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The Separation- Environmental Technology group is focused upon the two main areas of 
· Membranes 
· Crystallization/precipitation. 
Material development, characterization and process simulations are key activities to support this research. The two activities are described separately below.
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I.  Membrane Research; group of Memfo






    Group leader: Prof. May-Britt Hägg
The Memfo group (www.chemeng.ntnu.no/memfo) has currently (April 2008) 7 PhD-students, 3 Post.docs., 2 research scientists, 1 adjunct professor, and the head of the group, professor M-B Hägg). 

1. Description of research activities

The group has extensive activities both on basic membrane material development, as well as membrane gas separation processes, modelling and simulations. The main focus for the research is CO2 capture by membranes (from flue gas, natural gas sweetening, biogas upgrading) and hydrogen recovery from various mixed gas streams. In addition to these energy focused applications, we also do research on membranes for chlorine separation. The membrane materials in focus are various types of polymers, nano-composites, carbon membranes, and modified glass membranes.

The international network is extensive, with co-operation both within EU-projects, USA, Japan, and the Nordic countries.

Brief description of sample projects
a) Membrane development for selective CO2 capture

The membrane material being developed in this project contains a specific “carrier” which makes it selective for CO2 while other gas components are being retained. The material is based on a polymer containing fixed amine groups as carriers. A significant progress has been achieved during the last couple of years, both with respect to CO2-flux and selectivity compared to the other components in a mixed gas. The obtained results have drawn international attention.  The membrane is now patented, and there are big expectations for the further development. Preparation for small scale pilot testing is now being done. One research scientist and two PhD students are working on the project. A focus on process development has also been initiated. Project partners in the KMB-project which is currently coming to an end, have been NFR, Statoil and Alstom. The focus in this research is CO2 capture from flue gas as well as IGCC. There is major interest from industry on the flue gas application, as well as other applications where CO2 is present in the gas stream (natural gas sweetening, CO2 removal from anaesthetic gas.)

b)  EU FWP6 project NaturalHy  (www.naturalhy.net )

The project counts ~40 partners, and the main idea is to investigate the possibility of using the European gas network for co-transport of hydrogen with natural gas.  Realising that the society only slowly will convert to hydrogen based energy, the idea is that hydrogen may be injected into the gas net at various places where it is produced, and then separated from the natural gas at points along the line where pure hydrogen is needed (e.g. for fuel cells). The task into which Memfo is doing research, is development of a suitable membrane for hydrogen recovery. Carbon molecular sieve membranes are investigated for this purpose. One post doc is engaged in the research, and very promising results have been documented. The project continues for 1 more year. The project co-ordinator is Gasunie in the Netherlands.
c) EU FWP6 project NanoGloWa (www.nanoglowa.com )
The project counts about 25 partners; universities, research institutes, industry and energy producers, also representing 4 European coal-fired power plants. The project kick-off was in November 2006 and the project is focusing on “Nano-structured membranes against Global Warming” (NanoGloWa). Memfo is a major partner in the project; task leader for two work packages focusing on development of carbon membranes and polymeric materials for CO2 capture from power plants. The project also includes spinning of hollow fibres, module development and durability tests. Two Post.docs and one PhD student are currently attached to the project.
d) EU FWP7 project DECARBit

The project is coordinated by Sintef and had kick-off in Feb 2008. The project has close to 40 partners; universities, research institutes and industry within Europe. The focus is pre-combustion separation; focusing then basically on the separation of H2-CO2. Memfo’s role in this project will be to tailor carbon membranes for this separation. The project also includes module development and durability tests.

e) RECCO2; a NFR-KMB-project within GASSMAKS 
Preparation for the start-up of this project has been done in 2007. Main partners are Sintef and StatoilHydro. The objective is CO2 removal from high pressure natural gas streams using a polymeric blend membrane. The project includes material development, pilot construction, durability tests and simulations to prepare for up-scaled pilot testing. The Japanese research institute, RITE (Kyoto) is also an associated  partner in this project.
f) Two KMB-projects within the Nanomat program / NFR

