
Institute on Membrane Technology 
ITM-CNR 
 

Harbin Institute of Technology  
School of Municipal and Environmental Engineering 
Dept of Municipal Engineering 
 
 

 

page 1 

Issue # 2  
July 2010 

Sino-EU Membrane Science and Technology Research and Development Center, Weihai (China 



 

page 2 

 



 

page 3 

 
 

Prepared by 

 
 

Enrico Drioli (e.drioli@itm.cnr.it)  

 

Jun Ma (majun_hit@163.com)  

Lidietta Giorno (l.giorno@itm.cnr.it)  Heng Liang (hitsteven@gmail.com)  

Maria A. Liberti (m.liberti@itm.cnr.it)  Yuxin Ma 

Emma Piacentini (e.piacentini@itm.cnr.it) 
 

 
 
 

Institute on Membrane Technology 
(ITM-CNR) 
c/o University of Calabria 
Via P. Bucci 17/C 
87030 Rende CS - Italy 

Harbin Institute of Technology  
School of Municipal and Environmental 
Engineering 
Dept of Municipal Engineering 
202 Haihe Road, Nangang Dist, Harbin 150090 - 
PR China 

  
  
  
  

 
 
 

Sponsored by 
 
 
 

 
Sino-EU Membrane Science and Technology Research and 

Development Center, Weihai (China) 



 

page 4 

 

Summary 
News  

 
… from European Colleagues 

 

… from Chinese Colleagues  
… from European Commission 
… Overview on Chinese National Programmes 

 

… Announcements…  
  

Events  
 
Projects meetings and related activities 

 

Membrane Conferences  
Events of particular relevance  
Upcoming events 

 

  
Report on the Research activities in progress 
in CHINA and EUROPE in Membrane 
Science and Technology 

 

  
  
Overview of books on Membrane Technology 

 

 
  

 



 

page 5 

 

Editorial 
 

 

We are trying to improve our EU-China Membrane Newsletter. 

In both Countries, the attention, interest and visibility of Membrane Engineering are growing 

constantly and significantly. 

We need your help and contributions for reaching our goals. 

I am looking forward to your notes particularly on the Section “Focus on Research Activities”. 

Senior Researchers, PhD students, and Professors are invited to write shortly on their highlights, on 

their dreams, on their past experience and future perspectives. 

Thank you for your participation. 

 
 
 
 
    Enrico Drioli  
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        News 
 

… from European Colleagues 
 
 

 Mathias Ulbricht 
Lehrstuhl für Technische Chemie II, Universität Duisburg-Essen Universitätsstr. 
Email - mathias.ulbricht@uni-essen.de 

 
Award n° 14 launched on 12 Feb, 2009 
 
EMS Annual Award 2009 EMS encourages innovative scientific work by a series of awards. The 
EMS Award for 2010 is made for the best published journal paper on Membrane Science and 
Engineering, published during 2009.  

The deadline for submission :  20 June 2010. 

The Award is intended for researchers under 35 years on 20 June 2010.  

The winner receives a certificate and a prize of 1000 euros.  
 

 
 Andrew LivingstonFREng, Chemical Engineering ead of Department of Chemical 

Engineering, Iperial College (UK) 
Email: a.livingston@imperial.ac.uk 

 

Chemical Engineering / Chemistry Collaboration led by Imperial College London wins €3 
million to develop the next generation of purification technologies for API. 

New Molecular Purification Technologies for Pharmaceuticals Production - NEMOPUR 
A consortium led by the Department of Chemical Engineering at Imperial College London was one 
of only 68 proposals selected from 905 submissions for funding by the European Commission as a 
Marie Curie Initial Training Network (ITN) under the FP7 “People” programme. 

The NEMOPUR ITN will have a specific focus on removal of organic impurities from API 
production. New solvent resistant membranes with improved chemical stability and better 
controlled cut-off properties, novel molecularly imprinted polymers with readily scalable 
production chemistries, and composite molecularly imprinted film – macroporous support 
membranes will be developed by chemical engineers from Imperial College London (GB), the 
Institute on Membrane Technology (IT), and chemists from Technical University of Dortmund 
(DE), together with membrane separation experts at Membrane Extraction Technology Ltd (GB), 
and molecularly imprinted polymer developers MIP Technologies AB (S). These groundbreaking 
techniques will be implemented by API producers and pharmaceutical manufacturers Hovione SA 
(PT), Lonza Ltd (CH), UCB (BE) and GSK Ltd (GB). The €3 million will be used to support a 
mixture of Early Stage Researchers and Experienced Researchers employed across all the partners 
in the consortium, with 6 Early Stage researchers based at the Universities and 6 Early Stage 
researchers employed at the industrial partners. 
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 Alberto Figoli, Insitute on Membrane Technology (ITM-CNR) 
Email: a.figoli@itm.cnr.it 

 

On 4 August 2009, the Erasmus Mundus and 
External Cooperation Window project, 
EUROINDIA, has officially started and it will 
have a duration of 4 years. This Project is funded 
by the European Commission. The project is 
coordinated by KTH Royal Institute of 
Technology, Sweden.  

EURINDIA provides scholarships for 
educational and staff exchange between European and Indian universities and research institutions. 
The consortium ` EURINDIA´ will establish mobility of 201 individuals from reputed Indian 
Higher Education institutions and research centres to the European partner universities and vice 
versa.  

The ten European partners are located in seven different EU nations (Belgium, Czech Republic, 
Germany, Italy, the Netherlands, Spain and Sweden) and one candidate country (Turkey). The eight 
partners in India are located in seven different states (Tamil Nadu, Uttrakhand, Karnataka, 
Maharashtra, West Bengal, Assam, Bihar and Chhattisgarh) of which the latter three are less 
developed ones. There are two associates from India (Hyderabad and Pune) and our Institute (ITM-
CNR) from Italy (Rende) and the person in charge is Dr.Alberto Figoli. There is good geographical 
spread of the partner universities in India among seven states, from Tamil Nadu in the South to 
Uttrakhand in the North, West Bengal in the east to Maharashtra in the west. 

The prioritized subject areas have a broad focus on sustainable development on all societal levels. 
The broad thematic expertise within the consortium enables applicants to select among several 
universities in Europe and India respectively. It is the aim of the partnership the participating 
institutions shall have ongoing mobility with as many partners as possible.  

This mobility programme will only be the beginning of a long-lasting cooperation between the 
partners with the aims also to start-up joint research projects also including industry. 

More information is available at the following website: 

http://www.kth.se/om/internationellt/eurindia?l=en_UK  

 

Why don't we try for a EUROCHINA? Who would like to take the leadership? 



