
 

 
RACI 2022 Congress, 3-8 July 2022, Brisbane 

1000 

Next generation electrolytes for advanced alkali metal batteries   
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Traditional electrolytes currently used for Li-ion and Na-ion devices are not compatible with higher energy-density 
anodes required for next generation devices, such as Li metal and Na metal anodes. In addition, there is now a 
recognition that operation at elevated temperatures is desirable for some applications. Therefore, new electrolyte 
materials are currently actively being investigated for beyond Li-ion technologies. It has recently been shown that, 
by using an ultra-high concentration of lithium or sodium salt in an ionic liquid (or indeed some organic solvents), 
it is possible to achieve stable cycling of Li metal and Na metal anodes, often at high rates and current densities, 
and even in the presence of water. These electrolytes indicate a decoupling of the alkali metal ion dynamics from 
the bulk with tLi+ or tNa+ transport numbers approaching or even exceeding 0.5.   
 
Similar concepts of ΨǎƻƭǾŜƴǘ ƛƴ ǎŀƭǘΩ ŜƭŜŎǘǊƻƭȅǘŜǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŀǇǇƭƛŜŘ ƛƴ ǇƻƭȅƳŜǊ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ŀƴŘ ƛƴ ǇŀǊǘƛŎǳƭŀǊ 
when the polymer host is based on a polymerized ionic liquid, such as poly(diallyldimethylammonium) (PDADMA), 
with either TFSI  or FSI counterions.  We show that such polymers are capable of dissolving even higher 
concentrations of lithium and sodium salts leading to highly conductive solid electrolytes with high transport 
number.  By incorporating such PILs either into a composite or block copolymer material,  improved mechanical 
properties can also be attributed to these solid electrolytes along with stable Li/Na metal cycling, thus offering 
exciting opportunities for all solid state high energy density batteries.     
 
These materials will be discussed in terms of their physicochemical properties, electrochemical behavior and 
performance in devices. 
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Nanoengineering of plasma polymers for Medicine and Beyond 
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In my talk, I will give an overview of recent progress from my lab on development of plasma polymer facilitated 
nanoengineered surfaces that benefit many areas of application. Over the year, we developed a range plasma based 
methods with allows us to control that entire spectrum of surface properties, including chemical, physical, 
mechanical and topographical.  The main focus of our research is the surface modification of medical devices and 
biomaterials for applications in areas such as cell therapies, tissue engineering, controlling inflammation and 
infections as well as medical diagnostics. However, our surface modification technologies are not limited to 
medicine. We have demonstrated the utility of nanoengineered plasma polymers for solving problems in other 
areas such as environmental science and remediation, organic electronics, water treatment and wine making. In 
ǿƛƭƭ ǇǊŜǎŜƴǘ ǘƘŜ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ŎƘŜƳƛŎŀƭ ŎƻƴŎŜǇǘǎ ǳƴŘŜǊǇƛƴƴƛƴƎ άƴŀƴƻŜƴƎƛƴŜŜǊƛƴƎ ƻŦ ǇƭŀǎƳŀ ǇƻƭȅƳŜǊǎέ ŀƴŘ ƎƛǾŜ 
a range of examples of application of the technology in various fields. 

 

Figure 1: Applications of Plasma Nanoengineering. 
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The critical environmental issues urge advanced and green technologies for the purification of contaminated water 
systems due to the existence of diverse hazardous organic substances produced from human activities. As 
promising candidates, carbon-based materials are green catalysts to replace the toxic transition/noble metal 
catalysts in environmental catalysis.1 In this work, we developed a series of structure-well-defined carbon-based 
single-atom catalysts (SACs) to replace conventional metal counterparts and drive several key processes in 
advanced oxidation processes (AOPs).2, 3 We used both advanced characterisation techniques as well as density 
functional theory calculations to reveal the molecular/coordination structure of the derived SACs, featured 
electronic structures, as well as relations with the catalytic behaviours in AOPs. The activation of peroxides and 
evolution of reactive oxygen species are identified by a diversity of experimental and analytical methodologies. This 
proof-of-concept study dedicates to elucidating the principles in developing high-performance and robust carbon-
based SAC for environmental sustainability. 

