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Welcoming words 
 

 

 

Welcome to Oulu and ICFUTURE2020 conference! 

I have a pleasure to introduce you the ICFUTURE2020 – International Conference on Imaging and 
Characterization – Future Technologies and Applications. ICFUTURE2020 conference brings together 
scientists and experts in technology development to form a broad view over the number of topics and 
to induce exciting new ideas via multidisciplinary collaboration. The conference covers the multitude 
of topics with a common theme in Imaging and Characterization: research on atmosphere and 
environment, materials and processes, bio and medical sciences with technology development and 
even with the present advances in industry.  

Research and innovations rooted at the University of Oulu in wide international collaboration network 
are changing and shaping the world. About 2.6 billion people worldwide use daily technology 
developed in Oulu. Major innovations are based on multidisciplinary high-level research – Fact applies 
also in imaging and characterization and brings us together in ICFUTURE2020. 

The conference is organized as a part of the I4Future - Imaging for the Future: Novel Imaging and 
Characterization Methods in Bio, Medical and Environmental Research and Technology Innovations 
doctoral programme. I4Future is an EU Horizon2020 co-funded Marie Skłodowska-Curie action 
international, interdisciplinary and inter-sectoral doctoral programme hosted by University of Oulu. 

The international conference takes place in Oulu, at hotel Lasaretti in the middle of the Finnish winter. 
We warmly welcome all participants, exhibitors and sponsors to enjoy the recent advances in imaging 
and characterization! Hopefully you will also experience the “Arctic attitude” of the University of Oulu. 

Welcome! 

On behalf of the organizing and program committees, 
Marko Huttula, Chair of the conference 
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Conference Programme 
 

Tuesday, Jan 7, 2020 

Registration, Hotel Lasaretti, 18:00 

Get-together event, Hotel Lasaretti, 19:00 

 

Wednesday, Jan 8, 2020 

8:00 Registration open 

9:00-9:30 Conference Opening 

 

TECHNOLOGIES / NOVEL DEVELOPMENTS 

9:30-10:15 KEYNOTE Janne Suhonen: Fabry-Perot based spectral sensors and their applications 

for process industry, farming and consumer applications, Spectral Engines Inc., Finland 

10:15-11:00 KEYNOTE Mari Tenhunen: Time-gated Raman for material characterization, Timegate 

Instruments Inc., Finland 

11:00-11:30 COFFEE 

11:30-11:50 Oral 1/ Tuomas Soudunsaari: Towards improved ore sorting performance with high 

accuracy x-ray sensors, VTT Technical Research Center of Finland, Finland 

11: 50-12:10 Oral 2/ Simone Sala: Scanning microscopy at hard X-rays synchrotron sources: present 

and future perspectives, Lund University, Sweden 

12:10-12:30 Oral 3/ Emil Espes: Advancing phase-contrast X-ray imaging with liquidmetal-jet anode 

and extreme-resolution sources, Excillum Inc., Sweden 

 

12:30-13:30 LUNCH 

 

13:30-14:15 KEYNOTE Ana Diaz: X-ray ptychographic tomography: high-resolution 3D imaging with 

quantitative contrast, Paul Scherrer Institut, Switzerland 

14:15-15:00 KEYNOTE Matti Aula: Optical emission spectroscopy in control of electric arc furnaces 

Luxmet Inc. 

15:00-15:30 COFFEE 

15:30-16:15 KEYNOTE Esa Turunen: Coupling between geospace and atmosphere - new research 

opportunity by the volumetric imaging incoherent scatter radar facility EISCAT_3D, 

University of Oulu, Finland 

16:15-18:15 POSTER SESSION 

19:30 CITY RECEPTION (Bus departure from Lasaretti at 19:15) 
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Thursday, Jan 9, 2020 

8:00 Registration open 

 

BIO & MEDICAL SCIENCES 

8:30-9:15 KEYNOTE John Heddleston: Imaging Life with the Emerging Frontiers in Microscopy 

Advanced Imaging Center, HHMI Janelia Research Campus, USA 

9:15-10:00 KEYNOTE Henrik Birkedal: Bone hierarchical structure through multimodal X-ray 

imaging techniques, Aarhus University, Denmark 

10:00-10:20 COFFEE 

10:20-10:40 Oral 4/ Hanna Kemppi: Optimization of barium titanate nanoparticle – functionalized 

composite scaffold for tissue engineering applications, University of Oulu, Finland 

10:40-11:00 Oral 5/ Shahab Khakpour: CT-based simulation of body posture effect on the proximal 

femur strain distribution during lateral and posterolateral falls, University of Oulu, Finland 

11:00-11:20 Oral 6/ Tuomas Mansikkala: Using soft X-ray radiation in identification and 

characterization of biological samples, University of Oulu, Finland 

11:20-12:05 KEYNOTE Peter Friedl: Plasticity of cancer invasion, metastasis and therapy response, 

Radboud University Nijmegen Medical Center, The Netherlands 

 

12:05-13:00  LUNCH 

 

TECHNOLOGIES / GENERAL 

13:00-13:45 KEYNOTE Adam Hitchcock: Advanced Materials Analysis by Synchrotron-based Soft 

X-ray Microscopy, McMaster University, Canada 

13:45-14:30 KEYNOTE Jiri Matas: Visual Fine-grained Recognition Systems for Biological 

Problems, FEE CTU in Prague, Czech Technical University, Czech Republic 

14:35-14:55 Oral 7/ Mariia Borovkova: Stokes-Mueller polarimetry for Alzheimer’s progression 

screening in mouse brain tissue, University of Oulu, Finland 

14:55-15:15 Oral 8/ Denis Garri: Implementation of machine-based learning solutions in cell 

classification task for optimal pathology, A.I. Yevdokimov Moscow State University of 

Medicine and Dentistry, Russia 

15:15-15:45 COFFEE 
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ATMOSPHERE & ENVIRONMENT 

15:45-16:30 KEYNOTE Markku Kulmala: Our burning planet: The importance of continuous 

comprehensive observations - From atmospheric clustering via feedback loops to global 

climate and regional air quality, University of Helsinki, Finland 

16:30-17:15 KEYNOTE Martin Obst: Combining soft X-ray microscopy with electrochemistry to study 

redox-sensitive organic matter, University of Bayreuth, Germany 

17:20-17:40 Oral 9/ Paulo de Tarso Ferreira Sales: Detection of caffeine and hormones in samples 

from Meia Ponte river, Brazil, Federal Institute of Goiás, Brazil 

17:40-18:00 Oral 10/ Georgia Michailoudi: Aqueous phase behavior of glyoxal and methylglyoxal 

observed with synchrotron XAS, University of Oulu, Finland 

 

MATERIALS & PROCESSES 

18:00-18:20  Oral 11/ Ulla Lassi: High capacity Al-coated high nickel cathode for lithium-ion batteries, 

University of Oulu, Finland 

18:20-18:40 Oral 12/ Mari Honkanen: Structural characteristics of fresh, thermally aged, poisoned 

and regenerated Pt-Pd catalysts studied by analytical transmission electron microscopy, 

Tampere University, Finland 

19:30  DINNER (Bus departure from Lasaretti at 19:20) 
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Friday, Jan 10, 2020 

 

8:00 Registration open 

 

MATERIALS & PROCESSES 

8:30-9:15 KEYNOTE John Provis: Using advanced characterization to design and understand 

new cements, University of Sheffield, UK 

9:15-10:00 KEYNOTE Bert Weckhuysen: Catalyst Images, Imaging and Imagination, Utrecht 

University, The Netherlands 

10:00-10:30 COFFEE 

10:30-10:50 Oral 13/ Mostafa Ismail: Advanced imaging of cellulose nanomaterials and paper 

products, University of Oulu, Finland 

10:50-11:10 Oral 14/ Kazuya Mori: Defect Imaging in concrete structures using water jet impact, 

Kumamoto University, Japan 

11:10-11:30 Oral 15/ Francis Gyakwaa: The applicability of Raman spectroscopy to characterize 

CaS, MnS, Al2O3 and MgO. Al2O3 phases found in steel inclusions, University of Oulu, 

Finland 

11:30-11:50 Oral 16/ Assa Aravindh: Embrittlement analysis of KAAVA FeAl grain boundary in 

presence of defects: An ab initio study, University of Oulu, Finland 

11:50-12:15  CLOSING CEREMONY 

 

12:15  LUNCH 

 

13:30 EXCURSIONS FOR PRE-REGISTERED PARTICIPANTS  

(Bus departure from Lasaretti at 13:00) 
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Fabry-Perot based spectral sensors and their applications for process industry, 

farming and consumer applications 

 

Janne Suhonen*, Jaakko Lehtinen, Kari Pirkkalainen and Uula Kantojärvi 

 

Spectral Engines, Helsinki, Finland  

*Contact: Janne.Suhonen@spectralengines.com 

 

Keywords: NIR spectroscopy, MEMS, Fabry-Perot Interferometer, Farming applications, Spectral sensor 

Near Infrared (NIR) spectroscopy is well-established material analysis technology. The first NIR applications 

have been introduced already early 1960’s, e.g in agriculture applications. Though NIR has been known and 

studied already more than 50 years, it is still mainly used in laboratories by professional persons. However, more 

and more portable and process applications have been studied and reported recently. The main obstacles in 

broader use of NIR spectroscopy have traditionally been the price, size and robustness of spectrometers in real 

harsh conditions, like process or portable instrumentation.    

In last 10 years, a lot development has been taken to develop miniaturized NIR sensor technologies which can 

meet also price expectation in next generation material sensing. Several different technologies will be illustrated 

in this talk. The pros and cons of these different technology platforms are presented, too. However, the main 

focus in this presentation will be in MEMS-based Fabry-Perot Interferometers (FPI) which have been developed 

at VTT, Technical Research Center, since 1980’s. Spectral Engines, originally spin-off from VTT, has 

commercialized FPI spectral sensors and developed a lot of new IoT-based spectral sensing applications. 

Fabry-Perot Interferometer spectral sensors are very compact (only a cubic inch, 15 grams), affordable, very 

robust and they offer very high sensitivity due to the high optical throughput of the MEMS component. By 

combining tiny MEMS interferometer component with very sensitive InGaAs (or extended InGaAs) detectors 

enables to make sensitive material analysis at the optimized NIR region in many well-known spectroscopy 

applications. High sensitivity combined with affordable sensor price opens a lot of new opportunities to utilize 

NIR spectroscopy by non-professional users.   

In addition of sensor technology, IoT-based spectral sensing applications require connectivity, efficient data 

management and advanced calibration methods. This presentation shows the latest development in MEMS-based 

spectral sensors and cloud-based material composition analysis using artificial intelligence. New portable 

material scanner platform and core components will be presented in this presentation.  

The use of novel miniaturized spectral sensors will expand the use cases of NIR spectroscopy dramatically. NIR 

technology helps in solving global challenges like increased demand for food production, need for sustainable 

manufacturing processes and energy production and security application, e.g. identifying counterfeit medicine. 

Some of these applications are shown in presentation as examples how traditional spectroscopy has been also 

implemented in many practical process and portable instrumentation applications in smart industry, agriculture, 

consumer and safety & security applications. 
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Time-gated Raman for material characterization 

Mari Tenhunen*, Bryan Heilala and Miia Mikkonen 

 

Timegate Instruments, Tutkijantie 7, 90590 Oulu, Finland 

*Contact: mari.tenhunen@timegate.com 

 

Keywords: Raman spectroscopy, fluorescence suppression, material characterization 

Raman spectroscopy is an optical measurement technique that can do fast molecular identification and 

quantification of materials without changing or destroying the sample. To induce Raman scattering in sample, 

we need to use a powerful laser source and very sensitive detectors. Quite often, this laser excitation causes also 

fluorescence signal, which typically is more intensive and can overlap the weak Raman signal. However, it has 

been known for some decades that Raman scattering and fluorescence emission phenomena differ from each 

other in time scale1. Raman scattering occurs fast - within some picoseconds time scale after the laser excitation 

-whereas fluorescence emission has much longer decay times. This time difference can be used for the 

differentiation of these two phenomena, thus the name of the technique – time-gated Raman spectroscopy.  

In conventional Raman the laser is ON all the time during measurement and also detector is open continuously. 

This approach collects both Raman and fluorescence signals to detector, and strong fluorescence signal totally 

overlaps the weak Raman signal. In time-gated Raman measurement we use very short laser pulses and keep 

detector open only when laser pulse is in the sample and close the detector to avoid the excess of fluorescence 

going to the detector. In this way, we can reject the fluorescence signal effectively. Timegate’s core technological 

innovation is based on the affordable and robust detector solution for time-gating using CMOS-SPAD (Single 

Photon Avalanche Diode) detector technology2 and our special know-how in the detector IC design. 

 

 

Time-gated Raman technology broadens the application areas and measurement environments in the fields of 

science and industry where fluorescence emission has previously been problematic for successful Raman 

analyses. Measurements of materials and reactions with high thermal emission (i.e. in high temperature 

processes) or with ambient light are now possible with time-gated Raman technology. In this talk, we describe 

the new possibilities of time-gated Raman in the R&D of life science, catalysis and metallurgy research as well 

as in the use of proven applications in the process industries. 

 

1. Coates et al., Picosecond time-resolved resonance Raman probing of the light-switch states of [Ru(Phen)2dppz]2+, J. 

Phys. Chem. B, 2001, 105 (50), pp. 12653–12664. 

2. Kostamovaara et al., Fluorescence suppression in Raman spectroscopy using a time-gated CMOS SPAD, Optics 

Express, 2013, 21, (25), pp. 31632-31645. 

  

Conventional Measurement                                                   Timegated Measurement  
Only Fluorescence signal                                                         Raman signal detected 
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X-ray ptychographic tomography:  

high-resolution 3D imaging with quantitative contrast 

Ana Diaz*, Manuel Guizar-Sicairos, Mirko Holler, Klaus Wakonig, Johannes Ihli,  

Mariana Verezhak, Zirui Gao, Dmitry Karpov and Andreas Menzel 

 

Paul Scherrer Institut, Villigen PSI, Switzerland 

*Contact: ana.diaz@psi.ch 

 

Keywords: x-ray microscopy, x-ray ptychography, tomography 

Electron microscopy is a well-established technique to image materials with spatial resolution in the nanometer 

range. However, it can only probe the surface or very thin slices of materials, often requiring destructive sample 

preparation before or during its use. On the other hand, X-ray tomography enables 3D imaging of samples as 

thick as hundreds of micrometers without having to cut or slice them. This approach is needed in cases where 

cutting or slicing induces structural changes to the sample, when samples are rare and should not be destroyed, 

or when changes are sought within the specimen after different treatments.  

Improving spatial resolution in X-ray microscopy has posed a challenge for many years. This is mainly due to 

the difficulty to fabricate good quality high-resolution X-ray lenses, especially for hard X-rays, i.e. for photon 

energies above about 2 keV, which are needed to probe samples with more than about 10 micron thickness. 

Another challenge of hard X-ray microscopy is the low absorption contrast of materials at high photon energies. 

There are currently a few X-ray microscopy techniques that make use of lenses and exploit phase contrast to 

achieve a spatial resolution of a few tens of nanometers, but in all of them the X-ray lens is always a limiting 

factor in the resolving power. 

X-ray ptychography has been developed as a high-resolution phase-contrast imaging technique in which the 

spatial resolution is not limited by a lens [1]. In ptychography, the sample is illuminated by a confined, coherent 

beam and is scanned in such a way that the illumination partially overlaps at neighbouring scanning positions on 

the sample. Coherent diffraction patterns are recorded in the far field at each scanning position and iterative 

phase retrieval algorithms are used to reconstruct the transmissivity of the specimen. The resolution in 

ptychography is limited by the maximum angle at which diffracted intensity is reliably measured and by 

positioning accuracy and stability during exposure. The later effectively means that the specimen needs to be 

scanned with an accuracy and stability better than the aimed final resolution, which makes the practical 

implementation of X-ray ptychography and its extension to tomography very challenging. 

At the cSAXS beamline at the Swiss Light Source we have developed data acquisition strategies, cutting-edge 

instrumentation, and phase retrieval and image processing methods, which currently enable measurements and 

reconstructions of sample volumes of 108 resolution voxels within about 10 hours. The spatial resolution depends 

on the nanoscale features in the sample and their contrast, and can be as good as 15 nm in 3D [2]. Beyond the 

resolution capabilities, X-ray ptychography provides very high-quality images with quantitative contrast, and 

many users come to our beamline to acquire data for challenging projects requiring post-processing data 

segmentation, for instance for the quantification of the amount of a certain material in the sample. 

In this presentation, we will introduce the challenge of hard X-ray microscopy and explain the advantages of X-

ray ptychography for high-resolution and high-quality imaging. We will also show many examples of 

applications in different fields like materials science, energy research and biological imaging. Finally, we will 

present an outlook on our view of the future of X-ray microscopy in next generation synchrotron sources. 

 

1. F. Pfeiffer, “X-ray ptychography,” Nat. Photonics 12, pp. 9–17, 2018. 

2. M. Holler, M. Guizar-Sicairos, E.H.R. Tsai, R. Dinapoli, E. Müller, O. Bunk, J. Raabe, G. Aeppli, “High-resolution 

non-destructive three-dimensional imaging of integrated circuits,” Nature 543, pp. 402–406, 2017. 
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Optical emission spectroscopy in control of electric arc furnaces 

Matti Aula*1, Timo Fabritius2 and Mikko Jokinen1 

 
1Luxmet Oy, Oulu, Finland 

2Process Metallurgy Group, University of Oulu, Oulu, Finland 

*Contact: matti.aula@luxmet.fi 

 

Keywords: electric arc furnace, optical emission spectroscopy, on-line control 

Due to increased awareness in environmental and climate issues, the steel industry is increasingly focusing on 

improving the efficiency of their production processes and producing steel with minimum CO2 emissions. One 

key process in production of steel with smaller environmental emissions is the electric arc furnace (EAF), which 

can be used to recycle steel scrap. The charged scrap is molten with electrical energy and chemical energy is 

added to supplement the melting. The challenge in the EAF process is that the composition of the scrap is not 

known, because currently there are no methods to measure bulk composition of the metallic batch weighting up 

to 100 tons. The fluctuation of the scrap composition and size introduces variance to the process, which is very 

challenging to measure due to harsh process conditions. 

In order to obtain direct information from industrial EAFs and enable dynamic process control, on-line optical 

emission spectroscopy (OES) has been studied in University of Oulu [1–3]. After the initial research, Luxmet 

Oy was founded in 2014 to offer metallurgical industry solutions for EAF control based on on-line OES. Since 

founding of Luxmet the technology has been researched and developed in co-operation between University of 

Oulu and Luxmet. In recent years, the research at the University of Oulu has focused on studying the behavior 

of the electric arc furnace plasma [4–5] while Luxmet has focused on product development. 

 

Fig. 1: Components of control system based on on-line OES. 

The optical emissions exiting the electric arc furnace can be measured with optical fibers. By gathering the 

emitted light with optical fibers and analyzing the light in remotely placed spectrometer, it is possible to use 

sophisticated analysis equipment without subjecting them to harsh conditions of EAF. The light emitted from 

the EAF can be used for diagnostics of EAF process in several ways. By measuring the light emitted from the 

furnace sides, it is possible to measure the heat transfer to the EAF sides. When the protective scrap layer between 

EAF sides and electric arc melts, heat transfer to the EAF sides increases. The conventional method to time 

changes in EAF process control during the melting of scrap is to use static kWh/t levels in which the scrap 

melting has progressed on average to a certain level. This static process control causes the reaction to scrap 

melting to be too late, since the static levels are designed so that they work even in the case of late scrap melting. 

By measuring the scrap melting more precisely, it is possible to employ dynamic process control, in which the 

deviations from the average timing of scrap melting can be compensated. This results in increased energy 

efficiency and productivity.  
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The patented method to measure scrap melting with on-line OES is employed by Luxmet Oy in their control 

products for the EAF process. Controlling electric arc voltage ramps in stainless steelmaking based on on-line 

OES allows the use of higher voltage taps for longer times, which can increase the productivity up to 7 %. Timing 

the charging time of the second basket increases the energy efficiency by few percentages and allows faster 

heating of steel. 

Another way to employ OES at EAF is to analyze the light emitted by the electric arc. In first measurements of 

industrial AC furnace electric arc plasma it was found that the arc emissions originate mainly from the slag 

components [1]. The electrical energy supplied through electrodes causes a plasma channel to form between the 

carbon electrode and steel. The high energy of the plasma causes the nearby slag to vaporize and the vaporized 

components to enter the arc plasma. These atomic species excite in the arc plasma, and when the electrons return 

to the lower energy levels, photons are emitted. The emission of photons can be measured when an optical fiber 

is aimed to the electric arc. By measuring the optical emission spectrum, it is possible to detect many elements 

in the arc plasma that originate from the slag.  

 

The slag composition analysis from industrial arc emissions was studied in the European Union funded 

OSCANEAF project that was conducted in co-operation between Luxmet, University of Oulu, Outokumpu 

Stainless, Deutsche Edelstahl Werke, The royal institute of Technology in Stockholm and Aachen RWTH 

University. It was found that the changes in the major components of the slag, mainly Cr2O3 in EAF slag and 

CaF2 in ladle slag could be measured with a reasonable accuracy. The challenge in diagnostics of the electric arc 

is that the industrial electric arc varies according to many factors other than slag composition, which include arc 

power and slag height. This means that to measure the slag composition more accurately, the conditions in which 

the arc is generated need to be understood better. This requires research on how the changing plasma temperature 

and shape affect the volatilization of the slag components. 

The collaboration between the University of Oulu and Luxmet has been a key factor in the developing the control 

systems for metallurgical furnaces based on the optical emission spectroscopy. The SMEs do not have the 

resources to build the expertise and fundamental understanding of the metallurgical processes to level which is 

required to develop novel measurement systems. On the other hand, research agencies often lack the motivation 

and resources to develop novel ideas into working solutions. Co-operation between the SMEs and academic 

research enables both of the entities to focus their work on their expertise areas while still achieving the results 

relevant to society and industry. 

 

1. M. Aula, A. Leppänen, J. Roininen, K. Vallo, T. Fabritius, M. Huttula, “Characterization of Process Conditions in 

Industrial Stainless Steelmaking Electric Arc Furnace Using Optical Emission Spectrum Measurements,” Metallurgical 

and Materials Transactions B, 45B June: pp. 839–849, 2014 

2.  M. Aula, A. Mäkinen, T. Fabritius, “Analysis of arc emission spectra of stainless steel electric arc furnace slag affected 

by fluctuating arc voltage” Applied Spectroscopy. 68(1): 26-32, 2014 

3.  M. Aula, “Optical emission spectrum from electric arc furnaces”. Acta Universitatis Ouluensis, C 558, Doctoral disser 

tation (University of Oulu, 2016) 

4.  H. Pauna, T. Willms, M. Aula, T. Echterhof, M. Huttula, T. Fabritius, “Pilot-scale AC electric arc furnace plasma 

characterization”, Plasma Research Express, 1(3), 2019 

5.   H. Pauna, M. Aula, J. Seehausen, M. Huttula, T. Fabritius, ” Development of process control for industrial electric arc 

      furnaces with optical emission spectroscopy, H. Pauna”, Proceedings of the 4th European Steel Technology and A 

plication Days, 24–28 June. Steel Institute VDEh, Düsselforf, 2019.  
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The next generation incoherent scatter radar, EISCAT_3D is a phased-array facility with nearly 30 000 

individual antennas, to be distributed in the first phase of its construction as 3 stations across 3 countries in 

Northern Scandinavia, Norway, Sweden and Finland. EISCAT_3D will be a volumetric, 3-dimensionally vector 

imaging radar studying the geospace and atmospheric environment. It will support studies of couplings between 

space environment and atmospheric layers in an unprecedented manner, not only due to its higher sensitivity, 

but since EISCAT_3D will be capable of measuring the true 3D volumetric wind fields at mesospheric altitudes 

and for the first time we will be able to map the true 3D electric currents in ionosphere. It will be at least 100 

times more sensitive than the current radars and allows continuous modes of operation. EISCAT_3D is currently 

under construction and is expected to be operational by the end of 2022. 

Recent observational and model results on the particle precipitation as source of atmospheric variability 

challenge us to implement better and continuously monitoring observational infrastructure for middle and upper 

atmospheric research. An example is the effect of high-energy electron precipitation during pulsating aurora on 

mesospheric ozone, the concentration of which may be reduced by several tens of percent, similarly as during 

some solar proton events, which are known to occur more rarely than pulsating aurora. 

In general, high-energy particles precipitate into atmosphere at high latitudes during extreme space weather 

events. So far the Assessment Reports by the Intergovernmental Panel on Climate Change did not include 

explicitly the particle forcing of middle and upper atmosphere in their climate model scenarios. This will appear 

for the first time in the upcoming climate simulations.  

As ability to forecast the effects by extreme individual space weather events and knowledge of space-climate 

related coupling features in the geospace environment and atmosphere are a must in the future modern society, 

we need to pay attention to integrated studies utilizing space-based measurements, modeling and ground-based 

measurements. 

The geographical area covered by the EISCAT_3D measurements can be expanded by suitably selected other 

continuous observations, such as optical and satellite tomography networks. A new 100 Hz all-sky camera 

network was recently installed in Northern Scandinavia in order to support the Japanese Arase satellite mission. 

The newest ground-based measurement network also includes new mesospheric ozone observations and a north-

south chain of so-called spectral riometers in Finland. New space missions will gain from this emerging 

enhancement of ground- based observations. Possibly essential new data could be provided by polar orbiting 

cubesats for which scientific level instrumentation is currently being developed. 

We review recent results related to atmospheric forcing by particle precipitation via effects on chemical 

composition. We also show the research potential of new ground-based radio measurement techniques, such as 

the spectral riometry and incoherent scatter measurements by the new phased-array radars EISCAT_3D, which 

will surpass all the current IS radars of the world in technology. 
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Jointly supported by Howard Hughes Medical Institute and the Gordon and Betty Moore Foundation, the 

Advanced Imaging Center makes imaging technologies developed at Janelia available to the scientific 

community prior to commercialization. Scientific investigators from nonprofit organizations anywhere in the 

world may apply to use the facility.  

Janelia scientists have created several revolutionary imaging methods and instruments – from microscopes that 

reveal biological processes in three-dimensional detail to the behavior of single molecules in high resolution (1-

4). But it often takes many years for these prototypes to become commercially available. During that window of 

time, access to the instruments is typically limited to scientists who collaborate with the inventors. This not only 

limits the number of researchers who can take advantage of the technology, but it also limits the time 

Janelia microscopists can invest in developing new instruments.  

  

   

 

 

 

 

 

 

 

 

Fig. 1: Locations of proposal submissions. 

The solution was to create a center that would act as a bridge between tool developers and the researchers that 

could gain the most benefit from the cutting edge of microscopy. The Advanced Imaging Center (AIC) at HHMI 

Janelia serves to disseminate advanced imaging technology to scientists from around the world. Many 

researchers come upon roadblocks in their science where they are hindered by the limit of commercialized 

technology. By assisting visitors with sample preparation, instrument operation, data collection, and data 

analysis, the AIC staff seeks to advance of the science of many researchers who may not otherwise ever had 

access to the necessary technology to answer their hypotheses. Since 2014, the AIC has hosted approximately 

200 groups and has had an experimental success rate of 80% for visitors. 

 

1. Chen, B.C., et al. Lattice light-sheet microscopy: imaging molecules to embryos at high spatiotemporal resolution. 

Science 346, (2014). 

2. Shtengel, Gleb, et al. Interferometric fluorescent super-resolution microscopy resolves 3D cellular ultrastructure. 

Proceedings of the National Academy of Sciences 106.9 (2009) 

3. Liu, T.-L., et al. Observing the cell in its native state: Imaging subcellular dynamics in multicellular organisms. Science 

20, (2018) 

4. Xu, C. S., et al. Enhanced FIB-SEM systems for large-volume 3D imaging. Elife, 6, e25916 (2017) 
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Bone serves many important biological functions. As a material, it is very interesting due to its an anisotropic 

hierarchical composite nature. It is special amongst biominerals in that it contains living cells called osteocytes 

that sense damage.  The multi-length-scale structures of bone remain far from understood. We have harnessed 

recent developments in X-ray multimodal imaging, synchrotron microtomography and nanotomography to shed 

new light on bone structure and mechanics.  

The osteocytes in bone form a vast network: they are situated in lacunae interconnected by canaliculi only a few 

hundred nm wide. This cellular network in bone remains far from understood due to the complexities in studying 

it. Synchrotron X-ray imaging is ideally suited for this purpose because the high penetetration power of X-rays 

allow ‘seeing’ through the bone material, suitable resolution can be attained, and the high speed possible with 

synchrotron radiation makes it possible to study a biologically relevant number of specimens [1].  

The three dimensional organization of osteocyte lacunae across macroscopic bone dimensions is important to 

understand the relationship between the organization between the cellular network and the underlying 

mineralized material. Synchrotron tomography can now be conducted on large volumes with sub-µm resolution 

in a high throughput manner. This latter point is essential for biological materials like bone because each 

specimen is different from the next due to biological variation. We used synchrotron tomography to show that 

the orientation of lacunae is intimately linked to the organization of the mineralized matrix around them [2, 3]. 

The lacunar size and shape did not depend on animal age in rats even if the average degree of mineralization in 

the surrounding matrix steadily increases with age [4]. In humans we measured over 5 million osteocyte lacunae 

across many individuals to show that there was only a weak decrease in lacunar density with age in the iliac crest 

[5]. Osteocytes have been proposed to play many roles in bone biology. Over the past decade, a long-debated 

idea has gained momentum, namely that osteocytes are able to break down the bone matrix around them under 

certain conditions. Using synchrotron tomography, we showed that osteocyte lacunar volumes did not change 

upon immobilization in rats [6] or by lactation in an oft-used mouse model in contrast to reports in other mouse 

strains [7]. These results show that the roles of osteocytes in bone homeostasis remain to be understood in full. 

Concurrently, it became clear that 3D tomographic tools are advantageous since, e.g., thin vessels and lacunae 

that can be confused in 2D projection are fully resolved in 3D imaging.  

To fully map the osteocyte lacuno-canalicular network, high resolution is needed due to the few hundred nm 

thickness of canaliculi. To this end, we used synchrotron nanotomography in the form of phase propagation 

based holotomography that allowed mapping the full cellular network in 3D [8]. Surprisingly, our data revealed 

that the network contains junction spaces where connections between several cells cross. Combining the X-ray 

nanotomography with confocal microscopy on dye infused bone showed that junctions are connected to the fluid 

transport capability of the lacuno-canalicular network. Therefore, their presence raises questions about current 

models of stress sensing in bone that are based on changes in fluid flow through canaliculi.   

To investigate the properties of the mineralized matrix itself, tools sensitive to either elemental distributions of 

biomineral crystallography are needed. To this end X-ray fluorescence and diffraction, respectively, are useful. 