 

page 8 

… Industrial level  
 

 
Evonik Acquires Membrane Extraction Technology  
Tapping new promising growth market for its high-performance polymers business 
 
Evonik Industries AG, Essen, Germany, is pleased to announce its acquisition of 
London based Membrane Extraction Technology (MET) Ltd. The transaction has been 
completed by March 1. The acquisition is an integral part of Evonik’s strategy to 
invest in attractive developing markets driven by the mega trend “Resource 
Efficiency”. 
The MET acquisition strengthens Evonik’s P84® fibers and high-performance polymers business. Dr. 
Joachim Leluschko, head of Evonik’s High Performance Polymers Business Line, noted that the investment 
represents a significant step towards expanding the high-performance polymers business and enhancing it 
with leading technologies for tomorrow and beyond. “There will be a fast growing demand for energy & 
environmental friendly solutions like membrane based technologies. MET’s proprietary technology 
complements Evonik’s process competence and global market presence very well and fastens our access to 
this attractive market.” Professor Andrew Livingston, CEO of Membrane Extraction Technology, added: 
“The synergies between MET and Evonik make a compelling case for this excellent deal and will make the 
combination company a leading player in Organic Solvent Nanofiltration (OSN).” 
The membrane based technology of the start-up company MET, which can be applied to a wide range of 
chemical processes, significantly simplifies product purification and generates substantial energy cost 
savings compared to conventional separation technologies.  
 
Company information 
Evonik Industries is the creative industrial group from Germany which operates in three business 
areas: Chemicals, Energy and Real Estate. Evonik is a global leader in specialty chemicals, an 
expert in power generation from hard coal and renewable energies, and one of the largest private 
residential real estate companies in Germany. Our strengths are creativity, specialization, 
continuous self-renewal, and reliability. Evonik is active in over 100 countries around the world. In 
its fiscal year 2008 about 41,000 employees generated sales of about €15.9 billion and an operating 
profit (EBITDA) of about €2.2 billion.  
Membrane Extraction Technology (MET) Ltd is a chemical separations specialist supplying the 
pharmaceutical and fine chemicals industries. MET has an international client base spanning the 
USA, Europe and the Far East. MET has added significant value to our clients’ 
applications through a range of proprietary, patented membrane technologies. 
With a proven track record for contract research and process development, 
continually reviewing and developing new techniques to provide customers 
with the tailored solutions they require. (For more information: 
www.membrane-extraction-technology.com) 
 
Disclaimer 
In so far as forecasts or expectations are expressed in this press release or 
where our statements concern the future, these forecasts, expectations or 
statements may involve known or unknown risks and uncertainties. Actual 
results or developments may vary, depending on changes in the operating 
environment. Neither Evonik Industries AG nor its group companies assume 
an obligation to update the forecasts, expectations or statements contained in 
this release. 

March 2, 2010 
 
 
Dr. Ursula Keil 
Marketing Support  
Phone  +49 2365 49-
9878 
Fax  +49 2365 49-
809878 
ursula.keil@evonik.com  

Evonik Degussa GmbH 
High Performance Polymers 
45764 Marl  
Germany 
www.evonik.com 
www.p84.com 
 
Supervisory Board 
Dr. Klaus Engel, Chairman 
 

Board of Management 
Patrik Wohlhauser, Chairman 
Dr. Thomas Haeberle, Thomas 
Wessel 
 
Registered Office is Essen 
Register Court 
Essen Local Court 
Commercial Registry B 20227 
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…from Chinese Colleagues  
 

 Xie Zhigang 
Weihai Science & Technology Exchange Center with Foreign Countries 
zgxie-7@sohu.com 

 
Weihai Science & Technology Exchange Center with Foreign Countries is mainly engaged in the 
international scientific and technological exchange and cooperation. Its scopes are as follows: 
To research in the general and specific policies of the exchange and cooperation for the Weihai 
science and technology with foreign countries: 

- To be responsible for the bilateral and multilateral exchange and cooperation for the science 
and technology with the governments and the relevant international organizations: 

- To take charge of the management activities with foreign governments and foreign scientific 
and technological organizations in the foreign-aids-to-China and China aid-to-foreign 
countries for the science & technology;  

- To be responsible for the approval, funds application and supervision of the international 
scientific and technological cooperation projects. 

- To be responsible for organizing and preparing international scientific and technological 
conferences to strengthen the technology exchange and cooperation among the governments 
and enterprises and the introduction of top technology in all the fields; To take charge of 
organizing the application of aid-foreign projects and the funds assistance for the science 
and technology etc; To be responsible for sending trainees to Japan though JICA for the 
training of their professional skills; To provide technical services for the introduction of 
foreign experts to universities and enterprises; To take charge of submitting the application 
to KOICA for the fund support of scientific projects, also for volunteer technical experts and 
teachers to come to work in our city; To be responsible for the scientific and technological 
exchange and cooperation with Hong Kong, Macao special administrative regions and also 
Taiwan; To take charge of organizing visiting delegations to go abroad for scientific and 
technological exchange and cooperation, and also going through with relative procedures for 
the delegation. 

- To be responsible for the consultation of international scientific and technological 
cooperation projects. 

- To take charge of the application of innovation funds for small and medium enterprises and 
also provide services for their registration, project proposal, supervision and acceptance. 
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 … from European Commission 
 
 
 

7th Framework Programme (FP7) 
 

Some Projects related to MEMBRANES 
(http://cordis.europa.eu/fp7/projects_en.html 

 
 
IRAFC  
Title: Development of an Internal Reforming Alcohol High Temperature PEM Fuel Cell Stack  
Research Area: SP1-JTI-FCH-4.2 Fuel supply technology for portable and micro FC  
Start date: [2010-01-01]  
 
ILMC  
Title: Preparation of ionic liquid microcapsule membranes loaded and their application in 
NMVOCs removal  
Research area: FP7-PEOPLE-IIF-2008 Marie Curie Action: "International Incoming Fellowships"  
Project start date: [2010-07-13]  
 
SELFMEM  
Title: Self-assembled polymer membranes  
Research area: NMP-2008-2.1-1 Nanostructured membrane materials  
Project start date: [2009-09-01]  
 
LIBNMR  
Title: Structure and function: The development and application of novel ex- and in-situ NMR 
approaches to study lithium ion batteries and fuel cell membranes  
Research area: ERC-AG-PE5 ERC Advanced Grant - Materials and Synthesis  
Project start date: [2010-04-01]  
 