 

 

Fig. Mechanistic scheme of paracetamol degradation in the Fe-N-C /PMS system via two nonradical pathways. 
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Developing Synchrotron X-ray Imaging Methods to Image  
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Memory loss that occurs during natural ageing, neurodegenerative disease, or following brain injury, has limited 
treatment options, and is a major health and economic concern. The lack of effective therapies can be attributed 
in part to an incomplete understanding of how ageing, disease, or injury perturbs brain chemistry. In particular, 
metal ions are known to be essential for healthy brain function, and altered levels of metal ions are associated with 
disease pathology; yet much remains unknown about the specific chemical mechanisms through which metal ions 
participate in brain disease or degeneration. To increase understanding of the role of metal ions in health and 
disease, new imaging techniques are required to enable visualisation of metal homeostasis and metal ion 
coordination chemistry at the single cell level, in brain tissue. 

Advances in imaging techniques such as synchrotron X-ray fluorescence microscopy (XFM) and micro X-ray 
absorption near edge structure (µXANES) spectroscopy are making an important contribution to our understanding 
of brain function and malfunction. This is due to their capability to directly image diffusible ions (K+, Ca2+, Cl-) and 
transition metal ions (Fe, Cu, Zn) at cellular resolution. Integration of XFM and µXANES alongside vibrational 
spectroscopy and traditional histochemical methods in a multi-modal approach enables association between cell 
physiology, altered metal ion homeostasis, protein aggregation, oxidative stress, and disturbed brain metabolism. 
My presentation will highlight recent research developments and advances using the above spectroscopic 
techniques for direct in situ imaging of metal ion coordination chemistry within ex vivo tissue sections of animal 
models of natural ageing and neurodegeneration. Particular emphasis will be paid to our recent research that has 
characterised the sensitivity of XANES spectra to coordination environments, in order to develop protocols to image 
a range different chemical forms of metal ions in biological samples. 

 

 

Figure 1: XFM elemental map showing distribution of metal ions: K+ (green), Fe (red), Zn (blue) in the mouse 
hippocampus. 
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Foodborne microbial contamination is a serious threat to public health and a major hindrance to safe food 
production. Early detection of pathogenic microbe can minimise the spread of contamination event. The current 
investigation seeks to detect the presence of pathogenic bacteria in food by measuring the volatile organic 
compounds emanating from contaminated samples. This research will introduce a high-speed approach by 
employing static headspace-comprehensive two-dimensional gas-chromatography with backflushing for detection 
of Escherichia coli (E. coli) in milk. 

