for gas and 281 for liquid
phase) were extracted from 80 published papers for this purpose. Simple descriptive statistics was used to analyze
the general trends while the random forest regression was used for the bandgap prediction and the decision tree
(DT) classification was utilized to deduce heuristics rules for higher CO2 reduction rates. It was found that H2,
CO, and CH4, are the main products in gas phase while CH3OH production is more dominant in liquid phase.
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Fig.1 - Average products in CO2 reduction a) total gas production rate b) product distribution for gas phase
processes c) product distribution for liquid phase processes.
The random forest prediction was quite successful in predicting the band gap while the decision tree indicated
that the selection of semiconductor and co-catalysts are major factors for the gas phase reactions while the
temperature seems to be also influential in the liquid phase. Some specific heuristic rules could be also deduced
to identify the semiconductors and co-catalysts leading to the high gas production rates in both gas and the liquid
phase. Random forest model resulted in RMSE of 0.19, 0.12 and 0.15 in validation, training and testing
respectively. The accuracy of decision tree model was 0.80 and 0.79 for gas phase training and testing; 0.77 and
0.65 for liquid phase training and testing respectively.

Fig.2 - Predicted versus real gas production rate for gas phase dataset a)validation b)training c) testing
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A circular approach is the way forward in a system confronted with the limits of growth by the climatecrisis. The
valorisation of waste products is an important step in this development, and an especially interesting challenge
for the field of chemistry. At the same time, chemical synthesis needs to transition towards safer and less
polluting practices. The electrocatalytic synthesis of the amino acid glycine combines these two goals in one
approach.
The aim of the presented work is valorisation of CO2 and nitrate through C-N bond formation. In order to focus
the research efforts, investigations started from oxalic acid and hydroxylamine, reduction products of CO2 and
nitrate respectively. Previous efforts had shown the suitability of Cu-Hg electrodes for the electrochemical
synthesis of glycine in aqueous electrolyte, where the mercury is incorporated to supress the hydrogen
evolution reaction (HER).[1] Our work replaces the mercury by lead, also a known HER suppressor and less toxic
than mercury.[2]
Preliminary results show that these Cu-Pb electrodes catalyse the electrochemical synthesis of glycinefrom
oxalic acid and hydroxylamine. Surprisingly, we have observed an inverse correlation between the roughness
of the electrode surface, as seen from AFM imaging, and the catalytic current density, normalised for geometric
area. This is counter to the intuitive notion that a rougher surface, with a larger area, will be more active. Since
AFM imaging showed no bare copper on the electrode surface, the explanation for the trend will have to be
found in a different direction. Further investigations into this phenomenon will be used to optimise the
suitability of Cu-Pb electrodes for glycine synthesis and make the switch to the waste products CO2 and nitrate
as reagents.

[1] Electrochemical Synthesis of Glycine from Oxalic Acid and Nitrate. J. E. Kim, J. H. Jang, K. M. Lee, M.Balamurugan, Y. I. Jo, M. Y.
Lee, S. Choi, S. W. Im, K. T. Nam, Angew. Chemie - Int. Ed., 2021, 60 (40), 21943–21951. https://doi.org/10.1002/anie.202108352.
[2] Leaded Bronze: An Innovative Lead Substitute for Cathodic Electrosynthesis. C. Gütz, V. Grimaudo,M. Holtkamp, M. Hartmer, J.
Werra, L. Frensemeier, A. Kehl, U. Karst, P. Broekmann, S.R. Waldvogel, ChemElectroChem 2018, 5 (2), 247–252.
https://doi.org/10.1002/celc.201701061.
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Modern society’s dependence on fossil fuels causes alarming levels of CO2 in the atmosphere, resulting in serious
environmental concerns, such as desertification, glacier reduction, and increased sea levels. Consequently, the
valorization of CO2 as a feedstock has become an emerging topic for reducing global warming-induced climate
change. One of the most promising approaches is the thermal conversion of CO2 into substitute natural gas (SNG)
in the presence of green hydrogen.[1] In this regard, designing a highly active, selective, and stable catalyst is
crucial. Here, we investigated the potential of LaCoO3 in converting CO2 into SNG at high yields.
Figure 1a illustrates the effect of reaction temperature on CO2 conversion and CH4 selectivity. At all temperatures
tested, dry-based selectivity of CH4 was >99% with a trace amount of CO at the outlet stream. CO2 conversion
increased from 74 to 90% with an increase in temperature from 260 to 320 °C at 40 bar and at a space velocity
of 9000 mlCO2gcat-1h-1. Further experiments are conducted to evaluate the effect of reaction pressure on the
catalytic performance. Decreasing the pressure had a significant effect on CO2 conversion. As the pressure
decreased gradually from 30 to 1 bar, the CO2 conversion decreased from 70 to 5%, at a space velocity of 18000
mlCO2gcat-1h-1 and 320 °C (Figure 1b). Data further indicate that the catalyst deactivates at lower hydrogen
pressures, as shown in Figure 1b. Figure 1c, on the other hand, illustrates that at 40 bar, no deactivation was
observed for at least 20 h at a space velocity of 9000 mlCO2gcat-1h-1 and at 300 °C. The H2-TPR data given in Figure
2 indicate that the perovskite surface can be activated by H2 treatment to enrich the catalyst surface with oxygen
defect sites. These results demonstrate the broad potential of perovskites as an efficient catalyst for the direct
conversion of CO2 into SNG.