Conducting such experiments tomographically allows mapping element distributions or crystallographic 

properties of materials in 3D within materials [9]. Such multimodal imaging techniques show great promise for 

characterization of complex hierarchical materials like bone [10-12]. As an example, we will discuss human 

bone that contains special microstructural elements called osteons, roughly 150 µm in diameter. These contain 

lamellae a few micron wide calling for small X-ray beams. Therefore, we employed a 400 nm X-ray beam to 

conduct fluorescence and diffraction computed tomography (F-CT and D-CT). We found clear variations in  
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element distributions and strong changes in biomineral properties across the osteon structure showing that the 

bone biomineral is not homogeneous across bone and that its properties likely reflect the bio-physico-chemical 

states at the time of bone formation [13]. With the wave of upgrades in synchrotron facilities currently underway 

we foresee a bright future for such experiments that will allow us to unravel the inner nature of complex 

materials, both synthetic and biological.  

 

1. J. Palle, N.K. Wittig, M. Østergaard, A.B. Jensen, H. Birkedal, "The osteocyte lacuno-canalicular network in bone 
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Birkedal, "Osteocyte Lacunar Properties in Rat Cortical Bone: Differences Between Lamellar and Central Bone,"  J. 
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Cancer invasion and metastasis arise from a multi-step program of tissue penetration by single cell or collective 

invasion, which depend on coordination of cell shape, deformability and actin dynamics relative to the tissue 

environment. We applied a multi-scale approach of intravital multiphoton second and third harmonic generation 

and fluorescence microscopy, 3D electron microscopy and targeted therapy to identify the key steps of invasion, 

metastatic escape and cross-talk of invasion programs with therapy resistance. As main routes, non-destructive 

contact-guidance is mediated by preformed multi-interface 1D, 2D and 3D tissue topologies [1]. This results in 

adaptive cancer cell responses and programming of collective invasion modes, either as multicellular dynamic 

networks, or as compact multicellular invasion strands [2]. 3D ultrastructural analysis reveals predefined tissue 

conduits (“highways”) of defined geometry, nanotropography and molecular composition as predominant routes 

of invasion. Invasion niches mediated resistance to radiation therapy, and multi-targeted interference against 

beta1/alphaV/beta3/beta5 integrins, but not single-targeted therapy, eradicated the resistance niche [3]. In 

conclusion, cancer invasion is maintained by physicochemical programs that balance cell-intrinsic adhesion and 

mechanocoupling with encountered physical space and molecular cues which cross-talk to therapy resistance. 

 

1. Van Helvert S, Storm C, Friedl P. Mechanoreciprocity of cell migration. Nat Cell Biol, 20, 8-20, 2018. 

2. Gritsenko PG, Atlasy N, Dieteren CEJ, Navis AC, Venhuizen J-H, Veelken C, Schubert D, Acker-Palmer A, Westerman 

BA, Wurdinger T, Leenders W, Wesseling P, Stunnenberg HG, Friedl P. (2020) P120-catenin dependent collective brain 

infiltration by glioma-cell networks. Nat Cell Biol (accepted) 

3. Haeger A, Alexander S, Vullings M, Kaiser FMP, Veelken C, Flucke U, Koehl GE, Hirschberg M, Flentje M, Hoffman 

RM, Geissler EK, Kissler S, Friedl P Collective cancer invasion forms an integrin-dependent radioresistant niche. J Exp 

Med 2019 Oct 28. pii: jem.20181184.  
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Soft X-ray scanning transmission microscopy (STXM) [1,2] is a powerful tool for nanoscale materials analysis, 

with significant advantages over analytical electron microscopies for studies of radiation sensitive materials, and 

for in situ and operando studies. Ptychography (scanning coherent diffraction imaging) [3,4], which can be 

measured using soft X-ray STXMs, can provide significant improvements in spatial resolution (<10 nm, as 

opposed to 20-30 nm for conventional STXM) as well as additional information from phase imaging. 4D imaging 

– quantitative 3D imaging (tomography) at multiple photon energies – can be performed with STXM [5] and 

ptychography [6]. STXM and ptychography instrumentation will be described, with emphasis on 

spectromicroscopy - X-ray absorption spectroscopy (NEXAFS) and chemical mapping by imaging at multiple 

photon energies.   

Figure 1 demonstrates the high spatial resolution that can be achieved with the new Cosmic Nanosurveyor 

ptychography instrument at the Advanced Light Source (ALS). The sample, fabricated at Lawrence Livermore 

National Laboratory, is an Al2O3 aerogel to which ZnO has been 

added using 6 cycles of atomic layer deposition (ALD) [6]. Fig. 1a 

is an amplitude image derived from ptychography measured at 1058 

eV, above the Zn L edge. Fig. 1b is an analysis of the spatial 

resolution of that image using Fourier Ring correlation (FRC). The 

achieved resolution is 6 nm, which is significantly better than the 

~15 nm achieved in earlier ptychography measurements using an 

ALS bend magnet beamline (5.3.2.1) [6]. Recently soft X-ray 

ptychography has been implemented in STXMs at Synchrotron 

Soleil and at the Canadian Light Source (CLS). The Soleil 

ptychography implementation uses a scientific CMOS camera 

which offers considerable advantages in data transfer speed and thus 

scientific throughput.  

Over the past decade, my group has collaborated with researchers 

from industry (AFCC, Ballard) and other universities to develop 

and apply STXM and ptychography methods to characterize 

polymer electrolyte membrane fuel cell (PEM-FC) materials. One 

focus is mapping the proton conducting ionomer in the cathode, 

where the rate limiting oxygen reduction reaction takes place. 

Optimizing and stabilizing ionomer distributions throughout the 

whole cathode is critical in order to minimize Pt use and maximize 

device lifetime [7].  Since radiation damage is signficantly lower 

with soft X-ray microscopy than with electron microscopy [8], it is 

possible to make quantitative STXM measurements in 2D and 3D 

[9] without significantly modifying the material. 

While measurements on dry, static samples do provide useful 

information for materials optimization, being able to measure 

samples under operational condtions (’in situ’, for example with 

controlled humidity and temperature) or even with real time 

modification of conditions similar to those that occur during device  

Fig. 1: (a) Ptychographic amplitude image 

(~absorption) of an Al2O3 aerogel with a ZnO 

ALD coating at 1058 eV (Zn L edge).  

(b) spatial resolution of that image derived by 

FRC (Cosmic, ALS, Oct 2018) 
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operation (’operando’) can provide valuable new insights. We have been working on both in situ (T, RH) 

environmental cells [10] and in situ flow electrochemical cells [11] for future application to a variety of energy 

conversion systems including PEM-FC, batteries, and CO2 electroreduction catalysis. Figure 2 shows aspects of 

the in situ flow electrochemical cell [11]. Results on Cu electro-deposition and electro-stripping will be presented 

[11]. 

Access to soft X-ray STXM and ptychography continues to improve, with recently commissioned systems at 

Berkeley (COSMIC), CLS (cryo-STXM [12]), Hamburg (P04) and new facilities coming on line in Taiwan 

(TPS), Lund (MaxIV), among others. Some of these microscopes feature commercial load lock sample systems 

adapted from modern electron microscopes so that the many in situ and operando stages available for electron 

microscopes can be used, facilitating correlative microscopies. With the rapid conversion of many sources to 

diffraction limited storage rings – so called fourth generation facilities -  there will be a significant improvement 

in coherent flux, which will lead to further improvements in performance. The future for soft X-ray STXM and 

ptychography is bright indeed ! 

Research supported by NSERC, the Canada Research Chair program, the Automotive Fuel Cell Co-operation 

Corporation (AFCC), and the Catalyst Research for Polymer Electrolyte Fuel Cells (CaRPE-FC) network. 

STXM is performed on BL 10ID1 at the Canadian Light Source (CLS), which is supported by the Canada 

Foundation for Innovation. Ptychography is performed on BLs 5.3.2.1,11.0.2 and 9.0.1 (COSMIC) at the 

Advanced Light Source (ALS) which is supported by Office of Basic Energy Science, Department of Energy. 

Ptychography processing is performed using SHARP, a program of the Center for Applied Mathematics for 

Energy Research Applications, LBNL. I thank the many group members and collaborators that have contributed 

to the research reported in this presentation. 
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Fig. 2 (a) Photograph of assembled STXM in situ flow electrochemical cell. (b) Schematic of assembly. An 

internal channel with o-ring seals and microfluidic connectors flows electrolyte into and out of the controlled 

gap (1-2 m) window area. (c) Image of Au electrodes on the 200

 
x 80 m window area. STXM measurements can be performed either on or beside any one of the 3 electrodes 

(left, reference, centre, working, right, counter). The lighter electrode areas are 30 nm thick Au while the 

dark circles on the WE and CE are only 6 nm thick. Electrode surfaces off the window area are coated so 

that electrochemical signal is localized to the viewing area [11] 
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In the last 10 years, the field of computer vision has undergone a revolutionary transformation driven by the 

introduction of deep convolutional neural nets. The progress in the area of object detection and recognition has 

been dramatic. Current system recognize and accurately localize multiple instances of objects from thousands of 

classes in real-time. Fine-grained recognition refers to the problem, where the number of classes is very high 

and the difference between some classes very small.  The keynote talk will focus on challenges in fine-grained 

recognition in the biological domain. 

First, we will present a system based on the Inception-ResNet-v2 and Inception-v4 CNN architectures that 

recognizes 10,000 plant species from one or more images. The system finished first t in the ExpertLifeCLEF 

2018 plant identification challenge with 88.4% accuracy and performed better than five of the nine participating 

plant identification experts.  The performance improvements w.r.t to the standard use of deep networks were 

achieved by adjusting the CNN predictions according to the estimated change of the class prior probabilities, 

replacing network parameters with their running averages, and test-time data augmentation. 

Second, we will introduce a CNN-based system for visual recognition of about 1500 fungi species and discuss 

its deployment in real-world conditions of a citizen-science project. The underlying classification method scored 

first in the FGVCx Fungi Classification Kaggle competition organized in connection with the FGVC workshop 

at CVPR 2018.  

The two applications will serve as prototypical examples of development of CNN-based recognition method in 

the computer vision domain. The following issues will be touched upon: the quality and quantity of training data, 

handling of the domain transfer between training and deployment, the use of ensembles and considerations 

related to the network optimization itself.  The talk will conclude with a discussion of future work. 

 

1. M. Sulc and J. Matas, Improving CNN classifiers by estimating test-time priors., arXiv:1805.08235v2 [cs.CV]. 2019.  

2. M. Sulc, L. Picek and J. Matas, Plant Recognition by Inception Networks with Test-time Class Prior Estimation. In 

Working Notes of CLEF 2018 - Conference and Labs of the Evaluation Forum, 2018.  
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The Earth is facing several environmental challenges on a global scale, called “Grand Challenges”. The growing 

population needs more fresh water, food and energy, which will affect our climate and air quality, and cause 

ocean acidification, loss of biodiversity and shortages of fresh water and food supplies. The Grand Challenges 

are the main factors controlling human well-being and security as well as the stability of future societies.  Since 

the Grand Challenges are highly connected and interlinked, they cannot be solved separately. Therefore, the 

development of a framework is needed in which a multidisciplinary scientific approach has the required critical 

mass and which is strongly connected to fast-tracked policy making. The potential solutions are typically tightly 

coupled with each other (e.g. [1-4]).  In order to meet these tasks, a deep understanding based on new scientific 

knowledge is needed.  

The atmosphere forms a major part of the environment to which life on Earth is sensitively responsive. The 

atmosphere closely interacts with the biosphere, hydrosphere, cryosphere and lithosphere as well as with urban 

surfaces on time scales from seconds to millennia. Changes in one of these components are directly or indirectly 

communicated to the others via intricately-linked processes and feedbacks resulting in local, regional and global 

scale effects on climate and air quality, as well as for water and food supply. Human and societal actions, such 

as emissions-control policies, urbanization, forest management and land-use change, as well as various natural 

feedback mechanisms involving the biosphere and atmosphere, have substantial impacts. To be able to meet 

challenges related to our Earth system we need to have enough deep understanding including proper 

comprehensive observational data. 

Unfortunately, currently the observations are typically fragmented into 1) greenhouse gases; 2) aerosols; 3) air 

quality; 4) trace gases; 5) ecosystems; 6) climate; 7) ... And the different scientific communities typically do not 

collaborate or even communicate with each other - although these kind of barriers do not exist in nature. 

However, in order to produce reliable data and in-depth understanding we need integrated approach to be able 

to answer global grand challenges like climate change, air quality, water and food supply. The integrated 

approach is also effective in impact and economy point of view. Therefore, we have developed a SMEAR 

(Stations for Measuring Earth surface Atmosphere relations) concept, and promote Global SMEAR initiative 

[3]. 

During the past ten years, the SMEAR II station (in Hyytiälä, Finland) has contributed to several Pan-European 

research infrastructure that are currently in the ESFRI Roadmap, such as ICOS (Integrated Carbon Observation 

System), ACTRIS (Aerosols, Clouds, and Trace gases Research Infrastructure), AnaEE (Infrastructure for 

Analysis and Experimentation on Ecosystems), and eLTER (Integrated European Long-term Ecosystem critical 

zone and socio-ecological system Research Infrastructure). SMEAR has provided high-quality data, trans-

national access, and contributed to the development of advanced technologies in many research fields. Due to 

its comprehensive concept, SMEAR is capable for providing data also to several global Earth Observation 

systems and networks, such as to WMO GAW, GEO-GEOSS, FluxNet, AERONET and SolRad-Net. 

There are several benefits that can be gained (and has been already obtained) by the integration of scientific 

domains and co-location of diversity of methodologies and measurements (comprehensiveness). The most  
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important impact of the integration and co-location is on the scientific results like quantification of feedback 

loops, understanding biogeochemical cycles (including water and carbon cycles) in details, understanding gas-

to-particle conversion in quantified way and understanding interlinks of several processes. Actually it seems that 

the key in very many feedback loops and in biogeochemical cycles is what happened in molecular and cluster 

level (size range < 1nm – 3nm).  

The information from different environments all around the globe is crucial besides scientists and scientific 

communities also for policymakers and other stakeholders. There are also side benefits like the same staff can 

be utilized with several infrastructures simultaneously due to co-location. On the other hand also the scale and 

opportunities for training new generation of scientists to use big data provided by SMEAR stations is important. 

Using SMEAR concept globally enables us to perform global feedback loop analysis, find out new interactions, 

feedbacks and processes and collect new big data for future use to answer questions, which we even cannot 

foresee yet. 

In order to be able to improve global data sets and promote open data we have started research initiatives like 

PEEX (Pan-Eurasian EXperiment) [1]. This initiative is multiscale, multidisciplinary, multidimensional 

intititives including research, innovation, impact and knowledge transfer components. The PEEX research 

network is currently covering ca 4000 researchers from Europe, Russia and China and over 30 official 

collaboration agreements with universities and research organizations located mostly in Russia and in China. 

We have been active in China since 2012. To promote the PEEX approach in China and in the frame Belt and 

Silk Road initiatives, PEEX has published a separate PEEX Belt and Silk Road agenda, which introduces the 

large research questions and research infrastructure relevant to Belt and Silk Road region. 

Actually we can state that to solve global grand challenges we need comprehensive long-term open data. To 

ensure the global data science diplomacy is needed. 

 

1. Kulmala, M., Lappalainen, H. K., Petäjä, T., Kurten, T., Kerminen, V.-M., Viisanen, Y., Hari, P., Sorvari, S., Bäck, J., 

Bondur, V., Kasimov, N., Kotlyakov, V., Matvienko, G., Baklanov, A., Guo, H. D., Ding, A., Hansson, H.-C., and 

Zilitinkevich, S.: Introduction: The Pan-Eurasian Experiment (PEEX) – multidisciplinary, multiscale and multicomponent 

research and capacity-building initiative, Atmos. Chem. Phys., 15, 13085–13096, https://doi.org/10.5194/acp-15-13085-

2015, 2015. 

2. Kulmala Markku China’s Chocking Air Coctail, Nature 526, 497–499, 2015, doi:10.1038/526497a 

3. Kulmala Markku  Build a global Earth observatory, Nature 553, 21-23, 2018, doi: 10.1038/d41586-017-08967-y 

4. Lappalainen, H.K., Kulmala, M., Kujansuu, J.,  Petäjä, T.,  Mahura, A.,  de Leeuw, G., Zilitinkevich, S., Juustila, M.,  

Kerminen, V-M.,  Bornstein, B., Zhang Jiahua, Xue Yong, Qiu Yubao, Liang Dong, Liu Jie & Guo Huadong (2018) The 

Silk Road agenda of the Pan-Eurasian Experiment (PEEX) program, Big Earth Data, 2:1, 8-35, doi: 

10.1080/20964471.2018.1437704. 
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We observe reduction and oxidation processes in the environment that cannot be explained by classical 

geochemical models. Such redox-processes can control the fate of nutrients such as nitrate in agricultural soils, 

or contaminants such as toxic heavy metal in mine drainage. 

The further development of modern analytical approaches such as synchrotron-based X-ray spectromicroscopy 

nowadays allow for the very first insights into these “cryptic redox cycles”. Particulate organic matter (POM) 

such as particulate of adsorbed humic substances that are ubiquitously abundant in both aquatic and terrestrial 

environments1 are suspected to mediate such reactions by acting as redox buffers, but many mechanistic details 

remain unknown.2 

To study the influence of POM on environmental redox-reactions we selected exemplary micrometer-sized 

microbial structures of environmental Fe(II)-oxidizing biofilms that we know from previous scanning 

transmission (soft)X-ray microscopy (STXM) experiments contain redox-active organic functional groups such 

as quinone and phenolic moieties, as well as redox-active metal species such as Fe2+ and Fe3+ that are complexed 

by the organic structures. Our hypothesis were: 

• that we can oxidize and reduce redox-active functional moieties on individual micron-sized microbial 

polymer structures electrochemically, and 

• that we can simultaneously quantify the extent of oxidation/reduction and their dependence on the 

applied potentials by measuring changes of their intrinsic X-ray absorption spectra. 

• that we can use this approach to better understand interlinkages between elemental redox-cycles such as 

the carbon cycle and the iron cycle. 

Therefore, we further developed an electrochemical measurement cell for applications in STXM. This 

development was done and tested at several stages from a first electrochemical liquid cell without possibility of 

an electrolyte exchange3, via a simple flow-through system that allowed for first dynamic experiments4 towards 

a flexible, modular microfluidic flow-through platform that now allows for reliable measurements and time-

efficient changes of electrolytes during electrochemical manipulation and X-ray spectromicroscopy. 

The main challenges in the development of this approach were: 

• the necessity to acquire X-ray absorption spectra of microbial polymer structures in their natural, 

hydrated state (i.e. in aqueous solution) at soft X-ray energies specific to organic matter, namely the C1s 

and O1s absorption edges that limit the maximum thickness of a water-layer to 1.5 µm to allow for 

sufficient X-ray transparency, 

• to achieve deep submicron spatial resolution (<100 nm), which is required to identify and map the 

distribution of redox-active functional groups on individual micrometer-sized microbial polymer 

structures, 

• to develop reliable and inert electrodes that allow for contacting individual micrometer-sized microbial 

polymer structures, 

• to add the possibility to time-efficiently change electrolyte solutions in-operando to allow for 

exchanging pH buffer solutions and/or to add additional redox mediators. 
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Our new platform allowed for combining in-situ electrochemical manipulation of individual microbial polymer 

structures in a microfluidic flow-through system with characterization by scanning transmission (soft) X-ray 

microscopy (STXM). As shown in Fig. 1, organic redox-functional groups were identified spectroscopically, 

mapped on the submicron scale, and quantified for their relative contribution at different electrochemical 

potentials that were applied during the measurement using a potentiostat. 

 

Fig. 1: a) Transmission STXM image of a microbial polymer structure on the gold electrode of the echem-STXM device, 

acquired at 528 eV. By spectral decomposition of the image stacks, two distinct regions were identified (b) that differ in 

their X-ray absorption spectra (c) in the O1s pre-edge region (528-532 eV). The spectrum of the central region (red) was 

decomposed into individual components by peak fitting as indicated in figure 1c. The peak area of the second peak depends 

on the applied potential (d). Such behaviour was not observed for the spectrum extracted from the periphery of the polymer 

structure. 

 

We successfully demonstrated that this echem-STXM platform is capable of reversibly oxidizing and reducing 

individual microbial polymer structures formed by Fe(II)-oxidizing bacteria. We show spectromicroscopically 

submicron sized domains within this individual particle that are significantly different in their redox-behavior 

and demonstrate that only a fraction of the redox-functional groups participated in the oxidation/reduction 

reactions within the selected range of potentials. This indicates that such microbial biopolymer structures can 

act as redox-buffers and mediate redox reactions in the environment over a wide range of potentials. 

In the next step, we plan to use this novel approach to further our understanding of the coupling of C, Fe and S 

redox cycles in the environment; to study the influence of such coupling on processes such as nutrient cycling 

and contaminant mobility, and to understand the underlying mechanisms of POM acting as redox-buffer and 

redox-mediator in the environment. 

 

1. Kleber, M. et al., Mineral-organic associations: Formation, properties, and relevance in soil environments. Advances in 

Agronomy 130, pp. 1–140, 2015 

2. Aeschbacher, M. et al., Antioxidant properties of humic substances. Environmental Science & Technology 46 (9), pp. 

4916−4925, 2012 

3.  Obst, M. et al., Redox-chemistry of environmental biofilms probed on the submicron scale by in-situ electrochemistry 

scanning transmission (soft) X-ray microscopy, Microscopy and Microanalysis 24 (Suppl 2), pp. 502-504, 

doi:10.1017/S1431927618014745, 2018 

4. Prabu, V. et al., Instrumentation for in situ flow electrochemical Scanning Transmission X-ray Microscopy (STXM), 

Review of Scientific Instruments 89, 063702, doi:10.1063/1.5023288, 2018. 
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The global cement and concrete industry has an enormous influence on progress in modern society, enabling us 

to build the infrastructure and structures that underpin everyday life. However, this comes at the cost of a 

Greenhouse gas emissions footprint which is sufficiently concerning that new, lower-emissions ways of making 

cements and concretes must urgently be identified and implemented. It is clearly not straightforward to change 

the main production routes of an industry that need to produce multiple billions of tonnes per year of its key 

product (Portland cement), but it is increasingly urgent that we improve environmental practice at every level of 

the cement and concrete sector. To achieve this, a toolkit of new cementitious materials is needed – either for 

blending with Portland cement, or as substitutes for conventional cements in some applications. Cements need 

to be designed to serve in the field for decades or more without degradation of their key performance 

characteristics – and up to hundreds of thousands of years of service life are required in some applications, 

particularly in nuclear waste immobilization. To build the necessary confidence to apply a new material in any 

critical infrastructure application, it is critical to develop detailed scientific insight into its fundamental nature, 

nano- and micro-structure, and interactions with likely environmental conditions. This presentation will highlight 

some recent developments in the application of advanced characterization methods to the analysis of cements; 

this is in many cases not a straightforward task due to the disordered, multiphase, hydrous nature of the key 

binding components in almost all types of cements. Recent developments in techniques and applications for the 

study of cements will be highlighted, and their role in improving how we design and use cements will be outlined. 
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Heterogeneous catalysts play a pivotal role in our modern society, since solid catalysts enable the production of 

our base and fine chemicals, materials as well as transportation fuels that we rely on every day. The search for 

new and improved solid catalysts to speed up and access novel chemical reactions is a never-ending challenge, 

but has become increasingly important due to the environmental challenges that we are currently facing. For this 

purpose, constant improvements in synthesis methods are required in general, but more specifically, 

improvements in (operando) characterization methods in terms of spatiotemporal resolution is the key toward 

more tailored catalytic reactions, which could bring our vision to establish a more circular society closer.  

In an ideal case, a real time visualization of the reactants, intermediates and reaction products on the surface of 

the catalyst is possible, allowing for a molecular movie of the catalytic reaction in both space and time. Certain 

characterization techniques exist that are sensitive enough to measure the reactants at the reaction surface of the 

catalyst (e.g. vibrational spectroscopy). However, in order to really understand the catalytic behavior, we need 

to move toward single molecules and atoms at the (sub)nanometer scale. Improvements in this direction have 

already led to an increased understanding of the catalytic processes, but the combination of nanometer resolution 

in space and pico- to nanosecond resolution in time has remained largely elusive in the world of catalysis.  

In this key-note lecture, I will discuss the state-of-the-art of time- and space-resolved spectroscopy and 

microscopy methods for catalysis research, and discuss the movement in the field toward the visualization of 

individual molecules at catalyst surfaces to construct the ultimate “molecular movie of sustainability”. Special 

emphasis will be on the compatibility of the operando characterization technique with the desired reaction 

environment (e.g. liquid phase or gas phase) and what we can do to ensure the spatiotemporal resolution is not 

hampered by the reaction requirements of the catalytic reactions. I will touch upon a variety of techniques, 

ranging from (time-resolved and surface-enhanced) vibrational spectroscopy, single molecule fluorescence, 

scanning probe techniques combined with optical and vibrational spectroscopy, as well as X-ray spectroscopy 

and microscopy.  

 

1. I.L.C. Buurmans, B.M. Weckhuysen, Heterogeneities of individual catalyst particles in space and time as monitored by 

spectroscopy, Nature Chemistry 4, pp. 873-886, 2012. 

2. F. Meirer, B.M. Weckhuysen, Spatial and temporal exploration of heterogeneous catalysts with synchrotron radiation, 

Nature Reviews Materials 3, pp. 325-340, 2018. 

3. C. Vogt, E. Groeneveld, G. Kamsma, M. Nachtegaal, L. Lu, C.J. Kiely, P.H. Berben, F. Meirer, B.M. Weckhuysen, 

Unravelling structure sensitivity in CO2 hydrogenation over nickel, Nature Catalysis 1, pp. 127-134, 2018. 

4. G.T. Whiting, N. Nikolopoulos, I. Nikolopoulos, A. Dutta Chowdhury, B.M. Weckhuysen, Visualizing pore architecture 

and molecular transport boundaries in catalyst bodies with fluorescent nanoprobes, Nature Chemistry 11, pp. 23-31, 2019. 

5. T. Hartman, R.G. Geitenbeek, G.T. Whiting, B.M. Weckhuysen, Operando monitoring of temperature and active species 

at the single catalyst particle level, Nature Catalysis 2, pp. 986-996, 2019. 
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In the mining industry, the decreasing ore grades and lower profit margins of value-added products have paved 

the way towards ore pre-concentration processes [1]. By removing large amounts of barren rock at a very early 

stage, the processing costs could be drastically reduced. Among the various pre-concentration process alterna-

tives, the bulk ore sorting (BOS) process is considered to have a significant potential because it is applicable 

to wide range of mineralogy and capable to reduce energy, water and chemical usage [1].  

BOS process feasibility for a certain mine is defined by the concept of sortability. It takes into account both 

the various ore properties and the economic performance of the sorting system (Fig. 1). The separation effi-

ciency depends on the ore properties, ore presentation and sorting machine properties [2]. Moreover, since the 

separation of ore and barren rock particles depends on particle identification, the accuracy of the sensors plays 

also a central role in economic performance of a sorting system (Fig. 1). In the H2020-project Real-Time 

Mineral X-Ray Analysis for Efficient and Sustainable Mining (X-Mine, Grant No. 730270) improved photon 

counting X-ray transmission (XRT) sensors are developed. The aim is to increase the sorting performance in 

order to further expand the applicability of the BOS to low-grade and\or small and complex deposits. This 

paper describes the first experiments and an initial algorithm to estimate sorting performance in a lead and zinc 

mine. 

 
Figure 1. Factors affecting the feasibility of BOS implementation for a certain mine [1]. The economic performance of 

the system is dependent on sensor accuracy.  

 

To evaluate the sorting approach, representative ore samples were collected from a mine. The ground truth 

concentrations of each rock sample were estimated using the Orexplore Geocore X10 drill core scanner. Com-

pared to traditional method of pulverizing sample and analyzing the content with XRF, the drillcore scanner 

offers a non-destructive estimation of elemental content allowing further experimentation with the same sam-

ples.  

XRT sorting is based on differences in attenuation of X-ray passing through the investigated material. The 

attenuation can be simplified as 𝐼 = 𝑒−𝜇𝑥𝐼0, where I0 is the original intensity of the radiation and I is the 

observed intensity. The attenuation is defined by the product of material dependent attenuation coefficient µ 

and the distance x the X-ray travels through the material. To compensate for the size variability, a 3D depth 

sensor was used to estimate the material thickness. From this, the attenuation coefficient can be estimated using 

depth compensation as 

𝜇 =
−ln(

𝐼

𝐼0
)

𝑥
 



higher values of µ imply denser material on average, which in our case (Lead and Zinc mine) means that ore 

exist in the sample. Fig. 2 illustrates the attenuation and composition of selected rock samples. A rock is clas-

sified as ore when the area of pixels with attenuation coefficients above a specified attenuation threshold is 

larger than area criteria CA.  

Sorting performance is characterized by the amount of ore kept w.r.t the total mass of material kept.  Using the 

ground truth concentrations, it is possible to calculate the optimal sorting performance. Samples are first or-

dered based on the ground truth ore density and then cumulative sum is calculated starting from the densest 

sample. This results in the optimal sorting curve and can be compared to the performance of the depth com-

pensation algorithm with different values of CA. The results are illustrated in Fig. 3.  

 

Fig. 2: Left: Illustration of pixelwise depth compensated attenuation and selected ground truth element contents.  

 
Fig. 3 Sorting performance in different operating points. 

 

The ground truth performance indicates that a significant amount of material can be reduced with relatively 

small loss of valuable ore. Also, the experiments suggest that decent performance can be obtained with the 

initial algorithm. The reported experiments are based on 3D and XRT sensors and it is expected that with a 

more sophisticated algorithm utilizing multi energy XRT and XRF, the sorting performance can be further 

increased close to the optimal curve.  

 

1. G. Li, B. Klein, C. Sun, J. Kou, L. Yu, “Development of a bulk ore sorting model for sortability assessment”. Minerals 

Engineering, 141, pp. 1-8, 2019. 

2. R. D. Pascoe, O.B. Odoudo, H. J. Glass, “Efficiency of automated sorter performance based on particle proximity 

information”. Minerals Engineering, 23, pp. 806-812, 2010. 
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INTRODUCTION: The high incidence of proximal femur fracture (11.9% of total fractures) [1] led to con-

ducting many investigations to reveal the mechanism responsible for it [2,3]. Since the majority of proximal 

fractures happen in elderly persons resulted from a low energy event (typically falling from standing height) 

[4], body posture at the moment of impact might affect the severity and type of the fracture. Bone fracture 

generally initiates from cortical bone [5], where the load-leverage happens. The trabecular bone transfers the 

load across the bone and works as a shock absorber [6]. Therefore, precise medical image segmentation is 

essential to study proximal femur behavior during a low energy fall. The effect of Femur Horizontal plane 

rotation Angle (FHA) and Femur Diaphysis Angle (FDA) (Fig. 1a) on the risk of proximal femur fracture 

during lateral fall was studied experimentally [7], but the effect of FHA and FDA during a posterolateral fall 

as well as the effect of the trunk configuration (defining by Trunk Tilt Angle (TTA) and Trunk Flexion Angle 

(TFA) (Fig. 1a)), during lateral and posterolateral falls remained unknown. Therefore, in this study, we used 

CT-based finite element analysis to investigate the effect of the four angles variation on the strain magnitude 

and concentration within proximal femur as an indicator of fracture risk.  