By employing a headspace equilibration for 15 min followed by 5 min chromatographic analysis, the time-to-
response can reduce by approximately one-day compared to the current conventional approaches at a pre-
enriched single-cell bacteria level. The research methodology suggests that presence of ethanol, 1-propanol, 
acetonitrile, and acetaldehyde may be used as putative markers to indicate E. coli contamination. Timely detection 
of pathogenic microbes is crucial for a secure food supply and the current reliance on conventional culture-based 
methods is time-consuming and laborious. The described approach shows great promise for enabling rapid 
detection of microbial food contamination.  
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The plant kingdom contains an immense library of polyphenols with a range of biological, medical, and commercial 
applications.1 Developing simple and rapid methods to fingerprint and profile the polyphenolic composition and 
bioactive properties of plants widens the potential applications of these structurally diverse compounds. In this 
research we have characterized a range of diverse bioactive properties of both commonly consumed and exotic 
polyphenol-containing biomass sources and catalogued the polyphenolic compounds they contain. We have 
demonstrated that ion mobility mass spectrometry (IM-MS) is a rapid and effective tool for profiling plant extracts 
that gives greater structural information on polyphenolic composition compared to traditional mass spectrometry-
based approaches. This work showcases a broadly applicable, high throughput approach to polyphenolic profiling 
that gives comprehensive structural information, which can be combined with bioactivity fingerprinting to widen 
the scope of potential applications for polyphenols. 
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The large structural diversity of fatty acids informs their use as the building blocks of complex lipids. Fatty acids 
make up the cell walls in bacteria and were recently discovered in human plasma. Mass spectrometry is the 
analytical tool of choice for analysis of fatty acids from biological samples, due to its unparalleled sensitivity and 
specificity. Using conventional tandem-mass spectrometry strategies, branched-chain fatty acids are difficult to 
distinguish from their isomeric straight-chain counterparts, with the only structural difference being a methyl group 
(or groups) at different sites along the acyl chain. Many contemporary strategies for improved structure elucidation 
of fatty acids (and lipids in general) rely on a chemical derivatisation step prior to analysis by mass spectrometry. 
The introduction of a positive fixed charge site to promote charge-remote fragmentation in the fatty acid is 
beneficial for inducing fragmentation patterns characteristic for the carbon-carbon bonding arrangements of the 
acyl chain. However, the wet chemical derivatisation used in these methods can lead to sample loss (due to volatility 
and thus reduced sensitivity) and increases the required experimental time. In this investigation, we adopted the 
charge-inversion strategy of Randolph et al.1,2 to complex standards of straight chain FAs or branched-chain isomers 
with Mg2+ and phenanthroline-based ligands by combining the compounds in a sample vial prior to injection. Here 
we demonstrate that collision-induced dissociation of these ionic complexes yields unique spectra for each fatty 
acid studied including the ability to differentiate between isomeric branched-chain fatty acids. Enhancing charge-
remote fragmentation process maximises the structural information obtained in the analysis of the fatty acid and 
thus enables chain branching to be assigned for even low abundant fatty acids, including branched chain fatty acids 
in human plasma. Combining this technique with HPLC separation of a wider range of branched-chain FAs will allow 
for further investigation into plasma. 
 

 
 
 
 
 
 
 

Figure 1: The structure of the [M ς H + Mg(Phen or NO2Phen)2]+ ion with ms3 spectra of the iso branched-chain FA.fe 
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Materials informatics, and the associated field of nanoinformatics, offer a wide variety of new approaches to solving 
existing challenges in (nano)materials design. These enabling technologies leverage over 50 years of innovation in 
computer science on machine learning algorithms, and an even longer history of research in statistics, to underpin 
the essential preliminary data science. Provided sufficient appropriate data is available to describe the material or 
system, new insights can be gained that would be otherwise obscured using conventional experimental or 
computational methods. Hidden structure/property relationships can be uncovered to inform further research and 
drive materials development. Extracting useful insights (such as structure/property relationships) from data 
analytics and machine learning is, however, more complicated than simply gathering data and training models, 
since not all methods are interpretable and suitable for decision making. This makes it impossible to hold them to 
account.  Furthermore, since correlation is different to causation, many importance relationships identified using 
machine learning are not always actionable, and even the most accurate prediction cannot inform experimental 
design. In this presentation we will discuss the importance of accuracy, generalizability and interpretability, and 
demonstrate the advantages of combining a series of different machine learning methods to uncover useful 
relationships between the properties, structure and processing conditions of graphene oxide nanoflakes. 
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hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛǎǎǳŜǎ ŦŀŎƛƴƎ ǎƻŎƛŜǘȅ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƭȅ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ǊŜǉǳƛǊŜƳŜƴǘǎ Ǿƛŀ both 
environmentally responsible and sustainable means.  Renewable energy, and in particular solar energy, has the 
potential to address current issues in energy production but costs, both in terms of the energy required for 
production and final price to the consumer, as well flexibility in terms of system deployment are problems that will 
need to be addressed.  Reducing the environmental footprint in various chemical processes is also very important. 
This talk will focus on work using 2D nanomaterials to make new architectures for solar cells or new generation 
nonmetallic catalysts.  Several possible structures including heteroatom doping will be explored and the 
disadvantages and advantages of each will be examined. 
 