Figure 1. a) Variation of CO2 conversion and CH4 selectivity over LaCoO3 perovskite with temperature. Reaction
conditions: P = 40 bar, H2:CO2 = 4:1, GHSV: 9000 mlCO2gcat-1h-1; b) and c) Pressure effect on activity. (Reaction
conditions: for b) T = 320 °C, H2:CO2 = 4:1, GHSV = 18000 mlCO2gcat-1h-1, for c) T = 300 °C, H2:CO2 = 4:1, GHSV
9000 mlCO2gcat-1h-1).
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Figure 2. H2-TPR data for the LaCoO3 catalyst pretreated with %5 H2/He with a flow rate 50 ml/min at 137 °C for
30 min. TPR experiment was carried out during a temperature ramp at a ramp rate of 5 °C/min in 50 ml/min
flow of %5 H2/He.
[1] Recent advances in catalytic systems for CO2 conversion to substitute natural gas (SNG): Perspective and challenges. I.Hussain,
A.A.Jalil, N.S. Hassan, M.Y.S.Hamid Journal of Energy Chemistry., 2021, 62, 377−407. 10.1016/j.jechem.2021.03.040.
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Water contamination from industrial activities is a serious environmental issue especially with the rapid
development of industrialization. Rhodamine B (RhB) is a synthetic dye that have high toxicity and detrimental
effects on human health. Therefore, it should be removed from industrial water before releasing it to
environment. In this study, the ZIF-8 was synthesized and immobilized on the clinoptilolite surface (ZIF8@CLN)
and doped with Ag nanoparticles, forming the Ag-ZIF8 and Ag-ZIF8@CLN composite materials. The
characterization results showed that the ZIF-8 was well-deposited on the clinoptilolite surface and doped
successfully with Ag nanoparticles.
The effects of various parameters on photodegradation were investigated using different solution pH (4, 8, 11),
amounts of photocatalyst (0.01-0.08 g) and dye concentrations (5-35 mg L-1). The highest photocatalytic activity
of the catalysts was achieved in the initial pH of 8 and 0.04 g photocatalyst loading at 25 mg L-1 of RhB solution.
The high adsorption and degradation efficiencies of RhB over Ag-ZIF8 (99.9%) and Ag-ZIF8@CLN (99.6%) were
obtained at the optimum conditions. The initial rate of a reaction method and Langmuir-Hinshelwood model
were used to explain reaction kinetics. According to Figure 1, the value of rate constants (0.014 and 0.013) and
the reaction orders (0.939 and 0.726) were calculated for the Ag-ZIF8 and Ag-ZIF8@CLN, respectively. The
Langmuir-Hinshelwood kinetic model was also exhibited a good agreement for the initial rates RhB degradation
by both catalysts. The synergetic effect proposed in this study takes advantages of each ZIF8, CLN and Ag
nanoparticle and could be potentially extended to similar catalytic applications.

