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Åbo Akademi Process Chemistry Centre Organization 
 (
Industrial Advisory Board
Örjan Andersson, 
Novia
 
Ilmo Aronen, Raisio
Stig-Erik Bruun, Chemigate
Heidi Fagerholm, Kemira
Christine 
Hagström-Näsi
, 
Forestcluster
Ari Jokilaakso
, Outotec
Bertel Karlstedt, Nordkalk
Nina Kopola, 
Suominen Yhtymä
Timo Leppä
, Chemical Industry Federation of Finland
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Peter Lindfors, Neste Oil 
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Reilama
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Fibre
Bengt-Johan Skrifvars, Top Analytica
Kenneth Sundberg, 
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Kari Toivonen, Elomatic
Petri Vasara, Pöyry
)
Executive Board
· Prof. Mikko Hupa (Chairman)
· Prof. Johan Bobacka
· Prof. Tapio Salmi
· Prof. Stefan Willför

· Coordination: 	Maria Ljung
 (-04/2014)
                           	Hanna Lindqvist 
(05/2014- )

Scientific Advisory Board
· Raimo Alén, Finland
· Jiri Janata, USA
· Lars Pettersson, Sweden



[image: ] The personnel at Åbo Akademi PCC






























2.2 Wood and Paper Chemistry

The vision of our laboratory is to be an internationally recognized and leading team in wood, biorefining, and papermaking chemistry. We strive towards creating and publishing novel and significant scientific findings and to educate students and scientists with excellent skills and creative problem-solving ability for the needs of industry and the society.

Our research is directed towards promoting sustainable, resource efficient, and multipurpose use of wood and other renewable raw materials in products including pulp, paper, fibre, and wood products, but also for biochemicals, novel biomaterials, and bioenergy. Advanced analytical techniques are our tools to obtain knowledge at the molecular level on the various components of different natural raw materials and their reactions, interactions, and functions in different processes and products, including biorefining, pulping, and papermaking. Our biorefining approach aims at utilizing forest or other renewable resources as wide-ranging as possible, thus minimizing the amount of waste at the end. For example, selective extraction and recovery of hemicelluloses, cellulose, lignin, or polyphenols from wood, bark, or process waters is followed by functionalization and utilization in different value-added end-uses. Remaining wood substances can then further be recovered or utilized as energy.

External research support during 2013 was obtained mainly from Tekes and the Fibic SHOK, the industry, EU, and Academy of Finland.

We have a close cooperation with Metla, the Finnish Forest Research Institute, in the form of two joint senior research positions and a scientific advisor. Their field of research includes new products and biomaterials from the forest and other natural resources. We also have close cooperation with KTH and the Wallenberg Wood Science Centre in Sweden.

We have chaired and coordinated the EU-supported COST Action FP0901, “Analytical methods for Biorefineries, 2009-2013”. This Action had participants from 27 COST and 4 non-COST countries. We are also partners in the “European Polysaccharide Network of Excellence” (EPNOE) network and in the “Refining lignocellulosics to advanced polymers and fibers” Nordforsk researcher network.

Personnel 

Professors	Stefan Willför
	Bjarne Holmbom (Emeritus)
Docents 	Patrik Eklund (Organic Chemistry)
	Andrey Pranovich
	Annika Smeds
	Anna Sundberg 
	Chunlin Xu
Senior researchers	Risto Korpinen 
	Ann-Sofie Leppänen
 	Bin Li
	Hanna Lindqvist
	Anders Strand
	Lari Vähäsalo
Researchers	Sylwia Bialczak
	Daniel Dax
	Jarl Hemming
	Matti Häärä
	Victor Kisonen
	Ekaterina Korotkova
	Jens Krogell 
	Jun Liu
 	Linda Nisula
	Sebastian von Schoultz 
Technician	Leif Österholm
Secretary	Agneta Hermansson

http://www.abo.fi/institution/en/traochpapperskemi



































2.3 Combustion and Materials Chemistry 

"Alternative" and "Non-Fossil" fuels, such as biomasses and various wastes or waste-derived fuels, are heavily entering the bioenergy scene everywhere, especially in Europe. A part of our Combustion and Materials Chemistry research activities is connected to the development of cleaner and more efficient combustion technologies using “difficult” fuels. Our work has dealt with the development and application of laboratory methods and modelling tools for prediction of the detailed behaviour of combustion processes for various biomasses and wastes. 

