2. Organization and personnel

2.1 Organization
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Åbo Akademi Process Chemistry Centre Organization 


Executive Board

· Prof. Bjarne Holmbom

· Prof. Mikko Hupa (Chairman)
· Prof. Ari Ivaska
· Prof. Tapio Salmi
· Coordination: Maria Ljung 
2.2 Wood and Paper Chemistry

The ultimate goal of our group’s research is to promote sustainable and multipurpose use of wood, especially for pulp, paper, and fibre products, but also for high-value specialty biochemicals within the Forest Biorefinery concept.

We develop and apply advanced analytical techniques to obtain knowledge at the molecular level on the various components of wood, bark, and fibers and their reactions, interactions, and functions in pulping and papermaking. We also apply similar analytical techniques to non-wood natural raw materials and biochemicals, as well as their processing into renewable products. Lately, much of our research has been devoted to the extraction, recovery, functionalization, and utilization of hemicelluloses from wood, bark, and pulping liquors. Furthermore, we search for new bioactive substances in wood and bark, especially different polyphenols. These polyphenols have great potential in health-promoting foods and pharmaceutical products and as natural antioxidants and biocides.

External research support during 2008 was obtained mainly from the Academy of Finland, Tekes, and EU. Several industrial companies and foundations also supported our research.

The following new projects started during 2008:

· Improving the strength and runnability of wet paper by controlled wet end chemistry (ChemRun)

· Extraction of hemicelluloses from wood with pressurized water (HemU)

· Towards understanding of paper properties

· Bioactive and wood-associated stilbenes as multifunctional antimicrobial and health promoting agents (BioStimul)

· Biomass derived novel functional foamy materials (BioFoam)

· Lignin valorization (LigniVal)

· Global process efficiency

Furthermore, in the beginning of 2009 the following projects were started:

· Future Biorefinery (FuBio)

· Hemicellulose as a feed source for ruminants

· Lignans as versatile chiral auxiliaries and chiral catalysts (LIGNOCATS)

We have also participated actively in three EU-supported COST Actions and we have coordinated an application for a new Action:

· E 39: Forest, trees and human health and wellbeing

· E41: Analytical tools with applications for wood and pulping chemistry

· IE 0601: Wood science for conservation of cultural heritage

· Analytical methods for Biorefineries (application, decision due in summer 2009)
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2.3 Combustion and Materials Chemistry 
Combustion technologies are in state of new challenges. Completely new techniques are being developed for cleaner and more efficient combustion. "Alternative" and "Non-Fossil" fuels such as biomasses and various wastes or waste-derived fuels are heavily entering the scene especially in Europe. A large part of our Combustion and Materials Chemistry research activities is connected to the development of cleaner and more efficient combustion technologies. Our recent work has dealt with development of laboratory methods and modelling tools for prediction of the detailed behaviour of various combustion processes. The tools were tested in a number of measurement and sampling campaigns in full-scale combustion processes in many locations in Europe. These tools were used to assist the equipment manufacturing companies in their work to design novel combustion devices.

Another part of our ongoing activities dealt with inorganic materials of interest to various applications. In 2008 we continued our studies on bioactive glasses with optimized properties, we studied novel glazes which are easier to keep clean, and we applied our electrochemical measurement systems to support the development of better fuel cell electrode materials and more effective electric capacitors.

Our project consortium Chemistry in Biofuel Combustion, ChemCom, 2008-2010 combines most of our combustion research activities into one coordinated large project. It is supported by Tekes and a consortium of international industrial companies: Andritz, Foster Wheeler Energia, Metso Power, Metsä-Botnia, UPM, Clyde Bergemann and International Paper. 

We were partners in two EU projects in the year 2008. We continue coordinating the Nordic Graduate School in Biofuel Science and Technology. This graduate school is funded by the Nordic Energy Research Program and it has become an important platform to continue our long-term collaboration in the area of biofuel research with Chalmers University of Technology in Sweden, with the Technical University of Denmark and the Norwegian University of Science and Technology. 

In 2008 we further worked with several projects connected to the development of fuel cell electrodes. We are making tests of electrode catalysts as well as applicability tests for other fuel cell electrode materials using our in-house measurement techniques. We also participate in a national project activity to study so called supercapacitors. These, also called ultracapacitors or electrochemical double layer capacitors can be used as energy storage, and are from a performance or energy density viewpoint situated somewhere between traditional capacitors and batteries.
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2.4 Kinetics and Catalysis 
The research is focused on heterogeneous catalysis, chemical kinetics, modeling of chemical reactors as well as exploring new reaction environments and development of green process technology. Our know-how is continuously developed on catalyst preparation, characterization and screening. New catalytic systems have been taken in use, particularly supported nanogold catalysts, which are developed in collaboration with University of Helsinki (the group of Academy Professor M. Leskelä). The NANOCAT project financed by EU was finished and an extensive final report was published. Our focus was very much on the use of various supported carbon catalysts impregnated with precious metals. The catalysts, for instance, Pd carbon nanotubes were efficient and selective in the preparation of health-promoting components. A new concept for the production of biofuels through catalytic decarboxylation was patented abroad and extensive work was performed on the catalytic pyrolysis of wood. Supported Ionic Liquid Catalysts (SILCA) were used for transformation of fine chemicals – the catalytic effect is based on immobilized metal nanoparticles. New molecules originating from biomass are under investigation. Research collaboration in catalyst characterization is very intensive with University of Turku and University of Oulu.