Figure 1. Photocatalytic degradation reaction of RhB with different initial concentrations. (Experimental
conditions: mcatalyst=0.04 g, pH=8).
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Methane is the primary component of natural gas, and it may be found in large amounts due to its stability.[1]
It is obvious that converting methane directly to hydrocarbons will be highly beneficial commercially. However,
converting methane requires a significant amount of energy due to the difficulty in breaking the C-H bond.[2] As
photocatalyst technology is the most abundant source of solar energy, it may be considered an alternative
method for green methane transformation.[3] Without theneed for thermal activation, photocatalytic reactions
can occur even at room temperature. In this research, the photocatalytic nonoxidative methane coupling (PNOCM) process was investigated. For the P-NOCM process, catalyst screening study was carried out when using
a fixed bed reactor. Catalysts (such as Zn doped TiO2) that have not previously been used in the P-NOCM
reaction were examined. The amount of ethane produced at the end of the reaction was evaluated for various
catalysts (metaldoped ZnO, SiO2, TiO2, Al2O3). The optimum metal doping concentrations and methods were
determined by fixed bed reactions. The highest amounts of ethane (approximately 35v/v.%) were obtained by
Zn doped TiO2 and Ce doped SiO2 catalysts. It was discovered that the amount and rate ofethane generation
reduced as the catalyst's synthesis temperature increased. Zinc acetate was foundto be the ideal precursor for
ZnO catalysts in terms of the P-NOCM reaction. The quantities of metal doping were determined to be
0.75wt.% for Ti and 0.1wt.% for Ce and Ag.
[1] Catalytic conversion of methane to more useful chemicals and fuels: a challenge for the 21st century. G. Hammer, T. Lübcke, R.
Kettner, M. R. Pillarella, H. Recknagel, A. Commichau, H.J. Neumann, J.H. Paczynska-Lahme Lunsford, Catal. Today, 2000, 63, 165174. https://doi.org/10.1016/S0920-5861(00)00456-9
[2] Progress in the direct catalytic conversion of methane to fuels and chemicals. C. Karakaya, R.J.Kee Prog. Energy Combust.
Sci.,2016, 55, 60–97. https://doi.org/10.1016/j.pecs.2016.04.003
[3] Powering the planet: chemical challenges in solar energy utilization. N.S. Lewis, D.G. Nocera, Proceedings of the National
Academy of Sciences, 2006, 103, 15729–15735. https://doi.org/10.1073/pnas.0603395103
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Isosorbide is an important platform chemical finding in many application areas. It is produced industriallyby
homogeneous catalysts which have drawbacks such as waste treatment, separation from products,
purification and catalyst neutralization. Therefore, to comply with the green and sustainable point of view,
heterogeneous catalysts are studied for sorbitol dehydration. However, these investigated catalysts generally
are not stable and requires high temperature [1]. Hence, the need to develop active, selective, and reusable
heterogeneous catalysts for isosorbide synthesis has not been met yet. Sulfonic and sulfanilic acid-based solid
acid catalysts prepared by co-condensation and grafting showed good activities and stabilities owing to
Brønsted acid sites in different reactions [2,3]. Consequently, this type of catalysts could also be promising for
sorbitol dehydration reaction. In this study, 3-mercaptopropyltrimethoxysilane (MPTMS) was used as silane
precursors for the functionalization of SBA-15. This was performed by two different methods, i.e. cocondensation (C-SBA-15- SO3H) and grafting (G-SBA-15- SO3H). The catalysts willbe examined by FTIR, NH3TPD, nitrogen adsorption, XRD, TGA and SEM. The results of catalyst characterizations will provide important
contributions to the literature on sulfonic groups incorporated into SBA-15. C-SBA-15-SO3H had a high surface
area (740 m2/g) with a pore size of 3.1 nm. Whereas G- SBA-15-SO3H had a much lower surface area of 535
m2/g with a pore size of 3.8 nm. Thus, functionalizationdecreased surface are of SBA-15 (877 m2/g) differently.
FT-IR analysis of the catalysts showed a new peakemerged at 2860 cm-1 due to MPTMS sourced Si-OCH3
compared to the SBA-15 (Figure 1). SEM results revealed that packed aggregates consisting of many short
rods, which is typical of SBA-15 morphology (Figure 2). The total acidity of the catalysts was found by NH3TPD as 0.16 and 0.17 mmol/g for co- condensation and grafting methods, respectively. These findings are in
agreement with the literature findings [4,5]. The catalysts were tested in sorbitol dehydration reaction. For
comparison purposes the reaction was also performed using sulfuric acid as homogeneous catalyst and
Amberlyst-15. Catalysts were tested in sorbitol dehydration for comparison purposes. Activity tests were
carried out at 60oC in a round-bottomed 100 mL three-neck flask equipped with a rectification column and a
water-cooled condenser attached to a vacuum pump. The analysis of the products obtained are in the process
of analysis.