These projects are in cooperation with Sintef and North Carolina State University. In both projects the tailoring of nanostructured membrane material for gas separation are in focus; gases tested for separation are H2, N2, O2, CO2 separation are in focus. There are two PhD-students on the US-side; one PhD and one Post doc on the NTNU-side, in addition to one “associated PhD” on the NTNU-side. The materials under development here are nano-composites (so called mixed matrix) and block copolymers – very challenging and very promising. Within one of these projects a NASA award was granted during 2005 for a US patent.

g)  Development of hybrid membrane for chlorine purification

Memfo is one of very few groups in the world doing research on membranes for the purification of chlorine gas. This is probably for security and safety reasons, and the challenge of handling this poisonous gas. The project is extremely challenging, but if successful, it will be a major step towards simplification of expensive and complicated unit operations for recovery of chlorine from various process streams. Chlorine is one of the major chemicals used in chemical process industry worldwide. The materials in focus are glass and perfluorinated polymers. There is co-operation with Japan in this project. Small steps forward have been documented during 2007, and one post doc is currently on the project. There is a major interest from industry in this project.

h)  Development of membranes for pressure retarded osmosis
Statkraft has during the last decade been working towards a process for producing osmotic power using pressure retarded osmosis. The last three years Memfo has been participating with one research scientist in an international group developing membranes for this purpose. Other participants in the group are Sintef, GKSS (Germany) and EMI Twente (the Netherlands).

i)  Project on membranes for osmotic processes - POPMOP

Towards the end of 2007 Memfo was granted a KMB project from Nanomat/NFR supported by Aqualyng, Statkraft and StatoilHydro. The project is aiming at studying and optimizing the synthesis of polymers for

osmotic processes. Two PhD students and one research scientist will be attached to the program.
j)  Various

The Memfo group works very much as a team rather than as individual projects. Hence the simulation of processes is handled whenever needed by those who have the competence. Likewise; the concern for environmental issues, leads to the focus also on biogas upgrading to vehicle fuel quality (biomethane). Carbon membranes has proved to be suitable for upgrading of biogas; documented by experiments and discussed in publications.

Memfo has also been an active partner in the EU-project ENGAS within the 6FWP ( http://www.ntnu.no/engas  ) - a special project which promotes the laboratory facilities at NTNU/Sintef within energy, and make them available for international co-operation. This project was finished in 2007, but a follow up project is applied for within EU-6FWP.
2.  Research Collaboration
The national, international and industrial collaboration is described under the various projects mentioned above (a – i). As can be understood, the national and international collaboration is very wide, and strong networks are established within Europe, USA, Japan and the Nordic Countries. In addition to this, there are numerous researcher-to-researcher contacts in other parts of the world, like in Russia and Asia. The international recognition of the research performed in the Memfo group is also documented by the numerous invitations to be part of projects, and requests for joining the group from PhDs and post docs. Many of these invitations and requests must be turned down, both due to lack of capacity,  and from a wish of concentrating the research effort.
Concerning the public sector, M-B Hägg, as head of the group, has promoted the research in various interviews with newspapers, radio, technical journals. 

3.  Strategy and organisation

Prof. M-B Hägg acts as head of the Memfo group and coordinates the activities related to the membrane research, while for questions related to both groups with Separation and Environmental Technology; this is coordinated through a joint representative in “Ledergruppen” for the department. The two research groups have very different focus, although both relate to separation, and with focus on the research it is natural to have separate meetings. The organisation is loose and informal.
Memfo counts ~14 members, and have group meetings every 2nd week. There will then be a scientific presentation from one of the group members, and discussions of topics from each projects. In this way the group can act in a better way to help each other, give advices, and get to know each other. Within Memfo we work a lot on the idea of shared responsibilities in the group, and as the members have very different background, nationalities, and culture (8 different nationalities represented) it is extremely important to have a meeting place where misunderstandings and “rules” can be openly discussed.

These meetings are also where the researchers going to conferences are training for their presentations.

Decisions on major investments are taken in the group meetings. 