One example presented will be a discussion of a facile and efficient protocol for chemical doping of phosphorene 
nanosheets with nitrogen (N) atoms. The synthesis of highly crystalline nitrogen-doped phosphorene (N-phosphorene) is 
accomplished through a combination of ball milling and microwave techniques. The rapid surface oxidation of 
phosphorene under ambient conditions is considered to be serious issue for many applications, but here is used as a 
strategy to achieve efficient chemical N-doping. The prepared N-doped phosphorene nanosheets showed outstanding 
electrocatalytic performances as a new type of non-metallic catalysts for nitrogen (N2) to ammonia (NH3) conversion at a 
low overpotential (0 V) versus reversible hydrogen electrode (RHE). This work not only introduces an efficient strategy to 
chemically functionalize 2D phosphorene, but also opens a new avenue in using N-doped phosphorene nanosheets as 
metal-free catalysts. 
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Single layer diamond (diamane) has emerged as a new two-dimensional carbon material which was first predicted 
theoretically and recently achieved experimentally. Bakharev et al. reported the first preparation of fluorinated 
diamane (F-diamane) films through chemisorption of fluorine on bilayer graphene grown on CuNi(111) [1]. 
Recently, we revisited the stage-2 poly(dicarbon monofluoride) (C2F)n, in which fluorine atoms are inserted into 
every second layer of graphite and the carbon atoms establish an sp3 ƻǊōƛǘŀƭ ǿƛǘƘ ŀ ΨŘƻǳōƭŜ-ŘŜŎƪŜŘΩ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ 
structural model of (C2F)n proposed by Watanabe et al. [2, 3] suggests stacked layers of F-diamane. We hypothesise 
that the low surface energy caused by the short, strong CςF bonds can result in a low friction coefficient between 
the layers, and thus the F-diamane-like layers can be exfoliated under shear [4]. In this talk, I will discuss our recent 
efforts on the synthesis and exfoliation of (C2F)n in solutions to yield ultrathin nanosheets showing the F-diamane-
like structure. I will also present an improved method for an efficient, high-yield production of ultrathin F-diamane-
like nanosheets, and nearly perfect (C2F)n.  
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Transforming natural resources to energy sources, such as converting CH4 to H2 and carbon, at high efficiency and 
low cost, is crucial for many industries and environmental sustainability. The high temperature requirement of CH4 
conversion regarding many of the current methods remains a critical bottleneck for their practical uptake. Here we 
report an approach based on Ga liquid metal droplets, Ni(OH)2 co-catalysts and mechanical energy input that offers 
low-temperature and scalable CH4 conversion into H2 and carbon. Mainly driven by the triboelectric voltage, 
originating from the joint contributions of the co-catalysts during agitation, CH4 is converted at the Ga and Ni(OH)2 
interface through nano-tribo-electrochemical reaction pathways. The efficiency of the system is enhanced when 
the reaction is performed at an increased pressure. The dehydrogenation of other non-gaseous hydrocarbons using 
this approach is also demonstrated. This technology provides economic viability for sustainable H2 generation. 
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Evaporating a sessile drop of ternary solutions containing one hydrotrope (e.g. ethanol) and two immiscible fluids 
can show interesting phase separation behaviours, opening up a new pathway for colloid and particle assembly1-
2. In this work, we studied the influence of liquid-liquid phase separation (LLPS) on the assembly of carbon nanodots 
(C-dots) during the evaporation of a drop containing ethanol, water and different oils on a superhydrophobic 
surface.  