Figure 1. SEM Results of SBA-15-SO3H Catalysts

Figure 2. FT-IR Results of Co-Condensation Method

[1] Synthesis of isosorbide: an overview of challenging reactions, Dussenne, Corentin, et al., Green Chemistry, 2017,5332-5344.
[2] Sulfonic acid functionalized mesoporous SBA-15 catalysts for biodiesel production, Zuo, Donghua, et al., Applied Catalysis B:
Environmental 129 (2013): 342-350.
[3] Functionalization of SBA-15 mesoporous silica with thiol or sulfonic acid groups under the crystallization conditions, Yang, L. M., et
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al., Microporous and mesoporous materials 84.1-3 (2005): 275-282
[4] Pore ordering and surface properties of FDU-12 and SBA-15 mesaporous materials and their reation to drug loading and release in
aqueous environments, D. Carmona, F. Balas ve J. Santamaria, Materials Research Bulletin, 2014, 59, 311-322.
[5] The importance of residual water for the reactivity of MPTMS with silica on the example of SBA-15, Stawicka, Katarzyna, et al.,
Applied Surface Science 513 (2020): 145802.
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Metal oxide photocatalysis encompasses a number of diverse and related disciplines in science and engineering.
Various metal oxides such as TiO2 and ZnO; has been applied for mitigating environmental pollutants, generating
solar fuels from water and biomass by photoreforming, and reduction of carbon dioxide, fixing nitrogen and
destroying bacteria, viruses, and cancer cells [1-2].
A series of lanthanide oxide-doped mixed oxide photocatalysts La2O3/ZnO-TiO2 (La3+= Gd3+, Pr3+, Yb3+, Ce4+) were
prepared by hydrothermal method. The particle size, crystallinity, and surface properties were characterized by
XRD and N2 adsorption/desorption methods. The photocatalytic performance of La-doped ZnO-TiO2 mixed metal
oxide catalysts was evaluated by examining the conversion of the coffee husk under UV light illumination and
compared with pure one. All lanthanide doped mixed metal oxide catalysts reveal a substantially enhanced
activity for the conversion of coffee husk, as compared to undoped ZnO/TiO2. Moreover, in that 1% (wt.) Pr
doped ZnO-TiO2 showed the best activity and highest conversion percentage.
[1] A Systematic Review of Metal Oxide Applications for Energy and Environmental Sustainability. M.S. Danish, A. Bhattacharya, D.
Stepanova, A. Mikhaylov, M.L. Grilli, M. Khosravy and T. Senjyu, Metals, 2020, 10, 1604. 10.3390/met10121604.
[2] Lanthanide Modified Semiconductor Photocatalysts. A. S. Weber, A. M. Grady and R. T. Koodali, Catal. Sci. Technol., 2012, 2, 683–693.
10.1039/c2cy00552b.
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Single-atom catalysts often show exceptionally high performance per metal loading. However, the isolated atom
sites tend to agglomerate during preparation and/or high-temperature reaction. Here, we show that in the case
of Rh/Al2O3, this deactivation can be prevented by using the dissolution/exsolution of metal atoms into/from
the support. We design and synthesise a series of single-atom catalysts, characterise them and study the impact
of exsolution in the dry reforming of methane at 700–900 °C. The catalysts’ performance increases with
increasing reaction time, as the rhodium atoms migrate from the subsurface to the surface (~2 nm depth).
Although the oxidation state of rhodium changes from Rh(III) to Rh(II) or Rh(0) during catalysis, atom migration
is the main factor affecting catalyst performance. The implications of these results for preparing real-life
catalysts are discussed.
[1]

Carbon-based single atom catalyst: Synthesis, characterization, DFT calculations, Y. Shang, X. Duan, S. Wang, Q. Yue, B. Gao, X.
Xu, Chinese Chem. Lett. 2021, 33, 663–673
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Propellants are highly energetic chemicals widely used in spacecraft propulsion such as satellite maneuvering in
the orbit. [1] Hydrazine (N2H4) is the most commonly used propellant for such applications. [1] However, utilization
of hydrazine in space missions has challenges associated with health, environment and safety risks. As a result,
environmentally friendly, safer and less toxic alternative propellants have attracted a great interest in the recent
years. Ionic liquids such as ADN (ammonium dinitramide) present itself as a promising alternative fuel to
hydrazine. [1,2] Catalytic technologies developed for spacecraft propulsion systems should be resilient to high
temperatures and should also be stable enough to be used in many consecutive cycles without a significant loss
of activity. [3,4] In this contribution, monometallic catalysts containing Ir and Al2O3 were synthesized using both
wetness impregnation and incipient to wetness impregnation methods, and the structural properties of these
catalysts were investigated. Furthermore, the effects of the Al2O3 support material on Ir dispersion and catalytic
performance of anaerobic ADN decomposition were studied. In order to improve the Ir active site dispersion on
the Al2O3 support material, promoters such as La and Ce were added to the catalyst systems and different
pretreatment conditions were applied to the synthesized catalysts. Catalysts with high performance, 5Ir/TH100,
5Ir/L3, and 5Ir/Sir10 were investigated with in-situ X-ray Absorption Near Edge Spectroscopy (XANES), in-situ
Extended X-ray Absorption Fine Structure (EXAFS), in- situ Fourier Transform Infrared Spectroscopy (in-situ FTIR),
Temperature Programmed Desorption (TPD), X-ray Diffraction (XRD), Transmission Electron Microscopy (TEM),
Energy Dispersive X-ray (EDX), Pyridine adsorption via FTIR, CO Chemisorption, X-ray Photoelectron
Spectroscopy (XPS) and X-ray Fluorescence (XRF) analysis techniques. [5] Our findings revealed that 5Ir/TH100
and 5Ir/L3 catalysts favorably lowered the onset temperature of the ADN decomposition reaction, whereas
5Ir/Sir10 boosted the pressure generation during the reaction (Fig 3). The formation of mostly metallic Ir
nanoparticles on 5Ir/TH100 and 5Ir/L3 enables the lowering of the activation energy of the reaction. On the
other hand, enhancement in the pressure generation for 5Ir/Sir10 catalyst is associated with the generation of
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small oxidic Irnx+ clusters which are strongly interacting with the SiOx-AlOx surface domains of the support
material. The fundamental structure-functionality relationships unraveled in the current work may allow design
of novel catalytic systems for aerospace monopropellant propulsion systems with higher performance by
simultaneous exploitation of Ir active sites with different electronic properties. properties of the catalysts at the
nanometer scale, providing molecular level insight for the design of next-generation catalysts for anaerobic ionic
liquid decomposition.