Detailed kinetic studies were carried out in many applications, particularly in the hydrolysis of hemicelluloses as well as hydrogenation and oxidation of mono- and disaccharides, preparation of percarboxylic acids, hydroformylation reactions, enantioselective hydrogenation and cleaning of exhaust gas originating from biofuels. Special attention was paid on the description of the reaction mechanisms based on first principles, i.e. quantum chemical calculations, which can elucidate the adsorption states and adsorption stoichiometry on solid metal surfaces. The complex interaction of reaction and diffusion in porous media was studied experimentally and with sophisticated simulations including particle-size distributions. The concept was applied to catalytic two- and three-phase systems as well as reactions of solids with liquids. New computational tools were taken in use in the simulation of kinetics, diffusion and flow pattern.

A lot of effort is devoted to the development of continuous reactor technology: we have constructed several continuous reactors, the star among them being the parallel screening tube reactor system equipped with GC-MS analysis (financed by Academy of Finland). Microwave and ultrasound equipment were used to explore the possibilities to process intensification. The leading principle is multiscale modelling: to achieve real reaction intensification, the modeling efforts should cover the approaches from quantum chemistry to computational fluid dynamics (CFD). New kinds of structured catalysts were taken in use, such as solid foams, which are developed together with the group in Combustion and Materials Chemistry (PCC) foreign partners. The development of green process technology is advanced in many fields, particularly in the development of new continuous processes for biofuels and chemicals. Heterogeneous catalysts can replace homogeneous ones and a clean and continuous technology can replace the old concept, we demonstrate in the synthesis of peracetic and perpropionic acid. One-pot synthesis, which combines heterogeneous catalyst and an enzyme in a single reactor unit, is an area for which intensive research work is going on and the expectations are high. Micro- and millireactors provide a technology jump; we use them for catalyst development, kinetic screening and continuous production of chemicals in gas and liquid phase.
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2.5 Process Analytical Chemistry
Process Analytical Chemistry is a scientific discipline in the crossroad of Chemistry and Chemical Engineering. In-line and on-line analysis with chemical sensors will play a crucial role in the near future in many areas of modern industry both in production and monitoring processes and monitoring the environment. Process Analytical Chemistry comprises analytical determinations in industrial and environmental processes and, as a scientific discipline; it develops and provides the tools for these determinations. 

The main targets and challenges of analytical chemistry, and process analytical chemistry in particular, is the development of robust and automatic analytical systems that can be used in process and environmental applications. Computer controlled instrumentation can collect a vast amount of data even from simple measurements and sophisticated mathematical methods and algorithms are used to extract the relevant information from the acquired data and to group the analytical results in specific patterns. Determination of low concentrations is an everlasting challenge but the demand for accurate determination of high concentrations in complex industrial sample matrices is as important in many processes. Speciation of elements in a particular sample is becoming more important as well as the spatial distribution of elements in solid samples. Modern instrumental methods also allow determination of isotope ratios of elements in samples and add a new dimension to the analytical information available today. 

Research on new organic electroactive materials comprising carbon nanotubes, fullerenes and conducting polymers is continued. Organic electroactive thin films with specific redox behaviour are of special interest. The charge transfer mechanism in these materials is particularly relevant for construction of electronic devices. Application of in situ spectroelectrochemical techniques such as UV-vis, Raman and FTIR spectroscopy in studying solid state properties of electroactive material (molecular and polymeric) is an important area of research for future use of electroactive materials in solar cell technology, transistors and sensors.

Chemical sensors can be applied to process and environmental analysis where they are used as in-line and on-line devices for monitoring purposes. They have also applications in many other areas of the human activity. The major problem in process control in chemical, pharmaceutical, biotechnological and pulp and paper industry is the total dependency of the control system on the information it receives from sensors. Control and process engineers have developed advanced data collection and control systems that mainly rely on measurement of physical parameters such as temperature, flow rate and pressure. The analytical methods used to receive continuous chemical information from industrial processes and of the state of the environment are still rather primitive or even non-existing. Another field where fast and reliable analysis is required is life sciences and clinical chemistry in particular. We coordinate an EU project (MASTRA) dealing with chemical sensors relevant to health and welfare.
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