DEMOYS  
Title: Dense membranes for efficient oxygen and hydrogen separation  
Research area: ENERGY.2009.5.1.1 Innovative capture techniques  
Project start date: [2010-05-01]  
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Open Calls 
 
Information and Communication Technologies 

Call Identifier  Call Title  Publication Date  Deadline 

FP7-ICT-2009-C FET Open scheme 2008-11-19 2010-12-07

 
Joint Technology Initiatives (Annex IV-SP1) 

Call Identifier  Call Title  Publication 
Date  Deadline  

FCH-JU-2010-1 FCH JU Call for Proposals 2010 Part 1 2010-06-18 2010-10-13 

SP1-JTI-CS-2010-03 Clean Sky JTI 2010-03 2010-04-30 2010-07-20 

Marie-Curie Actions 

Call Identifier  Call Title  Publication Date  Deadline  

FP7-PEOPLE-2010-RG Marie Curie Reintegration Grants 2009-10-09 2010-09-07 

FP7-PEOPLE-2010-IEF Marie Curie Intra-European Fellowships 
for Career Development (IEF) 2010-03-17 2010-08-17 

FP7-PEOPLE-2010-IIF Marie Curie International Incoming 
Fellowships (IIF) 2010-03-17 2010-08-17 

FP7-PEOPLE-2010-IOF Marie Curie International Outgoing 
Fellowships for Career Development (IOF) 2010-03-17 2010-08-17 

 
NEW CALLS ON JULY 2010!! 
 
 

Project approval!! 
 
The Erasmus Mundus Doctorate in Membrane Engineering (EUDIME) has been selected for 
funding under the 2010 Erasmus Mundus Action 1 Call for proposals (EACEA/29/09). 
The Doctorate is coordinated by Prof. Enrico Drioli from University of Calabria (Italy). 
The European Doctorate in "Membrane Engineering" EUDIME is designed to implement - at 
international level - excellence, innovation, mobility and diversity in scientific investigation 
approaches related to membrane science and technology. The HEI partners involved are: University 
of Twente (The Netherlands), Institute of Chemical Technology Prague (Czech Republic), 
University of Montpellier 2 and University Paul Sabatier-Toulouse (France), University of Leuven 
(Belgium) and University of Calabria (Italy). The list of Associate Partners includes: University of 
Lisboa (Portugal), University of Zaragoza (Spain), RWTH Aachen (Germany) and five industrial 
companies well-reputed in the field: SAPIO and GVS (Italy), Veolia (France), Alfa Laval 
(Denmark), and Mikropur (Czech Rep.). 
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EU’s 7th Framework Project ChinaAccess 4 EU launched* 
 
On January 12, the EU launched 'ChinaAccess 4 EU' aimed at facilitating China-EU bilateral 
scientific cooperation. This project is part of the 7th Research Framework Program (FP7) which is 
designed to provide international research cooperation and opportunities for innovation on many 
levels.  
The fundamental goal of FP7 is to make research more readily available to small and medium-sized 
companies who often have the capacity for innovation and expansion but do not have the resources 
to invest in research. 
China began making significant contributions to research projects funded by the EU's framework 
programmes in 1998. Since then China has systematically increased its annual budget for 
international research, with funding currently standing at around 1.3 percent of GDP, equivalent to 
30 billion euro. A figure the government hopes to increase to at least 2.5 percent by 2020.  
In a recent interview with Jun Han and Shiping Ren, from the Chinese Mission to the EU, they 
expressed support of the FP7 stating that following its conception the Chinese government has 
instigated several national programs to facilitate scientific and technological development. They 
noted that to date about 200 Chinese scientific teams have been able to collaborate with European 
researchers and expressed their desire for continued cooperation.  
This programme trumpets the dawning of a new era in international research cooperation, fostering 
the development of international research, academic and business communities working with 
European institutions. With a greatly increased budget (increased from 17.5 billion euro to 53.2 
billion) it will build on the success of past programmes such as Marie Curie exchanges, fellowships 
and placements.  
The continued contribution of this programme to the improvement of quality of life and global 
economic growth has made it an invaluable asset. It has developed international cooperation, 
meaning that access to research funding is no longer an accident of geography. 
 
The ChinaAccess4EU project has the following general objectives:  

• Increase the awareness and dissemination in the EU of access opportunities for European 
researchers and research organisations in Chinese national research and innovation 
programmes;  

• Increase S&T cooperation between Europe and China, especially effective collaborations of 
European researchers and research organisations in Chinese national research and 
innovation programmes;  

• Help develop the reciprocity aspect of EU-China Science & Technology agreements and 
improve EU’s understanding of the respective research systems in China.  

The project methodology consists of the following main activities:  
• Mapping of the access opportunities in China;  
• Dissemination of the results to European research organisations and multipliers;  
• Monitoring of the participation of researchers from the EU in Chinese programmes;  
• Provision of feedback and recommendations to the EC. 

More information can be found at: http://www.access4.eu/China/index.php  
 
* Source: “EU China News” http://ec.europa.eu/delegations/china/more_info/newsletter/index_en.htm  
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EU-CHINA SCIENCE AND TECHNOLOGY 
WEEK AT THE EU PAVILION 

WORLD EXPO 2010 SHANGHAI 
15-18 June 2010 

 

 
The European Commission, Directorate General for Research organized the EU-China Science and 
Technology Week at World Expo 2010 Shanghai, from 15 to 18 June 2010. 
 
This event, organised at the European Union Pavilion at World Expo 2010, has been opened by Mr. 
José Manuel Silva Rodriguez, Director-General for Research at the European Commission, and Mr 
Cao Jianlin, Chinese Vice-Minister of Science and Technology. It brought together over 500 
leading scientists, journalists, and representatives from industry, academia and government from the 
European Union and China.  
 
It allowed participants to showcase joint achievements, exchange success stories, and explore new 
perspectives and collaboration opportunities between European and Chinese research organisations, 
focusing on Shanghai Expo's theme of "Better City, Better Life". 
 
The EU-China Science and Technology Week at the EU Pavilion will be organised along the 
following 7 themes: 

• Preparing the future together thanks to EC-China Science and Technology Cooperation and 
foresight research activities  

• Opportunities for researchers in Europe and science literacy in the EU and in China  
• Star projects from European research and EU-China Science and Technology Cooperation 

(Press briefings for EU and Chinese media)  
• Energy efficiency research for greener cities  
• Feeding cities and citizens with sustainable and safe food products  
• Nuclear safety and security  

 
In parallel, a number of EU-China science events aimed at a wider audience has been 
organized from 14 to 19 June 2010 in several locations in Shanghai, including the Shanghai 
Science Hall. These will include science cafés with renowned European and Chinese scientists, 
master classes on science communication, a festival of award-winning European science films, and 
the Physics and Laser Show by the University of Lund (Sweden).  