Fig. 1. (a and b) Overall view, and (c) the detailed interior design of the custom-made parallel batch reactors
used in the catalytic anaerobic decomposition of ADN.

Fig. 2. Typical temperature vs. time and pressure vs. time plots obtained during a catalytic anaerobic ADN
decomposition run.
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Fig. 3. (a) Onset temperature (TOnset), (b) number of moles of gas (ngas) generated, (c) maximum pressure
generation (ΔPmax), and (d) equilibrium pressure (ΔPeq) difference values obtained in the anaerobic catalytic
decomposition tests for ADN with the synthesized catalysts and without a catalyst.
[1] Y. Batonneau, R. Brahmi, B. Cartoix, K. Farhat, C. Kappenstein, S. Keav, G. Kharchafi Farhat, L. Pirault-Roy, M. Saouabe ́, C.
Scharlemann, Top. Catal. 2014, 57, 656–667. https://doi.org/10.1007/s11244-013-0223-y
[2] A. S. Gohardani, J. Stanojev, A. Demairé, K. Anflo, M. Persson, N. Wingborg, C. Nilsson, Progress in Aerospace Sci. 2014, 71, 128–
149. https://doi.org/10.1016/j.paerosci.2014.08.001
[3] C. Kappenstein, R. Brahmi, D. Amariei, Y. Batonneau, S. Rossignol, 42nd AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit
AIAA 2006, 4546. https://doi.org/10.2514/6.2006-4546
[4] Self-Adjusting Catalyst for Propellant Decomposition, Arthur J. Fortini (Pasadena, CA), Jason R. Babcock (Woodland Hills, CA), Matthew
J. Wright (La Cresenta, CA), US 2008/0064913 A1
[5] M. Kurt, Z. Kap, S. Senol, K. E. Ercan, A. T. Sika-Nartey, Y. Kocak, A. Koc, H. Esiyok, B. S. Caglayan, A. E. Aksoylu, E. Ozensoy, Appl.
Catal. A-GEN, 2022, 632, 118500. https://doi.org/10.1016/j.apcata.2022.118500
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Soybean oil contains triglycerides mainly consisting of unsaturated fatty acids with wide availability,
cheapness,and environmental friendliness, making it a perfect epoxidation candidate. [1-3] In the current study,
five catalysts were synthesized for soybean oil epoxidation reactions: Nb or Ti incorporated SBA-15 with two
ratios (silica metal molar ratios 10 and 20), and sulfated lanthanum doped titania silica xerogel (SO4/La-TiO2SiO2). Soybean oil epoxidation was carried out at 75 °C for 6 h in tert-butanol or ethyl acetate using H2O2
(aqueous, 35%) as the oxygen donor. The catalysts prepared had high surface areas ranging from 400-940 m2/g
and mesoporous structure. The incorporation of Ti and Nb into the SBA-15 structure was confirmed by FTIR.
Reactions were successfully performed in tert-butanol while ethyl acetate caused catalysts' precipitation.
Analytical and instrumental methods (FTIR and H-NMR) were used for product analysis. Best catalytic activities
(about 50% conversions) were provided over Nb-SBA-15 catalysts with higher acidities (Figure 1). However,
epoxide selectivities obtained were low (> 30% selectivities) for all the catalysts, which was related to the
watercontent of H2O2. Regarding catalysts' stability, Nb and Ti were robust, but a notable sulfur loss was
observed forSO4/La-TiO2-SiO2 catalyst. The reusability of the Nb-SBA-15 (10) demonstrated that it could be
applied in the soybean oil epoxidation reaction three consecutive times. For comparison purposes, the
soybean oil epoxidation reaction was also performed with sulfuric acid as a homogeneous catalyst (Figure 1e).
Results indicated that heterogeneous catalysts could compete in terms of activity to an extent, but their
selectivities need significant improvement. Additionally, fatty acid methyl ester mixture (FAME) epoxidation
was alsoperformed over the Nb-SBA-15 (10) catalyst, and similar double bonds conversion (45%) and epoxide
selectivity(17%) to soybean oil were obtained. This indicated that the size of the reactant did not make a
significant change in the activities obtained.
100
90
80
70
60
50
40
30
20
10
0