The tools have been 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. 

In 2013 several new measurement technologies for combustion processes were developed and tested. A collaborative work with Tampere University of Technology resulted in the first direct measurements of released alkali vapours from burning biomass particles.  The work sheds new light on the complex behaviour of alkali metal compounds in combustion. 

A completely new technique was developed for accurate measurements of sulphur trioxide, SO3, in flue gases. The technique is based on controlled absorption of the SO3 in suitable alkali salts and appears to be sensitive enough to detect a few ppm SO3 in flue gases without being disturbed by the presence of SO2. Sulphur trioxide is a precursor for the low temperature corrosion in flue gases and presently of great interest when more efficient flue gas heat recovery systems are being developed. 

In the latest years we have also had an interest in gasification of low-grade biomasses or wastes. Laboratory tests and chemical modelling have been applied to better understand the fate of the fuel impurities under the strongly reducing conditions of gasifiers. In particular the interaction between chlorine, alkalis and the metals lead and zinc have been in the focus of the research in 2012. 

Our consortium project Future Fuels for Sustainable Energy Conversion, FUSEC, which was started in the spring of 2011, had a very important year with a number of research topics under study. This major project is coordinated by Top Analytica Ltd and it forms the basis of our more long-term research in fuel conversion for three years 2012-2014. We work together with Aalto University, Lappeenranta University of Technology, Tampere University of Technology and VTT. The project is supported by Tekes and a consortium of the following international industrial companies: Andritz, Foster Wheeler Energia, Metso Power, UPM, Clyde Bergemann and International Paper. The project is ending in 2014, and there is a great interest to have a continuation of the activities.

We participate in the project BRISK - Biofuels Research Infrastructure for Sharing Knowledge. Brisk is an 11 Million Euro four-year initiative with 9 Million Euros funded under EC FP7 (Ref: 284498). The initiative runs from October 2011 to September 2015. BRISK is coordinated by the Royal Institute of Technology (KTH), Stockholm, and includes partners from Austria, Denmark, Finland, Germany, Greece, Italy, Netherlands, Norway, Poland, Spain, Sweden, Switzerland, Turkey and the UK. BRISK aims to develop a European Research Infrastructure for Thermochemical Biomass Conversion, supporting R&D in innovative processes to convert sustainable feedstocks (agricultural/forestry wastes and energy crops) into liquid, gaseous or solid fuels. Our biomass characterization laboratory has several pieces of equipment that are part of the BRISK infrastructure programme. So far we have had visitors from SINTEF in Norway making use of our facilities and we have had access to the pilot facilities at the International Flame Research Foundation in Livorno, Italy. 

Another part of our on-going activities deals with high-temperature inorganic materials of interest to various applications. We have continued our studies on bioactive glasses with optimized properties. Our on-line measurement system to establish the dissolution chemistry of bioactive glasses has produced data on the instantaneous rate of dissolution of the various ions from the glasses in simulated body fluid solutions. 

We have several major projects on various aspects of the very topical problem of corrosion of steam tubes in boilers fired with biomass or waste-derived fuels. We study corrosion mechanisms of various metal chlorides; we also study corrosion of alkali bromides and fluorides. These studies have later been expanded to include high temperature corrosion of ceramic materials as well. For the ceramic materials also erosion has become a recent new topic of research.

In 2013 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. In 2013 our electrochemistry work led to several activities for medical applications. The activity of wound healing has led to a patented innovation, and a project supported by Tekes (TUTLI) was initiated to prepare for commercialization of the innovation.