C-dots are newly discovered fluorescent carbon-based nanomaterials with size of less than 10 nm. Structurally, C-
dots are composed of carbonic backbones and functional groups at the surface. Surface oxides, such as carboxyl 
groups and hydroxyl groups, are the common species capping the carbon cores3, resulting in overall amphiphilic 
structures of C-dots. Therefore, the interactions between C-dots with oil/water during LLPS will have significant 
impacts on the structures of C-dot assemblies.  

Based on confocal microscopy observations of the evaporation process and an understanding of the evaporation 
path on the liquid-liquid equilibrium diagram, we clearly revealed that C-dots assembly during LLPS was dependent 
on vapour pressure, solubility and surface tension of the oil components. Accordingly, by adjusting different types 
of oils and their formulations in the ternary solution, the morphologies, crystalline structures and optical properties 
of the resulting assemblies can be tuned. The demonstrated approach is versatile and controllable for generating 
variable structures with prospective applications for C-dot-based catalysis and energy conversion processes. 
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In the last 5 years, there have been extensive studies and new materials designed for interfacing biocatalysts with 
electrode surfaces. This talk will discuss electroanalytical techniques for studying biocatalysis, including both 
mediated bioelectrocatalysis and direct bioelectrocatalysis. The talk will discuss electrode materials innovation for 
interfacing complex proteins with electrode surfaces as well as using them for electrosynthesis of ammonia as well 
as other value-added products (i.e. chiral amines, chiral amino acids, polymers, etc.). This talk will discuss strategies 
for cofactor regeneration. Finally, this talk will discuss the use of synthetic biology for microbial bioelectrosynthesis 
of ammonia and other value-added products.  
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The electrochemistry of single molecules is one of the frontiers in electrochemistry. The challenge in exploring 
single molecules is getting a signal from that molecule. There are three common approaches to doing this which 
are 1) monitoring single or a few electrons, 2) converting electrons into photons or 3) using a single molecule to 
modulate the flow of charge in an electrochemical system as performed with nanopore sensors [1].  In this talk we 
will present our findings using the latter two strategies. 

In this presentation we will discuss how we can use total internal fluorescence microscopy (TIRF) to follow the 
fluorescence of single Alexa Fluor-647 labelled bovine serum albumin molecules adsorbed onto indium tin oxide 
(ITO) electrode surfaces. What was observed was the fluorescence of the Alexa-647 could be reversibly modulated 
as a function of the potential applied to the ITO. The fluorescence intensity of the Alexa Fluor 647 decreased, or 
even disappeared, at negative potentials but returned to similar levels to open circuit potential when the potential 
was swept back positive [2]. An observed pH dependence in the fluorescence strongly suggested the involvement 
of electron and proton transfer in the switching of the fluorescence. A mechanism for the potential modulating of 
fluorescence is shown. We then surveyed a variety of other fluorescent dyes and the switching behavior is 
correlated with molecular structure. The importance of this electrochemical control over the fluorescence of single 
molecules for the super-resolution light microscopy method, single molecule localisation microscopy will be 
discussed. 
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Nitrogenases are two component metalloenzymes which carry out the reduction of N2 to NH3 and H2 at room 
temperature and atmospheric pressure.  Since the initial report that methyl viologen could be used as an 
electrochemical mediator, cyclic voltammetry has emerged as a powerful technique to probe the catalytic 
mechanism of nitrogenases. 1,2  

In recent years, it has been demonstrated that the reductase component of nitrogen (Fe-protein) can be replaced 
with inorganic alternatives to produce ammonia. In these systems, ATP is no longer required and the enzymatic 
mechanism is dramatically simplified, however, the rate of ammonia production is significantly lower.3 