METHODS: A high-resolution abdominal Computed Tomography (CT) image (Philips, 110 kVp, 105 mAs, 

150 slices with 0.5 mm thickness, resolution 0.75×0.75 mm) of a patient without any bone fracture history 

was selected from the CT-database gathered by Oulu University Hospital. The ethical committee of Northern 

Ostrobothnia Hospital District granted ethical permission (220/2017) for the study. To segment cortical and 

trabecular bones, Materialise Mimics software was used. It was assumed that the cortical bone cavity is filled 

by the trabecular bone. Since cortical bone strength depends on its thickness, the precise segmentation would 

be important. Since the automated segmentation tools did not work precisely, the cortical bone was seg-

mented semi-manually slide by slide. The resulted thicknesses for femoral (0.5mm-6mm) and cortical bone 

(1.2mm-2.2mm) were in the range reported by previous studies [8,9]. Soft tissues (cartilages and ligaments) 

were added manually in Materialise 3-Matic software according to the data provided by earlier MRI meas-

urements [10]. The reconstructed model aligned and rotated to achieve the desired body posture at the im-

pact. For each angle, four values by considering anatomical feasibility and fall motion capturing data [11] 

were selected as following: TTA= 35°, 40°, 45° and 50°; TFA= 0°, 10°, 20° and 30°; FHA=0°, 15°, 30° and 

45°; FDA=0°, 5°, 10° and 15°. Thirteen models in total were exported to ANSYS 19.0 (AutoDYN solver) 

software for explicit dynamic finite element analysis. The material properties for different tissues derived 

from literature [12] are presented in Table 1. Mesh independency study was done and the initial and bound-

ary conditions obtained from previous empirical studies [13] were applied. The obtained results were vali-

dated against the experimental studies [14] and the Maximum Effective (elastic + plastic) Strain (MES) was 

selected as an indicator of the proximal femur fracture risk [15]. 

RESULTS: Since the soft tissue covering the Greater Trochanter of the Femur (GTF) was not considered in 

this simulation, the bare FGR hit the ground directly and experienced high degrees of MES. Among four 

studied angles, FHA variation had the greatest effect (120.2 %) on the MES variation within the proximal 

femur. The results showed that FHA=30° and FHA=45° results in a higher degree of MES (almost doubled) 

                                                 
1 C. Court-Brown et al., Injury, 691-697, 2006. 
2 S. Abe et al., J Biomech, 136-143, 2018. 
3 L. Grassi et al., J Biomech, 394-399, 2012. 
4 S. Majumder et al., Med Eng Phys, 1167-1178, 2007. 
5 J. Reeve, BoneKEy Rep, 1-10, 2017. 

6 A. Romanovskaya et al., Mech Compos Mater, 635-

639, 1986. 
7 A. van der Zijden et al., J Biomech, 1650-165, 2012. 
8 J. Giudice Front. Bioeng. Biotechnol., 149, 2018. 
9 G. Treece et al., Med Image Anal., 249-264, 2015. 
10 I. Mechlenburg et al., Osteoarthr  Cartil., 366-371, 

2007. 

11Y. Luo et al., Int Biomech, 1-14, 2014. 

12 P. Watson et al., Med Eng Phys, 48-57, 2017. 
13 I. Mechlenburg et al., Osteoarthr  Cartil., 366-371, 

2007. 
14 

M. Nasiri et al., J. Biomed. Eng, 405-418, 2014 
15 

J. Keyak et al., J Biomech, 209-2014, 2000. 



than FHA=0° and FHA=15° (Fig. 2). Also, by increasing FHA, MES distribution changed extensively within 

the GTF (Fig. 1b). FDA change showed a notable effect (108.0%) on the MES variation. The MES magnitude 

was remarkably higher for FDA=0° than FDA=5°, 10° and 15° (Fig. 2). The effect of TTA variation on MES 

magnitude (76.9%) was lower than of FHA and FDA, but it is still significant. MES generally increased by 

elevating the TTA (Fig. 2).  TFA alteration had the lowest impact on the MES variation (30.4%) in comparison 

with other understudy angles (Fig. 2).  

DISCUSSION: The present simulation suggests that the posterolateral fall (FHA=30° and FHA=45°) is asso-

ciated with a higher risk of proximal femur fracture than the lateral falls (FHA=0° and FHA=15°). Also, when 

the femur shaft is not aligned horizontally at the moment of impact (FDA=10° and FDA=15°), the risk of the 

proximal fracture is considerably lower. Moreover, a more upright trunk (TTA<45°) might reduce the proximal 

femur fracture risk. Furthermore, it seems that TFA variation has not a great effect on the proximal femur 

fracture. To conclude, these results suggest the lateral fall with an upright trunk and a non-horizontal femur 

shaft as the safest body posture to avoid proximal femur fracture. The authors will conduct further experimental 

and computational studies on the effects of the GTF soft tissue thickness, the trabecular heterogeneity and 

degree of osteoporosis on the proximal femur fracture.  
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Table 1: Mechanical properties for the CT-based finite element model of the Femur-Pelvis tissue complex.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Angles defining body posture at the moment of          Figure 2: Effect of TTA, TFA, FHA and FDA variation                         

Impact (a) and effect of FHA variation on the Maximum            on the MES over the impact time within proximal  

Effective Strain (MES) distribution (b).                                       (dashed line=mean value) 
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Soft X-rays (~0.1 – 1 keV) can be used to image biological 

samples. They are energetic enough to cause ionization or exci-

tation of the core levels of atoms. The ionization and excitation 

energies are specific for each element and the chemical envi-

ronment. This chemical specificity can be exploited in scan-

ning transmission X-ray microscopy (STXM), where the num-

ber of transmitted photons through the sample is measured as a 

function of photon energy and spatial location on the sample 

[1]. This creates a 2D map of absorption spectra. The map pro-

vides valuable information of the sample’s structure as absorp-

tion energies are dependent on the element and its surrounding 

chemical environment. As a continuous light source at soft X-

ray energies is needed, STXM can only be done at synchrotron 

radiation (SR) fa-

cilities. SR pro-

vides both high 

spatial and energy 

resolution and is 

not as destructive 

to samples as 

transmission electron microscopy (TEM). Our research has fo-

cused on two different subjects. The first part contains character-

ization of tissue samples from novel FINCA disease, associated 

with mutations in NHLRC2 gene [2], done in collaboration with 

PEDEGO research unit at University of Oulu. In the second part, 

localization of lignan molecules is investigated in Norway 

spruce knotwood cells [3] in collaboration with the Natural Re-

sources Institute Finland (Luke). We are using STXM as a com-

plementary method with TEM and electron microscopy with en-

ergy-dispersive X-ray spectroscopy (TEM-EDS), and we also 

use biological and chemical assays to find new information to 

verify our findings. 

In the Norway spruce knotwood project, two different SR facili-

ties and sample preparation methods were used. Cryo-sectioned 

samples were studied at HERMES beamline at Synchrotron 

SOLEIL (France), and epoxy resin-embedded and osmium te-

troxide-stained samples were studied at UVSOR III (Japan). We 

were able to differentiate different cell parts by using cluster 

analysis on the C and O 1s absorption spectra obtained from the 

STXM experiment. We could even separate different cell wall 

 
Fig 1. Knotwood cells. The secondary cell 

wall S2 layer is colored black, the lighter 

gray shows the compound middle lamella, 

cell corners and a torus composed mainly of 

lignin. The darker gray on the white back-

ground on the left side and in the middle 

shows lignans located in the cell lumen and 

within the bordered pit. 

Fig 2. TEM-EDS knotwood cell image. a) 

TEM image of the cell lumen and a bor-

dered pit between two cells, b) carbon sig-

nal image, c) oxygen signal image, d) os-

mium signal image, e) signal count for 

each energy found within the square area 

in a-d. 

a b 

c d 

e 



layers from each other. We were able to locate lignan molecule clumps within the cells even though their 

spectra are similar to those of lignin present in the cell wall. Figure 1 shows an example of a greyscale image 

obtained from a knotwood cell after going through clustering based on the spectra obtained from STXM. 

Osmium tetroxide, used widely as a contrast agent in TEM, was detected to react with lignan molecules lead-

ing to a formation of a sediment. We were able to verify this observation in the plant tissue by imaging 

knotwood cells with TEM-EDS (at Centre for Microscopy and Nanotechnology, University of Oulu, Fin-

land). Osmium wad indeed attached to lignan-rich regions found by STXM (Figure 2). 

So far, the characterization of the FINCA disease and its asso-

ciation with NHLRC2 has been done by means of clinical 

analyses, radiology, histology, biochemical analyses, and mo-

lecular genetics. In the autopsy liver samples from FINCA pa-

tients, increased fat and collagen accumulation were observed 

both inside and outside of the hepatocytes [2]. Furthermore, 

based on TEM and STXM experiments performed at the BL4U 

of the UVSOR, we have observed several abnormal ultrastruc-

tural features in various tissues of a FINCA patient, including 

the liver, and also glycogen-like accumulations in the livers of 

a mouse model. By using clustering, we can differentiate dif-

ferent cell organelles within mammalian cells based on their 

spectra as shown in Figure 3. This should allow us to detect if 

some parts of the cells have unusual accumulations like in stor-

age diseases. 

In short, we have been able to differentiate different parts of the Norway spruce knotwood cells and detect 

the location of lignan molecules in the sample. In mammalian cells, we have been able to differentiate cell 

organelles using STXM. As we are not certain what the storage material in FINCA disease is, the next step in 

the project is to study lysosomal storage diseases with known accumulating materials. This will give us a 

reference to work on. This is also done to find out how well we can detect different biological molecules 

within the cell, and how does the sample preparation affect our detection capabilities. Using the information 

acquired from this experiment we then proceed to characterize the accumulating materials in the FINCA dis-

ease.  
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Fig 3. Liver sample. a) TEM image of a 

mouse liver, b) clustering made from the 

spectra obtained with STXM from the same 

location. The clusters formed from STXM 

data fit with the cell organelles seen in the 

TEM image. 
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INTRODUCTION: Scaffold topography influences cell adhesion, proliferation and function. Interconnected 

porosity is essential for cell migration and nutrient delivery in tissue engineering scaffolds. By using the breath 

figure method, it is possible to produce porous films with honeycomb structure [1]. 

Polylactic acid (PLA) is widely used in medical applications because of its good biocompatibility and possi-

bility to be used in various processing methods. Incorporating other materials into the scaffold allows tuning 

mechanical properties and adding new functionalities. Barium titanate nanoparticles (BTNP) are known to be 

piezoelectric and, in addition, non-toxic in low concentrations [2]. Consequently, BTNPs can provide electro-

mechanical stimulation for the cells, which can modify cellular behavior. 

The objective of this study was to manufacture nanocomposite scaffolds with BTNPs in PLDLA scaffold by 

using the breath figure method. We hypothesized that the coating of native BTNP can provide better scaffold 

structure. Finally, we aimed to provide a biocompatible assessment of most promising nanocomposite scaffold 

for tissue engineering applications. 

EXPERIMENTAL METHODS: Three different BTNPs were studied: blank (uncoated), Al2O3-coated and 

SiO2-coated BTNP. BTNPs were characterized by scanning transmission electron microscope (STEM, JEOL 

JEM-2200FS) equipped with energy-dispersive detector (EDS).  

96/04 L-lactide-D-lactide copolymer (PLDLA), dioleoyl phosphatidylethanolamine (DOPE) and BTNPs were 

used to produce porous films with the breath figure method. 20 wt% of BTNPs were incorporated into PLDLA 

and structure of the scaffold, pore size and nanoparticle distribution were evaluated with field emission scan-

ning electron microscopy (FE-SEM, Sigma HD VP). 

Ovine bone marrow stromal cells were seeded at a density of 20 000 cells/cm2 on top of the films. Cell attach-

ment and cell viability were analyzed with FE-SEM, LIVE/DEAD staining and Prestoblue assay. Three-di-

mensional LIVE/DEAD staining images were taken with Leica SP8 FALCON laser scanning confocal micro-

scope by using reflection imaging. 

RESULTS AND DISCUSSION: Nanoparticles were characterized with STEM and average diameters of the 

BTNPs were 65 nm, 60 nm and 69 nm for uncoated BTNP, BTNP-Al2O3 and BTNP-SiO2, respectively (0). 

EDS analysis confirmed that BTNPs contained mainly barium, titanium and oxygen. In addition, residues of 

strontium were detected from all nanoparticles.  

 

Fig.1: Size and composition of barium titanate nanoparticles (BTNPs). STEM imaging of A) BTNP, B) BTNP-Al2O3 and 

C) BTNP-SiO2 nanoparticles (scale bar 500 nm). 



Porous nanocomposites were produced with the breath figure method. It was observed that the incorporation 

of the BTNPs into the polymer scaffold influenced pore formation (Figure 2). SiO2 coating disrupted pore 

formation and Al2O3 formed large aggregates. The most suitable pore structure for cell migration was 

achieved by using uncoated BTNP, which resulted to pore diameter of approximately 14 μm. Therefore, PLA 

and PLA+BTNP scaffold were chosen for further testing of biocompatibility. 

 

 

Fig. 2: Characterization of PLA+BTNP films with SEM: A) PLA, B) PLA+BTNP, C) PLA+BTNP-Al2O3 and D) PLA-

BTNP-SiO2 (scale bar 50 μm).   

Both PLA and PLA-BTNP films were able to maintain cell viability and proliferation for tested 14 days in 

culture (0). The increased pore size in the PLA+BTNP scaffolds provided an appropriate porous structure for 

the cells to migrate inside the scaffold, while in PLA films cells stayed on top of the films. As an average, the 

increase in metabolic activity between time points was greater in PLA-BTNP films than in PLA films, indi-

cating that cell amount also increased in nanocomposite scaffold.   

 

Fig. 3: Representative SEM images of A) PLA and B) PLA+BTNP films after 7 days of culture (scale bar 10 μm). 

LIVE/DEAD staining after 19 days of culture in C) PLA films and D) PLA+BTNP films (scale bar 100 μm). E) Metabolic 

activity of the cells cultured on the scaffold after 1 and 14 days (n=7). 

Synthesized nanocomposite scaffolds were found to be biocompatible, and further studies are planned to eval-

uate the effect of stimulated (ultrasound) nanoparticles on cell behavior. 

CONCLUSIONS: Breath figure method can be used to incorporated BTNPs into the PLDLA scaffold. The 

use of uncoated BTNP resulted in a nanocomposite scaffold with optimal pore size while maintaining the 

honeycomb structure. PLA+BTNP scaffolds were found to be biocompatible and provided promising nano-

composite structures for future tissue engineering applications. 
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Due to aging of population, one of the major social and financial challenges in the modern world is dementia, 

in particular, Alzheimer’s disease [1]. Currently, conventional imaging techniques, such as Magnetic reso-

nance imaging (MRI) and Positron-emission tomography (PET) are used for brain imaging, but due to the 

limitation in spatial resolution, they have to be complemented by histological analysis [2], which implies cut-

ting the tissue specimen, staining procedures and exhaustive microscopy investigation and only provides qual-

itative information. Therefore, there is a need for the new complementary technique which would be less la-

bour-intensive and provide quantitative information.  

We apply two label-free non-destructive polarization-based techniques (Stokes-vector and Mueller-matrix po-

larimetry) for the investigation of the possibility of the express screening of standard paraffin-embedded blocks 

of mouse brain tissue with different stages of Alzheimer’s disease. The use of polarized light for screening of 

biological tissues is conditioned by its sensitivity to changes in morphological structure of examined samples 

which is advantageous over conventional optical intensity-based techniques. The principle scheme of the uti-

lized Stokes vector polarimeter is presented in Fig 1 (a). The technique is developed to measure 2D distribu-

tions of Stokes vector of circularly polarized laser light scattered within the specimen. The measurements are 

performed using motorized translation stage with 10 µm scanning step. The Stokes vector polarimetry was 

complemented by the Poincaré sphere as a graphical tool for the visualization of the alterations of the Stokes 

vector. Mueller matrix polarimetry is a powerful technique which allows obtaining 4x4 Mueller matrix which 

contains full polarimetric information of examined tissue. The utilized Mueller-matrix polarimeter (Fig. 1(b)) 

is based on a white light source, polarization stage generator (PSG), polarization stage analyzer (PSA), spectral 

filter and a camera. The measured Mueller matrices of brain tissue were analyzed using high-order statistical 

moments.  

In total 21 samples with 7 different stages of the disease are investigated within this study. The images of 

histological sections of mouse brain samples of 3 different stages are presented in Fig. 1 (c). The stage of the 

disease is represented in the age of a deceases mouse: (i) 50 days, (ii) 125 days, (iii) 200 days. The brain tissue 

with later stage of the disease contains amyloid plaques which appear as dark dots on histological images 

(examples are circled in red). 

 

Fig. 1: Experimental setups: (a) Stokes vector polarimeter; (b) Mueller-matrix polarimeter; (c) histological images of 

samples of mouse brain tissue with Alzheimer’s disease of different stages (age of mice: (i) 50 days, (ii) 125 days, and 

(iii) 200 days. 



According to the experimental results, the progression of the Alzheimer’s disease manifested in the growing 

presence of amyloid plaques and neuronal cells losses alter the properties of polarized light scattered within 

the brain tissue. Fig. 2 shows experimental results obtained with the described techniques: (a) Stokes vectors 

of 3 samples of mouse brain tissue with different stages of Alzheimer’s disease mapped on the Poincaré sphere; 

(b) 1st to 4th statistical moments of depolarization plotted against the stage of the disease. 

 

Fig. 2: Experimental results: (a) Stokes vectors measured from brain tissue blocks with Alzheimer’s disease at 3 differ-

ent stages; (b) 1st to 4th statistical moments of 2D distributions of depolarization of brain tissue blocks with 7 stages of 

Alzheimer’s disease. 

The results have revealed sensitivity of V Stokes component to the progression of the disease (up-trend, Fig 2 

(b)), which is likely explained by the increase in anisotropy of scattering. The analysis of results obtained with 

the Mueller-matrix imaging system has revealed the sensitivity of high-order statistical moments of depolari-

zation to the disease progression, arguably due to the change of size of effective scatterers due to accumulation 

of extracellular senile plaques and neuronal cell losses.  

We demonstrate the sensitivity of polarization-based techniques to morphological abnormalities of mouse 

brain tissue with the progression of the Alzheimer’s disease. In the future, further analysis of the experimental 

results obtained with Stokes vector polarimetry is planned to be performed. This study provides the foundation 

for the future work implementing polarimetry-based techniques for the fast pathological screening of brain 

tissue blocks with Alzheimer’s disease. 
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gramme under the Marie Skłodowska-Curie grant agreement 713606. 

 

1. Wimo A, Guerchet M, Ali GC, Wu YT, Prina AM, Winblad B, Jönsson L, Liu Z, Prince M.,”The worldwide 

costs of dementia 2015 and comparisons with 2010,” Alzheimer's & Dementia, 13(1):1-7, 2017. 

2. Lee, M., Lee, E., Jung, J., Yu, H., Kim, K., Yoon, J., ... & Park, Y., “Label-free optical quantification of structural 

alterations in Alzheimer’s disease,” Scientific reports, 6, 31034, 2016 

 



Implementation of machine-based learning solutions in cell classification task 

for optimal pathology 

Denis Garri*1,3, Svetlana Saakyan1,2, Inna Khoroshilova-Maslova2, Alexander Tsygankov1,2,  

Oleg Nikitin3, Grigory Tarasov3, Ruslan Grimov3 

1A.I. Yevdokimov Moscow State University of Medicine and Dentistry, Moscow, Russia 
2Helmholtz Moscow Research Institute of Eye Disease, Moscow, Russia 

3Limited Liability Company "Artificial Networks and Technologies, Moscow, Russia 

*Contact: ldenisl@inbox.ru 

 

Keywords: artificial neural networks, ophthalmology, pathology, uveal melanoma 

Uveal melanoma is the most common primary intraocular malignant tumor in the adult population [1]. Tumor 

cell dissemination is a frequent occurrence with uveal melanomas. Even with complete removal of the primary 

tumor, metastatic foci are detected in 50% of patients. In case of tumor metastasis, the vital prognosis is sub-

stantially worse, with the average survival rate during the first year falling to 20%. 

The tumor cell type is an important prognostic factor. The McLean classification is used currently, including 

spindle-A, spindle-B, epithelioid and mixed tumors [2]. Studies have shown that spindle cell tumors offer the 

best vital prognoses, while for mixed cell tumors the outlook is intermediate, and epithelioid cell tumors pre-

sent the most unfavorable prospects. 

A greater number of epithelioid cells in the field of view is associated with a worse vital prognosis. The mor-

phological characteristic of the tumor composition is subjective, and the quantity of epithelioid cells required 

to identify tumors as epithelioid or mixed type has not yet been universally defined. Disagreements among 

qualified pathologists regarding belonging of individual melanoma cells to a certain type are on average 13%, 

which is due to the lack of objectively measurable signs and the presence of intermediate-type cells that have 

signs of several cell types. McLean and co-authors found that differences in the classifications used led to 

differences in diagnosis in 32% of cases [3]. Machine learning can be used to objectify the criteria of patho-

morphological study of uveal melanoma. 

Recent developments in the field of digital pathology, related to the access of medical institutions to digital 

microscopes and slide scanners, allow us to carry out scientific work with digital data, including gigapixel 

images of pathological specimens. The availability of such data allows the use of a range of machine learning 

methods to process it and to obtain new unified diagnostic criteria and prognoses for the passage of malignant 

diseases that are unavailable in a classical pathology study. 

The first stage of neural network training is the preparing of the training set. For this purpose, 52 patients who 

underwent enucleation from 2005–2006 were selected and their pathology reports and clinical records were 

studied. Being faced with the task of classification between two groups of cells, we selected for the training 

sample only those tumors that, according to the reports, were spindle or epithelioid. Inclusion in the training 

sample of mixed tumors would require labor-intensive process for marking various cells in the tumor site. The 

use of tumors with a homogeneous cell composition would allow the markup to be applied to the tumor site as 

a whole. According to current classifications, spindle cell tumors can contain up to 10% of epithelioid cells 

and vice versa, so we decided to evaluate the possibility of marking mainly homogeneous tumors after digit-

izing their histological slides.  

By excluding mixed cell tumors from the training set, we had 23 patients and 37 histological slides for them. 

All samples were digitized using a Leica ScanScope CS2 slide scanner, producing 37 gigapixel images in .svs 

format. After reviewing the digitized images, we decided to use the following for further training set: 24 gi-

gapixel images from 12 patients – spindle cell tumors; 4 gigapixel images from 3 patients – epithelioid cell 

tumors. In total, 28 images were used. Nine images from 8 patients could not be used in the training set since 

it proved impossible to isolate nodes of homogeneous cell composition. Each gigapixel image was marked 

using Aperio ImageScope by a qualified pathologist. 



The original files in .svs or .scn format are a set of pyramidal images. The base layer is 240x240 pixel images 

compressed using the libjpeg application library. For further processing, we scanned individual 240х240 

patches with a 48х48 pixel scanning window, in increments of 8 pixels, and with an overlay round mask. 

Neural network ResNet-101 was used for image cell identification. The weight for the neural network was 

taken from weights which produced the best results on 2018 Data Science Bowl for cell nucleus localization. 

During training, 48х48 pixel images with a round mask containing one cell were fed to another neural network 

input. The second neural network had 18,490 parameters and used the Adam(lr=0.01) optimizer and categori-

cal_crossentropy loss, as well as three Conv2D blocks:  

· The first Conv2D block was composed of two foldings with 3х3 kernels, relu activation, BatchNormalization 

and dropout functions. The first Conv2D block had the convolution kernel size of 8, the first convolution stride 

of 2, and dropout rate of 0.2.  

· The second Conv2D block had the convolution kernel size of 16, the first convolution stride of 2, and dropout 

rate of 0.4.  

· The third Conv2D block had the convolution kernel size of 16, the first convolution stride of 2, and dropout 

rate of 0.4.  

Also, there are two fully connected layers with 32 parameters, relu activation, BatchNormalization and dropout 

functions. The last layer has two neurons and softmax activation.  

To validate the results, a 4-fold approach was used, whereas the training set was randomly divided into 4 equal 

parts. Alternately, 3 parts were submitted to the training, and 1 was used for control.  

When the training was complete, we calculated the F1-scores for 4 folds of this model and obtained the fol-

lowing values: 0.76, 0.82, 0.79, and 0.62, respectively. The mean F1-score for 4 folds of our model was 0.75. 

Even small groups of patients may be used in digital pathology for training in convolution neural networks. 

This is possible due to the fact that each gigapixel image contains several thousand smaller images – patches, 

which in turn have two-three dozens of cells – training units. Our further work will be dedicated to training set 

extension and tests of images not included in the training sample. 

The mean fold F1-score was 0.75. The result may seem unassertive if we do not take into consideration the 

fact that images in training sample very often had cells from another class. This aspect is very difficult to 

eliminate in pathology. The fact that machine-aided cell marking quite often contradicts the initial patches 

marking allows to assume that the classification accuracy is higher than this figure. Acquisition of more images 

with uniform cellular composition will allow us to assess more accurately the metrics of the classifier. 

Even an experienced pathologist sometimes finds it difficult to differentiate between spindle-shaped and epi-

thelioid cells. Thus, it can be assumed that there are a number of cell subtypes which are similar to cell classes. 

The presentation of each cell as corresponding to a certain class (with the probability indicated) allows us to 

visualize this trend. 
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Glyoxal (CHOCHO) and methylglyoxal (CH3C(O)CHO) are α-dicarbonyl compounds that are found in the 

atmosphere. These compounds have high saturation vapor pressures; however, they are well-known for their 

contribution to secondary organic aerosol formation [1–2]. Glyoxal and methylglyoxal can be involved in 

photochemical reactions and oxidation by OH, polymerization, and reactions with water that can form hy-

drates. We have recently shown in a computational study that bulk aqueous phase interactions involving inor-

ganic components can lead to salting in phenomena [3]. 

 

In order to study the hydrated forms of glyoxal and methylglyoxal, we exposed aqueous solutions of the or-

ganic compounds to synchrotron radiation and applied X-ray Absorption Spectroscopy (XAS). We also studied 

the above-mentioned solutions with addition of inorganic salts, to investigate salting effects. The experiments 

took place at the BL3U beamline of UVSOR-III Synchrotron facility in Okazaki, Japan. The samples were 

placed in a liquid cell and we recorded carbon and oxygen K-edge XAS spectra. For better interpretation of 

the spectra, we also recorded gas phase spectra of glyoxal and methylglyoxal and spectra of aqueous solutions 

of glycerol (CH3H8O3) which has similar bonds to the hydrated forms of glyoxal and methylglyoxal. The tran-

sition energies were evaluated with quantum chemical calculations, applying delta-SCF method. 

 

The analysis of the obtained spectra at the C 1s absorption edge of binary glyoxal – water and methylglyoxal 

– water solutions shows that the addition of salt does not introduce shifts to the observed absorption features. 

In case of glyoxal, the dihydrated form is dominating. Methylglyoxal shows three distinct absorption features 

which can be attributed to unhydrated, monohydrated and dihydrated forms of the compound and products of 

aldol condensation reactions. 

 

The obtained data provide valuable information for the molecular structure and bulk properties of these solu-

tions. The identification of their physico-chemical properties are of great importance as they can be used in 

further model development and there will be the basis for including new processes in atmospheric models. Our 

goal is to access the missing molecular scale information of aerosol particles and to better understand their 

impact on climate. 
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LiCoO2, introduced by J. B. Goodenough1, was the first layered transition metal oxide used in commercial 

lithium-ion batteries, and has since become the most common cathode material for rechargeable batteries2. 

After discovery of LiCoO2, several other metal oxides, and their mixtures have been studied and used com-

mercially. One common type of mixed metal oxide, NCM333 first introduced by Ohzuku et al.3 in 2001, has 

a mix of cobalt, nickel and manganese in equal amounts. Recently, focus has been in high nickel-containing 

mixed metal oxides, tailored especially for the demand of electric vehicles. 

In this study, the aim was development of high capacity, high nickel and low cobalt-containing cathode mate-

rials (LiNixCoyMe1-x-yO2, x ≥ 0.8-1.0). These layered oxide materials typically have high energy densities 

(>200 mAh/g) but suffer from low thermal stability and capacity fading during cycling4. Materials synthesized 

and tested included material with no cobalt.  

Transition metal hydroxide precursor was prepared by chemical co-precipitation. Precursor was mixed with 

lithium salt and coating chemical and calcined at different temperatures and atmospheric conditions. Cathode 

material was modified by coating and doping in order to improve the chemical and thermal stability and to 

prevent capacity fading. Cathode materials were characterized by FESEM (morphology), powder XRD (crys-

talline phases), XPS, Raman and ICP-OES (metal content). Tap density was measured and residual lithium 

was titrated from the samples. Electrochemical measurements were carried out in a galvanostatic charge/dis-

charge cycling in coin cells with lithium metal as anode or pouch cells with graphite anode.  

 

Synthesized cathode material had spherical morphology, high tap density and average particle size of 10 µm. 

Figure 1 shows electrochemical results of coin-cells using metallic lithium as counter electrode.  

 

 
 
Fig. 1: Measurement data from electrochemical tests. Effect of aluminum content on the specific capacities and capacity 

retention. 

 

Al 0 % Al 1 % Al 5 %

3rd. Cycle 0.2DC 209.81 203.84 203.73

61 Cycle DC 0.2C 148.54 169.15 182.85

Capacity retention % 70.80 82.98 89.75
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Fig. 2: FIB Cross-section of particle and EDS line scan analysis. 

 

 

Result show clearly that aluminum coating increases the capacity retention of material.  In Figure 2 a cross-

section of cathode material particle, made using Focused Ion Beam (FIB) technique with EDS line scan anal-

ysis, is shown. Result show that aluminium and small traces of cobalt have been coated on the particle surface. 