Personnel 

Professor					Mikko Hupa
Docents					Rainer Backman (external)
Anders Brink
Edgardo Coda Zabetta (external)
Kaj Fröberg
Leena Hupa
Christian Mueller (external)
Laeticia Petit  (external)
Bengt-Johan Skrifvars (external)
Heimo Ylänen (external)
Senior researchers				Dorota Bankiewicz
Mikael Bergelin
Nikolai DeMartini
Markus Engblom 
Susanne Fagerlund
Oskar Karlström
Juho Lehmusto
Bingzhi Li
Daniel Lindberg
Jonathan Massera
Johan Werkelin
Patrik Yrjas
Maria Zevenhoven
Di Zhang 
Xiaoju Wang	
Doctoral students				Leena Björkvik
& researchers 					Jan-Erik Eriksson
Sui Jingxin
Max Johansson
Tooran Khazraie
Tor Laurén
Na Li
Camilla Molin
Magnus Perander
Rishabh Sarna 
Christoffer Sevonius
Linus Silvander
Berndt Södergård
Emil Vainio
Hao Wu
Niklas Vähä-Savo
Technicians	                                 Peter Backman
Luis Bezerra
Jaana Paananen 
Coordination 					Maria Ljung
Economy Secretary				Eva Harjunkoski
Secretary					Mia Mäkinen
Computer support				Peter Ekholm
 

Links: 
http://www.abo.fi/institution/en/ook
http://www.abo.fi/gsce
















2.4 Catalysis and Reaction Engineering

The core of the research of the group is focused on heterogeneous catalysis, chemical kinetics, modelling 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. Simultaneously, we explore the research on reactive solids, mainly solid-liquid reactions, since they have numerous industrial applications, from pharmaceuticals to mining products. New theories have been developed at PCC for non-ideal reactive solids and they have got a lot of international attention. New catalytic systems have been taken in use, particularly supported nanogold and bimetallic catalysts, which are developed in collaboration with domestic and foreign universities. The research in biomass fractionation with ionic liquids has given revolutionary results, concerning the efficiency and selectivity of fractionation. Supported Ionic Liquid Catalysts (SILCA) are used for transformation of fine chemicals – the catalytic effect is based on immobilized metal nanoparticles. Several new molecules originating from biomass are under investigation. The research collaboration in the catalyst characterization is very intensive with University of Turku, University of Oulu and University of Umea.

Molecularly oriented kinetic studies are carried out in many applications, particularly in the hydrolysis and hydrolytic hydrogenation of hemicelluloses as well as hydrogenation and oxidation of mono- and disaccharides, preparation of epoxidized vegetable oils, isomerization and esterification processes, enantioselective hydrogenation and cleaning of exhaust gas originating from biofuels. The collaboration with Latin America has been expanded and deepened. Finnish-Brazil and Finnish-Chile projects are in progress in the field of microalgae as sources for biofuels and health-promoting chemicals and the student exchange with Venezuela is flourishing.

We approach reaction mechanisms and reaction kinetics from 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 have been 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 are used to explore the possibilities to process intensification. The leading principle is multiscale modelling: to achieve real reaction intensification, the modelling efforts should cover the approaches from quantum chemistry to computational fluid dynamics (CFD). The four-year research project on multiscale modelling of chemical processes (MUMO) was successfully finished. New kinds of structured catalysts are under development, such as solid foams, which are developed together with the group in Combustion and Materials Chemistry (PCC) and 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, such as direct synthesis of hydrogen peroxide. 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; typical examples are production of valuable chemical intermediates, such as ethylene oxide, chloromethane and chloroethane.