Here we report a detailed voltametric study using various redox mediators to drive the catalysis of both single and 
two-component nitrogenases. Our goal is to study the electron flux through the system to shed light on mechanistic 
details of nitrogenases, particularly those relating to the role of ATP in catalysis. 
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This presentation will discuss an electrƻŎƘŜƳƛŎŀƭ ǇŀǘƘ ǘƻ ǘƘŜ ƭǳƳƛƴŜǎŎŜƴŜ ƻŦ ŦƛǊŜŦƭȅΩǎ ƭǳŎƛŦŜǊƛƴΦ 5ŜǎǇƛǘŜ ƭǳŎƛŦŜǊƛƴ 
chemiluminescence having been actively investigated since the 1950s, an electrochemical path, not relying on its 
natural biocatalyst, has not been reported yet. Herein we discuss the ŦƛǊŜŦƭȅΩǎ ƭƛƎƘǘ ŜƳƛǎǎƛƻƴ ŎƻƴǘǊƻƭƭŜŘ ōȅ 
ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƳŜǘƘƻŘΣ ǿƛǘƘƻǳǘ ƛƴǾƻƭǾƛƴƎ ƭǳŎƛŦŜǊŀǎŜΣ ǘƘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ ǘƘŀǘ ǘǊƛƎƎŜǊǎ ƛƴ ǾƛǾƻ ƭǳŎƛŦŜǊƛƴΩǎ 
bioluminescence (Figure 1a). We have developed a way to electrochemically generate and spectrally tune from red 
to green luciferin luminescence. Computational data suggest a reaction path (Figure 1b) and explain the origin of 
the spectral tuning based on ion pairs. Contrary to current models, we propose that the spectral tuning is not 
related to a keto/enol isomerization, and bring evidence of the electrostatic origin of this color change.  

 

Figure 1. (a) Cathodic ŜƭŜŎǘǊƻŎƘŜƳƛƭǳƳƛƴŜǎŎŜƴŎŜ ƻŦ ŦƛǊŜŦƭȅΩǎ ƭǳŎƛŦŜǊƛƴ ό!at ƭǳŎ) at a platinum mesh in 0.2 
M Bu4NClO4 in dimethyl sulfoxide. (b) Proposed reaction mechanism when the reaction is triggered by 

electrochemically generated superoxide.  
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Molybdenum Enzyme Electrochemical Communication 
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The superfamily of mononuclear Mo- (and W-) dependent enzymes are found in all domains of life where they 
typically catalyse 2-electron redox transformations of organic and inorganic substrates coupled with O-atom 
transfer.  A small selection of reactions catalysed by different Mo enzymes are shown in the figure. The Mo-
dependent dehydrogenases are active in their MoVI oxidation state while the reductases are active in their 
tetravalent form. 

 

In this presentation we will illustrate some of the recent approaches we have taken to successfully integrate 
different Mo enzymes with an electrochemical working electrode. These studies have led to enzyme electrode 
biosensors, rapid screening for new pharmaceuticals and preparative scale organic transformations. 
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Ten lessons learned about safety and systems failure 
 