Conversion

a

b

Selectivit

c

d

e

Figure 1. Soybean oil epoxidation results obtained with heterogeneous catalysts and H2SO4 at 6 h. Where a).
Nb-SBA-15 (10), b). Nb-SBA-15 (20), c). Ti-SBA-15 (10), d). Ti-SBA-15 (20), and e). H2SO4

[1] Recent advances in the field of selective epoxidation of vegetable oils and their derivatives: a review and perspective. S. M. Danov, O.
A. Kazantsev, A. L. Esipovich, A. S. Belousov, A. E. Rogozhin and E. A. Kanakov, Catal. Sci. Technol., 2017, 7(17), 3659-3675.
10.1039/C7CY00988G
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[2] Epoxidised soybean oil–Cu/Cu2O bio-nanocomposite material: synthesis and characterization with antibacterial activity. M. S. Bhalerao,
A. V. Patwardhan, M. A. Bhosale, V. M. Kulkarni and B. M. Bhanage, RSC adv., 2016, 6(45), 38906-38912. 10.1039/C6RA00588H
[3] Efficient chemical transformations of epoxidized soybean oil to cross-linked polymers by phosphorus- containing nucleophiles and study
their thermal properties. C. S. R. Gangireddy and Y. Hu, Polym. Deg. Stab., 2017, 140, 156-165.
doi.org/10.1016/j.polymdegradstab.2017.04.022
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Fischer-Tropsch Synthesis (FTS) is a surface polymerization process that has been industrially used to convert
non-petroleum feedstocks to synthetic transportation fuels and valuable chemicals. FTS has drawn attention
by industry and academics due to the depletion of fossil fuels and increase of global demand for sustainable
technologies. Modification with an alkali promoter of the Co-based catalysts provided promising results to
obtain heavier hydrocarbons with FTS.[1] Experimental observations indicated that alkali promoted cobalt
catalysts resulted in increased olefin selectivity, which is proposedto be due to reduction of surface acidity and
increase of CO adsorption energy.[2,3]
In this study, we aim to analyze the effect of alkali promoters (Li, Na, K) on the adsorption and dissociation
behavior of CO on Co(111) surface with Density Functional Theory (DFT) calculations utilizing Vienna Ab-initio
Simulation Package (VASP). Experimental and computational investigations indicated that CO adsorption
energy increases with alkali promoter addition on Co surface. Our results support the literature where CO
adsorption energy increases with alkali addition, yet H adsorption energy remains relatively unchanged.[3]
Experimental studies also stated that activity and selectivity values change for different alkali promoters on
cobalt catalysts.[1] Our results (as shown in Figure 1) indicate that variations in CO adsorption on alkali
promoted Co(111) surface is not responsible for varying activity and selectivity values for different alkalis, since
all three alkali promoters showed similar results.
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Figure 1. CO adsorption energy on clean and alkali promoted Co(111) surfaces
Activation of CO is a key factor to achieve desired end products in FTS. However, up to our knowledge,there
are no experimental or computational studies that show alkali promotion results in increased COdissociation
rate on cobalt catalysts. In addition, the mechanism related to CO dissociation behavior remains unknown. Our
preliminary calculations related to direct CO dissociation on K2O promoted Co(111) surface show that alkali
addition makes the reaction more endothermic, contrary to experimental observations indicating that alkali
promotion results in increased CO conversion.[4]
As future work, we plan to analyze the electronic charge distribution of the cobalt surface, promoters and
adsorbates on alkali promoted Co(111) surface. Different CO dissociation mechanisms (direct and H-assisted)
will be studied to understand the dissociation behavior of CO on alkali promoted Co surfaces. Also, the effect
of alkali promoters on carbide formation will be investigated.
[1] Influence of alkali promoters on synthetic diesel production over Co catalyst. De la Osa, A. R., De Lucas, A., Valverde, J. L., Romero,
A., Monteagudo, I., Coca, P., & Sánchez, P., Catal. Today, 2011, 167(1), 96-106. 10.1016/j.cattod.2010.11.064
[2] The effects of promoters of K and Zr on the mesoporous carbon supported cobalt catalysts for Fischer–Trop- sch synthesis. Chen, L.,
Song, G., Fu, Y., & Shen, J., J. Colloid Interface Sci., 2012, 368(1), 456-461. 10.1016/j.jcis.2011.11.030
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[3] Design of Cobalt Fischer–Tropsch Catalysts for the Combined Production of Liquid Fuels and Olefin Chemicalsfrom Hydrogen-Rich
Syngas. Jeske, K., Kizilkaya, A. C., López-Luque, I., Pfänder, N., Bartsch, M., Concepción, P., & Prieto, G., ACS Catal., 2021, 11(8), 47844798. 10.1021/acscatal.0c05027