 

In conclusion, high nickel cathode with spherical morphology and high tap density exhibits high energy density 

(>200 mAh/g) with good cyclability. Cycling stability of the material was improved by coating.  
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Transportation is one of the largest emission sources of air pollution. To reduce emissions and to meet emission 

legislation, efficient exhaust gas purification systems in vehicles are needed. PtPd/Al2O3 based catalysts are 

commonly used in such purification system in combustion engines. Catalyst deactivation caused by thermal 

aging and poisoning is a significant challenge and strong efforts to further develop durable catalysts are re-

quired. Thermal aging is the loss of active surface area due to sintering of the active phase or the support 

material. Poisoning is due to the adsorption of impurities on the catalytically active sites [1]. The highest 

concentration of contaminants found in the catalysts are typically sulfur and phosphorus originating from en-

gine oil, lubricants, and/or fuels [2]. The reactivation of a sulfur-poisoned catalysts at elevated temperatures is 

a very important research topic to extend the catalyst lifetime. Here, we present case studies to show that 

analytical (scanning) transmission electron microscopy, (S)TEM, is a very useful characterization tool, com-

bined of course with other techniques, to study aging and regeneration phenomena in catalysts. 

Regeneration treatments at elevated temperatures must not have any harmful effects on the catalyst structure 

via aging and therefore detailed investigation of the behavior of the catalyst in such conditions is needed. We 

studied thermal aging (TA) of the PtPd/Al2O3 catalyst in a furnace in synthetic air. In addition, in situ thermal 

treatments were carried out in the environmental TEM (ETEM). Figure 1 presents TEM analyses of the fresh 

PtPd/Al2O3 catalyst and Fig. 2 after treatment in the furnace in air at 700 °C. Figure 3 shows frames from a 

movie recorded in the ETEM at 1200 °C. According to our studies, the critical temperature for changes in the 

PtPd particles is 700 °C and in the support 800 °C. In the ETEM, mobility of the larger PtPd particles was seen 

already at 650 °C and significant mobility started at 850 °C [3]. Thus, changes started at higher temperatures 

than the normal exhaust gas temperatures are (<500 °C) in e.g. natural gas oxidation catalysts [4].  

We studied accelerated sulfur deactivation phenomena in the PtPd/Al2O3 catalyst by TA and/or sulfur + water 

(SW) poisoning. In the SW-treated catalyst, a slight growing of the PtPd particles was observed and a small 

amount of bulk Al2(SO4)3 was detected near the PtPd particles (Fig. 4a). In the TA+SW-treated catalyst, a 

small amount of bulk Al2(SO4)3 was observed randomly distributed over the PtPd particles and the support 

(Fig. 4b). Thus, the size of the PtPd particles affects the distribution of sulfur [5]. 

We studied as well the regeneration phenomenon of the Pd/Al2O3 catalyst. In the sulfur poisoning, PdO crys-

tallites grew slightly and the formation of bulk Al2(SO4)3 was observed. In the regeneration treatment in high 

CH4 conditions, part of Al2(SO4)3 was removed and PdO particles were partly reduced to metallic Pd (observed 

by X-ray diffractometry). Sulfur species on the Pd particles were also observed due to the migration of sulfate 

species from the support onto the Pd particles. To reoxidize Pd, the catalyst was further regenerated under air 

flow. After this, the catalyst had still a small amount of bulk Al2(SO4)3 and the CH4 conversion was at the same 

level with the catalyst regenerated in high CH4 conditions. Thus, bulk Al2(SO4)3 seems to have a stronger effect 

on the catalyst performance than the state of palladium (Pd/PdO) [6].  

We studied also the effect of phosphorus poisoning on the catalyst structure; phosphorus accumulates mainly 

to the Al2O3-containing areas forming dense and amorphous aluminum phosphate and the size of noble metal 

particles increases slightly [7,8]. At the moment, we are studying co-poisoning effects of sulfur and phosphorus 



on the catalyst structure. The presented cases show that analytical (S)TEM is a key technique to study structural 

changes in catalysts caused by thermal aging, poisoning, and regeneration. 
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Fig. 1: Fresh PtPd/Al2O3 catalyst, (a) TEM image 

and selected area electron diffraction pattern, (b) 

STEM dark field (DF) image and image from one 

PdO particle, (c) STEM DF image and Pd and Pt 

elemental maps. Adapted from [3]. 

Fig. 2: PtPd/Al2O3 catalyst treated in air at 700 °C, (a) 

TEM image, (b) STEM DF images of different PtPd 

particles, (c) STEM DF image and Pd and Pt elemental 

maps. Adapted from [3]. 

Fig. 3: Frames from movie recorded during thermal treatment at 1200 °C in ETEM. Changes are observed in the areas 

indicated by a rectangle and a circle wherein smaller PtPd particles are trapped by larger ones. Adapted from [4]. 

Fig. 4: STEM DF image, enlarged STEM DF image, and STEM electron 

energy loss spectroscopy (EELS) sulfur map from enlarged image area 

(brighter color indicates higher amount) for (a) SW-treated catalyst and 

(b) TA+SW-treated catalyst. Notice different scale bar in (a) and (b). 

Adapted from [5]. 
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Cellulose nanofibers (CNF), novel forms of cellulose, are nowadays used in many applications, e.g. in pack-

aging materials, aerogels, printed electronics, composites and hygiene products due to their outstanding char-

acteristics such as good stiffness/strength to weight ratio, availability, biocompatibility, and renewable origin 

[1]. Here, we have characterized three cases of cellulose-based materials using several different imaging 

techniques, aiming to connect the microscopic structural properties to macroscopic, mechanical, and percep-

tual properties of cellulose materials. 

 

Cellulose nanofiber hybrid films containing nanosilica (5 - 30% wt) embedded in a chitosan (Chi) biopoly-

mer matrix were fabricated using a slow evaporation method. The resulting free-standing films exhibited 

high strength and modulus up to 120 ± 5 MPa and 7.5 ± 0.4 GPa, respectively. Scanning electron microscopy 

images (Figure 1c & d) of the films showed lamellar network with aggregates. Scanning transmission x-ray 

microscopy (STXM) which can reveal the spatial and the chemical distributions of the hybrid constituents 

confirmed nanosilica agglomeration in the CNF network (Figure 1a & b). Based on the mechanical testing, 

the nanosilica aggregation decreased the mechanical properties, but improved the thermal and UV-absorption 

properties [2]. 

 

Highly porous CNF aerogels were produced using a freeze-drying method. Hydrophobicity was achieved via 

silylation using MTMS (Methyltrimethoxysilane) and HDTMS (Hexadecyltrimethoxysilane) [3]. The hydro-

phobicity allows the aerogels to selectively adsorb oil from an oil-water mixture (Figure 1e) [3]. Micro-

computed tomography (µCT) imaging was used to illustrate the porous structure and orientation of the aero-

gels (Figure 1 f). The aggregation of the CNF and residual particles can be seen; however, nano and micro 

pores are not visible since the fine structural details are of the same order as the resolution of the instrument. 

 

Laser scanning confocal microscopy (LSM) can be utilized to measure the surface structure of soft material. 

LSM is a nondestructive method that uses a laser and a white light source in order to obtain surface height 

profile and image of the object. In this work, we employed LSM to obtain definite macrotopography data of 

paper products. The LSM measurements allows us to get the roughness information of the surface which 

plays a role in the quality of the product [4]. 



 

Figure 1: (Upper left) schematic diagram of the CNF-Chitosan-nanosilica hybrid films, (a & b) RGB maps produced from STXM 

measurements at the Si L2,3-edge, and the spectra of indicated regions.(c & d) FESEM images of cross-sectional areas of the hybrid 

films showing the nanosilica aggregates. (Right) e) aerogel in an oil-water interface showing the oil adsorption. (f) µCT imaging of 

the aerogel showing the pore structure. (lower left) 3D rendering of the surface topography showing the height profile of a paper 

structure. 

Characterization of CNF’s has been a challenge, due to their sensitivity to the conventional characterization 

methods. However, with the right tools, such as STXM, µCT and LSM it is possible to investigate the structure 

both spatially and chemically. In order to reveal nanopore structure, liquid uptake and fiber ends, more detailed 

and time resolved structural analysis in the nanometer scale is necessary with more powerful and advanced 

tools such as synchrotron radiation computer topography. 
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Fe-Al inter-metallic compounds  are  potential candidates for structural applications at high temperatures ow-

ing to to their superior corrosion resistance, high temperature oxidation, low density and cheap material cost

[1,2]. They can be used in medium- and high-temperature structures with numerous development prospects.

However, the presence of defects and hydrogen or a combination of both can lead to a reduction in the

strength and ductility, of these iron aluminides [3]. Here we report a density functional theory (DFT) study of

the effect of the presence of defects such as  point defects including Fe and Al vacancies as well as H in vari -

ous spatial configurations at  a Σ5[210]/(-1-20)  FeAl grain boundary  focusing on the energetic. The plane

wave, pseudo potential based  Vienna Ab initio Simulation Package (VASP) is used to carry out the computa-

tions [4]. We use PAW -PBE pseudo potentials in the generalized gradient approximation (GGA). The GB is

modeled using  supercell approach and further  stabilized  by minimizing the Hellman-Feynmann forces.  Af-

terwards,  induction of defects is carried out in this optimized supercell containing the GB. The GB figures

before and after relaxation are shown in figure 1. It is seen that the optimized supercell is stable with suffi -

cient relaxation occurring in the  vicinity of the GB. Through cohesive energy calculations, we show that

the point defects form easily at the GB and can aid in the stabilization of H in substitutional and intersti -

tial positions. This result can shed light on the experiments that showed that segregation of H in the FeAl

crystal can eventually lead to macroscopic failure.  Further electronic structure and charge density analysis

are under way, to get deeper understanding of the embrittlement mechanism. The results of ongoing calcula -

tions will be included in the  conference presentation. 
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                                             (a)                                                           (b) 

Fig. 1: The (a) initial and (b) optimized structure of  Σ5[210]/(-1-20)  FeAl grain boundary. Light blue and
red indicates Al and Fe respectively.   In figure (b), the H positions are indicated in different colors. 
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Flotation is a physicochemical property-based separation process that has a wide range of applications varying 

from water purification to mining and metallurgical industries [1]. The general principle of flotation is that the 

valuable mineral particles are recovered from slurry by attachment to air bubbles that lift the particles to the 

surface of the slurry. Additional chemicals may be used to e.g. to make surfaces of particles hydrophobic.  

The role of the air bubbles dispersed through a rotor from the bottom of the flotation cell is important for the 

process. For example, the effect of the frothers affecting on the bubble size has been studied in [2] and models 

describing the generation of bubbles and froth performance have been presented in [3]. Furthermore, the bub-

ble size is an important factor [4]. However, there is a lack of on-line instrumentation for the process control 

of the mineral beneficiation processes. 

In this study, algorithms for machine vision –based system measuring bubble size inside the flotation cell are 

presented. The aim is to obtain better understanding of bubble behavior in different depths and locations of 

flotation cells and therefore faster responses to the changes in the process in order to improve flotation control 

and yield. The applied modular imaging probe consists of an illumination unit, a viewing unit and an electronic 

unit and is presented earlier in detail [5]. 

To measure the bubble size distribution, an image analysis algorithm was developed and implemented in Py-

thon using the OpenCV library. The algorithm consists of preprocessing, segmentation and measurement steps. 

First, each image is preprocessed. Grey-world white balancing is applied to the colour images, the images are 

then converted into 8-bit grayscale images and median filtering is applied to reduce the noise. Then, the inten-

sity is normalized.  

After preprocessing, the images are segmented using thresholding and morphological transformations. The 

segmentation and transformations are carried out in two stages, first for the smaller bubbles and then for the 

larger ones, because some of the larger bubbles are lighter in colour, which causes the first thresholding to 

miss them. The thresholded images are filtered with morphological operations to reduce noise. The resulting 

two binary images are then combined. This results in a single binary image where most of the bubbles were 

accurately represented by binary blobs. Ideally, bubbles should have no concave shapes in them. Thus, a con-

vex hull is applied to each blob to get rid of any unevenness on the edges. Finally, the size of partially visible 

bubbles cannot be accurately measured and therefore blobs touching the borders are removed. Thus, the final 

segmented binary image consists of white convex blobs on a black background. 

In the final measurement step, the centroids and diameters of the blobs were extracted from the segmented 

binary image using the OpenCV function simpleBlobDetector. The function calculates the diameter for the 

blob by calculating a diameter for a circle with the same area as the blob. For the purposes of this analysis, the 

diameters are then converted into micrometres using the known resolution 3.4 μm/pixel. 

The developed algorithm was used to analyse the 25 data sets measured from different depths of an industrial 

size flotation cell at a mineral benefication plant. Each of the sets consisted of approximately 400 images. The 

diameters from each image within a set were combined to form a single distribution. From the resulting diam-

eter distributions, a mean diameter of the bubbles (D10), a Sauter mean diameter of the bubbles (D32) and the 

amount of bubbles per image (N) were calculated for each set (Figure 1a-c). The amount of bubbles per image 

varied between 14 and 55, the normal mean diameter varied between 220 and 350 μm and the Sauter mean 

diameter varied between 460 and 1,160 μm. The results indicate that the amount of bubbles per image is the 

smallest closest to the bottom of the flotation cell and increases towards the surface. However, closer to the 

surface, the amount of bubbles actually starts to decrease. This might be explainable by the increase in bubble 

size closer to the surface: as the bubbles are larger, there simply is not enough space in the volume or the 

imaging area for so many bubbles. 



To evaluate the error of the image analysis algorithm, analysis results were compared to ground truth data. To 

generate the ground truth, images were annotated by hand using a custom MATLAB tool, which allows the 

user to draw circles by selecting two points on the opposite sides of the circle (Figure 1d). The root mean 

square errors obtained from the analysis were 4.2 %, 5.0 % and 3.8 % for D10, D32 and N, respectively.  

To conclude, the tests showed that the concept is valid: the bubbles were clearly visible and could be recorded 

from the nearly opaque slurry and the image processing algorithms could be successfully applied to accurately 

measure the size of the bubbles. The technique overcomes many of the issues raised with earlier bubble size 

analysers: the device itself is easy to operate and can be fixed to a flotation cell for on-line measurements, data 

can be collected and observed in real time, and with dedicated software, fully automated real-time analysis 

would be possible. To further increase the accuracy of the image processing system, state-of-the-art neural 

network-based segmentation methods will be explored. 

The on-line measurements could also be used as a part of the process diagnostic system, aiding in disturbance 

detection and timely recovery. Moreover, it could be applied obtain faster responses to the changes in the 

process in order to improve flotation control. In the process design phase the system could improve under-

standing of bubble behavior in different depths of flotation cells with different equipment configurations. 

 

Fig. 1: The number of bubbles, D10, and D32 as a function of measurement depth (a, b, and c respectively); and an 

annotation example (d).  
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Fifteen elements of lanthanide group plus Yttrium and Scandium are known as Rare Earth Elements 

(REEs). Because of their unique physicochemical properties (e.g. fluorescence, phosphorescence, …), 

they have a wide range of applications in technology [1-3]. Phosphate minerals are known as potential 

resources for REEs. Because of low percentage of these elements in phosphate minerals, deeper study 

of physiochemical properties of REEs from leaching solution systems of these minerals is required [4]. 

In this study, for the first time the surface chemistry and porosity of rare earth phosphate compounds 

will be evaluated via 129Xe NMR. Chemical shift of adsorbed 129Xe in materials is extremely sensitive 

to its local environment, and therefore xenon is an ideal probe to study surface and porosity of samples 

[5,6]. Detailed characterization and structure elucidation of these compounds is carried out 

with 31P solid state NMR [7]. The detailed structures of REE-phosphates are optimized and the 

experimental xenon and phosphorous chemical shift tensors are explained by the first principles Density 

Functional Theory (DFT) calculations of both periodic and cluster models of the materials. 

 

          
 
    Fig. 1: Left: FESEM image of LuPO4.nH2O sample. Chemical shift of 129Xe in LuPO4.nH2O sample at  

     range temperature from 200-300 K. 
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UVSOR synchrotron (Okazaki, Japan) started its operation since 1983 and completed a second upgrade 

program (UVSOR-III project) in 2012 [1]. Then, quasi-diffraction limit and higher brilliance of the light 

source were successfully achieved. In this upgrade project, a scanning transmission X-ray microscopy 

(STXM) beamline, BL4U, was constructed to take advantage of the upgraded light source after installing an 

in-vacuum undulator in the last straight section of a storage ring [2]. The STXM is a microscope with high 

spatial resolution based on near edge X-ray absorption fine structure (NEXAFS) spectroscopy measured in 

transmission mode. NEXAFS enables to analyze local chemical states around a target element with specific 

energies. In soft X-ray region, the STXM can become a powerful analytical tool for soft materials because of 

a lot of absorption edges of light elements and transition metals. It is typical use for the STXM to perform 2-

dimensional NEXAFS and, in these years, many users demand a measurement of the sample in special con-

dition, such as the sample in water or in atmospheric pressure, humidity, and temperature, for additional in-

formation. Therefore, we have been developing special measurement techniques besides the operation for the 

users [3-5]. 

 

1. 3-dimensional spectroscopy 

The one of the advantages of the STXM is high transmittance of the X-ray. That enables to perform 3-

dimensional observation by computer tomography (CT) without any destructive process. The CT recon-

structs a cross sectional image of the sample as a 2-dimensional distribution of liner absorption coefficients. 

By changing the energy of the incoming X-ray, 3-dimensional spectroscopy can be performed.  

An isolated cell nucleus of HeLa S3 cell was used as the sample. The cell nucleus was fixed by glutaralde-

hyde. After critical point drying process, the isolated cell nucleus was glued on a tip of a tungsten needle by 

using a crystal bond under an optical microscope with micro-manipulators. In the CT measurement, 41 X-ray 

transmission images (energy stack) were acquired by changing the X-ray energy from 397 to 410 eV. 50 en-

ergy stacks were acquired by rotating the sample 3.6 each (180 rotation in total). Then, a size of one image 

was 88 µm2 with 5050 pixels and a dwell time was 2 ms. In the reconstruction, the X-ray transmission 

images of the energy stack were aligned and 2D distributions of DNA and protein were obtained by fitting 

their reference spectra to each energy stack by using aXis2000 software [6]. Sinograms were extracted from 

data sets of the 2D distributions of DNA and protein respectively and cross sectional images were recon-

structed by home-made filtered back-projection algorithm. The reconstructed 3D distribution of DNA and 

2D distribution of DNA and protein are shown in Fig. 1 [4]. 
 

 
 

Fig.1: Distributions of DNA and protein of the isolated nucleus of a HeLa S3 cell. A 3D volume projection image of 

DNA (a) and a cross sectional images of DNA (b) and protein (c) (position is shown in (a) by a dotted line), respective-

ly. Bright color shows high density. Scale bars are 2 µm. 

 

(a) (b) (c) 



2. NEXAFS of lithium K-edge 

In BL4U, an energy range from 150 to 770 eV is typically available. UVSOR synchrotron (750 MeV, 300 

mA) was designed for use of low energy region so that the energy range can be extended toward low energy 

region to increase the target elements, such as lithium (K-edge at 55 eV). However, there are mainly two 

problems, which are contamination of the spectra by short focal length (i.e. working distance) of a focusing 

optics, a Fresnel zone plate (FZP), and a lot of higher harmonics. We overcame these issues simultaneously 

by designing a new FZP. Parameters of the new FZP are as follows; diameter of 240 µm, outermost zone 

width of 60 nm, a gold central stop of diameter of 95 µm and 50 nm gold patterns on silicon substrate of 

thickness of 200 nm. At the energy of 55 eV, the focal length of the new FZP is 640 µm, which gives suffi-

cient working distance for BL4U. The higher harmonics above 100 eV are drastically decreased by Si L2 and 

L3 absorption edges of the substrate by less than 1%. Then, resolving power of monochromator (E/E) and 

the spatial resolution were estimated as around 1,700 and 83 nm, respectively [7]. 

As a test measurement, a small droplet of LiCl solution on a silicon carbide membrane of 100 nm thickness 

was measured. Figure 2 shows (a) an optical density image at the X-ray energy of 60 eV and (b) its spectrum 

around Li K-edge. From comparison with Fig. 2(b) and spectra in reference, the droplet of LiCl reacted with 

CO2 in the air and became mixture of LiCl and Li2CO3. 

 

 
 
Fig. 2: (a) An optical density image of a droplet of LiCl2 solution and (b) its spectrum around Li K-edge. In the plot, 

blue and red arrows show characteristic peaks of LiCl and Li2CO3, respectively. 

 

3. Development of analytical linkage system 

In 2014, a spacecraft, “Hayabusa2” was launched for a small asteroid “Ryugu”. The spacecraft already col-

lected some stones as samples from both surface and inside of the asteroid directly and will return to the 

earth in 2020 [8]. The returned sample will be analyzed by synchrotron-based CT and XRD, TEM, SEM, 

NanoSIMS, and the STXM in different facilities. To obtain maximum information from the returned sample 

as much as possible, we established a protocol to analyze them without contamination by air, water vapor, 

hydrocarbon, dusts and etc, throughout the procedure. Then, a vessel to transport the sample among the facil-

ity and a sample transfer system for each analytical tool are necessary. We have developed a sample transfer 

system and a separable sample cell for the STXM [5]. The sample transfer system is currently used for a re-

hearsal of the analytical linkage system by using meteorites from the Atlantic pole and analysis of batteries. 
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Silicon is a promising material as it is non-toxic and abundant in nature. Silicon nanocrystals (Si NCs) 

have innumerable applications which include their use as sensors [1], optoelectronics [2], electroluminescent 

displays [3]. Further, observation of optical gain in Si-SiO2 nanocomposite (NCp) [4] has stimulated the re-

search in this NCp. Raman spectroscopy being sensitive to local bonding environment is expected to give the 

information about interaction between constituent semiconductor NCs and matrix and its effect on formation 

and properties of a NCp, which is invisible by standard optical microscopy. Further, Raman spectroscopy 

equipped with imaging can depict a variation in the spectral information at spatially different positions and 

one can rapidly see how phonon parameter alters within a NCp film.  

In Si-SiO2 NCps, large variation in Si optical phonon from 495 - 519 cm-1 has been reported [5-7], 

however, clear clue to their origin had remain elusive. Herein, Raman imaging of Si-SiO2 NCps grown using 

pulsed laser deposition is presented to elucidate the origin of this variation reported in literature and observed 

by us [8,9]. Raman image shows presence of representative different Si phonon in the range ~ 495 - 519 cm-1 

over bright region (Fig. 1). Based on the difference in the line shape of Si phonons, these phonons are broadly 

separated in three different frequency regions as, i) 495 - 510 cm-1 (low frequency (LF) phonons:  Lorentzian 

line shape), ii) 511 - 514 cm-1 (intermediate frequency (IF) phonons: asymmetric line shape which cannot be 

fitted using phonon confinement model) and iii) 515 - 519 cm-1 (high frequency (HF) phonons: asymmetric 

line shape which can be easily explained using phonon confinement model). 

In order to obtain a clue to origin of LF and IF phonons, Raman spectroscopy monitored local laser 

irradiation (LI) experiment was designed and per-

formed on desired frequencies located using Raman 

imaging. In this five-step experiment, changes in Ra-

man spectra were measured, while laser irradiation 

was kept ON and OFF for certain durations. Based on 

the difference in line shapes of Si phonons and their 

behavior during the LI experiment, LF (495 - 510 cm-

1) and HF (515 - 519 cm-1) phonons were attributed to 

the surface/interface of Si NCs-SiO2 matrix and core 

of Si NCs, respectively. For IF (511 - 514 cm-1), 

mainly two types of phonons, IF1 and IF2 with very 

different asymmetric line shape as well as intensities 

were observed in Raman imaging. It was found that 

both IF phonons can be explained using superposition 

of LF and HF phonons, considering that these pho-

nons originate from intermediate size Si NCs and thus 

have contributions from both surface/interface and 

core phonons in different proportion.  

Further, Stokes/anti-Stokes Raman spectros-

copy measurements were performed for LF, IF and HF phonons to calculate the local temperature. It was found 

that the calculated temperature comes out to be room temperature (~ 290 - 300 K) using HF phonons. However, 

unusual local temperature (varying from ~ 550 K to 50 K during LI experiment) was found using LF and IF 

phonons. This suggests the possibility of Resonance Raman scattering for LF and IF phonons, which was 

investigated using wavelength dependent Raman imaging. Wavelength dependent Raman imaging was per-

formed with similar power density ~ 4-5 kW/cm2 (0.5 s acquisition time) using 441.6 nm, 488 nm and 514.5 

nm excitations on same site with the help of visual guidance (Fig. 2). It is noteworthy to observe that LF and 

IF phonons could be observed only using 441.6 and 488 nm excitations, whereas, HF phonons are observed 

Fig. 1. a) Raman image generated using intensity of 

phonon in the range 490 - 525 cm-1, where red color 

shows LF phonons, blue color shows IF phonon and 

green color shows HF phonons and c) corresponding 

normalized Raman spectra on positions as marked in 

Raman image (b). Solid lines show Lorentzian and 

PCM fit to raw data (+ & ×). Solid line (blue color) 

shows raw data for IF phonon. 
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with all three excitations.  Further, the ratio of intensities of interface and core phonons (ILF/IHF) is > 1 was 

observed. This is quite surprising knowing that these phonons are coming from much smaller volume (interface 

~ 5 - 10 Å). This suggests that either there is very large density of very small Si NCs, where from interface 

phonon contribution is dominant or these phonons are observable due to Resonance Raman scattering. If it is 

the first case, interface phonons should then be observable with 514.5 nm excitation source also. Excitation 

dependence of LF and IF phonon’s intensity clearly shows that enhancement of Raman signal due to resonance 

is crucial to the observance of these phonons. Whereas, HF phonons show non resonant behavior like bulk Si 

phonon and thus these phonons are observable with all the three excitation laser sources. This understanding 

was also found to be consistent with the observation of such a strong signal coming from surface/interface of 

Si NCs in Si-SiO2 NCp. The correlation of our results and data from literature showed that LF, IF and HF 

phonons originate from smaller size (< ~ 4 nm), intermediate size (~ 4 nm to ~ 6 nm) and larger size (> ~ 6 

nm) Si NCs, respectively. 

Observed results were further corroborated with absorption spectroscopy and XPS. Correlation of ab-

sorption spectrum with Raman data clearly brought out the proximity of real energy level to the laser excita-

tion/s and corresponding Raman signal enhancement due to resonance. Further, XPS measurements showed 

observance of Si1+, Si2+ and Si3+ suboxide states with higher intensity in the NCps corresponding to higher 

content of HF, IF and LF phonons in Raman imaging, respectively.   

 

 

 

 

 

 

 

 

 

 

In short, in Si-SiO2 NCps grown by pulsed laser deposition, large variation (495 - 519 cm-1) in Si phonon 

frequencies was shown to arise from surface/interface of smaller Si nanocrystal and core of larger Si nano-

crystals dispersed in SiO2 matrix. Further, it was found that the resonance Raman scattering is crucial for the 

observance of these surface/interface phonons. The large size distribution of Si nanocrystals in these NCps 

was used advantageously to probe similarity and differences in Raman spectra under same experimental con-

ditions.  
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Fig. 2. a) Optical image of NCp, corresponding Raman images with excitation as b) 441.6 nm, c) 488 nm and d) 

514.5 nm showing observance of only HF phonons with 514.5 nm excitation laser. 

1 μm 

a 

441.6 nm 1 μm 

LF 

IF 

b 

HF 

488 nm 1 μm 

LF 

c 

IF 

HF 

514.5 nm 1 μm 

d 



Sensitivity of Synchrotron X-ray Diffraction to the Material’ Anomalies 

Harishchandra Singh*1,2, Manvendra N. Singh2, Anuj Upadhyay2, Archana. Sagdeo2, Anil K. 

Sinha2 

  
1Nano and Molecular Systems Research Unit, University of Oulu, FIN-90014, Finland 

2Indus-2, Raja Ramanna Center of Advanced Technology, Indore, India 

*Contact: singh85harish@gmail.com 

 

Keywords: Synchrotron X-ray, diffraction, multiferroics, low-temperature study 

In the quest of understanding significant variation in the physical, chemical and electronic properties of novel 

functional material at low temperature, precise low temperature Synchrotron X-ray Diffraction (LT-SXRD) 

measurements on Co3TeO6 (CTO; a type-II) and Co2.5Mn0.5TeO6 (CMTO; a type-I) multiferroics is presented. 

Zero magnetic field phase diagram of CTO indicates multiple antiferromagnetic (AFM) transitions at lower 

fields, whereas, enhancement in the coupling temperature (by 20 K) is observed in CMTO followed by near 

room temperature ferromagnetic (FM) correlations [1-5]. Thorough Rietveld analysis on LT-SXRD data on 

both the samples indicates an admirable observation. For both CTO and CMTO, observed clear anomalies in 

the structural parameters vs T at all the magnetic transitions (see Figure 1 a-c) suggests structural method as 

an effective tool to probe possible type, nature and investigations of intriguing (magnetic) phenomenon in 

various novel materials. Further, we have established a clear signature of spin lattice coupling and its traveling 

nature from CTO (AFM~26 K) to CMTO (AFM~45 K) using the same instant of anomalies in all the lattice 

constants and volume with T of AFM transitions.  

      

Fig. 1: Zero field cooled magnetization (a) and its first derivative (b) plot 

measured at 5 Oe are shown for Co3TeO6 (CTO) sample. Representative 

outcome of detailed Rietveld refinement on LT-SXRD data of CTO as a 

function of temperature, only one lattice parameters (i.e. a in Å) is 

shown. Errors in the structural parameter are also incorporated. 
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Knowledge of the contents of the main properties of crops is highly important for people working in 

the agricultural sector. For example, changes in the moisture content define the correct harvest time, 

whereas protein and oil contents can be used to define trading prices and correct use. Therefore, over 

the years several methods have been used to define these properties. Moisture can be defined easily 

from resistivity, but the other properties have proven to be more challenging. The most common 

methods rely on chemistry, near-infrared spectroscopy and NMR. Chemical methods provide the 

most accurate results and form the calibration reference basis for all other methods. However, 

chemical determination of the properties is slow and requires expensive equipment. Therefore, it 

would be desirable to have alternative ways for chemical precision determination of the properties. 

High-field NMR could do it, but it requires also very expensive hardware and specialized knowledge. 

During the past few years, however, technological advances have made it possible to develop new 

methods in the low-field NMR (LF-NMR) regime [1-3]. These machines are considerably smaller 

and cheaper than high-field NMR spectrometers making them attractive for smaller scale grain 

laboratories.  

In this study the feasibility of LF-NMR for defining protein, moisture and oil content was investigated 

in the case for cereal grains by using a modern Magritek Spinsolve 43Mhz proton LF-NMR 

spectrometer. Some studies by LF-NMR on different seeds have been previously performed with 

varying success. Good results have been observed especially for liquid components (moisture and 

oil), but defining especially protein has proven to be very difficult. The problem lays in the fast NMR 

relaxation times of the solid components and difficulties in distinguishing protein and carbohydrate 

signals. 
 

                    

Fig 1: An example of CPMG (left) and T1-T2 -correlation (right) spectrums. In the case of CPMG and T1-T2 -

correlation, the different components of the raw relaxation data are observed by a Laplace transform. In the T1-T2 x-

axis represents the T2-relaxation distribution measured by the CPMG and the y-axis the T1-relaxation 

distribution measured by INVREC.  