Paul Salmon 
Director, University of the Sunshine Coast, Qld, Australia 

 
Systems thinking is a currently popular philosophy within safety science that is applied to understand and 
enhance occupational health and safety. In this presentation I will reflect on over twenty years of applied safety 
research and discuss ten critical lessons learned about safety and how complex systems fail. This will involve the 
use of case study examples covering areas such as accident analysis and causation, risk and risk assessment, 
incident reporting and learning, work design, automation, and the development of safety interventions. The 
practical implications of each lesson learned for safety management will be discussed. To close the presentation, 
emerging challenges for workplace safety will be identified as well as the need for widespread application of 
systems thinking.
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Open access and data transparency: a case study on food and nanotoxicity 
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Open access to data carries remarkable appeal with its inclusive force to engage and inform the public, accelerate 
innovation and improve policy outcomes1. However, the polemical overtones associated with this transformative 
momentum to improve accountability and public trust, through responsible data practices and accessible data sets 
Ƴŀȅ ōŜ ŜȄŀƎƎŜǊŀǘŜŘΦ ¢ƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƘŜ ƛŘŜŀƭ ƻŦ ΨƻǇŜƴƴŜǎǎΩ actually functions as some intrinsic social value or 
instrument of governance is influenced by how it is used in discourse2. More often truncated to or framed in the 
language of transparency, open access and data transparency ideals continue to proliferate, notwithstanding 
efforts to apply them in practice have not been without challenge. Levy and Johns (2016) go as far to say that the 
ƭŀƴƎǳŀƎŜ ƻŦ Řŀǘŀ ǘǊŀƴǎǇŀǊŜƴŎȅ Ƴŀȅ ǎƻƳŜǘƛƳŜǎ ŦǳƴŎǘƛƻƴ ŀǎ ŀ ά¢ǊƻƧŀƴ IƻǊǎŜέ ƘƛƎƘƭƛƎƘǘƛƴƎ ƛǘǎ ǎƻŎƛƻ-political nature. 
In this work we make use of an empirical case study related to the global challenge of food and nanotoxicity and 
ŎƻƴǘŜƳǇƻǊŀǊȅ ƭŜƎƛǎƭŀǘƛǾŜ ŜŦŦƻǊǘǎ ǘƻ άƻǇŜƴέ ōƻǘƘ ƴŀƴƻǎŀŦŜǘȅ Řŀǘŀ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ ŘƛŜǘŀǊȅ ŘŀǘŀΦ  
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Microplastics degradation by thermal Fenton reaction  
Kunsheng Hu 

Microplastics (MPs) are ubiquitous in the environment and are infiltrating the food chain, causing potential risks 
to living beings. Advanced oxidation processes (AOPs) are emerging techniques for MPs purification. Herein, a 
hydrothermal coupled homogeneous Fenton system is developed for decomposition of ultrahigh molecular 
weight polyethylene (UHMWPE), achieving 95.9% of weight loss in 16 h and 75.6% of mineralisation efficiency in 
12 h because of the synergy of hydrothermal hydrolysis, proton-rich environment, and massive production of 
hydroxyl radicals. The system is also efficient to remediate other types of petroleum-based plastics and maintains 
high efficiency in practical water bodies. XRD, FTIR, Raman and XPS analyses revealed a two-stage process: chain 
unfolding/stretching and oxidation, giving rise to the formation of carbonyl groups and decreasing the crystallinity 
of MPs during the hydrothermal treatment. The chain stretching stage is pivotal to the whole treatment because 
it remarkably facilitates the subsequent chain cleavage and Fenton oxidation. 
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Manganese oxide induced oxidative polymerization of phenolic pollutants and carbon 
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aŀƴƎŀƴŜǎŜ ƻȄƛŘŜǎ όaƴhȄύ ŀǊŜ ǾŜǊǎŀǘƛƭŜ ƛƴ Ŏŀǘŀƭȅǎƛǎ ōŜŎŀǳǎŜ ǘƘŜ ώaƴhсϐ ōǳƛƭŘƛƴƎ ōƭƻŎƪ Ŏŀƴ ōŜ ŀǎǎŜƳōƭŜŘ ƛƴǘƻ 
ŘƛŦŦŜǊŜƴǘ ŎǊȅǎǘŀƭƭƛƴŜ ŀƴŘ ŘƛƳŜƴǎƛƻƴŀƭ ƻȄƛŘŜǎΣ ŜΦƎΦΣ πhΣ ʲπΣ ʴπΣ ŀƴŘ πɻaƴhнΣ aƴнhоΣ aƴоhпΣ ŀƴŘ aƴhΣ ǿƛǘƘ ŎƻƴǘǊƻƭƭŜŘ 
ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǊŜŘƻȄ ŎŀǇŀŎƛǘȅΦ [1] Lƴ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜǎΣ MnOx Ƙŀǎ ōŜŜƴ ŜȄǘŜƴǎƛǾŜƭȅ ŀǇǇƭƛŜŘ ŦƻǊ ŀŎǘƛǾŀǘƛƻƴ ƻŦ 
ǇŜǊƻȄȅƳƻƴƻǎǳƭŦŀǘŜ όta{Σ I{hр