[4] Cobalt catalysts for the conversion of CO 2 to light hydrocarbons at atmospheric pressure. Owen, R. E., O'Byrne, J. P., Mattia, D.,
Plucinski, P., Pascu, S. I., & Jones, M. D., Chem. Commun., 2013, 49(99), 11683- 11685. 10.1039/C3CC46791K
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Lubricants are essential products in industries for protection of mechanical systems. Utilization of ecofriendly
and biodegradable lubricants has gained much interest to overcome global energy crisis and protect
environment. Vegetable oils are an attractive alternative to petroleum derived lubricants for acivement of green
and sustainable production [1-2]. This study presents an investigation for the production of biolubricants via ring
opening reaction of epoxidized soybean oil using the mesoporous solid acid catalysts. SO4/SBA- 15, SO4/Ti-SBA15, SO4/TiO2-SiO2 and SO4/La-TiO2-SiO2 catalysts were prepared and characterized. In addition, effect of
increasing titanium content on SO4/Ti-SBA-15 (Si/Ti: 10, Si/Ti: 6) and effect of sulfation source (ammonium
sulfate and chlorosulfonic acid) on Ti-SBA-15 andLa-TiO2-SiO2 properties, activities and stabilities were studied.
Activity and stability of all the catalysts were tested in the ring opening reactions of epoxidized soybean oil with 2propanol at 80 oC with 10/1 alcohol-epoxide mol ratio. After determination of the two most stable and active
catalysts, reactions were also performed with 2-ethylhexanol at 100 oC with 6/1 alcohol-epoxide mol ratio.
Products wereanalyzed by titration, FTIR and H-NMR. Also, thermal stability and low temperature behavior of
products were determined by thermogravimetric analysis and differential scanning calorimetry.
Prepared catalsysts had mesoporous structure and stronger acid sites by attachment of sulfate groups(see Table
1, Figure 1 and 2). The catalysts showed a serious leaching when they were sulfated with ammonium sulfate. On
the other hand, chlorosulfonic acid treatment enhanced significantly stability of the catalyst. Furthermore,
increasing of titanium content and sulfation with chlorosulfonic acid increased the acidity of catalysts compared
to ammonium sulfate. The SO4/Ti-SBA-15-6(CS) catalyst (Si/Ti:6 mole ratios and chlorosulfonic acid sulfated)
was found as the most stable and active catalyst. It provided 62 % (12 h) and 90 % (18 h) conversion in the
reactions with 2-propanol and 2-ethylhexanol,respectively. All products were found as thermally stable up to
300 oC showing that ring opening reaction did not affect thermal stability. Nevertheless, it affected positively low
temperature propertiesof the products from 2-ethylhexanol. However, its influence on the products obtained
from 2-propanolwas not prominent.
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[1] Environmentally friendly functional fluids from renewable and sustainable sources-A review. Mannekote, J., Kailas, S., Venkatesh, K.,
& Kathyayini, N. Renew. Sust. Energ. Rev., 2018, 81, 1787-1801. 10.1016/j.rser.2017.05.274
[2] A review on the chemistry, production, and technological potential of bio-based lubricants. Zainal, N., Zulkifli, N., Gulzar, M., & Masjuki,
H. Renew. Sust. Energ. Rev., 2018, 82, 80-102. 10.1016/j.rser.2017.09.004
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In theory, photocatalysis is a good sustainable solution with many practical applications including water and
wastewater treatment. The in-situ generated non-selective oxidants such as hydroxyl radical ·OH, superoxide
·O2−, and hydroperoxyl radical HO2·, are to oxidize most organic compounds including emerging micropollutants
until they are fully mineralized as carbon dioxide and water. In practice, for decades photocatalysis is unable to
jump from a lab to the industry. A thorough analysis points on lack of basic understanding of mechanisms of
secondary reactive radicals’ formation and reaction self-limitation due to recombination. Attempts to
mechanically upscale a lab setup to a pilot scale produced a widespread of photocatalytic membrane reactors
PMRs including ceramic-based cPMRs[1] with various active sizes, coating materials and methods, membrane
designs and pore sizes, and model compounds used to evaluate cPMR performance.[2] Advanced Oxidation
Processes AOP offer the same gap between theoretically good environmental-friendly approach and lack of fullscale installations.
Addition of air MNBs instead of ozone or hydrogen peroxide in a reaction tank is a win-win combination of cPMR
and AOP. MNB is an abbreviation given to an entire range of micro and nano bubbles in the sizes below 100 µm
united on a base of large total surface area, low rising velocity, extended residence time, and high gas-liquid