Personnel 

Professors					Tapio Salmi (Academy Professor)
						Dmitry Murzin		
Johan Wärnå
Jyri-Pekka Mikkola (together with Umeå University)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Docents					Kalle Arve
 					   	Matias Kangas
Narendra Kumar
Päivi Mäki-Arvela
Fredrik Sandelin
Esa Toukoniitty
Laboratory manager				Kari Eränen
Senior researchers				Atte Aho
Ikenna Anugwom
Andreas Bernas
Heidi Bernas
Pierdomenico Biasi
Valérie Eta
Sigmund Fugleberg
Nicola Gemo
Henrik Grénman
Jan Hájek
Teuvo Kilpiö
Alexey Kirilin
Olatunde Jogunola
Sébastien Leveneur
Mats Rönnholm
Victor Sifontes Herrera
Anton Tokarev
Pasi Tolvanen
Pasi Virtanen
Doctoral students				Cesar de Araujo Filho
& researchers					Steliana Aldea
Juan Garcia Serna
Lydia Godina
		 				Imane Hachemi
Sari Hyvärinen
Antonina Kupareva
Ewelina Leino
Gerson Martin Curvelo
Andrea Perez Nebreda
Ricardo Pezoa Conte
Toni Riittonen
Jussi Rissanen
Bartosz Rozmysłowicz
Eero Salminen
Sabrina Schmidt
Stefano Sterchele
Timo Petteri Suominen
Technician					Elena Murzina
Secretary					Lotta Malminen

Links			
http://www.abo.fi/student/tekniskkemi


2.5 Process Analytical Chemistry

The availability of chemical information becomes increasingly important in today’s modern world to ensure a safe and clean environment, sustainable industrial production, personal health and welfare for the growing population on Earth. New analytical methods, instruments and strategies are continuously developed and applied in important areas like environmental monitoring, process analysis and healthcare diagnostics. It has been estimated that more than 10 000 chemical analyses are done in the world every minute!

Process analytical chemistry is needed for efficient control of industrial processes, including (i) analysis of raw materials, (ii) determination of product quality, (iii) monitoring of effluents, and (iv) analysis of hazardous components for safety reasons. The main challenge of process analytical chemistry is the development of robust and automated analytical systems that can work continuously for a long time with a minimum of service needed. In addition to sophisticated analytical instrumentation, there is a growing need for inexpensive analytical tools such as chemical sensors that are easy to use on a large scale in various fields of applications.

An important research direction at the Process Analytical Chemistry group is the development of chemical sensors for applications in process analysis, environmental monitoring and healthcare diagnostics. Solid-contact ion-selective electrodes have become a major research topic in our group over the last two decades. A unique feature of ion-selective electrodes is that they provide information about the free ion concentration (ion activity), while most other analytical methods which give the total concentration.

Our research on chemical sensors is supported by electrochemical and spectro-electrochemical characterization of electroactive materials including conducting polymers, fullerenes, carbon nanotubes and graphene. Advanced nonequilibrium mathematical modells are developed for accurate description of the potentiometric response of ion-selective electrodes. Electroactive materials are also studied as electrochemically controlled separation membranes, which is relevant for water purification. Furthermore, present research is focused on ion-exchange reactions and complexation of metal ions to biomass, which is relevant for the development of biorefineries. 

Personnel

Professors	Johan Bobacka
	Ari Ivaska (Emeritus) 
	Kalle Levon (FiDiPro)
	Andrzej Lewenstam (part-time)
Docents	Leo Harju
	Carita Kvarnström
	Rose-Marie Latonen
	Tom Lindfors
	Li Niu
	Tomasz Sokalski
	Di Wei
[bookmark: OLE_LINK3]Senior researchers	Marceline Akieh-Pirkanniemi
	Maija Blomquist
	Patrycja Bober
	Zhanna Boeva 
	Kim Granholm
	Jerzy Jasielec
	Grzegorz Lisak
	Zekra Mousavi
	Pingping Su
	Yasuhito Sugano	
	Michał Wagner
Laboratory Manager	Paul Ek
Doctoral students 	Jesús Arroyo
& researchers	Cristina Dumitriu	
	Ning He
	Konstantin Milakin
	Jadielson Lucas da Silva Antonio 
	Sylwia Strzalkowska
	Ulriika Vanamo
	Kai Yu	 	
Secretary & coordinator		Victoria Mäkimartti
Technicians	Sten Lindholm 
	Lassi Väinölä

Links
http://www.abo.fi/institution/analytisk_kemi




image1.png