The EU-China Science and Technology Week has been a unique opportunity to:  
• build on the existing work done together by the EU and China, particularly through the 

Science and Technology Cooperation Agreement, and identify future research priorities to 
improve this cooperation still further.  

• give visibility to the most successful research projects involving European and Chinese 
partners working together on urban development and related themes (energy, health, 
biotechnologies, transport, climate change, knowledge-sharing), the hottest topics of our age.  

• help both young and experienced Chinese researchers find out about the new 
opportunities for scientific careers and international mobility offered by the EU’s 
Framework Programme for Research.  
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• showcase the EU’s latest initiatives and contributions to “Better City, Better Life” in various 
research fields (including energy, ICT, food safety and security) and, importantly, explain 
how Chinese partners can participate in these initiatives.  

• present and debate ongoing research in the fields of disaster management and nuclear 
energy involving the EU’s Joint Research Centre and its partners, including the Chinese 
Academy of Science, Tongji University and the Chinese Atomic Energy Agency.  

• bring science to the Chinese public through a series of entertaining science events open to 
everyone interested in science.  
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Overview on Chinese National Programmes 
Maria A. Liberti, Institute on Membrane Technology (ITM-CNR), m.liberti@itm.cnr.it 
 
In China, there are several governmental agencies that offer science and technology research 
funding to the researchers at central level. The major funding agencies are the Ministry of Science 
and Technology (MoST), the National Natural Science Foundation of China (NSFC), the Chinese 
Academy of Sciences (CAS), and the China Scholarship Council (CSC) affiliated to the Ministry of 
Education (MoE). Each funding agency provides a variety of programmes, which serve the strategic 
aims of the country and meet the needs of different research areas.  

 
MOST  
The Ministry of Science and Technology (MoST) is a ministry of the Chinese government which 
coordinates science and technology activities in the country. MoST is the major funding agency of 
the central government that supports several national level science and technology programmes. 
The main MoST programmes open to European researchers include the following:  
I. Major Research Programmes  

• MoST 1 - National Basic Research Programme (973 Programme)   
• MoST 2 - National High-Tech Research and Development Programme (863 Programme)   
• MoST 3 - National Key Technologies R&D Programme   
• MoST 4 - National S&T Major Projects   

o MoST 4.1 - National S&T Major Projects - Advanced Digital Control Machines and 
Fundamental Manufacturing Equipments   

o MoST 4.2 - National S&T Major Projects - Breeding of New Variety for Transgenic 
Biology   

o MoST 4.3 - National S&T Major Projects - Core Electronic Devices, High-end 
General Chips and Fundamental Software   

o MoST 4.4 - National S&T Major Projects - Key New Drug Innovation   
o MoST 4.5 - National S&T Major Projects - Large-scale Development of Oil & Gas 

Fields and Coal-bed Gas   
o MoST 4.6 - National S&T Major Projects - Mega-scale Integrated Circuit 

Manufacturing Technologies   
o MoST 4.7 - National S&T Major Projects - Next Generation of Broadband Wireless 

Mobile Networks   
o MoST 4.8 - National S&T Major Projects - Waste Water Control and Treatment   

II. Policy Guidance Programmes  
• MoST 5 - Agriculture S&T Achievement Industrialisation Fund   
• MoST 6 - National New Products Programme   
• MoST 7 - Action of Scientific and Technical Service to Cooperations (ASTSC) 

Programme   
• MoST 8 - National Soft Science Research Programme   

III. Other Programmes  
• MoST 9 - International S&T Cooperation Programme (ISTCP)    

 
NSFC  
The National Natural Science Foundation of China (NSFC) was set up under the State Council in 
1986. It coordinates and financially supports basic research and applied basic research, and aims to 
identify and foster scientific talents in China.  
The main NSFC programmes open to European researchers include the following:  
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• NSFC 1 - General Programme   
• NSFC 2 - International (Regional) Cooperation and Exchange Programme   
o NSFC 2.1 - International (Regional) Cooperation and Exchange Programme - Major 

International (Regional) Joint Research Programme   
o NSFC 2.2 - International (Regional) Cooperation and Exchange Programme - Research 

Fellowship for International Young Scientists   
• NSFC 3 - Joint Funds Programme   
o NSFC 3.1 - Joint Funds Programme - Joint Fund of Astronomy  
o NSFC 3.2 - Joint Funds Programme - Joint Fund of Civil Aviation Research   
o NSFC 3.3 - Joint Funds Programme - Joint Fund of Iron and Steel Research   
o NSFC 3.4 - Joint Funds Programme - Joint Fund of Research utilizing Large-scale Scientific 

Facilities   
o NSFC 3.5 - Joint Funds Programme - NSAF Joint Fund   
o NSFC 3.6 - Joint Funds Programme - NSFC-Guangdong Joint Fund   
o NSFC 3.7 - Joint Funds Programme - NSFC-Yunnan Joint Fund   
• NSFC 4 - Joint Research Fund for Overseas Chinese Scholars and Scholars in Hong Kong 

and Macao   
• NSFC 5 - Key Programme 
• NSFC 6 - Major Programme  
• NSFC 7 - Major Research Plan  
• NSFC 8 - Young Scientists Fund  

 
CAS  
Chinese Academy of Sciences (CAS) is a leading academic institution and comprehensive research 
and development centre in natural science, technological science and high-tech innovation in China. 
CAS provides support to promote the exchange of researchers between CAS and international 
institutes.  
The main CAS programmes open to European researchers include the following:  

• CAS 1 - Einstein Professorship Programme   
• CAS 2 - Fellowships for Young International Scientists   
• CAS 3 - Visiting Professorships for Senior International Scientists   

 
CSC  
China Scholarship Council (CSC) is a non-profit institution affiliated to the Ministry of Education 
(MoE). With different types of funding programmes, it offers financial support to Chinese citizens 
studying abroad and to international students and scholars studying in China.  
The main CSC programmes open to European researchers include the following:  

• CSC 1 - CHINA/UNESCO - the Great Wall Fellowship   
• CSC 2 - Chinese Culture Research Fellowship   
• CSC 3 - Chinese Government Scholarship Programme for EU   
• CSC 4 - Chinese Government Scholarship Scheme   
• CSC 5 - Distinguished International Students Scholarship   
• CSC 6 - University Postgraduate Programme  
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Announcements 
 
Membrane Conferences 
 

3rd international Organic Solvent Nanofiltration (OSN) 
13 - 15 September 2010, Imperial College, UK 

 
The third international Organic Solvent 
Nanofiltration (OSN) Conference will aim to 
provide a common platform for scientific 
exchanges on new ideas and latest research works 
in the still young but rapidly growing field of OSN 
and its’ areas of application. 
The conference will explore all relevant aspects of 
OSN including membrane synthesis and 
characterisation, modelling of the transport 
mechanism, applications in the food, 
pharmaceutical, fine chemical and petro-chemical 
industries. 
This year’s OSN Conference is organised by 
Imperial College and supported by three European 
Commission Marie Curie Action funded projects 
‘IMeTi’, ‘Insolex’ and ‘Nemopur’. 