LF-NMR is dealing with proton relaxation, which can be described by longitudinal- (T1) or transverse 

(T2) relaxation time constants. In this study LF-NMR measurements were run through three different 



NMR pulse sequences to separate the various components of the wheat. The pulse sequences were: 

CPMG, T1-T2 relaxation correlation and solid echo.  

Both CPMG and T1-T2 relaxation correlation are so-called Laplace NMR experiments [4].  T1-T2 

relaxation correlation is a two-dimensional extension of CPMG and the experiment includes inversion 

recovery (INVREC) and CPMG parts where the data is collected such that INVREC is followed by 

CPMG. The advantage of two-dimensional experiment is that it can improve resolution and 

information of the spectrum. At best, T1-T2 -correlation can detect components that would go 

unnoticed in a one-dimensional experiment. 

The NMR signals of the solid components relax remarkably fast compared to the signals of the liquid 

components. Therefore the solid echo pulse sequence was used to improve the signal from the solid 

components (protein and carbohydrate) of the studied samples.  

 

                                           
Fig 2: An example of solid echo relaxation profile. At the beginning of the signal, very fast relaxation can be seen 

corresponding to the relaxation of the solid components while the rest of the relaxation corresponds to the liquid 

components of the wheat. 

As previous studies have shown, CPMG and T1-T2 measurements correlate well with the liquid 

components. Because CPMG and solid echo measurements are both one-dimensional dealing with T2 

-relaxation, the contents of liquid components calculated by CPMG can be subtracted from the solid 

echo signal, resulting in a combined protein and carbohydrate contents. However, while solid echo 

relaxation can be seen to be able to distinguish between the signals of the solid and liquid components, 

the problem is how to separate the two solid components which overlap with each other. The answer 

for the problem may be found from exponential fitting, which can be used to separate different 

components characteristic relaxation times and intensities of the solid echo relaxation data [5]. 
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Skin related illnesses such as skin cancer are common, and non-invasive methods for diagnosing them are 

beneficial.  As skin cancer occurance is increasing, their costs for the society have the same trend. Early de-

tection and accurate treatment lowers these costs and improves life expectancy of patients. Hyperspectral im-

aging is one way for early detection and guidance for the treatment. Skin physical parameter retrieval with 

hyperspectral camera or spectrometer is a non-invasive method of measuring the pigment concentrations and 

other parameters in the skin. [1] 

Hyperspectral camera is a device that captures multiple monochrome photographs in rapid succession, while 

controlling the wavelength of the light that gets through to the imaging sensors. Each monochrome photograph 

represents narrow wavelength range, such as 400nm – 405nm. There are usually approximately 100 of these 

monochrome images in one hyperspectral image. This hyperspectral image contains the same spatial data as 

the normal RPG-picture, but far more data in the spectral domain, that is, the interaction of the light and the 

subject of the image can be seen with more precision. [2] 

The goal of our research is to demonstrate and compare different machine learning algorithms in retrieving 

physical parameters, such as melanin concentration, from hyperspectral images of skin. The machine learning 

algorithms are used to inverse a model for light propagation in the skin. The model takes the physical param-

eters as an input, and produce reflectance data for each wavelength. The model we use in this research is a 

stochastic model, which utilizes Markov's chain to calculate the end distribution of the photons that enter the 

skin [adapted from 3]. The inversion methods we compare are convolutional neural network [4], stochastic 

gradient regressor [5], linear support vector regressor [6] and lasso regressor [7]. The inversion methods are 

also verified with hyperspectral data recorded in previous research on skin cancer diagnostics [1]. All machine 

learning algorithms are either implemented in scikit-learn Python library [8] or written by authors using Python 

programming language and Tensorflow library [9]. 

Stochastic model is a model that takes in chromophore concentrations and outputs a spectrum. Our aim is to 

invert this model with machine learning algorithms that take in a spectrum and output chromophore concen-

trations. The machine learning methods for inversion are selected by following criteria:  

1) Applicability for data format 

2) Applicability for data size 

The convolutional neural network fills both criteria, as it is proven to be good in image and signal regression 

problems, and it scales well to big datasets. The stochastic gradient descent regressor is also used in signal 

regression, and according to scikit-learn documentation, it is also a good fit for the size of our data, which is 

in range of hundreds of thousands pixels. The lasso regressor is chosen based on first criteria. Again according 

to scikit-learn documentation, it is good when only some of the input parameters are important. This is the case 

with spectral data: the spectra will follow the same line in many places, but the differences are found in the 

color zone of the chromophore of interest. The linear support vector regression is included based on it’s ap-

plicability on pattern recognition. 

Our hypothesis is that the convolutional neural network will perform better than the others will. We also expect 

that the performance differences using simulated data to be quite small, as the simulated data is very clean and 

noiseless. The real test comes from the data recorded from patients. We expect that the convolutional neural 

network will perform well with it too and the gap to other algorithms might increase. 

If our hypothesis is correct it implicates that in future research, convolutional neural network is a good candi-

date to use in physical parameter research. If the results are good on patient data, our method could be further 

improved to measure some specific traits of for example cancerous skin. It would be even possible to measure 



chromophores in the tissues deeper in the skin, provided that the chromophore of interest is not masked by 

other chromophores in the layers above. If the results are poor on the patient data with all machine learning 

algorithms, it indicates that the training data is not representative enough. There might be need for better mod-

els for optical properties of skin. One possible path to take in future might be to use generative adversial 

networks [10] to produce more data similar to measured data.  
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The normal functioning of virtually all human tissues relies on the interplay between proteins that allow 

charged ions to move across cell membranes. The ion transfer enabled by these proteins is responsible for 

creating electrophysiological signals that allow cells to e.g. react to a physical stimulus, maintain homeostasis, 

secrete hormones or transfer information to other cells. Among these proteins are ion channels [1], which allow 

the passage of specific ions through the otherwise hydrophobic cell membrane.  

The fast development of molecular biology as a tool for diagnostics has significantly increased the understand-

ing of pathophysiology of diseases among clinicians. This has led to an increasing number of e.g. diseases 

associated with mutations in ion channel encoding genes (collectively known as channelopathies [2]), which 

has facilitated the design of more selective treatments. However, in many cases, the functional significance of 

a given mutation can be complex and clinical evaluation alone may not be enough to guarantee the right and 

specific therapeutic target to treat the patient. Among the steps to overcome such hindrances would be to carry 

out electrophysiological assays at cellular and subcellular level, and shed light on the molecular mechanisms 

underlying a disease. 

The University of Oulu and Biocenter Oulu, together with the Oulu University Hospital, have an outstanding 

history of medical research on various inherited or acquired diseases. With respect to many essential method-

ologies for studying pathophysiology, Oulu has excellent infrastructure and expertise, but a laboratory for 

cellular level electrophysiology has been lacking. Here, we present a new laboratory located at the Kontinkan-

gas campus that has potential to fill this gap and help in untangling the mysteries of various channelopathies. 

In its current state, the laboratory consists of three electrophysiological rigs: two patch-clamp rigs and a rig 

suitable for discontinuous voltage/current clamp recordings in vivo. Patch-clamp is a recording technique de-

signed for studying ionic currents responsible for generating electrophysiological signals, such as neuronal or 

cardiac action potentials [3]. To record ionic currents across the whole cell, a hollow glass electrode (microe-

lectrode) has to make a tight seal with the membrane of a cell, resulting in small membrane patch bulging out 

into the electrode. By rupturing this patch, the electrode comes in contact with the cytosol and an electrical 

control over the whole cell membrane forms. Currents across the membrane are then evoked and measured by 

applying a desired stimulus, such as voltage pulses or neurotransmitters. An alternative approach is to tear off 

the patch from the rest of the membrane, and record minuscule currents produced by one or a few ion channels. 

Further control over the cell membrane conditions is achieved through the manipulation of microelectrode and 

cell bathing solutions. The ionic milieu of cells can therefore be adjusted to a desired composition, and different 

pharmacological agents and chemical messengers (e.g. neurotransmitters) can be applied to the bath. 

The first patch-clamp rig is designed especially for ex vivo tissue slice recordings, but can also be utilized for 

in vitro studies with isolated or cultured cells (Fig. 1). The slice/cells lie inside a recording chamber with 

continuous saline perfusion. Depending on the required conditions, the perfusion saline can also be heated and 

oxygenated. The computer-controlled patch-clamp amplifier (Molecular Systems Multiclamp 700b) has the 

support for two patch-clamp headstages, thus allowing simultaneous recordings from two patch-clamp elec-

trodes. There is also support for two auxiliary headstages that can be used for e.g. ion-sensitive or extracellular 

recordings. In addition to single channel and whole-cell recordings, the amplifier is also suitable for recording 

extracellular voltage signals, such as action potential trains in rodent brain slices. The cells are viewed using 

an upright microscope with water immersion objectives and an IR camera. The microscope stage offers good 

flexibility with the possibility to install different components according to need. For example, up to four Sen-

sapex micromanipulators for driving electrodes or a rapid solution exchanger system. The system can also 

easily be upgraded if epifluorescence microscopy during recordings is required. 



The second patch-clamp rig is suitable for single channel and whole-cell recordings with cultured or isolated 

cells in room temperature. The amplifier (Molecular Systems Axopatch 1-D) has support for one patch-clamp 

electrode, and is well suited for recordings with small cells. The plastic cell chamber on the stage of an inverted 

microscope has an inlet and an outlet for syringe-based washing in/out of different salines, but no continuous 

perfusion. This makes the second patch-clamp rig suitable for most voltage and current response recordings 

where fast application of solutions is not required. 

The third electrophysiology rig (in vivo intracellular rig) offers the possibility for whole cell recordings in 

intact or semi-intact tissues. Although it does not offer the same amount of flexibility for recording conditions 

as the other two rigs (such as solution exchange), the amplifier (NPI SEC-

10L or NPI SEC-05L) at its heart confers more reliable voltage and cur-

rent signal recordings due to its discontinuous mode of operation. Fur-

thermore, recordings using a sharp microelectrode do not require visual 

control over electrode guidance, which makes it possible to record from 

cells in tissues that would be otherwise unreachable with the patch-clamp 

rigs. The rig is also suitable for injecting intracellular fluorescent dyes for 

identification of cell types and/or studying cell morphology. These prop-

erties make the third electrophysiology rig ideal for studies where cellular 

function in an intact organism is of interest. 

In summary, with its versatile equipment and 

flexibility for upgrades, the new Kontinkan-

gas electrophysiology lab offers excellent 

supplementary means for: 1) discovering the 

functional implications of dysfunction of 

proteins involved in electrophysiological sig-

naling; 2) testing different pharmacological 

agents for countering these dysfunctions.  
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Fig. 1: Patch-clamp rig #1 is suit-

able for in vitro and ex vivo exper-

iments with simultaneous record-

ing of up to four electrodes. The 

rig also enables various current 

and voltage recording configura-

tion, from the level of currents 

through single ion channels to ac-

tion potentials produced by a 

small network of neurons. 

http://www.scholarpedia.org/article/Ion_channels
http://www.scholarpedia.org/article/Ion_channels
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Statement of the Problem: Diagnostic categories in psychiatry based upon presenting signs and 

symptoms, fail to align with findings emerging from clinical neuroscience and genetics. Stigmatiza-

tion with diagnosis may even cause harm by preventing early intervention and masking of symptoms. 

Personalized multitude of mind of an individual remains unknown. Scientific objectives: Detecting 

effects of alcohol in cognition in schizophrenia from The Finnish SUPER study on genetic mecha-

nisms of psychotic disorders. Detecting association between prenatal exposure to maternal cigarette 

smoking (PEMCS) and addiction and other mental health problems in adults in Northern Finland 

Birth Cohort (NFBC) 1986. Isolation and imaging of exosome from serum samples of Finnish Ma-

ternity Cohort (FMC) 1990, 1992, 1998, 2008. Detecting effects of scientific knowledge in mental 

health awareness and stigma in parents of school going kids in Japan, Bangladesh and Finland. Uti-

lizing exosome imaging in e-mental health in Bangladesh and Finland. Methodology: Effects of al-

cohol in cognition in schizophrenia will be detected from The Finnish SUPER study on genetic mech-

anisms of psychotic disorders through statistical analysis. Exosomes have been extracted from 12 out 

of 426 serum samples (collected in 2001) from Northern Finland Birth Cohort (NFBC) 1986 by Ex-

oSpin® (Qiagen, Hilden, Germany) and ExoEasy® (Qiagen, Hilden, Germany) Serum/Plasma kits. 

Nanoparticle Tracking Analysis (NTA) and electron microscopy has also been performed. miRNA 

biomarkers typical for addictions and psychiatric disorders have been detected in these pilot samples. 

Extracellular vesicles including exosomes have been isolated from 4 serum samples using ExoSpinTM 

(Qiagen, Hilden, Germany) Serum/Plasma kits. Electron microscopy of extracellular vesicles has 

been performed from the same 4 serum samples using Tecnai G2 Spirit 120 kV TEM with Veleta and 

Quemesa CCD cameras (BF-funding). Findings: No association between prenatal exposure to ma-

ternal cigarette smoking 

(PEMCS) and addiction 

and other mental health 

problems in adults in 

Northern Finland Birth 

Cohort (NFBC) 1986 

have been found in pilot 

study.  Isolation and 

imaging of exo-

somes were done 

from serum samples 

of Finnish Maternity 

Cohort (FMC) 1990, 

1992, 1998, 2008. 

Conclusion & 

Significance: Exosome 

http://www.oulu.fi/cse/bisg/vainio
http://www.oulu.fi/nanomo/
http://www.oulu.fi/medicine/research-groups/unit-clinical-neuroscience
https://www.cellgs.com/items/microvesicles/exospin/


 

 

imaging and related 

scientific knowledge 

would be applied in 

mobile applications to 

eradicate stigma to-

wards mental health 

and addiction behavior 

and to manage mental 

health and addiction 

disorders in global 

perspective.  
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The possibilities of using properties of polarized light to assess raw meat freshness have not yet been 
sufficiently investigated, especially depolarization property which refers to scattering properties of a tissue. In 
current study, we investigated raw fresh meat samples (pork steaks) at room temperature with the polarized 
light to visualize the changes of the polarimetric parameters over time. The obtained results suggest a novel 
non-destructive diagnostic approach for monitoring meat freshness. 

We utilized a custom-built multi-wavelength Mueller imaging polarimeter which has been developed and 
installed in LPICM, Laboratory of Physics of Interfaces and Thin Films, Ecole Polytechnique, Palaiseau, 
France. A Polarization State Generator (PSG) consisting of a linear polarizer and two liquid crystals and a 
Polarization State Analyzer (PSA) consisting of the same elements, but assembled in a reverse order, were 
used for the generation and analysis of polarized light. The detailed description of the instrument can be found 
elsewhere [1]. A complete Mueller matrix of the sample was obtained from the measured set of sixteen raw 
intensity images by applying a set of linear algebra operations. To interpret the measured Mueller matrices of 
the tissue, they have been decomposed into the product of elementary matrices with well-defined polarimetric 
properties (including total depolarization) using the Lu-Chipman polar decomposition [2]. Mueller matrix M 
of the sample images was decomposed pixel-wise into a product of three matrices: depolarizer, retarder and 
diattenuator. Polarimetric images of the fresh meat samples were taken at different wavelengths (450 nm, 500 
nm, 550 nm, 600 nm, 650 nm, and 700 nm) with the imaging Mueller polarimeter. The samples of about 1 cm 
thickness were cut into 3x3 cm2 pieces, placed in a glass container, stored in air at room temperature. They 
measured several times during the day with the average interval of two hours, to observe the early changes in 
optical parameters due to spoilage process. Fig. 1 displays total depolarization images of (a) fresh sample 
during the first measurement and (b) stale/non-fresh piece of the same sample after 26 hours. The images were 
taken at 550 nm. As one can see, the degree of depolarization is very strong in both cases, but there is significant 
difference between two images. Furthermore, Figs. 1(a, b) show that some specific regions of the sample 
evolve differently with time. This process will be studied further.  

 

 

  

 

 

 

 

 

 

Fig. 1: Total depolarization imaging of a pork sample measured at 550 nm for (a) fresh (t=0h) and (b) non-fresh (after 26 

hours) stored in air  at room temperature. 

In Fig. 2(a), the changes of total depolarization spectra for fresh (solid line) and non-fresh (dashed line) have 
been displayed and, obviously, a clear difference between two spectra taken at different time can be seen in 
Fig. 2(a). The values of total depolarization were averaged over the pixels of corresponding images measured 

(a) (b) 
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at different wavelengths. Apparently, the value of total depolarization is monotonously increasing with the 
wavelength for both measurements, except for the dip at 550 nm which might be attributed to the myoglobin 
absorption. 

                    

Fig. 2: (a) spectral changes of total depolarization for fresh (t=0h; solid) and non-fresh (t=24h; dash) of meat sample; (b) 

changes of total depolarization over time at 550 nm for a fresh meat kept in room temperature for 26 hours. 

 

Fig. 2(b) shows the total depolarization at 550 nm as a function of time. The values of total depolarization 
increase with time.  

In conclusion, we assume that the increase of the total depolarization with wavelength could be referred to the 
decrease of light absorption by myoglobin in the red part of spectra, which, in turn, can lead to the increase of 
the average number of scattering events. On the other hand, the least amount of depolarization at 550 nm could 
be arguably explained by the highest absorption of myoglobin which is responsible for meat color. These 
changes in depolarization of fresh and non-fresh meat samples were easily detected in polarimetric images and 
graphs which could provide a non-invasive assessment of meat freshness, although further studies will be 
needed for a comprehensive analysis. 
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Introduction 

Calcified cartilage (CC) is a mineralized tissue located in the interface between the non-calcified articular 

cartilage and the subchondral bone. The thickness of CC is associated with the biomechanical environment 

and the development of osteoarthritis [1], a severe pathological condition of the joint. 

The analysis of two-dimensional histological tissue sections is considered the standard method for assessing 

CC morphology and joint pathology [2,3] ex vivo. Morphologic analysis requires tissue segmentation that is 

frequently carried out by the researcher, who manually annotates the borders of the target area. This is a time-

consuming process, especially for tissues with a complex shape. 

Deep learning, a particular machine learning method, has provided solutions for various medical imaging 

challenges in recent years. Neural network architectures have been developed for automatic image 

segmentation: UNet [4] being one of the most popular ones. Recently, transfer learning from pretrained 

networks has been used in combination with Feature Pyramid Networks for accurate and efficient 

characterization of high-level semantic features [5]. 

In this study, we used state-of-the-art deep learning techniques to automate the segmentation process of CC 

from histology. We show that the automatic method is reliable and able to distinguish CC features between 

different anatomical regions of the rabbit knee joint.  

Materials and methods 

A total of 16 healthy knees were harvested from eight 

skeletally mature New Zealand White rabbits under an ethical 

permit approved by the committee on Animal Ethics at the 

University of Calgary. The knees were divided into six 

anatomical regions: lateral and medial femoral condyle, lateral 

and medial tibial plateau, femoral groove and patella (n=87). 

The samples were fixed in formalin, decalcified using 

ethylenediaminetetraacetic acid solution, paraffin-embedded, 

and cut into 5µm thick sections (three sections from each 

region). The sections were stained with Masson’s trichrome 

and imaged using a light microscope (resolution = 2.56µm). 

The training data were generated by manually segmenting CC 

from 253 sections (Fig.1 a) using the ImageJ software 

(National Institute of Health, USA). The segmentations were 

then used to train a deep convolutional neural network with architecture similar to Solovyev et al. [6]. Briefly, 

we used a feature pyramid network with a ResNet-50 encoder and instance normalization in the decoder, 

applying spatial dropout with a 10% probability on 5-fold cross-validation. We trained the models for 100 

epochs, using a combination of binary cross-entropy and soft Jaccard index optimization loss. The inference 

was conducted on the full histology images (Fig. 1 b) using the average of predictions from all folds. To ensure 

the robustness of the segmentation, we used several image augmentations in the training process, including 

randomized affine transformations, scaling, intensity and color-space variations [7]. 

 

Fig. 1: A histological section from the rabbit 

femoral condyle segmented manually (a) and 

automatically (b). The areas that were not 

manually segmented (left and right) are not 

included in model training. 



To assess the performance of automatic segmentation, we evaluated the Dice score and Jaccard index on the 

evaluation folds. The obtained masks were used for automatic mean CC thickness analysis using a custom 

macro for the BoneJ plugin [8]. Consistency of the thickness analysis by different segmentations was assessed 

using two-tailed Pearson correlation. Regional differences were assessed using a one-way Welch’s ANOVA 

with Games-Howell post hoc test, not assuming an equal sample size or equal variance between groups. 

 Results and discussion 

Adding augmentations in the training of the model resulted in lower evaluation metrics on cross-validation, 

with a mean Dice score of 0.91, Jaccard index of 0.38, and evaluation loss of 0.09 (Table 1). However, we 

decided to use the models with augmentations to ensure robustness on new samples, as we expected the model 

to allow for automatic segmentation of CC with other histological stains. 

The CC thickness analysis on automatic and manual masks had a very strong correlation (r = 0.985, p < 0.01). 

Furthermore, automatic segmentation allows for the analysis of the full histology slices instead of the small 

mask used in manual annotation, and thus automatic segmentation provides a more comprehensive view on 

joint health. Based on Welch’s ANOVA, calcified cartilage thickness varies significantly between anatomical 

locations in the knee (p < 0.001). The Games-Howell post hoc test (Table 2) shows that the medial plateau has 

the thinnest CC, even when compared to the second thinnest CC in the lateral tibial plateau (p < 0.05). The CC 

was thickest in the patella and lateral femoral condyle. However, there was considerable biological variation, 

especially in the femoral condyle. Most likely, the changes in CC thickness are related to the local loading 

environment, indicating that shear increases CC thickness. 

Conclusions 

We demonstrated that the use of a fully automatic deep neural network allows for fast and reliable segmentation 

of CC for morphological analysis. This was demonstrated by using different anatomical regions of the rabbit 

knee joint, exhibiting different CC morphologies. CC was thinnest in the tibial plateau and thickest in the 

patella. In future studies, we plan to use the presented segmentation framework in three-dimensional computed 

tomography images to study the possible changes of CC morphology in osteoarthritis. 
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Table 1: Performance of the automatic 

segmentation pipeline. 

 
Without 

augmentations 

With 

augmentations 

Dice score 0.93 0.91 

Jaccard 

index 
0.87 0.83 

Evaluation 

loss 
0.116 0.091 

Training 

loss 
0.275 0.093 

Table 2: Mean absolute differences of mean CC thickness between the 

six regions (in µm): Lateral (LF) and medial (MF) femoral condyle, 

lateral (LP) and medial (MP) tibial plateau, femoral groove (G) and 

patella (P). Significance was assessed using the Games-Howell test. 

 MF LP MP G P 

LF 42,5 63,1* 82,4** 33,3 9,1 

MF  20,6 39,9*** 9,2 51,6*** 

LP   19,3* 29,8** 72,2*** 

MP    49,1*** 91,5*** 

G     42,4** 

             *p < 0.05, **p < 0.01, ***p < 0.001 
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Mycobacterium tuberculosis (Mtb) is the causative agent of the most prevalent human-life-threatening disease 

called Tuberculosis (TB) [1]. Multiple virulence factors have been found to be involved which would enable 

the pathogen to invade and replicate inside the host cell resisting and modulating the host immune response. 

One such set of virulence-associated protein is Mammalian Cell Entry (Mce) protein complex [2-3]. There are 

four such similarly organized operons, Mce1, Mce2, Mce3, and Mce4 in the genome of Mtb. Each Mce operon 

comprises of at least two yrbE (A and B) and six Mce genes (A, B, C, D, E, and F). In addition, Mce1, Mce3 

and Mce4 operons have Mce-associated membrane (Mam) proteins [3-4]. It has been proposed that these Mce 

operons encode ATP-binding cassette (ABC) like lipid transporters with yrbEA and yrbEB acting as trans-

membrane permeases and MceA-F acting as substrate binding proteins for transporting the molecules across 

the membrane [3]. Moreover, researcher have discovered that Mce1 proteins complex is associated with mam-

malian cell invasion of the pathogen [2] as well as in the transport of fatty acids including mycolic acid [5]. 

However, the details on the role of Mce1 proteins complex in lipid transportation and its contribution on path-

ogenicity of Mtb is still unclear. Therefore, we are aiming to study the mechanism of lipid transport mediated 

by Mce1 proteins complex by structural and functional characterisation. The main objective of my study is to 

solve the high-resolution structure of Mce1 protein sub-complex (Mce1ABCDEF) and to characterize its role 

in the transportation of lipids in Mtb.  The structural and functional characterization of Mce1 sub-complex will 

further reveal not only the architecture of Mce proteins, but also the mechanism of speculated lipid transpor-

tation in Mtb. Hence, this would ultimately help to get new insights into the pathogenesis of mycobacteria that 

can be implicated for better medications in TB. 

 

Recently, a homohexameric Cryo-

EM structure of mce proteins from E. 

coli [6] and Acinetobacter baumannii 

[7] has been solved. There are quite 

interesting similarities and 

differences between the systems in E. 

coli/A. baumannii and Mtb.  In Mtb, 

there are six Mce proteins (Mce1A-

1F) in contrast to one in 

MlaD/PqiB/YebT. Moreover, at 

sequence level, the Mce1A-1F have 

additional domains. Hence, based on 

this information, we propose that in 

Mtb, Mce proteins might form hetero-

oligomeric assemblies (in contrast to 

homo-hexameric structures of Mce 

proteins of E. coli and A. baumannii) 

with a central channel mediating lipid 

transport (Figure 1). Inorder to prove 

this hypothesis, we have successfully 

co-express and co-purify all six 

proteins (Mce1A-1F) together (Figure 2A). The interactions of six proteins were confirmed by affinity pull 

down of all five Mce1 proteins; Mce1B, Mce1C, Mce1D, Mce1E and Mce1F, with Strep-tagged Mce1A pro-

tein. In addtion to this, we have imaged this subcomplex with the help of negative staining electron microscopy 

Figure 1: Proposed arrangement of Mce1A-1F proteins in a hexameric or 

higher oligomeric state (left) & entire Mce1-complex embedded in the cell 

wall of Mtb (right). The figure is adapted from Ekiert et al. 2017 and Wil-

burn et al. 2018. 



(EM) (Figure 2B). Further experiments to get the high-resolution structure of this complex by cryo-EM is on-

going. Besides, working on this sub complex, we are also working on truncated constructs of  individual Mce1 

proteins, to find the lipid binding domains and interactions domains, with the help of Isothermal titration 

calorimetry (ITC).    
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Figure 2 (A) Gel filtration and SDS-PAGE analysis of proteins co-purified with Strep-tagged mce1A. In the image of SDS-

PAGE, band identities were assigned based on MS. The five-Mce1 proteins (Mce1B/C/D/E/F) are co-eluting with Strep-tagged 

Mce1A protein revealing that they are interacting with each other forming Mce1ABCDEF-sub-complex. (B) Negative stain EM 

micrographs of Mce1ABCDEF-sub-complex before (top) and after GraDeR treatment (bottom). In GraDeR, free detergent mi-

celles were removed from Mce1ABCDEF-sub-complex stabilized in LMNG detergent by glycerol gradient ultracentrifugation 

(GraDeR). 
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The outer surface of plants is covered by cuticular wax, which plays a role in non-stomatal water loss, 

protection from UV rays and plant defense. We have characterized the the cuticular wax in bilberry (Vaccinium 

myrtillus), lingonberry (Vaccinium vitis-idaea), bog bilberry (Vaccinium uliginosum) and crowberry 

(Empetrum nigrum) fruits using GC-MS. Triterpenoids were found to be dominant compounds in bilberry and 

lingonberry cuticular wax. Fatty acids and alkanes were found to be the dominant compounds in bog bilberry 

and crowberry, respectively. Berry waxes show good in vitro Sun Protection Factors (SPFs) depicting high 

UV-B absorbing capacities.  Imaging using Scanning Electron Microscopy (SEM) revealed differences in the 

three dimensional epicuticular wax morphologies among studied berries. The berry press cakes (residue of 

berry juice industry) of bilberry and lingonberry were utilized to extract wax using Supercritical Fluid 

Extraction (SFE)  and linoleic acid and γ-linolenic acid were found to be the dominant compounds in these 

samples [1]. Developmental and environmental factors play an important role in cuticular wax biosynthesis 

[2]. Therefore, in our second objective, the composition of bilberry and glossy mutant cuticular wax was 

studied through the course of ripening. A comparative analysis of the cuticular wax composition, morphology 

and gene expression of wax related genes between glossy mutants and wildtype bilberry fruit was done and 

differences found. Further, in our third objective, we are studying the effect of environmental factors such as 

temperature, UV light and geographical locations on the composition and morphology of bilberry cuticular 

wax. Our study will bring new information on the composition, morphology, biosynthesis and effect of 

environmental factors and utilization of industrial wastes of berry juice industry for potential applications in 

food and cosmetics.  

1. Trivedi P et al. 2019. Developmental and environmental regulation of cuticular wax biosynthesis in fleshy fruits. 

Frontiers in Plant Science, section Crop and Product Physiology.Mini Review. ID 442170  
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Chemistry DOI: 10.1016/j.foodchem.2019.05.134) 
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In contrast to the conventional view that the same cell subtype having the same physical and chemical proper-

ties, recent studies have shown that the cells are unique from one another. This opened a new regime of the 

significance and the necessity of single cell study. Studying the physical properties of a cell without damaging 

it is challenging, and when it comes to studying single cell properties, it demands intense human labour and 

time. However, some physical properties of cells, for example cell morphology can be visualized. Machine 

vision can be utilized to extract cell features from microscopy image/video and to map to definite physi-

cal/chemical properties. By which, the single cell analysis becomes easier and feasible to analyse large number 

of cells in short time span. 

 

The cell of my research interest is Human Umbilical Vein Endothelial Cell (HUVEC) that forms the interior 

of blood vessels and lymph vessels. The formation of new blood vessels (angiogenesis) and vessel morphology 

during the embryonic cardiovascular development, and vascular homeostasis controlling blood vessel perme-

ability, and angiogenic responses in adults are regulated by angiopoietin growth factors (Ang 1-4) and their 

Tie (Tie1 and 2) receptors signalling system. The Ang-Tie signal system becomes crucial among the common 

diseases where vasculature dysfunction is involved. For example, neovascular ocular diseases, and cancer 

[1][2]. The gene deletion associated with Tie receptors or Ang deletion or Tie receptor/Ang deficiency play an 

important role in the regulation of angiogenesis, and the vascular morphology [3]. Studying the single cell 

properties as a function of the receptor concentration on the cell thus becomes vital. 

 

Here, in the poster, I concentrate on Tie2-Ang1 signalling system. Green fluorescent protein (GFP) tagged to 

Tie2 in HUVECs enables tracking the translocation of Tie2 receptors, when it comes in contact with Ang1 

coated microbeads. Ang1 induces the translocation of Tie2 receptors to cell junctions. Machine vision-based 

cell segmentation and quantification of GFP fluorescence distribution over the microbeads can be used to 

classify the cells based on Tie2 receptor concentration.  