The senior researchers and post docs are usually assigned to help out on guiding graduate students (MSc) both in lab and on writing of reports. 
Social get-togethers with spouses and children are held at least twice a year.

4.  Recruitment and mobility of researchers 

Mobility: Unless the PhD-students are foreigners coming to Norway, the Norwegian PhD-students are urged to spend some months at another university and country. So far three Norwegian PhD-students did so; one for half a year in Japan (Tsukuba), one for half a year in Atlanta, USA, one for three months in Raleigh, USA. There are plans for one other PhD-student to go abroad (USA) this fall, and one post doc for a period to Germany. Another post doc spent two months in Twente, the Netherlands, fall 2007. Prof. Hägg has been travelling a lot to collaborators fall 2007 (Japan and Australia), and spent 4 months at the Univ. of  Calabria (Italy) spring 2008.

Through the collaboration with the EU-Engas project, there has been European researchers spending time in our lab during 2007, and through the Nanomat program, two PhD-students from North Carolina State Univ. visiting with our group over some months. Through the EU-proejcts we have continuously visitors to our lab from Europe.

Recruitement of  Norwegian researchers, post docs and PhD-students is very difficult within our field. Not only because there are rather  few Norwegian MSc-students who choose to continue with a PhD, but also because there are very few educated with competence on polymers which is an important part of the membrane technology. We do, however, have numerous requests from students from all over the world who wants to come; mostly from China and other countries in Asia. There background within material science (also polymers) and membrane technology is quite often very good, but the language communications may at times be a problem. The international group of Memfo as per today, is however very nice since we still have a core group of Norwegians – this is necessary for helping with the guidance of undergraduate and MSc-students.
II
Crystallization and Precipitation


Head of activity: Jens-Petter Andreassen
The crystallization group was established in the department in 2003 by employing Jens-Petter Andreassen as associated professor and adjunct professor Dick Malthe-Sørenssen in part time (20%) position. The first years were spent on applying for research grants and competence building in cooperation with other national research institutions and industry. This has so far (from 2006) resulted in two projects (industry/research council, see below) and the employment of two PhD-students and one postdoc (work place at IFE). The crystallization laboratory with the necessary equipment to perform internationally publishable research was finalized in 2007, and the expected outcome is 8-10 journal papers and 10 papers in conference proceedings in 2008. Cooperation has been initiated with international research groups within the field of crystallization and precipitation to widen the scope and to seek mobility of researchers from and to our group. (One PhD has visited LUT in Finland for filtration studies, and one will go to The university of Delft, Nederland, the Particle Products Group, Sheffield and a pending research and mobility application together with The precipitation and crystallization unit,  Prof. Alison Lewis, South Africa). Two new project applications, within industrial crystallization processes and salt precipitation in gas production, will be sent in 2008 to extend the group. 

Project 1: Optimisation of Glycol Loop Design and Operation
The aim of the project is to develop a simulation tool for glycol loops in processing of natural gas. This necessitates a deep understanding of the precipitation and crystallisation behaviour of salts and scale-forming carbonates in ethylene glycol (MEG) and water mixtures. Kinetics of calcium carbonate precipitation in the glycol injection point off-shore and the crystallization and separation of salts in the on-shore glycol reclamation units will be the main research tasks. The project is in collaboration with Institute of Energy Technology, Norway (IFE) and financed by several international oil and gas companies and the Research Council of Norway (NFR). Glycol injection point off-shore and the crystallization and separation of salts in the on-shore glycol reclamation units will be the main research tasks. 

Project 2: Industrial Crystallization and Powder Technology 

The goal of this project is to relate the filtration and washing characteristics and the resulting dry powder flow properties to the underlying growth and agglomeration phenomena. It involves studies of inorganic salts and pharmaceuticals, and the primary target for the activity at NTNU is to link the parameter in the crystallisation process to the subsequent filtration step by focusing on common mechanisms for these selected systems. The project is in collaboration with POSTEC at Tel-Tek (1 PhD) and is financed by the Research Council of Norway (NFR) and Norwegian industry partners.
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