 
Conference benefits 
• A compelling programme featuring an exciting line-up of international speakers who will present 
in-depth information about the latest OSN technologies and products. 
• Insights from some of the leading industrial organisations involved in OSN applications. 
• Poster opportunities for researchers to present leading edge research to an international audience. 
Prizes will be given for the best presentations given by early career researchers. 
• Excellent opportunities for networking, collaborations and partnerships 
• No registration fee. Attendance at this conference is free, but only pre-registered participants will 
be admitted to the conference. Participants will need to cover their own travel, accommodation and 
other costs. 
 
Further information about this conference can be obtained from 
www.imperial.ac.uk/ceseparationprocesses/newsevents/osn2010  
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NanoMemCourse EA3: Nano-structured materials and Membranes in the Food 
Industry 

Cetraro and Rende (CS) – ITALY, 15 - 24 September 2010 
 
 

  
 

 
 
General Information 
The NanoMemCourse project is a series of training courses designed to deliver the most relevant 
state of the art on nanostructured materials to the young researchers for a career development in line 
with the scientific, industrial and societal needs and challenges, financed by the European 
Community within the European Network of Excellence “NanoMemPro”.  
The NanoMemCourse on “Nanostructured materials and membranes for Food Processing” is 
the last of the NanoMemCourse series and it is organized by the Institute on Membrane Technology 
(ITM‐CNR).  
In particular, this course will analyze the state of the art and future needs for sustainable food 
production and processing aiming at achieving valuable co-products while avoiding the formation 
of by-products 
The event will take place in Cetraro (Grand Hotel San Michele), where all participants will be 
accommodated, with some demonstration activities at the Institute of Membrane Technology 
located in Rende - CS (Italy) from 15 to 24 September 2010.  
 
 
Local Organizing Committee 
Lidietta Giorno, ITM-CNR                 Maria A. Liberti, ITM-CNR 
Alfredo Cassano, ITM-CNR              Efrem Curcio, UNICAL 
Rosalinda Mazzei, ITM-CNR            Gianluca Di Profio, ITM-CNR 
Alberto Figoli, ITM-CNR                   Emma Piacentini, ITM-CNR 
 
 
For more information:  

http://www.nanomemcourse.eu/new/site/courses/EA3/index.htm  
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2010 China-EU Workshop on Membrane Systems  
in Medicine, Artificial Organs and Regenerative Medicine 

15 - 18 November 2010, Golden Bay Hotel, Weihai (China) 
 

In order to strengthen the cooperation on membrane technology between China and European 
Countries and to promote the application and development of membrane in biology and medicine 
fields, China-EU Workshop on Membrane Systems in Medicine, Artificial Organs and 
Regenerative Medicine is to be held at Weihai, China in November 2010. 

The organizing committee of this workshop sincerely invites experts and enterprise involved in 
membrane application fields to participate. Before this, five sessions of China-EU conference on 
membrane have been held successfully since 2004.  

Welcome to 2010 China-EU Workshop on Membrane Systems in Medicine, Artificial Organs 
and Regenerative Medicine at Weihai! 

 
Ⅰ. About the Workshop 
Date: 15-18 November 2010  

(Registration on Nov. 15th, departure on Nov. 18th) 
Venue: Golden Bay Hotel, Weihai, China 
Theme: Membrane Systems in Medicine, Artificial Organs and Regenerative Medicine 
Sponsors: Department of International Cooperation, Ministry of Science & Technology, China 

European Membrane Society 
Department of Science and Technology of Shandong Province 
Weihai Municipal Government 

Organizers: Weihai Science & Technology Bureau 
Harbin Institute at Weihai 
Institute on Membrane Technology, Italy (ITM-CNR) 
Weihai Science & Technology Exchange Center with Foreign Countries 
Sino-EU Membrane Technology Research & Development Centre at Weihai 

Language: English 
Charge: The experts invited to give speeches won’t be charged; each of the other participants is 
supposed to pay 1500 RMB for the conference fee, with meals and accommodation fee not 
included. (The Organizing Committee will help the delegates for booking of the hotel.) 
 
Ⅱ.Enrollment: 

By 30 July 2010, anyone who plans to participate in the workshop and give a speech is supposed 
to send the enrollment form and abstract to zjj0631@126.com. Those who will participate in, but 
not give speeches are supposed to send the enrollment forms to whws9988@sina.com. 

 
Ⅲ. Contact information: 
Jenny Zhang 
Weihai Science & Technology Exchange Center with Foreign Countries 
Tel: +86 631 5814699 
Fax: +86 631 5892828 
E-mail: zjj0631@126.com   whws9988@sina.com 
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Events 
 

Projects meetings and related activities 
 

 
              

                                                           
 

                    Final MEDINA meeting 
 

 
 

 
The final meeting of the FP6 EU funded Membrane-Based Desalination: An Integrated Approach 
project (acronym MEDINA) was held in Paris, at the Centre de Recherche des Cordeliers, on 
January 7th and 8th, 2010. Beside the participation of representatives of all Organizations involved in 
the project, Korean colleagues responsible of SeaHero project, Dr. Kurihara Masaru (from Japan) 
and Dr. Michel Schouppe (the European Officer of MEDINA project) attended as well. Whereas the 
Korean experts reported about the main goals of their on-going project, MEDINA participants 
presented the main activities carried out in the forty-two months of the project. 
Interesting and fruitful speeches were made focusing on the policy, the progresses and the most 
relevant results achieved in the project, and on the possibility of having new proposals and projects 
as fallout of MEDINA. 
During the project, MEDINA consortium developed a work programme which aimed at improving 
design and operation practices of the current membrane-based desalination plants. Project team 
tried to solve or, at least, to decrease some critical issues of sea and brackish water desalination 
systems such as: improvement of water quality, enhancement of recovery factor, reduction of water 
cost, minimizing of brine disposal problem. For solving and/or alleviating these problems, an 
approach based on the integration of different operations in reverse osmosis (RO) pre-treatment and 
post-treatment stages was proposed. 
In the pre-treatment steps, the integration of new tools and approaches (such as advanced water 
quality characterisation, enhanced membrane chemical cleaning strategies, and membrane 
autopsies) allowed better identification of root causes of operation failures and development of 
efficient remedy actions. In the post-treatment, the recourse to Membrane Distillation, Membrane 
Crystallization (MCr) and Wind-Aided Intensified eVaporation (WAIV) processes allowed to 
increase recovery factors and to recover the salts usually dissolved in the concentrated streams of 
the desalination plants. Increasing recovery factors of desalination plants also leads to the reduction 
of brine volumes to be discharged in the environment and, therefore, to the minimization of 
desalination plants environmental impacts and to the development of inland brackish water 