 

 
Fig 1: a) HUVEC attached to two 7𝜇m microbeads, one on top and the other in the bottom; confocal and brightfield images are 

combined (40x, water immersion objective). Tie2 receptor growth over the microbead can be observed b) The segmented cell image 

fitted with a circle, and centroid is marked. c) 3D representation of accumulator. The largest peak corresponds to the major lines, which 

in result construct the circle fit in Fig1.b 

The HUVECs were suspended in 10% Fetal Bovine Serum in Endothelial Cell Basal Medium with supplement 

and penicillin-streptomycin added to it. Ang1 coated 7𝜇m microbeads (carboxyl polystyrene microspheres) 

were mixed to the cell suspension (5𝜇L of beads were suspended in 495 𝜇L of 1% Bovine Serum Albumin in 



Phosphate-buffered saline solution and 500ng/ml Ang1 added to it). The cells those are attached to one or two 

beads were separated and imaged in Leica SP8 FALCON confocal microscope. The images were collected at 

room temperature and were taken within one hour since the cell suspension was exposed to the room temper-

ature. 

 

The floating cells appear to be spherical in shape, Fig1a. In the image, receptors growth onto the bead is seen. 

The idea is to quantify the receptors growth on top of the beads, and to see if there exists any correlation 

between the receptor concentration in the cells and the receptors overgrown onto the microbeads. For that, one 

needs to segment the cell and differentiate it from the receptor grown on the microbead. Active Contours 

Without Edges was used to segment the cells [4], and with Hough Transform the cell body was separated from 

the receptors grown onto the microbeads, and it helps in quantifying the receptor growth, the maximum area, 

and length covered on the bead surface. 

 

This machine vision-based quantification is a follow-up of cell restoring force study of two classes of HU-

VECs, classified based on the Tie2 receptor concentration (high and average Tie2 receptor concentration) with 

optical tweezers. The ground truth is considered as the results obtained from the optical tweezers-based study 

(The new results are yet to be published). 
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Geopolymers are a low cost and eco-friendly alternative to cement as a construction material. Geopolymers 

are synthesized from aluminosilicate sources and alkali activators. Compared with cement-based materials, 

geopolymer production releases a small quantity of carbon dioxide. Additionally, geopolymers have favorable 

mechanical properties such as high compressive strength and high acid resistance [1-2]. Several factors 

determine the mechanical properties of geopolymers, including the curing process and pore structure [3]. For 

the commercial applications, it is important to understand and characterize the curing process and pore 

structure of geopolymers. Many works have studied the curing process and pore structure of cement-based 

materials by using NMR relaxometry methods, but few studies have been performed in geopolymers [4]. 

Here, we characterized three metakaolin-based geopolymers with different water contents using NMR 

relaxometry methods. To study the curing process of geopolymers, T2 relaxation was measured at various 

points during curing. During curing, T2 values decreased as the water was incorporated into the solid matrix. 

The total mobile water signal also decreased during the curing time. To study the pore structure in the three 

geopolymer samples, T1-T2 and T2-T2 correlation experiments were conducted after the samples were saturated 

with water. Three pore populations were found in both T1-T2 and T2-T2 maps. Three pores are attributed to the 

alumina-silicate cage, the arrangement of the cages and the pool of free water, respectively. 
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Calculation of NMR parameters helps in the prediction, assignment and analysis of spectra. Advanced 

methods are needed for such kind of interpretation. In this work, we present the application of the 

recently developed methodology for combined DFT and ab initio computation of paramagnetic shifts 

[1-4] to a series of 7 paramagnetic systems [Ln(III) with Ln = Pr, Nd, Sm, Eu, Er, Tm, Yb] with 1,10-

phenanthroline and diethyldithiocarbamate ligands (1:3 ratio). Theory and calculations were used to 

investigate the paramagnetic effect on the proton and carbon NMR spectra, thereby facilitating spectral 

assignment. EPR parameters were calculated to determine the paramagnetic contribution to the isotropic 

shift. Hyperfine coupling tensor (HFC) was calculated using the four-component relativistic approach 

[5] with hybrid PBE0 functional and 40% exact exchange. Furthermore, HFC was also calculated using 

DFT with relativistic pseudopotential on the paramagnetic centre. The g-tensor and (for total spin S > 

1/2) zero-field splitting tensor were calculated ab initio employing CASSCF and N-electron valence-

state perturbation theory [6]. The orbital shieldings were also calculated using DFT. The solution-state 

NMR spectra were recorded and spectral assignment was independently carried out with the help of 1D 

and 2D NMR. The total NMR shift calculated with four-component relativistic HFC proved to agree 

best with the experimental data in most cases. The method is promising for assignment of carbon and 

proton NMR signals in REE systems. 
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Clusters are tiny nanoparticles of only couple nm in diameter, consisting of a still well-defined number of 

atoms (few to few thousands). Their size dependent physical properties are unique from those of single at-

oms/molecules and the bulk, and characterizing these unique properties is of wide interest for elucidating the 

fundamental nature of matter. Clusters build the bridge between atomic and molecular physics and physics of 

condensed matter, they exist naturally and also have potential as building blocks of novel materials.  

We report on the development of a new “Multiuse set-up for cluster emission” (MUSCLE), capable of pro-

ducing clusters from almost any material, whether it be a gas, liquid or solid in ambient conditions. A single 

platform can thus serve various disciplines of science, e.g. water clusters mixed with guest molecules have 

implications on atmospheric aerosols and biological environments, metal clusters are of interest in materials 

sciences and rare gas clusters are important systems for building fundamental understanding of nanoscale 

physics. The source is based on the widely used principle of supersonic expansion and subsequent pick-up of 

other atoms/molecules (as for example the EXMEC source [1]), and it has been especially designed for gas 

phase experiments on clusters at synchrotron radiation facilities. A special focus has been on the newly built 

Finnish-Estonian Beamline for Atmospheric and Materials Sciences at the MAX IV laboratory [2], a UV and 

soft X-ray range beamline ideal for elemental and chemical characterization of the cluster species with electron 

spectroscopic methods. First experiments using the newly developed source have already been carried out, and 

we will present here a glimpse to the experimental design and results of various cluster types such as rare gas 

clusters (figure 1) and water clusters mixed with KCl (figure 2). Future perspectives are also presented. 

 

 

Fig. 1: Valence photoelectron spectrum (He 1α) of  

Ar clusters of various mean sizes <N>. 
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Fig. 2: Cl 2p photoelectron spectrum showing 

KCl molecules mixed in water clusters approx. 

2nm in mean diameter. 
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The availability of hard X-ray synchrotron radiation has opened up new avenues in gas-phase molecular pho-

toelectron spectroscopy. The possibility to create a very deep core hole via single photon excitation or ioniza-

tion enables studies of multitude of interesting phenomena like ultrafast electronic and molecular relaxation 

dynamics. 

 

The present work aims to answer to what extend the created deep core-hole feels its molecular environment. 

Is there still an observable chemical shift in the binding energy of iodine 1s and 2s levels in two different 

molecules, CH3I and CF3I? Indeed, a chemical shift is observed (Fig.1,2), indicating that deep core levels are 

not purely atomic in nature[1]; thus widespread concepts such as electronegativity and charge distribution 

inside a molecule extend down to very deep levels. 

 
 

 

 

 

The subsequent Auger spectra are also studied (Fig.3). It is observed that CH3I and CF3I have virtually identical 

Auger spectra and the overall spectral features and their relative intensities are close to the recently reported 

corresponding Auger spectrum in Xe[2]. High-level theoretical simulations including quantum electrodynam-

ics (QED) effects have been performed for neutral iodine atom and Xe-like iodine negative ion[3], and it is 

found that the experimental spectrum lies in-between these two extremes. Using Z+1 and Z+2 approximations, 

a charge distribution analysis was carried out[4], and it was observed that the slightly positive iodine in neutral 

Fig. 1: Experimental iodine 2s pho-

toelectron spectrum. hv=10 keV. 

Fig. 2: Experimental iodine 1s photo-

electron spectrum. hv=35.5 keV. 



molecule gains more negative charge (withdraws charge from the rest of the molecules) as a function of the 

excess positive charge in the core. 

 

 

 

 

 

 

This study reports for the first time a chemical shift in a very deep core level. The experimental observations 

have been supported by a combination of molecular and atomic calculations taking into account different rel-

ativistic effects corrections.  
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Fig. 3: Experimental CH3I and CF3I, and calculated atomic iodine and Xe-like iodine LMX Au-

ger spectra at (a) below and (b) above the 1s ionization threshold, at photon energies of 31 960 

eV and 35 460 eV, respectively. 
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Several studies indicate the presence of emerging pollutants in surface water and these substances usually 

come from effluent discharges with little or no treatment. With the development of the cities, the mastery of 

nature and the increase in population linked to human longevity have been achieved without taking into 

account the resilience of the planet, which ended up directly influencing the increase of pollution and 

degradation of natural resources, including water [1]. Surface water contaminated with hormones indicates 

the inflow of sewage containing these compounds at some points in a river [2], and it confirms that the 

sewage treatment is not efficient. This research aim to evaluate the surface water quality, in two distinct 

hydrological periods, because there are few published studies about the contamination of Meia Ponte river 

with emergent pollutants. It was evaluated the occurrence of the anthropogenic marker caffeine and 

hormones: algestone acetophenide, ciproterone acetate, ethinylestradiol, levonogestrel, tibolone and 

gestodene, in the water of the Meia Ponte river in Goiânia/Goiás/Brazil. 

Six sampling points were defined to evaluate the anthropogenic marker. The sites were chosen due to their 

strategic and easily accessible points, encompass the Meia Ponte river in the urban perimeter at points 

preceding the sewage treatment plant and immediately after, and other points where the effluent treated by 

the pharmaceutical industries is released. The distance between the points, the accumulated distance and the 

geographical coordinates were obtained using a geographic information system program that imports the data 

collected by a GPS on the day of collection. The sampling points are shown in Fig. 1, and the analyses were 

performed in a Q-Exactive high resolution mass spectrometer Thermo Scientific. 

 

Fig.1: Location of sampling points (numbered red circles). WGS 1984 datum. 

The Cyproterone acetate was detected at points 1, 2, 4, 5 and 6 in the dry season, and points 2 and 5 in the 

rainy season. Levonorgestrel/tibolone (isomers) were detected at points 1, 3, 4, 5 and 6 in the dry season, and 

points 1,3, 4, 5 and 6 in the rainy season. Caffeine was detected at all points and in both periods except point 



6 in the rainy season. The collection was performed at the water treatment station with good flow, that is, in 

the best-expected scenario. Ethinylestradiol was detected only at points 2 and 6 in the dry season. Gestodene 

estradiol was detected only at points 2 and 4 in the dry season, and at point 2 in the rainy season. Algestone 

acetophenide was detected only at point 3 in the dry season and 4 in the rainy season. Table 1 shows details 

about the detection of the studied compounds. 

 

Table 1: Analytical details of contaminant identification. 
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According to Table 1, the identification of the emergent compounds in mass spectrometry presented low 

error (less than 5 ppm), and it means high reliability of this method. However, it is important to notice that 

sodiated levonorgestrel/tibolone, gestodene, and ethinylestradiol were detected, and this result improved the 

perception that sodium adducts can be a common compound in environmental studies. 

The environmental contamination with caffeine and hormones confirms that the Meia Ponte river suffers 

from the poorly treated effluent, and caffeine is an interesting marker of anthropogenic contamination. After 

the compounds quantification, it will possible to evaluate if the municipal sewage treatment station is a major 

river contaminant. 
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Introduction 

Constructed waste repositories in the mining industry demand continuous monitoring in order to comply with 

design specifications and performance criteria. Tailings storage facilities (TSFs) are examples of constructed 

waste repositories containing a mining waste generated in large quantities, tailings. Design, construction and 

operation of these facilities are a well-known practice in the industry, and these facilities seem to work well 

until some type of anomaly (e.g. seepage, erosion, surface or groundwater contamination) is detected with the 

potential to cause environmental, physical, or operational failure. Historically, TSFs are prone to fail mainly 

due to hydrological-related causes either causing overtopping or failure in the embankment or dam.  

Several geophysical techniques have been investigated in mining waste repositories; among these, electrical 

resistivity tomography (ERT), ground-penetrating radar (GPR), induced polarization (IP), self-potential (SP), 

electromagnetic induction (EMI), and seismic profiling. Most of these applications in TSFs are for mapping 

anomalies within the structure of the dam or dyke [1][2][3]. Recent applications attempting to characterize the 

internal structure of the impoundment [4]–[6] have showed promising results. 

The application of hydrogeophysics [7][8] in constructed mine waste repositories aims to leverage geophysical 

imaging techniques for the investigation of subsurface structural zones and hydrological properties, key for 

process-based hydrogeological models. 

 

Results 

The study is conducted in the tailings storage facility of a former mine site in South Australia that contains 

waste material reject of a pyrite (FeS2) enrichment process. The tailings material is of fine silty sand texture 

containing around 1-2 % sulphides. The tailings and the pore water in situ have high electrical conductivity in 

contrast with natural ground soil. 

The geophysical survey at the surface of the tailings impoundment consisted on ground-penetrating radar 

(GPR), and electrical resistivity tomography (ERT). The data acquired by geophysical methods was validated 

with field measurements and ground truth data available on site.  

The GPR survey was carried out following a continuous path along the embankment and transverses covering 

the surface of the facility. GPR data were obtained using 80MHz, 160MHz and 450MHz antennas. In Fig. 1, 

a section of the radargram shows the interface of the tailings with the upper region of the impoundment. The 

hyperbole curve fitting corrects the soil wave transmission velocity in order to adjust the depth profile. Further 

data processing estimates the dielectric constant of the in-situ material for inferring moisture content in the 

subsurface. 

 
Fig. 1: 80MHz ground penetrating radar imaging section of the impoundment identifies a shallow cover system overlying 

the TSF.  

The ERT survey comprised five electrical data profiles using dipole-dipole, and werner-schlumberger arrays 

on top of the embankment and at the surface. All profiles used 96 electrodes positioned with 2.5 m and 5 m 

electrode spacing. Electrical resistivity model is effective to locate the interface between the unsaturated and 

upper cover/tailings interface



saturated zones in the tailings impoundment. Existing piezometers along the path of each transect allows for 

measurements of the water level during the survey. Measurements of the hydraulic head throughout the surface 

of the TSF provide with information to pinpoint localised recharge areas and mounding of the water table 

which are contrasted with the electric resistivity survey as shown in Fig. 2.  

 
Fig. 2: Modeled electrical resistivity tomography of the impoundment defines the water level interface in agreement with 

borehole dip measurements. Bottom of impoundment is approximated from site reports. 

Conclusions 

Geophysics can complement data that are sparse or unavailable about the subsurface and for assisting the 

evaluation of hydrological processes with implications for water and environment management during active- 

and post-mining scenarios.  

Geophysical research towards process-based hydrology at the watershed scale is progressing in recent years, 

but there are still challenges for high-resolution and quantitative information of geological structure and sub-

surface hydraulic properties.  

Electric and electromagnetic methods can image subsurface in 2D and 3D with high spatial resolution to a 

depth of few tens of meters. Airborne and drone-based geophysics can help to cover larger areas but the tech-

nology is yet to develop further. 
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Avobenzone	 (AVOB)	 is	 one	 of	 the	most	 frequently	 used	 ultraviolet	 (UV)	 filters	 for	 the	 UVA	 region	 in	
different	kinds	of	sunscreen	formulations.	In	many	previous	studies,	it	was	proven	that	AVOB	is	not	a	very	
stable	 compound	 and	 undergoes	 photofragmentation	 under	 UV	 light.	 Moreover,	 in	 the	 presence	 of	
oxygen,	it	also	produces	singlet	oxygen,	which	is	very	reactive	and	damages	DNA	[1].	Different	types	of	
ultraviolet	radiation	emitted	by	the	Sun	reaches	to	earth	like	UVA	(320	-	380	nm)	and	UVB	(290	-	320	nm).	
In	order	to	protect	from	harmful	UVA	and	UVB	radiations,	chemical	products	called	sunscreens	are	used.	
Photo-stability	of	these	UV	filters	is	one	of	the	most	significant	issues	because	their	photo-products	are	
less	 efficient	 to	 absorb	UVA	 and	UVB	 light	 [2].	Moreover,	 sometimes	 the	 photoproduct	 is	 even	more	
dangerous	to	human	skin	and	may	cause	skin	cancer	and	skin	allergies	because	of	the	presence	of	highly	
reactive	 species	 [1].	 For	 example,	 when	 AVOB	 is	 exposed	 to	 UVA	 radiation,	 it	 undergoes	 keto-enol	
tautomerization,	 cis-trans	 isomerization,	 rotation	 about	 the	 single	 bond	 and	 α	 bond	 cleavage	 of	 the	
carboxyl	group	[1,3].		

We	 have	 studied	 photo-
ionization	 and	 photo-
fragmentation	 of	 gas-
phase	 AVOB	 in	 a	 wide	
energy	 range	 from	VUV	to	
soft	X-rays.	The	experiment	
was	 performed	 at	 the	
newly	 built	 FinEstBeAMS	
(Finnish-Estonian	Beamline	
for	 Atmospheric	 and	
Material	Science)	beamline	at	MAX	IV	synchrotron	facility,	Sweden	[4].	FinEstBeAMS	is	located	at	the	1.5	
GeV	ring	of	MAX	IV	and	it	has	two	branches,	one	dedicated	for	gas	phase	studies	and	the	other	for	the	
solid-state	experiments.	It	covers	wide	energy	range	from	ultraviolet	(4.4	eV)	to	soft	X-rays	(1000	eV).	As	
one	of	the	permanent	end-stations,	the	beamline	hosts	an	electron	–	ion	coincidence	setup	consisting	of	
a	Scienta	R4000	hemispherical	electron	analyser	equipped	with	a	fast	position	sensitive	detector	and	a	
momentum-imaging	multi-hit	capable	ion	time-of-flight	spectrometer.	This	set-up	was	used	to	compare	
the	fragmentation	dynamics	of	AVOB	after	valence	ionization,	core-level	ionisation	of	C	1s,	and	O	1s	levels.	
AVOB	was	evaporated	using	a	 resistively	heated	oven	with	a	mild	heating.	Taking	advantage	of	 set	of	
filters	significantly	suppressing	higher	order	radiation	at	 low	photon	energies,	we	also	investigated	the	
adiabatic	ionisation	thresholds	of	AVOB.	These	results	will	be	among	the	first	results	presented	from	the	
FinEstBeAMS	 beamline	 for	 the	 international	 community,	 giving	 an	 insight	 into	 both	 complex	
fragmentation	dynamics	of	AVOB	and	opportunities	of	gas-phase	research	at	the	FinEstBeAMS	beamline.	
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Fig.	1:	 Example	of	mass	 spectra	of	AVOB	 (right)	with	 tentative	 interpretation	of	
some	of	the	fragments,	recorded	in	coincidence	with	valence	(upper)	or	C	1s	(lower)	
photoelectron	spectra	(PES),	which	are	shown	on	left	panels.	
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The CO2 emissions into the atmosphere had a significant increase due to fossil carbon combustion. In an
attempt to solve this problem, mesoporous carbon materials, when functionalized with amino, amides,
imines groups, etc., can adsorb CO2 through intermolecular interactions due to the acid-base character of
these constituents [1]. The Coal production via hydrothermal carbonization (HTC) is the best synthesis
route because it improves the porosity of the material [2]. Functionalized mesoporous carbonaceous
materials are active catalysts in the preparation of cyclic carbonates produced from transesterification of
diols with phosgene derived reagents (COCl2). Basic nitrogen-doped mesoporous carbon has been
highlighted as an efficient catalyst for CO2 epoxide cycling [2]. Super basic catalysts were produced
from polymeric waste by HTC nitration, followed by reduction of the present nitrogroups, and the
materials were characterized by FTIR. The Infrared - FTIR spectrograms of the samples were obtained
on the Perkin Elmer Spectrum 400 spectrophotometer with 1% polymer mass dilution per KBr. The
functionalized carbonaceous materials obtained were tested in a Parr reactor in the epoxide cycloaddition
reaction with CO2.

Nitration was performed in the HTC reactor with 4 different samples, 125-250 μm Styrene-
Divivibenzene (STY-DVB 01), STY-DVB 250-500 μm (STY-DVB 02), Methyl Acrylitrile-
Methacrylate Divinylbenzene (AN -MMA-DVB 01) 63-90 μm and AN-MMA-DVB 02 90-125 μm.
Initially 7.5 g of the polymer was covered with anhydrous ethanol. Then 25 mL of 2 mol L-1 nitric acid
was added to the suspension, and the beaker was inserted into the HTC reactor. The reactor temperature
was raised to 200 °C and maintained in this condition for 4 h. The reduction of R-NOx groups was done
in two ways: 1) 1 g of polymer was put into up flow reactor, heated in a sand bath at 80 °C for 2 h, under
N2 and H2 flow 1:1 v/v, at 50 mL min-1 total flow rate; 2) 1g of the nitrated material was added to the
autoclave containing 5 mL of water and 0.1970g of NaBH4 dissolved in the minimum amount of water,
pressurized to 3 bar in N2: H2 1: 1 v:v, and heated to 80 °C.

For initial evaluation in the cycloaddition reaction, 58.1 mg of AN-MMA-DVB 02 catalyst, along with
12.9 mg of TBAB co-catalyst, were added to PArr reactor at 30 °C, containing 3.5 mL of epoxide. The
reaction was carried out under CO2, temperature and pressure at 140 °C and 30 bar. The quantification of
the final cyclic carbonate cyclic charge product was performed using an NRM BRUKER 11.75 Tesla
Avance III spectrometer. A sample of 50 mg was prepared with 700μL deuterated water, then
homogenized in ultrasound to obtain a clear, turbidity-free solution to obtain NMR spectra.

The FTIR spectra of the STY-DVB 02 - 250-500 μm (Figure 1) revealed a band in the 3400 cm-1 region,
characteristic of the -NH group, indicating that nitration/reduction occurred, however it cannot be stated
which this band is specifically -NH, as it overlaps those of -OH grouping in the region from 3700 to

mailto:dr_botelho@yahoo.com.br


3450 cm-1. The band at 1450 cm-1 shows the presence of R-NO2 and at 1300 cm-1 indicating R-NO
stretching was also observed. In the HTC nitration/reduction of the AN - MMA - DVB polymer was
recovered 79.2 % AN - MMA - DVB 01 and 81.7% AN - MMA - DVB 02 by weight of the polymer.
The change in IR spectra was observed before and after nitration, Figure 02, and the presence of -NH
was observed. bands at 3400-3500 cm-1, CN at 2240 cm-1, and R-NO at 1450 cm-1 and 1220 cm-1.

(a) (b)
Fig. 1: Infrared spectrum of STY-DVB (a) and STY-DVB 02 - 250-500 μm nitrogen functionalized (b).

(a) (b)

Fig. 2: Infrared spectrum of AN - MMA - DVB (a) and b) AN - MMA - DVB (90 - 125 μm).
μm nitrogen functionalized (b).

The superbasic AN - MMA - DVB 02 catalyst, functionalized with reduced nitrogen groups, together
with the TBAB co-catalyst, was tested in the epoxide cycloaddition reaction with CO2, and showed a
selectivity of 94.0% and a conversion of 61%, higher than TBAB catalyst, whose selectivity was 87.5%
and the conversion 32%. This shows that the reduced nitrated polymeric superbasic catalyst showed
better co-catalytic performance than the conventional catalyst alone.
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Nitrate and nitrite species from human activities, especially in the use of fertilizers, septic tanks, improper
waste disposal in contact with drinking water, can cause health damage and trigger diseases such as blue
baby syndrome and cancer [1]. According to the Guidelines for Drinking Water Quality from United Nations,
the desirable levels of nitrate and nitrite ions in drinking water are 50 mg L-1 and 3 mg L-1, respectively.

Reverse osmosis, electrodialysis, ion exchange and microbiological treatment are examples of treatments
that are used to decrease the amount of nitrate and nitrite ions in water intended for human consumption.
Some drawbacks accompany these techniques, especially the production of environmental liabilities, such as
filters and filter materials that need treatment before being disposed in the environment. Microbiological
treatments require the removal of organic matter and bacteria used in the process to avoid population
contamination [2].

In addition, to the catalytic reaction, photocatalysis has been widely explored to reduce nitrate ions to
nitrogen gas, using formic acid like reductor agent. Another advantage is the possibility of using sunlight as a
source of ultraviolet radiation [3].

Two precursors G and GB were prepared, and to precursor G 20 mL of IV titanium N-butoxide IV was
mixed with 40 mL of ethanol in the hydrotermal reactor, then 5 mL of glycerol residue and 75 mL of water
were added. Precursor GB was prepared by adding 1.0 g of sugarcane bagasse in the precursor G procedure.
Both precursors were heated in the hydrothermal carbonization reactor at 240 ºC, with 2 ºC min-1 for 6 h. The
precursors were washed with distilled water and dried at 100 °C for 24h. The precursors were calcined at 450
°C for 2h at 4 °C min-1. After that, they were carbonizated at 400 or 600 °C for 4h, with N2 at 100 mL min-1,
10 °C min-1. Resulting in four samples G400, G600, GB400 and GB600.

Monometallic catalysts were prepared by impregnating with 1% silver. Subsequently they were dried at 70
°C for 24 h and then calcined at 200 °C for 2 h to eliminate the nitrate precursor. Producing Ag/TiO2,
Ag/G400, Ag/G600, Ag/GB400 and Ag/GB600 catalysts.

The samples were characterized by x-ray diffraction on Bruker D8 Discover equipment (40 kV, 40 mA and
KαCu). The nitrogen adsorption/desorption curves at – 196 °C were obtained by Micromeritics ASAP-2020
automatic physical adsorption apparatus. Scanning Electron Microscopy images were obtained on the JEOL
JEM-2100 equipment equipped with EDS.

The samples were evaluated in the photocatalytic reduction of nitrate ions in solution. The catalysts were
reduced in situ at 200 °C at 10 °C min-1, under H2 flown (100 mL min-1) for 30 min. Then 150 mL of nitrate
ions solution (100 mg L-1) with 0.15 mL of formic acid was added to the catalyst. The mixture was stirred by
a upflow N2 (100 mL min-1). The first 30 minutes, the adsorption of nitrate ions by the catalyst was evaluated
and only then the UV lamp was turned on (Osram HNS 16W G5, 200 - 280 nm). Aliquots were removed
from the reaction over time to the end (360 min).

The concentration of nitrate and nitrite ions were determined by High Performance Liquid Chromatography
(Young Lin YL9100, column: C18 250 x 4.6 x 0.005 mm, detector: UV-VIS at 210 nm). The concentration
of ammonium ions was determined by UV-VIS spectroscopy (Femto 800 XI) by indophenol method. The
catalysts were evaluated for nitrate conversion, selectivity to nitrite, nitrogen and ammonia.

XRD spectra indicates anatase phase formation in carbonized samples at 400 and 600 °C, with an interplanar
distance of 0.35 nm. The particle diameter calculated by the Scherrer equation ranged from 1.65 to 0.26 nm
as a function of temperature. The surface structure for precursor GB was analyzed by scanning electron
microscopy, Figure 1. It is observed the presence of two types of structures with different sizes. The EDX of
large particles shows mainly carbon and oxygen (82.1 and 16.7%, respectively). These suggested to be



carbon particles, while the smaller particles are titanium dioxide. Higher the carbonization temperature, the
specific surface area greater, probably due to the gasification of organic matter with channeling in the matrix
of the precursor material, Table 1.

Table 1: Specific surface area of support material

Fig. 1: Scanning electron microscopy of GB precursor.

The catalytic supports showed type IV nitrogen isotherms that are characteristic of mesoporous materials.
The GB400, GB600 and G600 presented H1 hysteresis, indicating that they are materials with poor and even
pore distribution. While the G400 catalytic support exhibited H3 hysteresis, which is characteristic of well-
defined mesoporous structure materials.

In the first 30 minutes, the adsorption represented about 10% of the initial concentration of nitrate ions. TiO2

Degussa P25 catalytic support enhanced its catalytic performance with the presence of metal. There was an
increase in nitrogen selectivity and a decrease in nitrite and ammonium selectivity. For the Ag/G400,
Ag/G600, Ag/GB400 and Ag/GB600 monometallic catalysts, the presence of silver increases nitrate ion
conversion when compared to catalytic supports (G400, G600, GB400 and GB600), because the conversion
increases was accompanied by selectivity development to ammonium ions, Table 2.
Table 2. Conversion to nitrate and selectivity to nitrite, ammonium and nitrogen of the catalysts and catalysts support
before 360 min of nitrate reduction reaction.

Conversion (%) Selectivity (%)
Samples NO3- NO2- NH4+ N2

TiO2 99.9 5.9 24.2 69.8

Ag/TiO2 99.8 0.4 17.8 81.8

G400 21.7 15.5 2.2 82.3

Ag/G400 37.5 9.8 16.2 74.0

G600 33.2 9.3 1.5 89.1

Ag/G600 62.2 7.3 18.0 74.7

GB400 8.2 48.5 11.0 40.5

Ag/GB400 53.6 5.9 22.1 72.0

GB600 31.0 8.1 1.9 90.0

Ag/GB600 62.8 12.7 13.2 74.1

Catalytic supports and monometallic catalysts promoted the attainment of reaction equilibrium with values
under of the WHO recommendations for nitrite ion concentration in drinking water, 3 mg L-1. The GB600
catalytic support showed the highest amount of ammonium ions at the end of the catalytic test 0.94 mg L-1.
Although low, this value is outside the WHO recommendation (0.2 mg L-1).

1. L. Marzo, S. K. Pagire, O. Reiser, B. König, “Visible‐Light Photocatalysis: Does It Make a Difference in Organic
Synthesis”? Angewandte Chemie International Edition v. 57, n. 32, pp. 10034-10072, 2018.

2. R. Epsztein, O. Nir, O. Lahav, M. Green, “Selective nitrate removal from groundwater using a hybrid nanofiltration-
reverse osmosis filtration scheme”. Chemical Engineering Journal v. 279, pp. 372-378, 2015.

3. Y. Zhang, Y. Jia, G. Xu, Y. He, W. Kang, “Photocatalytic Reduction of Nitrite over TiO2-Graphene Oxide
Composites”, Environmental Engineering Science v. 32, n. 7, pp. 1-10, 2015.