ҍύ ŀƴŘ ǇŜǊƻȄȅŘƛǎǳƭŦŀǘŜ όt5{Σ {нhунҍύ ǘƻ ŘǊƛǾŜ ǇŜǊǎǳƭŦŀǘŜπōŀǎŜŘ ŀŘǾŀƴŎŜŘ ƻȄƛŘŀǘƛƻƴ 
ǇǊƻŎŜǎǎŜǎ όt{π!htǎύ ǿƛǘƘ ƘƛƎƘ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƳǇŀǘƛōƛƭƛǘȅΦ ώнϐ MnOx have been extensively reported 
as PMS activators to produce both radical and nonradical species for organic oxidation, whereas the underlying 
mechanism remains debatable. In this work, we revealed the dependence of PMS activation on MnOx with 
ŎƻƴǘǊƻƭƭŜŘ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜ όʰΣ ʲΣ ʴΣ ŀƴŘ ŀƳƻǊǇƘƻǳǎ-MnO2) and redox states (Mn2O3, and MnO) to induce different 

oxidative pathways. Instead of generating free radicals from Mn redox couples (Mnɹ/Mnɺ/Mnɻ), surface Mnɹ(s) 

and Mnɺ(s) of MnOx tended to bond with PMS to generate Mn(ɹ, ɺ)
(s)ҍ(HO)OSO3ҍ complexes which coordinated 

nonradical electron-transfer pathways (ETPs). Meanwhile, high-valence Mnɻ (s) in MnOx would directly attack 

micropollutants and spontaneously be reduced to low-valence states to initiate ETP. In addition to these two 
nonradical oxidation routes, Mn2O3 could activate PMS to generate other reactive oxygen species, as shown in the 
inserted Figure. Intriguingly, we found that the ETP mechanism selectively induced one-electron abstraction of 
phenol molecules into monomer phenoxyl radicals, which then crosslinked into polyphenols to deposit on catalyst 
surface. Such one-electron phenol oxidation and polymerization results in extremely low PMS consumption but 
high total organic carbon removal efficiency. The surface polyphenol products can be recovered as the precursor 
of value-added resin by acidic digestion of the catalysts or be removed via combustion. PMS/MnOx/phenol systems 
realized aqueous pollutant transformation to solid polymer products via nonradical pathways. 

Catalytic mechanism of MnOx with PMS activation for phenol removal. 
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Biomass derived from waste agricultural/forestry materials or non-food crops, offers the most easily implemented 
and low cost solution for low carbon transportation fuels, and the only non-petroleum route to organic molecules 
for the manufacture of bulk, fine and specialty chemicals necessary to secure the future needs of society.1 Acid and 
base catalyzed reactions spanning esterification, dehydration, isomerization, ketonization and aldol condensation 
underpin transformations of biomass-derived sugars or oxygenates found within fermentation broths or fast-
pyrolysis oil.2 Such processes require hydrothermally stable catalyst materials for prolonged operation in aqueous 
media, possessing tailored pore architectures to minimize mass transport limitations of bulky molecules, and acid-
base properties tuned for cooperative reactions. 

 

This presentation will discuss the challenges faced in catalytic biomass processing, and highlight recent successes 
in catalyst design facilitated by advances in nanotechnology and careful tuning of catalyst formulation. Specific case 
studies will explore (i) how the effects of pore architecture and acid strength can impact upon process efficiency in 
biodiesel synthesis;3 (ii) how catalytic pre-treatments improve transportation fuel production from pyrolysis oil,4 
and (iii) the role of bifunctional catalysts in the upgrading of bio-oils and alcohols to fuels,5,6 and the aqueous phase 
processing of sugars to important platform chemicals and fuel precursors such as 5-HMF derivatives.7 
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