INA MED 
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desalination. For example, tests carried out on a brackish water desalination system constituted by  
pre-treatment/RO/WAIV/MCr proved that water recoveries as high as 75 – 76% can be achieved 
while less than 0.75% of the raw water fed to the desalination system is discharged to the 
environment. 
The positive role of the MBR in the RO pretreatments has been also experimentally tested, 
particularly when membrane crystallisers have been considered to operate on the NF and RO brine. 
Now the project is going to its end (foreseen for January 2010) and a concrete dissemination policy 
has been started for the diffusion and discussion of the results of potential interest for industrial 
exploitation.  
 

 

 
Some pictures of the Final MEDINA meeting. 

 

Francesca Macedonio 

 

 
 

Contact for further information: 
 

 MEDINA website: http://medina.unical.it  
 

 University of Calabria 
Department of Chemical Engineering and Materials, via P. Bucci 
cubo 17/C 87030 Rende (CS), ITALY 
Project Coordinator: Prof. Enrico Drioli 
e.drioli@itm.cnr.it, e.drioli@unical.it 
Tel: +39 0984 492039 
Fax: +39 0984 402103 
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An example of interesting EU-China collaborations: 
 
 
 
 
INNOWA was a project funded by European Commission in the Asia Pro Eco Programme. It aimed 
at building capacity for technology transfer by establishing a European-Asian technology network 
on innovative water treatment technologies with focus on membrane techniques.  
The partners involved in this project were:   
1. University of Applied Sciences Karlsruhe (UASK), Germany. (The coordinator); 2. Institute for 
Membrane Technology (ITM-CNR), Italy. 3. Shah Jalal University of Science and Technology 
(SUST), Sylhet, Bangladesh. 4. Jiangsu Polytechnic University (JPU), China.  

 Within the framework of this project, teaching and research 
staff and industrial users from Asia had the opportunity to attend 
training courses and seminars given by specialists from Europe. 

 Adapted, cost-effective water treatment technologies in the 
field of drinking and industrial water treatment have been  
developed in collaboration with the industrial sector and promoted 
for market application. 
This project can be considered as a starting point of a long term 
collaboration in different forms (joint research, organization of 
training courses, joint seminars, publications, technology transfer) 
between Asian and European countries in the field of technology 
development and technology transfer.  
The Activities done during the project are here summarised: 

1. Seminar 1 and Training 1: Jiangsu Polytechnic University 
(JPU), China 1st - 10th June, 2005. 

2. Workshop and Training 2: Shah Jalal University of 
Science and Technology (SUST), Sylhet, Bangladesh, 28th 
September-5th October, 2005. 

3. Seminar 2 : University of Applied Sciences Karlsruhe, 
Germany. 29th November-2nd December, 2005. 

4. Networking 1 : December, 2005-May, 2006. Two 
researchers from both Bangladesh and China got advance 
training for 6 months in Europe,  UASK, Germany and 
ITM-CNR, Italy. 

5. Meeting at ITM-CNR: May, 2006.  Discussion of the 
results of networking 1 and activities of the project.      

6. Networking 2 : To build up laboratory set up for the for 
the water treatment in the Shah Jalal University of Science 

and Technology (SUST), Sylhet, Bangladesh and Jiangsu Polytechnic University (JPU), 
China. 

7. Networking 3 : The key experts who are trained in Europe exchanged their knowledge to the 
staff and others to the partner institute.  

8. International Conference and Exhibition on Water and Wastewater Treatment: Shah Jalal 
University of Science and Technology (SUST), Sylhet, Bangladesh, 1-4 April 2007  

This project has been a starting point of collaboration between Asian and European countries in the 
field of technology development and technology transfer.  

Innovative Water Treatment 
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Several articles have been published by the collaboration between ITM-CNR and other partners 
involved in this project:  
1) T. Uddin, S. Mozumder, A. Figoli, A. Islam, E. Drioli, Arsenic removal by conventional and 

membrane technology: An overview, Indian Journal of Chemical Technology, 14 (2007) 441-
450 

2) A. Figoli, A. Cassano, A. Criscuoli, S. Mozumder, T. Uddin, A. Islam, E. Drioli, Influence of 
operating parameters on the arsenic removal by nanofiltration, Water Research, 44 (2010) 97-
104 

3) A. Criscuoli, J. Zhong, A. Figoli, M.C. Carnevale, R. Huang, E. Drioli, Treatment of dye 
solutions by vacuum membrane distillation, Water Research, 42 (2008) 5031-5037. 

4) Rong-Rong Huang, Jan Hoinkis, Qi Hu, Florian Koch, Desalination and Water Treatment 11 
(2009) 288–293. 
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NanoMemCourse 

Training courses on Nanostructured Materials for Advanced Membrane 
Processes 

EA2: Nanostructured materials and membranes for Health and Sustainable 
Water 

April 7 - 16 2010, University of Twente, Enschede, (NL) 
 
The NanoMemCourse EA2: Nanostructured materials and membranes for Health and Sustainable 
Water was organized by the University of Twente, Enschede, (NL). It was held from April 7 to 
April 16 2010. The aim of the course is to offer relevant education on the use of membranes and/or 
nanomaterials in the field of health and sustainable water. Young researchers and engineers with 
background in material science and/or membrane science related to health and sustainable water 
attended the course. International experts discussed about basic concepts, perspectives and 
applications of membranes in water treatment and health. After the lectures there was an interactive 
sessions between participants and lectures. 
An important time for young researchers was the preparation of short research proposal in group 
basis. That was a good experience to exchange ideas, learn new concepts, and establish 
relationships for future collaborations.  
Two excursions were held during the course: one to discover the Open Air Museum and know more 
about the Dutch culture and the other one of the most famous Dutch brewery!!! 