Samples Specific surface area (m2 g-1)

G400 33

G600 131

GB400 164

GB600 178
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Ilmenite, with a composition of FeO.TiO2 is one of the major sources of titanium metal and titanium dioxide, 

which is used as pigment in paints, cosmetics, plastics, rubber, textiles, etc. In order to produce titanium diox-

ide, it is important to upgrade the ilmenite ore to prevent waste materials and reagent consumption. TiO2 is 

commercially produced either by the sulfate or the chloride route [1]. The sulfate route, though it can use lower 

grade ores, is generally expensive and less environment friendly. Whereas the chloride route is limited to high-

grade feedstocks as the impurities can affect the stability of the fluidized bed. Due to the depletion of the rich 

rutile mineral deposits, focus is now more on the lower grade ilmenite reserves which are available in huge 

reserves throughout the world. Various processes can be used to upgrade the low-grade ilmenite such as con-

version to synthetic rutile or producing titania slag. Using pyro-metallurgical processes, ilmenite can be up-

graded either by solid-state reactions at 1200 0C or by ilmenite smelting at above 1600 0C in fully liquid states, 

producing high-quality pig iron and high titania slag [2]. 

In the ilmenite smelting process, the ilmenite feed is mixed with carbonaceous reductants such as anthracite, 

metallurgical coke or petroleum coke resulting in reduction smelting at 1600 0C–1700 0C. During the process, 

FeO is reduced to Fe giving a titania rich slag and pig iron as a by-product. There is also partial reduction of 

TiO2 to Ti2O3 which makes the slag composition lie within FeO-TiO2-Ti2O3 ternary system [3]. The slag con-

tains 75%–95% TiO2 of which slags with titania content above 85% are used for chloride route and other for 

the sulfate route. One constraint in ilmenite smelting is related to the composition of the slag. The chlorination 

of slag which is done later to extract TiO2 limits the amount of impurities that can be present in the titania slag 

[4]. During chlorination, the MgO from the slag can form MgCl2 whose boiling point is more than the chlo-

rination temperature, so they accumulate on the fluidized bed. Similarly, other impurities need to be limited 

and should be within the limits as mentioned in Table 1. 

Table 1: Typical slag specification for chloride process (mass%) [4] 

%TiO2 (total) >85.0 

%Ti2O3 <35.0 

%FeO <12.0 

%SiO2 <2.0 

%Al2O3 <1.5 

%CaO <0.13 

%MgO <1.2 

%MnO <2.0 

%Cr2O3 <0.25 

%V2O5 <0.60 

 

Another constraint in ilmenite smelting is the balance between the ilmenite feed rate, reductant feed rate and 

the power input. The furnace is operated with a freeze lining of solidified slags that are supposed to contain 

the liquid titania slag because of the aggressive nature of titania slag towards refractories. This requires the 

slag layer temperature to be close to the liquidus temperature of the slag to prevent the breaking of the freeze 



lining. At the same time the slag composition should also remain close to the M3O5 stoichiometry. This requires 

a good balance between the feed and the power input. The titania slag has a stoichiometric composition of 

M3O5 consisting of a single-phase which is a characteristic of titania slags. It is a molten mixture of Ti3O5, 

FeTi2O5, MnTi2O5, Al2TiO5, MgTi2O5, V2TiO5 and Cr2TiO5. The phase consists of divalent (Fe2+, Mg2+ and 

Mn2+) and trivalent (Ti3+, Cr3+, Al3+ and V3+) ions with the tetravalent titanium in a solid solution.  

These constraints make the ilmenite smelting a very complex process and hard to be done at a laboratory scale. 

In addition, to study the slags it is difficult to get slags with the exact desired composition. One way can be the 

preparation of synthetic slags using an inert argon atmosphere and molybdenum crucible which is very stable 

to the titania slag. We aim to synthesize synthetic slag using induction furnace and our self-developed high-

temperature furnace. As the molybdenum crucible has high affinity to oxygen, it was made sure that the cru-

cible doesn’t come into contact with air throughout the process. In the laboratory furnace, a new mechanism 

was developed to prevent any contact with oxygen for which the slag was directly poured from the crucible 

into a cooling chamber. Whereas in the induction furnace, the slag was sucked out of the crucible and then 

quenched.  

By preparing the synthetic slag, we can control the composition of the slag as per our need and study the phase 

behavior with varying composition. This also opens a window of opportunity to select other techniques for 

analysis of the slag that requires calibration. For example, LIBS can be used for analyzing the titania slag, but 

it requires to be calibrated against various samples with known compositions. With the synthetic slag, it is 

possible to vary the FeO or MgO content and study their effect on the slag properties & phase formation.  

There are impurities in ilmenite like CaO, MgO, MnO, SiO2, Al2O3, and Cr2O3. These impurities are not re-

duced during the smelting process and are present in the titania-rich slag. The impurities can affect the slag 

properties if they are present in large quantity but as most of the ilmenite ore has very little concentration of 

these impurities, they don’t have any profound effect on the slag formation. The three oxides (TiO2, Ti2O3 and 

FeO) constitute most of the slag, around 80–95%, playing an important role in the formation of titania slag. 

One of the challenges in synthetic slag production is to prevent the reduction of iron oxide to iron while heating. 

This not only affects the FeO content of the slag but at times also damages the molybdenum crucible in use.  
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Materials Sciences and Applications, 5, 441-458, 2014.  
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The presence of non-metallic inclusions (NMI) such as sulphides, oxides, and nitrides could be detrimental in 

the steel casting process and product quality 1). Examples of such inclusion include; aluminium oxide (Al2O3), 

calcium sulfide (CaS), manganese sulfide (MnS) and spinel (MgO.Al2O3). These NMI could have a significant 

effect on the microstructure, physical properties and performance of steel materials produced if not controlled 

within acceptable limits. In aluminium-killed steels, the calcium treatment process is used to modify inclusions 

such as Al2O3 to less harmful oxides. However, depending on the process control of calcium treatment and the 

presence of sulphur (S) in the steel melt could result in the generation of duplex oxide-sulphide inclusions. 

These duplex inclusions could affect the steel properties and therefore need to be controlled. Additionally, 

depending on the content of Mg and the interaction with Al in the steel melt MgO.Al2O3 inclusions could be 

formed and potentially influence the steel quality.  

Conventional characterisation techniques such as scanning electron microscopy-energy dispersive 

spectroscopy (SEM-EDS) and others 2) had been used to study both laboratory and industrial steel samples. 

However, in utilising these characterisation techniques, sample preparation is time-consuming and causes a 

significant delay in the acquisition of the measurement results. Raman spectroscopy is a potential non-

destructive technique for inclusion characterisation with reduced sample preparation time.  

Raman spectroscopy operates based on introducing laser radiation to the sample that causes a change in the 

bond as a characteristic function of the vibrational modes of the molecules in the sample. Raman spectroscopy 

had been demonstrated in its application for both qualitative and quantitative analysis in various fields, and 

particularly for slag characterisation in iron and steelmaking research. Furthermore, the steel matrix is Raman 

inactive, while many inclusions are Raman active. Therefore, Raman spectroscopy could be suitable for 

inclusion studies. This study examines the applicability of Raman spectroscopy to characterise synthetic 

inclusions containing sulphides (CaS and MnS), and oxides (Al2O3 and MgO.Al2O3). Additionally, the effect 

of laser power on the sulphide samples will be examined. 

X-ray fluorescence (XRF) is used for the elemental analysis and X-Ray diffraction (XRD) for phase 

identification in the sample. Raman spectroscopy measurements are done at room temperature and on rotating 

sample holder stage to obtain the averaged spectra. The following main Raman peaks at 422, 380, 583, 648 

and 752 cm-1 are for Al2O3 3); at 416, 674 and 773 cm-1 are for MgO.Al2O3 
4); at 285, 316, 371, 475 and 655 

cm-1  are for MnS 5) and at 160, 185, 285, 350 and 485 cm-1  are for CaS 6). Figure 1 shows examples of Raman 

spectra for oxide and sulphide phases used for preparing the binary phase samples and figure 2 presents the 

Raman spectroscopy used for this study.
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Fig. 1: Examples of Raman spectra measured from 

Al2O3, CaS, MgO.Al2O3 and MnS samples.  

Fig. 2: Timegate Raman spectroscopy used for 

measuring the samples; a) spectrometer and b) rotating 

sample holder stage.  
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Introduction In order to control the physical properties of composite materials, it is essential to consider not 

only their textures and defects, but also the spatial distribution of each constituent material, the chemical 

states (e. g. functional groups, and orbital orientation of chemical bonds) and their interfaces. For example, 

the microtextures of the inside of carbon fibers (CF) and the resin/fiber interface of carbon fiber reinforced 

plastic (CFRP), are dominant factors for physical properties such as tensile strength and elastic modulus. 

However, useful information about both these inner textures, and the interface between the CF and the resin, 

cannot be obtained by conventional element mapping techniques (e.g. electron probe micro analyzer 

(EPMA)) because the majority of the resin and the fiber are composed of carbon. Hence, we focused on 

scanning transmission X-ray microscopy (STXM) [1] which can map chemical state with the spacial resolu-

tion on the sub-micron scale (about 40 nm). In general, original materials for CFs can broadly be classified 

into polyacrylonitrile (PAN) and pitch-based types. In this study, we investigated the C K-edge mapping of 

commercial PAN and pitch-based CFs by STXM to evaluate the differences in the distribution of π-orbital 

orientation of graphite. 

 
Experimental CFRPs composed of PAN-based and pitch-based CFs were sliced into thin film samples using 

focused ion beam (FIB), and their thicknesses were finally adjusted to ca. 100 nm by Ar milling. The esti-

mated physical properties (tensile strength / elastic modulus) of those CFs are 4020 MPa /436 GPa, 3830 

MPa/520 GPa, respectively. STXM measurements were carried out with the compact STXM (cSTXM) [1] 

on beam line BL13A at the Photon Factory of the High Energy Accelerator Research Organization (KEK). 

STXM enables us to obtain element specific chemical state mapping by X-ray absorption near the edge 

structure (XANES) via mapping at a spatial resolution of about 40 nm. In this study, C K-edge XANES 

mapping was carried out. It is generally known that the intensity of XANES originated from the excitation of 
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 Fig. 1: TEM images of the cross sections of PAN- 

and pitch-based CFs, along with their STXM im-

ages for each polarized X-ray. 

 

 Fig. 2: Laser microscope images of the lingitudinal sec-

tions of PAN- and pitch-based CFs, along with their 

STXM images for the polarized X-ray. 



the 1s-to-π* (originated from C=C) is proportional to the square of the inner product between the direction of 

the orbital and that of the polarization vector of the X-ray [2]. In order to analyze the distribution of π-orbital 

orientation, we performed XANES mapping across the whole cross section, as well as on the longitudinal 

section, using two types of polarized X-ray.  

 

Results and discussion Fig. 1 shows STXM (E = 285.1 eV) im-

ages of PAN-based and pitch-based CFs of the cross section, 

which is originated from the excitation energy of 1s-to-π*of car-

bon. The red and blue arrows in Fig. 1 indicate the directions of 

polarization of the X-ray. Each image consists of 150 x 150 pix-

els (1 pixel = 40 nm). Fig. 1(a) and (b) are TEM images corre-

sponding to the same observational fields of view of the STXM 

measurements. As for the PAN-based CF, there was no differ-

ence of contrast in the XANES images depending on the X-ray 

polarization direction (Fig. 1 (c) and (e)). This result was similar 

to that achieved with the previous research [3]. It is therefore 

suggested that domains composed of graphite with oriented π-

orbital are distributed randomly in the cross section, and its size 

is less than 40 nm of the spatial resolution of STXM. In contrast, 

for the pitch-based CF, the contrast of the XANES images (Fig. 1(d) and (f)) were inversed following the dif-

ferent polarization directions. Although the domain size of the pitch-based CF was 100 nm to 1 m, the aver-

age crystallite size was 107 nm, according to the results obtained with XRD. On the other hand, the crystal-

lite size of the pitch-based CF was 35 nm. It is suggested that the domains consist of oriented crystallite of 

graphite. Fig. 2 (a) and (b) shows laser microscope images of the longitudinal section of PAN-based and 

pitch-based CFs, respectively. STXM measurements were carried out in the areas enclosed by the red dotted 

lines in Fig. 2(a), (b). Each XANES image consists of 73 x 73 pixels (1 pixel = about 41 nm). We also used 

polarized X-ray indicated by the red and blue arrows in Fig. 2 (c) – (f). For the PAN-based CF, homogenous 

absorption contrast images were observed with both polarized X-rays. In addition, the absorption intensity 

with the vertically polarized X-ray (Optical density (OD) = 2.4) was higher than that with the horizontally 

polarized X-ray (OD = 0.3), which shows that the π-orbital orientation is almost perpendicular to the axis of 

the fiber. In the case of the pitch-based CF, the XANES image with horizontal polarization (Fig. 2(d)) shows 

no absorption contrast, so that the π-orbital orientation is not distributed in the direction of the CF axis. The 

OD of the CF area was 0.3. However, in the XANES image with vertical polarization, stripe-like contrast 

with a width of about 200 to 300 nm was observed. The OD of the CF area is from 1.1 to 2.4. This suggests 

that the domains observed in the cross section extend along the axis of the CFs. Fig. 3 shows averaged C K-

edge spectra for areas A to E, as indicated in Fig. 2 (f). Each spectrum was normalized against the absorption 

intensity at E = 292 eV. Each area has a different intensity of the peak for the 1s-to-π* excitation, which con-

firms that the contrast in X-ray absorption observed in Fig. 2 (f) can be attributed to domains which consist 

of oriented π-orbital. 

 

Conclusion By using STXM, we performed XANES mapping of cross and longitudinal sections of PAN- 

based and pitch-based CFs with similar physical characteristics. As a result, it was found that the distribution 

of π-orbital orientation in the CFs greatly varies depending on the original materials. As for the PAN-based 

CFs, the graphene sheet structure extends in the fiber axis direction, while the cross section consists of ran-

domly distributed domains of less than 40 nm, as reported in the previous study [3]. This texture is originated 

from the original material PAN. On the other hand, it was found that pitch-based CFs are formed of aggre-

gates of domains of graphite with an oriented π-orbital of about 100 nm to 1 μm in cross section. Further-

more, it was confirmed that this domain extended in the shape of a stripe with width of 200 to 300 nm in the 

axis of CFs (longitudinal section). In the future, we intend to analyze the π-orbital orientation distribution in 

pitch-based CFs, which is the modulus of elasticity manufactured. 
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Fig. 3: Averaged C K-edge spectra in areas A 

to E, as indicated in Fig. 2(f) 
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Recently synthesized by the controlled deposition of boron atoms on Ag (111) substrates, a two-dimensional 

(2D) boron called borophene has aroused great interest due to its unique fundamental properties [1, 2]. The 

possibility of the existence of various phases, depending on the processing conditions, such as the deposition 

rate and processing temperature, indicates a large polymorphism of borophene [1]. It has been predicted that 

borophene has anisotropic metallic properties [3, 4] and exhibits extraordinary mechanical properties, for ex-

ample, its Young's modulus (398 GPa · nm) exceeds that of most known 2D materials [1]. All these features 

makes borophene a promising material for application in nanoelectronics. 

The main obstacle in the study of borophene is its low structural stability. To overcome this issue the function-

alization of its surface, which stabilizing its structure and allows modification of its electronic properties, has 

been proposed [1]. For example, it has been predicted that the structure of borophene can be stabilized by 

hydrogenation [5] and fluorination [6]. Recent theoretical study [7] has shown that structures with a low oxy-

gen concentration (B8O1, B7O1, and B5O1) have a metallic character, and structures with a high oxygen con-

centration (B4O1) have a wide band gap (~ 1.24 eV).  

Therefore, an important to investigate the stability and electronic properties of borophene upon its functional-

ization by oxygen atoms. In the present work, this problem has been considered in the framework of the density 

functional theory using first-principles calculations.  

Figs. 1a, b show the optimized structures of pure and O-functionalized borophene surface, respectively. For 

pure borophene, the optimized lattice parameters are a = 1.618 Å and b = 2.864 Å, which is well consistent 

with previous studies [4]. For O-functionalized borophene, the optimized lattice parameters are a = 3.324 Å 

and b = 5.558 Å. 

 

 

Fig. 1: The atomic configurations of (a) pure and (b) O-functionalized borophene sheet.  

Figs. 2a, b show the electronic structure of pure and O-functionalized borophene sheet, respectively. According 

to Fig. 2a, borophene bands cross the Fermi level along the G–X and S–Y directions indicating a metallic nature 

of pure borophene. These results are in good agreement with previous studies [4, 7]. For O-functionalized boro-

phene (Fig. 2b), there is also no gap in the phonon spectrum. Thus, the O-functionalized borophene retains a 

metallic nature. 



 

Fig. 2: The electronic structure of (a) pure and (b) O-functionalized borophene sheet. The black dashed line corresponds 

to the Fermi level. The red lines show O bands.  

 

To estimate the effect of the O-functionalization on the structural stability of borophene the average binding 

energy Eb for pure and O-functionalized borophene. The calculated Eb values for pure and O-functionalized 

borophene are 5.86 and 5.32 eV, respectively. Therefore, the functionalization of borophene by oxygen en-

hances its structural stability.  

In conclusion, it is found that unlike many other 2D materials borophene is inert to the influence of impurity 

oxygen atoms and remains metallic. However, O-functionalization of the borophene surface is an effective 

way to increase its structural stability. 
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C3N4 is an abundant carbon based, conjugated polymer with an attractive electronic band structure and in-

creased physicochemical stability [1]. As far as photocatalytic CO2 reduction is concerned, the adsorption of 

CO2 on the surface of C3N4 based photocatalyst is the first step of the reaction mechanism [2, 3]. In case of the 

combination of C3N4 with metal complexes such as those of Pt, C3N4 acts as a visible light harvesting system 

and catalyst whereas Pt complex provides the CO2 active sites. The complex method of the photocatalytic 

reduction of CO2 emissions in the presence of photocatalyst can be done using previously published methods. 

The pristine C3N4 (g- C3N4 and p- C3N4) and platinum doped C3N4 photocatalysts with 3 wt. % of Pt were 

prepared by two different ways and investigated for the photocatalytic reduction of CO2. The main detected 

reaction products were methane, hydrogen and carbon monoxide. The physico-chemical properties of photo-

catalysts were characterized in detail by low-temperature nitrogen physisorption, X-ray powder diffraction and 

diffuse reflectance UV-Vis spectroscopy. The highest yields of CH4, H2 and CO were achieved in presence of 

3 wt. % Pt/p-C3N4. The correlation between textural, optical and photoelectrochemical properties and the pho-

tocatalysts activity was a subject of this research. 

 

Fig 1: Dependence of the all product yields of CO2 photocatalytic reduction (after 8 irradiation hours) over g-C3N4,  

p-C3N4, 3%Pt/g-C3N4 and 3%Pt/p-C3N4 samples 
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Glass wool is a common insulating material in the world. It is made from melted glass raw materials or cullet 

[1,2]. Glass wool waste is mainly generated from construction and demolition activities, but also to a lesser 

extent by glass wool manufacturing companies. The generation of glass wool waste in Europe, estimated at 

about 800 000 tons per year, has raised many concerns and pressure for further research on the possible recy-

cling options [2,3]. The main components, SEM images and TG/DSC of the glass wool waste used in this 

study are presented in Figures 1 and 2.   

 

 

 

  

 

 

 

 

 

 

 

The potential of reusing this waste as secondary raw material in the formulation of alkali activated materials 

and structural ceramics was investigated and the mechanical properties of the products were assessed. Analyt-

ical methods including X-ray diffraction, scanning electron microscopy and differential scanning calorimetry 

were used for further characterization. The results showed that glass wool waste could be recycled as secondary 

raw materials for both alkali-activated materials and structural ceramics. However, its use as sole precursor for 

alkali activated materials resulted in products with limited thermal stability. Nevertheless, the thermal stability 

could be improved by adding more stable precursors such as metakaolin. On the other hand, glass wool waste 

was found suitable as fluxing agent for both clay and waste-based ceramics, with melting reactions evidenced 

from about 750 °C. These results are of interest for a sustainable use of resources and environment preserva-

tion. 
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Fig. 1: Main components and SEM images of as-received 

and powdered glass wool 
Fig. 2: TG/DSC of glass wool 

Main components of the glass wool waste (wt.%): 

SiO2: 63; Na2O: 16; CaO: 8 
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In last few decades, the production of hydrogen has received much attention, because of its potential applica-

tion as a clean source of energy. Water splitting by a photocatalytic process using oxide semiconductors (e.g. 

TiO2, SrTiO2, CeO2) are considered successful due to economic and clean technology; as a result, it can resolve 

the problems of energy consumption1,2. It has been reported that pure TiO2 cannot efficiently split water into 

H2 and O2 in the simple aqueous suspension system using visible light spectra. The main problem is the unde-

sired fast electron-hole recombination reaction, which is thermodynamically favored. Therefore, it is important 

to prevent the electron-hole recombination process. In this regard, novel TiO2-based composite materials are 

expected to show the H2 production activity in TiO2. Further, modifying wide-bandgap semiconductors such 

as TiO2 with plasmonic nanoparticles (Au, Ag) introduces visible-light activity, expanding the applicability of 

these aqueous-stable oxides for solar-driven technologies. Direct production of chemical energy from solar 

energy is desired not only from energy harvesting perspective but also, very importantly, from energy storage 

perspective.  

We utilized wet chemical synthesis3 to synthesize TiO2-Ag-Ni nanocomposite. Figure 1a shows the morphol-

ogy of the grown composite. Further, the energy dispersive X-ray spectroscopy (EDS) mapping was performed 

to locate the Ag and Ni supported on TiO2. EDS iamges clearly show the presence of Ag, and Ni elements 

onto TiO2, although the destitution is inhomogeneous. These samples were further investigated for H2 produc-

tion activity.  

 

 

 

 

 

Fig. 2: GC analysis of gaseous species present at reactor after il-

lumination with monochromatic light at 420 nm for 90 minutes. 

Samples of 25 mL total suspension containing 5 mg of catalyst in 

DI-water were stirred in the bottom illuminated 50 mL quartz re-

actor cells. 

Fig. 1: SEM image of synthesized TiO2-Ag-Ni nano particle and respective EDS mapping of Ti, O, Ni and Ag. The 

particle shows binary and ternary structures of TiO2-Ag and TiO2-Ag-Ni regions I and II respectively. 
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Data from water splitting experiments show hydrogen H2 formation activity using gas chromatography (GC).  

Preliminary results show the production of H2 in TiO2-Ag-Ni nanocomposite, whereas, no production of H2 

could be observed in pure TiO2 sample (Figure 2). 

We have successfully applied our wet chemical methods for synthesis of a novel TiO2 –based ternary com-

pound. Next, we will pursue to increase the yield of the ternary compound by alteration of the synthesis and 

investigate the effects of the changes in applications of water splitting as well as water pollutant degradation 

as well as detailed characterization of the material. 
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Cobalt mixed oxides with spinel structure belong to active catalyst for N2O decomposition [1]. Reaction is 

described as electron transfer from catalyst surface to N2O leading to its immediate dissociation and leaving 

oxygen atoms adsorbed on the surface. Catalytic cycle is closed by molecule oxygen desorption via Lang-

muir-Hinshelwood or Eley-Rideal mechanism [2]. All reaction steps exhibit redox character; it means that 

reaction rate can be controlled by electronic properties. 

The series of Co3O4 and Co4MnAlOx were obtained by calcination of precursors prepared by different meth-

ods. Selected catalysts were deposited on SiC open-cell foam by wet impregnation and suspension methods. 

The catalysts were characterized by AAS, XRD, TPR-H2, FTIR, Raman, XPS, SEM, TEM and low-

temperature nitrogen adsorption and tested for nitrous oxide decomposition. The correlation between 

methods of preparation, phase composition of precursors, redox and catalytic properties of the relat-

ed cobalt spinel catalysts, and the role of the cobalt ions as catalytic active sites is discussed. 

 

 

 

Fig. 1: a) SEM micrographs of Co3O4 deposited on SiC by wet impregnation. b) Temperature dependence of N2O con-

versions over prepared Co3O4 or Co4MnAlOx catalysts in grain forms. Conditions: 1000 ppm N2O in N2, GHSV = 60 l 

g-1 h-1. 
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Utilization of wastes and by-products is an important and topical research field. In addition to the technical 

feasibility, also the environmental and health aspects should be considered when evaluating the utilization of 

new waste-derived materials. Multidisciplinary research is thus needed. In this study, the toxicity of red mud 

was studied. Red mud, also called bauxite residue, is a waste formed in the Bayer process, when aluminum 

oxide is refined from bauxite ore. [1] Several studies have been conducted regarding the potential utilization 

of red mud [1–3].  

This study focuses on the toxicity of the elements of red mud using human MCF-7 breast cancer cells as 

the model. Cells cultured in DME-medium (DMEM supplemented with 10 µg/ml gentamicin, 0.375% Na-

HCO3, 4.5 µg/ml insulin and 9% FBS) were exposed to dilutions of red mud. Red mud was received in a dried 

form. A mixture of MilliQ-water and red mud (100 g/l) was stirred for three days and left settling for a few 

hours. Afterwards, the liquid was separated by pipetting and the remaining particles were separated by centrif-

ugation. The pH of the liquid was adjusted with HCl to ca. 7 and the liquid was then filtered with syringe filters 

(AcrodiscR, 0.2 µm). This sterile water containing the elements leached from the red mud (later called red 

mud water) was used in the preparation of the cell culture medium. The elemental composition of the liquid at 

different stages of the preparation process was analyzed with ICP-MS (Table 1). The most significant metals 

were selected and the toxicity of each metal or their combinations was also evaluated. 

 

Table 1: Concentrations of certain metals in red mud water at different stages of preparation. 

 Al As Cr Fe Li V 

 mg/l µg/l mg/l mg/l µg/l µg/l 

1. Non-filtered 73.3 94.5 0.7 2.2 98.6 478 

2. Non-filtered, pH-adjusted (+centrifuged) 20.3 4.7 0.6 0 96.0 133 

3. Filtered 0.5 4.9 0.5 0.1 101 48.1 

4. Exposure medium with red mud 0.9 7.9 0.4 0.3 78.3 46.5 

5. Pure medium 0.6 13.4 <0.05 0.4 16.0 1.0 

 

The cells on 48-well plates were exposed to red mud water at concentrations of 100 g/l, 50 g/l, 25 g/l and 10 

g/l. Four replicates per concentration on the same plate were used, and the experiment was repeated inde-

pendently four times. The cells were exposed for 48 hours after which the viability of the cells was tested 

with the MTT assay. The assay is based on the conversion of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-

trazolium bromide (MTT) to insoluble formazan [4, 5]. Viable cells are able to convert MTT to purple colored 

formazan whereas dead cells lose the ability to convert MTT. The absorbance of formazan is measured by a 

spectrophotometer at the wavelength of 570 nm. The measured absorbance is proportional to the number of 

viable cells. 

The production of reactive oxygen species (ROS) was measured with a method that uses H2DCFDA as the 

substrate [6, 7]. The esterase activity in the cells results in the formation of a water-soluble nonfluorescent 

2’,7’-dichlorodihydrofluorescein (H2DCF), which is rapidly oxidized in the presence of ROS to a highly fluo-

rescent 2’,7’-dichlorofluorescein (DCF). DCF fluorescence was measured with a fluorescence plate reader at 

excitation and emission wavelengths of 485 nm and 530 nm, respectively. The DCF fluorescence values were 



normalized to the total cell number based on the maximum PI fluorescence values in the presence of digitonin 

(FMAX). 3,4-Dichloroaniline (DCA) was used as a positive control in the ROS assay. 

Based on the results, the elements leached from red mud clearly reduced the viability of MCF-7 breast 

cancer cells and increased ROS production within the cells (Fig. 1). With the highest concentration of red 

mud water, the changes were statistically significant. Preliminary tests were conducted with modelled red mud 

water containing Al, As, Cr, Li and V in the concentrations corresponding to the ones of the non-filtrated red 

mud water (Table 1). The effects of these elements were studied both individually and in two combinations 

(Combination 1: Cr, Li and V, Combination 2: Cr, Li, V, Al, As). The results did not show statistically signif-

icant loss of cell viability when individual elements or their combinations were used in these concentrations. 

However, some increase in ROS was detected. The preliminary tests showed that the combination of these 

metals had a more significant effect on the formation of ROS than any metal alone. Red mud is a complex 

mixture of elements and compounds, and the synergistic effect of different elements may increase the toxicity.  

 

Fig. 1: The cell viability (by MTT test) and the amount of reactive oxygen species (ROS) after 48 hour-exposure of human 

breast cancer MFC-7 cells to leached components in the dilutions of red-mud. 

 

As a conclusion it can be stated, that the elements leaching from the red mud may induce toxicity in 

human cells. This needs to be taken into account in the potential future use of red mud. Different pre-treatment 

methods can be used to decrease the amount of toxic elements leaching out from red mud.  Further research 

concerning the elements leaching out from red mud after chemical and thermal pre-treatments is 

planned. 
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Although hydrothermal carbonization (HTC) is a thermochemical process capable to convert biomass into 

products with commercial value [1], its use to degrade pharmaceuticals is not common due to their higher 

chemical stability. Morais and coworkers [2] reported that the HTC process could remove hormones from 

water, but the degradation pathway was not elucidated yet. Acyclovir - C8H11N5O3- a synthetic nucleoside, and 

purine analogue - presents inhibitory activity against some viral diseases [3]. Its large use as an antiviral drug 

increased its environmental dispersion, and occurrence in wastewater [4], and in a river [5], which was already 

reported. The aim of this study is to elucidate the acyclovir degradation pathways in HTC process, using mass 

and Raman spectral data, scanning electron microscopy and theoretical calculations at DFT/B3LYP/6-31G(d) 

level - a method of dispersion correction as an add-on to standard Kohn–Sham density functional theory (DFT). 

The potential energy of the protonated and deprotonated acyclovir was computationally calculated in order to 

study acyclovir ionization, because the studied reactions took place in medium with pH=3.00 and 10.00. For 

deprotonation, all hydrogen atoms were removed, and for protonation, all nitrogen and oxygen atoms were 

protonated. Then, the potential energy of all molecular structures was calculated. Theoretical results showed 

that deprotonation could not occur without extra energy added to the system, instead of protonation. 

Theoretical results presented that the fragmentation of the protonated molecular ion in the atom N21 occurred 

with the migration of the atom H3 to the N9. For deprotonation, the results indicated that the migration of H8 

atom to the N9 atom was able to promote the fragmentation in deprotonated acyclovir [Acy-H25]-. Hydrogen 

migrations generated an imaginary frequency, which confirmed the transition state and the reaction (Fig. 1). 

 

 

 

 

 

Fig.1: Potential energy profile of acyclovir degradation.TS - Transition state. 

Although ionization data indicated that deprotonation occurred in an exothermal reaction, better performance 

in acyclovir degradation was observed in alkaline medium due to its higher energy after ionization. Fig. 1 

shows that the energy required to promote hydrogen migration in the samples with pHi=10.00 (53.76 kcal mol-

1) is smaller than the sample with pHi=3.00 (150.25 kcal mol-1). According to these results, when acyclovir is 

deprotonated, the energy barrier required to start the degradation is smaller than that required to start the 

protonated acyclovir degradation, and it explains why the degradation performance is better with alkaline pH. 