transfer rate. Preliminary studies showed that the removal of methyl orange in a photocatalytic reactor that
contains P25 TiO2 photocatalyst excited by UV-A lamps increased from 58.2 ± 3.5% (N2 aeration) to 71.9 ± 0.6%
(O2 aeration).[3]
Our axillary studies showed that MNBs are a sustainable, energy-efficient, and chemical-less option to minimize
organic fouling in UF membranes and simultaneously improve impurity retention.[4] MNBs distribute dissolved
oxygen quicker than macrobubbles. The energy demand for two-phase flow is equal or even lower than for onephase flow. The persistence of MNBs along with a high oxygen transfer rate calls for a potential re-design of
activated sludge. Higher collision and adhesion by MNBs and a faster lift by macrobubbles can improve the algae
flotation.[5] A targeted generation of radicals will minimize the use of chemical oxidants for the disintegration of
emerging micropollutants and start the movement away from chemical oxidants in water and wastewater
treatment.[6]
[1] V. Gitis, G. Rothenberg, Ceramic Membranes: New Opportunities and Practical Applications, Wiley-VCH, 2016.
[2] I. Horovitz, V. Gitis, D. Avisar, H. Mamane, Reviews in Chemical Engineering 2020, 36, 593–622.
[3] W. Yu, J. Chen, M. Ateia, E. L. Cates, M. S. Johnson, Catalysts 2021, 11, 511.
[4] I. Levitsky, D. Tavor, V. Gitis, Separation and Purification Technology 2021, 268, 118710.
[5] I. Levitsky, D. Tavor, V. Gitis, Journal of Water Process Engineering 2022, 47, 102688.
[6] V. Gitis, N. Hankins, Journal of Water Process Engineering 2018, 25, 34–38.
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Petrochemical raw materials are utilized conventionally to synthesize polyols for the urethane coating industry.
However, there are plenty of drawbacks to making petroleum-based polyols including high energy and cost
requirements as well as environmental concerns. Vegetable oils, which are biodegradable chemicals, often have
less of a harmful influence on the environment, and their usage is advantageous to the sustainable agricultural
industry. Epoxidized soybean oil (ESBO) transformed into Soy-based polyols. [1] Recently, polyols which are
obtained from vegetable oils have been most commonly used in polyurethane (PU) coatings production.
Depending on the molecular weight, backbone structure, and hydroxyl value, they could be typically waxy solids
or viscous liquids which give the coatings their main performance characteristics such as adhesion, elasticity,
and UV resistance. Reactive hydroxyl (OH) groups found in polyols combine with reactive isocyanate (NCO)
groups on polyisocyanates to produce polyurethanes. In the coating industry polyether, polyester,
polybutadiene, polycarbonate, and polyacrylate polyols are commonly utilized. [2] The aim of this study is to
investigate polyether polyol, synthesis from epoxide soybean oil by the ring-opening process using different
catalysts (H2SO4, H3PO4, PTSA, Acetic Acid, and Ionic Ion Exchange Resin (Amberlite 15) and nucleophilic reagents
(Water, Monoethylene Glycol and Glycerine) for the development of vegetable oil-based PU coating. The studies
are still in progress in the polyether polyol synthesis phase. One of the successful reactions was performed in a
3-necked glass reactor at 70 °C under 150 rpm with H2SO4 as catalyst and H2O as a nucleophile. In Figure 1, FTIR
spectra of ESBO and polyol are demonstrated respectively. The disappearance of the epoxy group at 825 cm-1
and the appearance of the hydroxyl group at 3450 cm-1 in FTIR spectra of polyol compared with ESBO
demonstrated the ring-opening reaction that occurred. Also, peaks at from 1050 cm-1 to 1200 cm-1 indicated
that ether groups are formed. The work on the purification process of the obtained polyol is continuing and
different catalyst and media options are evaluated and tested at this stage. In ongoing studies, we aim to
synthesize polyether polyols from ESBO with the ring-opening process in a most efficient way and to produce
PU coatings, which are the ability such as elasticity at low temperatures, high UV resistance, adhesion, and
impact resistance, with zero VOC release, in a sustainable manner.

Figure 1: FTIR Spectra of Epoxidized Soybean Oil (ESBO) and polyol derived from ESBO, respectively.
[1]

Synthesis of Polyether Polyols with Epoxidized Soy Bean Oil. Bailosky, L. C., Bender, L. M., & Bode, D., Progress in Organic
Coatings, 2013, 76(12), 1712-1719. https://doi.org/10.1016/j.porgcoat.2013.05.005

[2]

Synthesis of Bio-Polyols by Epoxide Ring Opening Reaction with H2O as a Reagent. Thuy, Nguyen Thi, Vu Minh Duc, and Nguyen
Thanh Liem, Vietnam Journal of Chemistry, 2017, 55, 411-416. https://doi.org/10.15625/2525-2321.2017-00483

61