 
 

Emma Piacentini, ITM-CNR 
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WSEOR-2010 
 

BIT's 1st Annual World Congress of Well Stimulation & Enhanced Oil Recovery 
Theme: Economic challenges, Innovation and Sustainability 

April 12 - 16, 2010 Venue: Chengdu, China 
 

http://www.bitpetrobio.com/wseor2010/ 
 
 
BIT's 1st Annual World Congress of Well Stimulation & EOR, a focused event for upgrading the 
current advances in worldwide R&D of novel enhanced technology, was organised by BitPetroBio, 
a company established in Dalian (China). 
Worldwide experts including industrial leaders in the various fields from basic petroleum 
microbiology, microorganisms, indigenous microbes, biomaterials, enzymes to engineering 
technology, oil recovery, etc. discussed recent results also with young researchers. Specific 
attention was devoted to biofuel industry, upgrading of petroleum and its derivates also considering 
membranes as one of the most promising technology for contributing to improve conversion, 
separations, and energy and process efficiency. 
 
Chengdu, the former capital of China at the time of five dynasties was nice venue of the conference. 
It is close to the Tibet and park of Pandas, animals protected by WWF since there are extinguishing. 
 

Giuseppe Barbieri, ITM-CNR 
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The conference addressed advances in seawater and brackish water desalination and their 
strong relation to new technologies and process intensification strategy. Water stress is 
becoming a major problem worldwide which negatively affects the overall quality of life and 
industrial development. Reclamation and reuse of purified sea-brackish and wastewater 
represents an important part of the water supply in many areas of the world, particularly in 
Europe, the U.S., Australia and Japan. The reclaimed/reused water can help meet the 
increasing municipal, industrial, and agricultural demands for water. Water production, water 
treatments and water distributions can be completely redesigned in order to alleviate water 
shortages in modern, advanced city planning.  
The main topics were:  

• Integrated and hybrid water purification technologies,  
• Innovative desalination operations,  
• Future water planning 

Industrial contributions have been emphasized. The existing limits of current water treatment 
technologies and future possible developments in new and non-traditional areas interfacing 
environment, water distribution systems have been discussed. 
The conference provided an excellent forum for scientists and technologists in all aspects of 
water desalination to exchange their ideas and experiences and to update their knowledge of 
latest developments and future strategies in the various aspects of water desalination. 

Advances in Science and Engineering for 
Brackish 

Water and Seawater Desalination 
 

May 8 - 12, 2010 
Grand Hotel Michele, Cetraro (Calabria), Italy 
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Conference on Arsenic in the Environment 
17 - 21 May 2010, Tainan (Taiwan) 

 

Arsenic can be considered as a powerful poison and it has been recently reported as one of the 
largest environmental calamity in Asia. This led to rediscovery of arsenic despite it always exists in 
the environmental as a “silent” toxin in the world. Every year, new areas with arsenic in 
environments overcoming the limits set by international organization are identified.  This brought to 
organise a specific conference on this topic, and, on 17-21 May 2010, the Third International 
Congress on Arsenic in the Environment As 2010 (http://www.as2010tainan.com.tw/) with the 
theme of  “Arsenic in Geosphere and Human Diseases” has been held at the National Cheng kung 
University, Tainan city, Taiwan.  
More than 150 participants attended the conference and the topics covered have been grouped under 
different sections: a) Geology, hydrology and hydrogeology of arsenic, b) Ecological effects, c) 
Arsenic in marine and terrestrial ecosystems, d) Health effect on humans, e) Toxicological effects, 
f) Assessment and Remediation of arsenic-contaminated groundwater and land environments, 
policy and protection, g) Analytical methods, h) Special topics: i) Arsenic in rise, ii) arsenic in Latin 
America. Over 300 extended abstracts have been submitted and have been collected in a proceeding 
book, Arsenic in Geosphere and Human Diseases, CRC press (ISBN 978-0-415-57898-1),  
In particular, in the “As Remediation sections”, many works have been presented mainly referring 
to adsorbents methods and membrane techniques. In the second case, the majority of the studies 
referred to the use of reverse osmosis and nanofiltration processes. Dr. Alberto Figoli from ITM-
CNR participated at this conference and reported the results on microbeads preparation by 
membrane process and arsenic adsorption. The participation at this specific conference was of 
particular interest since it underlined that all the research presented is not only of academic interest 
but can actively contribute to the prevention or reduction of exposure to arsenic and its toxic effects 
for millions of people in the world. 

Alberto Figoli, ITM-CNR 
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7th Italy - Korea Workshop on “Membranes for a clean environment” 
4 - 6 June 2010, Ravello (SA) - Italy 

 
 

 
 

 
 

 
 

The Italy-Korea Workshops are biennial events devoted to the development of membrane science 
and technology in the two Countries. 

Since the 1st Workshop in Cetraro (1997), the previous six workshops provided excellent 
opportunities for researchers from academia and industries to report and discuss the fundamentals 
and applications of membranes for a clean environment and energy. 

The 7th Italy-Korea Workshop continued this tradition, providing a forum to the participants to be 
informed on the recent developments in membrane research and development, to get a perspective 
on the novel and emerging technologies, and to meeting leading experts in this growing strategic 
field. 

The Organizing Committee prepared an agenda that will provide a variety of new information in 
the membrane area in Italy and Korea, covering different aspects of membrane research and 
development, as well as applications in industry and medicine. 

The special location contributed to a fruitful discussion, further growing the international 
collaborations. 

 
 
Conference Chairpersons 
 
Prof. Enrico DRIOLI 
Institute on Membrane Technology (ITM-
CNR), Rende CS, Italy 
University of Calabria, Rende, Italy 
(e.drioli@itm.cnr.it; e.drioli@unical.it) 
 

 
Dr. Kew-Ho LEE 
KRICT - Membrane and Separation Center 
Daejeon, Republic of Korea 
(khlee@krict.re.kr)  
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Asia-Pacific Desalination Conference 2010 
22 – 25 June 2010, Qingdao, China 

 

 
 
Exhibition Conference  
Part of the 11th Marine Science & Technology & Economic Development International Forum. 
Sponsors and supporters include Chinese Desalination Association, Asia-Pacific Desalination 
Association, International Desalination Association, European Desalination Society and the 
American Membrane Technology Association.  
 