Moreover, protonated acyclovir is more stable (lower energy) than the deprotonated acyclovir, which can also 

explain this result. 

Evaluating the mass spectral data from both ions modes (positive and negative) of treated samples (3.00 h), it 

was assumed that the product ions from acidified samples at m/z 152.0594/152.0645/152.0598 were related to 

ionized guanine (C5H6N5O+). The generation of the product ion at m/z 150 (C8H10N5O3
-) took place from 

deprotonated acyclovir, but the hydrogen was removed from the guanine moiety (Fig. 2). It is important to 
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notice that the MS analysis showed a fragment and epoxide group. 
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Fig. 2: Fragmentation pathways of ionized acyclovir. 2a: Protonated acyclovir. 2b: Deprotonated acyclovir. Images 

generated by Avogadro software, from data generated in Gaussian 16. 

 

All liquid treated samples presented a band at 938 cm-1 in the Raman spectra related to C-O-C stretching in an 

epoxide, and it confirms that guanine ion is a common degradation compound found after 3.00 h of treatment. 

Moreover, it confirms that the bond breakdown of N9-C6is related to fragmentation. In addition the intensity 

of the band at 1321 cm-1, related to tertiary amine, decreased confirming the N9-C6 bond breakdown.  

In order to confirm the variable shape of hydrochar particles, the scanning electron microscopy images from 

hydrochar samples were taken. It was noticed that the samples obtained at pHi=10.00 presented non-spherical 

shape. Therefore, higher availability of degradation products with different masses and solubilities could 

generate particles with different shapes and sizes. Because of that, most water-soluble compounds could react 

with hydrochar after its precipitation. 

The evaluation of mass and Raman spectral data could prove the acyclovir degradation processes during the 

HTC. Theoretical calculations were compared to experimental results to verify all steps of the process, and 

Raman spectral data was useful to comprehend the epoxide group formation, which confirmed the proposed 

hydrogen migration, the first step of degradation. Therefore, using mass and Raman spectral data and quantum 

calculations is a reliable tool to study degradation pathways, and these methodologies will provide a better 

understanding of reactions in the HTC reactor. 
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Sucralose - a synthetic organochlorine sweetener - is widely used and its environmental dispersion has been 

already reported [1]. However, its high chemical stability and environmental persistence make its 

degradation a hard task. Hydrothermal carbonization (HTC) is a process, which can convert wet organic 

matter to a valuable char material. Thus, HTC can be useful to treat industrial effluent with water-soluble 

compounds. The aim of this study was to elucidate the sucralose degradation pathways during HTC process, 

using mass and Raman spectral data, and Principal component analysis (PCA). 

The commercial trademark sucralose (1.600 g) samples were added to water solution (50.00 mL) with pH of 

3.00, 7.00 and 10.00. Hydrochloric acid was used to prepare the acidic solutions and potassium hydroxide 

was used for the alkaline pH. The concentration of oxidants iron (II) chloride and manganese (II) chloride 

were 5.00, 10.00 and 20.00 g L-1. The HTC treatment of samples was performed during 3.0 hours at constant 

temperature (200° C). A PCA was used in order to verify the main compounds present in degradation 

solutions (Fig. 1). 

 

 

 

 

 

 

 

 

Fig. 1: Loading plot for first, second and third principal components for signal intensity of mass spectrometry results 

(positive ion mode). Labeling of samples is shown. Generated by Chemoface software. 

The Fig. 1 shows three groups: two groups (A and B) in which Fe (II) and Mn (II) were used, and a third 

group (C), in which the pH was varied. The sample with initial pH 7.00 presented as a numerical aberration, 

and it means that the lowest treatment performance was observed in neutral pH. These results also confirm 

that the use of oxidants can produce a different mass profile of compounds, especially the use of iron (II) 

(20.00 g L-1) result in the smallest mass number of degradation products.It was possible to correlate the 

number of degradation products to the concentration of Fe (II), which means that the reaction with Fe (II) 

was able to accelerate the oxidation of organic matter during the hydrothermal carbonization process. Titirici 

& Antonietti [2] have shown earlier that Fe (II) ions were able to effectively catalyze the hydrothermal 

carbonization of starch, and the similar behavior was confirmed in our study. Moreover, the presence of 
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nucleophilic groups in the sucralose may explain the better results of hydrothermal carbonization in presence 

of oxidizing agents compared to the experiments without an oxidant.  

PCA results of Raman spectral data from liquid samples (Fig. 2) showed that the use of oxidizing agents and 

acidic pH (group 3 and 4) can produce similar compounds during de HTC process. The samples with initial 

pH of 10.00 had the lowest degradation performance compared to the other samples. A way to test if Raman 

spectral data was reliable to evaluate the degradation, untreated samples (group 1) was measured as well. 

The untreated samples showed higher similarity, which confirmed Raman spectral data sensitivity. 

 

 

 

 

 

 

 

Fig. 2: Loading plot for first and second principal components for Raman spectral data. Generated by Chemoface 

software. 

The highest intensity signal of Group 2 can be explained by the difficulty of degradation of sucralose in 

alkaline pH. It is shown in Group 3, that samples with initial pH= 3.00 (acid) and 10.00 (alkaline) had higher 

similarities. The use of oxidizing agents was able to change the molecular profile of samples, which was also 

confirmed in MS analysis. The PCA of Raman spectral data confirmed that HTC process with oxidants at 

higher concentration (20 mg L-1) could produce better results. This is consistent with MS results. 

Computational results at DFT/B3LYP/6-31G(d) level presented that deprotonation required higher energy 

than protonation, and non-ionized sucralose presented lower energy than deprotonated sucralose. These 

results showed that protonation took place immediately when sucralose was added acidic solution, and this 

confirmed that acid pH presented the better degradation performance among neutral, acidified and alkaline 

medium. The oxidation potentials of the metals (Fe II - E=-0.44 V - Mn II - E=-1.18 V) can explain the 

better degradation performance in presence of Fe II. 

HTC process was able to degrade sucralose and the evaluation of PCA of mass and Raman spectral data 

could help to understand of the degradation process. PCA analysis of Raman spectral data from liquid 

samples was very sensitive and showed that acidic medium and the use of Fe II gives a higher degradation 

results. The fingerprint mass spectral data of the same samples were useful to understand the steps of 

sucralose degradation, and the PCA analysis showed similar results than the Raman analysis. However, 

according to mass spectra, the use of Fe II reduced the number of compounds in the reaction medium. 

Computational results related to ionization processes showed that in acidic medium, the protonation was able 

to change sucralose molecular structure, which facilitated the degradation. These results were also confirmed 

by experimental results. Finally, this study proved that HTC is useful to synthesize hydrochar with specific 

physical properties.  
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Design and discovery of new functional materials (such as catalysts, magnetic, battery and energy materials) 

with improved performances and greater versatility are the key drivers of innovation. Inorganic oxides due to 

their durability and environment friendly nature gained pioneer interest in the search for multifunctional can-

didate showing properties like ferroelectric, multiferroic, anode/cathode active materials in battery, spin liquid 

etc.[1]. Herein, we aimed to present a green magnetic multifunctional CoTeO4 which is found to show spin-

liquid and giant electrochemical performance along with conventional antiferromagnetism [2-4]. The proposed 

compound was prepared by sol-gel method. Synchrotron X-ray diffraction, Magnetization and electrochemical 

measurements are used to probe for entitled investigations. Room temperature structural analysis shows the 

monoclinic structure with P21/c space group. Temperature dependent magnetization at 100 Oe of CoTeO4 hav-

ing AFM transition TN~46 K along with Curie-Weiss temperature θcw~ 290 K and an effective moment µeff -

6.7 MB (arising from Co+2) as shown in Fig. 1-a. In addition, the frustration parameter f (= │θcw│/TN) is about 

6.3 [1]. Zero-field, temperature dependence of specific heat yields Sommerfeld coefficient γ of about 2.8 

mJ.mol-1.K2 (see Fig. 1-b). The experimental observables such as very low magnetic moment, relatively large 

frustration parameters and finite y suggest CoTeO4 to be a potential spin liquid candidate. Furthermore, the 

electrochemical measurements show the initial charge/discharge capacity of 900 mAh g-1 exhibiting same 

cycling performance up to 100 cycles. Our study concludes CoTeO4 a new material providing challenges as 

well as opportunities in condensed matter physics from fundamental to application-based sciences.  

Fig. 1-a) M(T) collected in 100 Oe, showing AFM transition TN-46 K. Curie-Weiss fit of paramagnetic dc-susceptibility 

yields, θcw ~ -290 K. Frustration parameter is estimated to be f ~6.3. µeff is observed to mainly arise from the Co+2 ions. 

-b) Temperature dependent Specific heat depicts a peak at TN. The C/T vs T2 fit (inset) indicates the Sommerfeld coeffi-

cient γ ~ 2.8 mJ.mol-1.K2. 
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Coupled with the benefits of technological advances, a substantial increase in energy demand, especially from 

fossil fuels, was observed. Therefore, the development of alternative technologies for energy generation and 

the improvement of sustainable fuel production processes with high efficiency and low cost is fundamental. 

The possibility of treating solid and liquid waste streams to obtain combustible gases as process by-products 

is an interesting option for energy integration. In this sense, the use of water in supercritical condition for 

gasification of biomasses is prominent. Under ideal conditions of temperature and pressure, supercritical water 

has a high oxidizing potential, converting a large variety of biomasses into H2, CO, CO2, CH4 and other gases 

of industrial interest [1]. In addition, the treatment of liquid waste with low degradability and/or high toxic 

potential such as hormone, antibiotic and others industrial wastewaters stands out in both environmental and 

energy aspects [2]. 

In this context, samples of hormone industry effluents were treated via ScWO process and analyzed in terms 

of pollutant load reduction and toxicity decrease. The possibility of syngas generation and hydrogen production 

was also evaluated. This specific industrial effluent was chosen due to its high degree of toxicity and difficulty 

of treatment by conventional processes. The possibility of hormones in wastewaters acting as endocrine dis-

ruptors was also taken in account[3].The optimal conditions of operational parameters were determined. The 

liquid phase was characterized by total organic carbon (TOC), chemical oxygen demand (COD) and submitted 

to phytotoxicity assays with cucumber seeds (Cucumis sativus). The gas phase was characterized by gas chro-

matography (GC). 

Experimental runs were conducted in pilot unit made of stainless steel (VRC-625) according to the scheme 

shown in Figure 1. Hormone industry wastewater samples were continuously fed to a tubular reactor (30 cm 

of length x 1 cm I.D) by a quaternary high-pressure liquid pump. The reaction products were separated into 

two phases (liquid and gaseous) and collected in a condenser system located at the end of the unit. Flow rate 

and pressure were kept constant at 10 mL min -1 and 260 bar, respectively. The effect of temperature was 

evaluated from 400 °C to 700 °C. 

 

 

Fig. 1: Schematic representation of the ScWO tratment system. 



The ScWO treatment reduced up to 89,6% of the initial TOC of the hormone industry wastewater after a single 

pass through the reactor. A reduction of 97.9% of TOC values was reached after re-treatment of the samples 

under the same operational conditions (Figure 2). Figure 3 shows the hormone industry wastewater samples 

before and after ScWO treatment. Cucumber seeds phytotoxicity assays  indicated a significant reduction in 

the toxic effect of the chemical compounds present in the initial samples for temperatures higher than 600 °C. 

 

 

     

 

 

 

 

The characterization of gaseous products showed that hydrogen gas production stands out among the other gases, 

therefore,  indicating the great environmental and energy potential of ScWO treatment of organic pollutants 

(Figure 4). 

 

Fig. 4: Composition of gaseous products of ScWO treatment of hormone industry wastewater samples as a function of 

temperature (°C). 

 

Thus, the treatment of persistent organic pollutants via ScWO processes is a very promising technique, 

considering not only its high efficiency for this purpose, but also the possibility of obtaining combustible gases 

of industrial and/or energetical interests, which can contribute to the viability of the process. 
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Fig. 2: TOC and COD reduction after treatment 

of hormone industry wastewater samples as a 

funtion of temperature (initial TOC = 

1.419,0 mg L-1 e initial COD  = 6.100,0 mg L-1) 

 

Fig. 3: Hormone industry wastewater 

samples before and after ScWO treatment 

(10 mL min-1, 700 ºC, 260 bar). 
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Aluminosilicate glasses are materials with wide technological applications. Due to their desirable properties, 

they are commercially used as refractory glass-ceramics [1], bioactive glass-ceramics [2], container glasses [3], 

optical fiber amplifiers and laser materials [4], and so on. They are also considered as potential supplementary 

cementitious materials with reduced CO2 emissions when compared to ordinary Portland cement [5]. Consid-

ering significance of aluminosilicate glasses, there is a greater need to understand their structure. One of the 

key parameters affecting their structure is the cation field strength (defined to be cation charge divided by the 

square of the cation–oxygen ionic bond distance) of the non-framework cation. Here in this work, we study 

the effect of cation field strength of non-framework cation (Na and Mg in this case) on the structure of ( 

(Na2O)1-x (MgO)x (Al2O3)0.25 (SiO2)1.25) glasses using characterization techniques like 27Al MAS NMR, 29Si 

MAS NMR, XPS, XRD, and SEM. Results indicate that due to the high cation field strength of Mg over Na, 

Mg is preferred for network modification, while Na is preferred for charge compensation. Al exist in tetrahe-

dral and pentahedral structures with the Na as compensator, while part of tetrahedral Al is converted to penta-

hedral and octahedral as Mg is added. Replacement of Na with Mg as network modifier leads to conversion of 

Q3 species into Q2 species. This indicates Na preferably associates with Q3 sites while Mg prefers Q2 sites. 

When Mg replaces Na as charge compensator, proportion of Al-rich Q4 species decreases, while proportion of 

Al-poor Q4 species increases. According to SEM, there is an increased tendency for phase separation when 

Mg replaces Na in the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Results of characterization of glasses: (a) XRD; (b) Al NMR; (c, d) Si NMR; (e) SEM. 
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Large volume of industrial wastewater polluted by organic dyes is asking for cheap and efficient purification 

technologies. Among them, adsorption through porous clays is one of the most affordable route within human’s 

disposal. Compared to activated carbon, clay minerals are rich in types and abundant in natural storage. The 

clay compounds can be found such as (but not limited to) sepiolite, zeolite, kaolinite, montmorillonite, smectite 

and bentonite.  Due to specific surface area, molecular sieve structure, high chemical stability and high ad-

sorption capacity, they have been refined and used to treat organic pollutants [1-3]. Here we report on polyox-

ometalate (POMs) acidified sepiolite (SEP) with enhanced dye adsorption and separation abilities. Through a 

facile hydrothermal method, the SEP was treated with three low concentration POMs of phosphotungstic acid, 

silicotungstic acid and phosphomolybdic acid. Results show that POMs acidification has little influence on 

crystal structure and chemical composition of sepiolite, but modifies morphology. Samples have excellent 

thermal stability. Adsorption results indicate that the SEP, once acidified by the POMs, has higher adsorption 

ability than raw SEP or SEP treated by NaCl and HCl. The RhB adsorption process can be ascribed to the 

pseudo-second-order kinetic model. And the SEP treated by 0.10 mol/L H3PMo12O40 possesses an efficient 

separation ability for MB/MO and MO/RhB mixture solution by efficiently and quickly capturing the cationic 

dye from mixed dye solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: FT-IR spectra of the sepiolite sam-

ples: SEP, PW1, PW2, PW3, SiW1, SiW2, 

SiW3, PMo1, PMo2 and PMo3. 

Fig. 2: Time-course variation of C/C0 of RhB so lution in the presence 

of the sepiolite samples: (a) PW1, PW2, PW3 and SEP, (b) SiW1, 

SiW2, SiW3 and SEP, (c) PMo1, PMo2, PMo3 and SEP, (d) SEP, 

BTA1, BTA2, BTA3, NaCl/SEP, HCl/SEP and SEP. The inserted pho-

tograph in (a) show the UV-Vis adsorption spectra of RhB after being 

treated by PW2 and the inserted photograph in (b) show the color 

change of RhB after being treated by SiW2. 



Typical FT-IR spectra of sepiolite samples are illustrated in Fig. 1. The bands between 3427 and 3626 cm-1 is 

due to stretching vibrations of the OH groups. The bands observed at 3695 and 3624 cm−1 for all the samples 

can be assigned to the stretching vibrations of triple bridge hydroxyl groups in the octahedral sheet in the 

external surface of sepiolite. The H-O-H bending mode at 1653 cm-1 and the O-H stretches at 3439 cm-1 are 

corresponding to zeolitic water (interbedded water molecule of the clay). Characteristic bands of silicate are 

presented at 1200-400 cm-1. The bands centered at 1028 and 798 cm−1are due to the vibration of Si-O-Si in 

the tetrahedral sheet, while at 470 cm-1 associated with Si-O-Al bending vibrations (octahedral) in previous 

report [48]. The band at 1085 cm-1 can be attributed to stretching vibration of Si-O. The band at 692 cm-1 is 

also assigned to the bending vibration of Mg3OH. From the Fig.1, it could be found that the intensity of band 

at 1028 cm-1 decreases with the H3PW12O40 concentration for PW1, PW2 and PW3. Meanwhile, the intensity 

of band at 1085 cm-1 is enhanced, which indicates that the layered structure of sepiolite has been destroyed in 

some extent during the acidification process. The same results can also be obtained in the samples SiW1, SiW2, 

SiW3 and PMo1, PMo2, PMo3. Moreover, there is no characteristic bands of POMs existed in FT-IR spectra 

of sepiolite samples, agreeing well with XRD data. 

The adsorption time-course variation of C/C0 of RhB solution in the presence of the sepiolite samples were 

shown in Fig. 2. It can be seen that sepiolite samples treated by phosphotungstic acid exhibit higher adsorption 

ability than raw SEP given in Fig. 2a. The adsorption efficiency is up to 92.6%, 94.0%, 91.5% and 80% for 

PW1, PW2, PW3 and SEP in the time of 180 min, respectively. From the inserted figure in Fig. 2a, it is clear 

that the characteristic absorption peak at λ=552 nm of RhB decreased along with adsorption time. Almost 

55.2% of MB were removed in 30 min and the removal rate becomes slow with the time. As shown in Fig. 7b, 

the removal efficiencies are 92.8%, 91.3% and 95.3% for SiW1, SiW2 and SiW3, respectively. From the in-

serted photograph in Fig. 2b, the high adsorption efficiency also can be confirmed by the decoloration of RhB 

solution where pink disappears gradually. As given in Fig. 2c, the removal efficiency are up to 96.8%, 98.9% 

and 95.1% for PMo1, PMo2 and PMo3, respectively. The adsorption process was completed in 30 min, and 

almost all of the RhB in solution was captured by PMo2. The adsorption abilities of the sepiolite treated by 

0.50 mol/L, 0.75 mol/L and 1.00 mol/L 1, 2, 3, 4-Butane tetracarboxylic acid and 1.0 mol/L NaCl or HCl with 

same process were also measured. As shown in Fig. 2d, their removal efficiencies are 85.9%, 73.1%, 79.3%, 

82.4% and 86.3%, lower than those of sepiolite samples treated by POMs. Among these sepiolite samples, 

PMo2 shows the highest adsorption ability which might be attributed to the appropriate pore structure and 

plenty of negative charge and adsorption sites. 

In summary, the sepiolite was acidified successfully by three kinds of POMs of phosphotungstic acid, silico-

tungstic acid and phosphomolybdic acid via a facile hydrothermal method. The acidified samples were char-

acterized thoroughly by XRD, SEM, XPS, FT-IR, BET, TGA. Results show that POMs only have a little 

influence on crystal structure and chemical composition on the surface of sepiolite, but modify the morphol-

ogy. Present sepiolite samples has higher adsorption ability than raw sepiolite and sepiolite treated by NaCl 

and HCl for RhB. Adsorption mechanism was also studied and classified to the second-order kinetic model. 

The sample PMo2 also has efficient separation ability for MB/MO and MO/RhB solution which can efficiently 

and quickly capture the cationic dye from mixed dye solution. The present study demonstrates that through 

POMs treatments, porous clays may act as cheap, efficient and selective adsorbents in water purification pro-

cesses. 
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Sm2+ and Sm3+ co-doped SrB4O7 could be utilized in high-level optical devices such as optical pressure sensors.  

Together these Sm cations are used in X-ray storage phosphors and also SrB4O7 host itself provides excellent 

properties, such as high mechanical strength and high optical damage threshold [1-3]. Overall, fundamental 

knowledge about the optical behavior of these materials benefit the development of luminescent applications. 

The utilization of synchrotron radiation in luminescence studies in UV and VUV spectral ranges has been 

successfully applied for many types of wide band gap inorganic materials [e.g. 4-5].  

In this poster presentation, we report luminescence and its vacuum ultraviolet (VUV) excitation spectra in 

samarium doped SrB4O7, together with first principle calculations. Throughout this study, Sm2+ and Sm3+ lu-

minescence centers were examined and distinguished in the emission and the excitation spectra, investigated 

under synchrotron radiation. The contribution of either Sm2+ or Sm3+ emission lines into the emission spectra 

heavily depends on excitation energy and strong f-f transitions of both Sm2+ and Sm3+ were detected. At 10 K, 

a broad intrinsic luminescence in the UV range (Fig.) was detected and attributed to the radiative transition of 

either bound or self-trapped exciton in SrB4O7. 

 

The optical behavior, including e.g. inter-configurational 

f-d transitions of Sm(n+) were elucidated with first-princi-

ple calculations. Partial density of states well represents 

the changes of the electronic states that are related to the 

Sm doping, which in turn explains the emerging features 

in excitation spectra. In summary, the obtained results 

clarify the excitation and emission behavior of samarium 

doped SrB4O7. 

 
Fig. 1: The luminescence spectra of intrinsic and samarium re-

lated emissions in SrB4O7:Sm (0.5%) under 90 nm (13.78 eV) 

excitation at 10 K. 
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The presence of emerging contaminants such as pharmaceuticals and hormones in the environment has been a 

point of focus for researchers since the mid-90s (Kleywegt et al; 2011). The worldwide average consumption 

of pharmaceuticals is 15 g and goes up until 50 g to 150 g per capita in industrialized countries (Lonappan et 

al; 2016). The production, use and storage of the pharmaceutics are all responsible on the emissions to the 

environment. Since most of these pharmaceutics are over the counter drugs, individuals as well play a great 

role in their presence in the environment. Photocatalytic degradations has proven to be an environmentally 

friendly method for the treatment of these pharmaceuticals (Morales-Torres et al; 2014). With the quest to 

convert biomass to innovative material, photocatalytically active carbon materials have been prepared over the 

years using several methods (Han et al; 2014, Wang et al; 2012, Guo Feng et al; 2017, Li et al; 2011). In this 

research, the hydrothermal carbonization (HTC) process was used. It is a thermochemical process that uses 

subcritical liquid as a reaction medium for converting feedstock into value added products. It produces a 

carbonaceous solid called hydrochar with attractive characteristics (Han et al; 2017). 

Palm kernel shells, were used in this work as carbon source to explore their ability to be used as photocatalytic 

composite materials. In a one-pot HTC process, the ground shells were mixed with different titanium dioxide 

precursors and/ or metallic tungsten in water at temperatures and pressure of 220°C and 20 bar, respectively. 

Further carbonization was carried out under nitrogen flow of 60 ml/min at 400°C for four hours. Four catalysts 

were produced: VKC2= (P25+ Palm shells),VKC3= (Ti(OBu)4 + Palm shells),VKC4= (P25 + Palm shells + 

Tungsten), VKC5= (Ti(OBu)4 + Palm shells + Tungsten) 

To explore the characteristics of these developed materials, several techniques were used: X-ray photoelectron 

spectroscopy (XPS), Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR/ATR), 

Field Emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), Fluorescence suppressed 

Raman spectroscopy, N2 adsorption (ASAP 2020), Thermogravimetry/Differential scanning calorimetry 

(TG/DSC) and X-ray fluorescence (XRF) analyses. The photocatalytic performance of these composite 

catalysts was tested in the photodegradation of diclofenac under UV light irradiation, where VKC2 exhibited 

the highest photodegradation efficiency.  

TG/DSC analysis is the method used to determine the behavior of the materials. The analysis was done for 

VKC2, at 800°C temperature and it showed that, about 88% of the material was left indicating that it is quite 

stable at this temperature. This method is typically used in catalyst preparation for getting information on the 

changes in chemical and physical properties as a function of increasing temperature or time with constant 

heating rate. XRF analysis was used to discover the elemental composition of the developed materials. The 

results showed the dominant presence of Carbon, 34%Oxygen and 50%Titanium, with less than 0.1% of metal 

impurities like Ni, Cu, Zn. N2 adsorption is used to determine the specific surface area of the material with 

Brunauer-Emmett-Teller method and porous characteristics with Barrett-Joyner-Halenda method. This 

information is related to the material adsorption ability and availability of the surface for the catalytic reactions. 

The results showed that specific surface area of VKC2 was 160 m2/g. More visual results from the material 

structure can be discovered by using electron microscopy. FESEM was used also to show the elemental 

compositions of the materials which correlated with the XRF analysis. Figure 2 shows the image and elemental 

mapping of VKC2 catalyst. 

The XRD gives information on crystalline phases of the developed materials. The results gave indication that 

the developed materials exhibited the anatase and rutile phases from TiO2. According to (JCPDS # 71-1166), 

it showed the materials was in the reduced graphene oxide form. 

 FTIR and Raman techniques give information on the material chemical structure, and in certain 

circumstances also about the surface active sites. TG-Raman spectrum of VKC2 is presented in Figure 1. The 



results showed the presence of a D band at 1353cm-¹ and G band at 1580 cm-¹. XPS method is very sensitive 

method to discover the characteristics of the surface of the material. In this case we discovered the decrease in 

the peaks of the oxide functional groups which is attributed to reduced graphene oxide (001) composites. The 

aim of this analysis was to find out information on the surface oxygen functional groups. 

  

Figure 1. TG-Raman spectrum of VKC2.                Figure 2. FESEM results of VKC2 catalyst 

 

In the development and testing of catalytic materials, several different types of characterization is needed to 

be able to explain the features related to the catalytic performance. During recent years, new characterization 

possibilities have appeared including material characterization under its real conditions of use. These new 

methods will give us new and valuable information that was not available earlier. Based on the analyses 

presented here, it was found that, hydrothermal carbonization produces a stable material with an appreciable 

crystalline structure, increased surface area and porosity. The photocatalytic test showed potential of the 

prepared materials in photodegrading pharmaceuticals that could potentially be attributed to the contact 

between the HTC carbon and TiO2, which favors the transfer of photogenerated electrons on TiO2. More exact 

interpretation of these results will be done in the near future, and the information will be used in modification 

of the material and optimization of the experimental parameters to improve the material performance further. 
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Increased environmental awareness, stricter pollution regulations, and health hazards caused by poor air qual-

ity in major cities across the world demand the development of clean air technologies capable to decrease or 

eliminate harmful emissions from exhaust gases. Environmental catalysis plays an indispensable role to 

achieve this goal. Therefore, the abatement of harmful emissions from combustion in stationary (industry and 

energy generation) and mobile (car, train, ship, and air transport) sources remains an extremely important topic. 

Increasingly strict legal restrictions on admissible emissions concomitant with a lowering of crude oil quality 

require much improved cleaning processes [1-3]. 

The Selective Catalytic Reduction (SCR) of nitrogen oxides converts the toxic NOx compounds into harmless 

nitrogen and water (4NO + 4NH3 + O2    6H2O + 4N2) [2-5]. The most recent EU standard, Euro 6 (2014), 

limits NOx emissions from transportation to less than half of the previous standard [3-4]. To achieve the levels 

set by the standard a better understanding on the reaction mechanism at atomic scale, the role of the catalytic 

active sites, and the deactivation mechanism is of vital importance.  

We have studied the most common, industrially relevant catalysts based on the V2O5/anatase-TiO2 system. 

Even though it has been widely used, the nature of the active VxOy catalyst (V4+ or V5+) under real reaction 

conditions remains unsolved. In addition, the presence and role of terminal V-OH groups in the catalytic cycle 

leading to formation of the V4+ oxidation state and Brøndsted acid sites needs to be investigated in detail.  

 

From the results presented in Figure 1, it is 

possible to see that the surface V species of 

the 3%V2O5/a-TiO2 catalyst goes through a 

chemical shift towards higher binding en-

ergy, when exposed to 1 mbar of air. This 

represents the V5+ state corresponding to the 

V2O5 species of the surface. However, in 

UHV (before and after exposure to air) the 

surface V species seems to be reduced to the 

V4+ state, corresponding to the less active 

VO2 species.  

 

Fig. 1: O1s + V2p AP-XPS spectrum for the 3%V2O5/a-TiO2 cata-

lyst at UHV, 1 mbar of air and back to UHV (Unpublished results). 



  

The results in Figure 2 were obtained using a 

model catalyst with V2O5 evaporated onto the 

surface of anatase TiO2 (101) single crystal. It is 

known that the NH4+ species adsorbs on the 

Brøndsted acid sites (V-OH) while the NH3* 

species on the lower binding energy is associated 

with the adsorption on the Lewis acid sites 

(V=O). As temperature increases, a shift on the 

peak region corresponding to adsorbed NH4
+ can 

be observed, while the NH3* remains constant.  

Our results might suggest that the NH4
+ adsorbed 

onto Brøndsted acid sites is the one favouring the 

reaction with NO via an Eley-Rideal mechanism. 

The combination of the AP-XPS data with our 

DRIFTS (Diffuse Reflectance Infra-Red Fou-

rier-Transform Spectroscopy) results (figure 3), 

has to also, be compared with the XPS data, to 

identify the surface species present on the surface of the catalyst after the reaction (inset graph - used sample). 

Such adsorbents might affect the activity of the catalyst, as it reduces the available free adsorption sites. Ad-

ditionally identification of the surface species and intermediates that might be formed during the reaction may 

be possible. Once the results are compared we expect to obtain a better insight into the reaction mechanism on 

the surface of the catalyst. 

Our future research aims at the investigation of the thermal deactivation of the catalysts, by either in-situ 

measurements at higher temperatures (600-700 °C) or by pre-exposing the samples to the higher temperature, 

and measuring them under reaction conditions. The main goal is to understand how the thermal deactivation 

takes place with the engine temperature spikes during ignition or operation. The poisons of the catalysts are 

also of interest and understanding how they inhibit the reaction on the surface will be investigated. With such 

information we might be able to substantially reduce costs, material usage, and environmental impacts of the 

transportation. 
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Fig. 2: N1s spectrum at 5x10-1 mbar total pressure (2x10-2 mbar 

of NH3 and NO, H2O) at different temperatures) - unpublished 

results. 

Fig. 3: DRIFTS spectrum of 3%V2O5/a-TiO2 with pre-adsorbed NH3, and during exposure to NO and O2 (NO:NH3 500 

ppm in 100ml/min N2 atmosphere). 
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