The theme of the conference 
Guarantee of Economic and Social Sustainable Development ---Desalination  
 
Main Content 
Topic presentations, comprehensive reports, sessions, business negotiation, technology exhibition, 
the government banquet, technical visit 
 
Sessions 
• The market and prospect of china desalination 
• The application and development direction of water reuse desalination in China 
• The Analysis and prospects of desalination market in Asia-Pacific  
• The Analysis and prospects of desalination market in Europe 
• The Analysis and prospects of desalination market in Middle-east 
• The Analysis and prospects of desalination market in North-America  
 
Program Topics 
• The desalination development of the main areas in the world 
• The market and technology of desalination & water reuse in China 
• Desalination and the environment 
• Innovation of membrane desalination technology  
• Innovation of thermal desalination technology  



 

page 30 

• Non-traditional and renewable desalination technology 
• Innovation and development of water reuse technology 
• Corrosion control and materials choose 
• Seawater desalination energy technologies and the development of new energy 
• Energy recovery technology in desalination 
• Anti-fouling technology and boron management  
• The development and innovation of pre-treatment technology 
• Product post-treatment and salty water integrated utilization 
• Process design of desalination system and operation management 
• Desalination engineering and economic research 
• Application for desalination corollary equipment   
• Membrane technology and MBR technology 
• Integrated utilization and recycling of industry and municipal sewage 
• Water resources management and zero discharge 
 
Exhibition of Technology and Equipment  
 
Exhibit Profile 
• Technology and products and equipment of desalination & water treatment industry; 
• Membrane and membrane modules. Corollary equipment; 
• Engineering and management; 
• Special modules of water treatment engineering and facilities;  
• Cases of excellent design, packaged technology and excellent engineering; 
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The 3rd International Desalination Workshop 
Organized by Center for Seawater Desalination Plant 

& European Desalination Society 
 
 

 When: November 3-6, 2010 
 Where: Hyatt Regency Jeju, Korea 
 Information: www. desalist.org 
 Conference Chair 

In S. Kim ; Executive Director of Center for Seawater Desalination Plant, GIST 
 Themes in General 

-Desalination technologies (RO, FO, MD, CDI and others) 
-Plant system engineering, 
-Membrane fouling and scaling 
-Innovative pre-treatment systems 
-RO concentrate(brine) treatment & recovery 

 Special Event; Followings will be nominated for the 1st SeaHERO Plant Awards. 
-Plant energy minimization 
-Plant O& M 
-Case study for large-scale plants 
-Case study for innovative pilot plant  

 Important Dates  
-Submission of abstract; September  3rd 
-Acceptance notification; September 17th 
-Full paper submission; October 31st 

• ΦFull paper will be published in SCI/SCIE journals after review process. 
• -Submission of presentation file; October 31st 

-On-line registration;  ~ September 15th   
 Registration Fee 

-Early bird online registration; Regular $450 / *Students $250 (~September 3rd) 
- Final online registration; Regular $600 /*Students $300 (~October 15th) 

• *Need to submit verification. 
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DATE EVENT LOCATION PROGRAM TITLE MORE INFO 

5 - 7 July 
2010 

Conference Sydney, 
Australia 

5th IWA International 
Young Water 
Professionals 
Conference 

http://www.iwa-
ywpc.org/templates/ld_templates/layout
_670267.aspx?ObjectId=679496   

25 - 30 
July 2010  

Conference New London 
(NH) (U.S.A.) 

GRC - Gordon 
Research Conference: 
Membrane: Material 
and Processes 

http://www.grc.org/ 

28 August 
- 1 
September 
2010 

Conference Prague CHISA 2010 – ECCE-7  
 

http://www.chisa.cz/2010/ 

28 August 
- 1 
September 
2010 

Meeting Prague Meeting  on Membrane 
Engineering at CHISA 
2010 – ECCE-7  

http://www.itm.cnr.it/section/  

15 - 24 
September 
2010 

Course (Italy), Advanced course on 
Food Application of 
Nanostructure 
Materials, 
Nanomemcourse 

http://www.nanomemcourse.eu/new/sit
e/home/index.htm  
Email: l.giorno@itm.cnr.it  

12 - 17 
September 
2010 
 

Conference Mont Sainte-
Anne, Quebec, 
Canada 

14th IWA Conference 
on Diffuse Pollution 
and Eutrophication 

http://www.iwa2010montreal.org/ 

19 – 24 
September 
2010,  
 

Conference Montreal IWA (International 
Water Association) 

http://www.iwa2010montreal.org/invita
tion-to-participate.asp 

27 – 30 
September 
2010  
 

Conference Istanbul, 
Turkey 

IWA Regional 
Conference on 
Membrane Technology 
and Water Reuse, 
MTWR 2010 

www.mtwr2010.itu.edu.tr 
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4 - 9 
October 
2010 
 

Conference Venice (Italy) 12th International 
Conference on Wetland 
Systems for Water 
Pollution Control 

www.wetland2010.org 

4 - 7 July 
2010 

Symposium Torun 
(Poland) 

XXV International 
Symposium Ars 
Separatoria 2010 

http://www.ars_separatoria.chem.uni.to
run.pl/ 

3-7 October 
2010, 

Conference Tel Aviv, 
Israel 
 

EuroMed 2010 
DESALINATION FOR 
CLEAN WATER AND 
ENERGY 
Cooperation among 
Mediterranean 
Countries 
 

https://www.desline.com 

24-30 July 
2011  

Conference Amsterdam, 
The 
Netherlands 

ICOM’2011 
 

Email: www.icom2011.org/ 
m.wessling@tnw.utwente.nl 
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Overview of books on Membrane Technology  
  
 

 

 

 
 

 
Membrane Technology for Wastewater Reclamation 
 
 
Dr. Mark Wilf 
 
2010 

 

 

 
Pretreatment Technologies for Membrane Seawater 
Desalination 
 
 
Nikolay Voutchkov PE, BCEE  
 
 
2010 
 
 
 

 

 

 
Comprehensive Membrane Science and Engineering 
 
 
Edited By  
Enrico Drioli, Lidietta Giorno 
 
JUL-2010 
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A report on the Research activities in progress in China, Korea and Russia in Membrane Science 

and Technology has been prepared in the past years by ITM-CNR in the framework of the activities 

of the Section on Membrane Engineering of the European Federation of Chemical Engineering. 

 
 
 
Anybody interested can find the report on: 
 
http://www.itm.cnr.it/CHINA_Report.pdf 
 
 
 
http://www.itm.cnr.it/Report_Korea.pdf 
 
 
 
http://www.itm.cnr.it/Report_Russia.pdf 
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 Focus on Membrane Research Activities 
 
In this Section we will present some communications submitted from Chinese and European 
researchers on their research activities. The objective is to try to accelerate the transfer of 
information between our communities for possible elaboration of joint projects, discussing a 
specific scientific results, etc. 
Everybody interested might send me a short note on his/her activities, when possible with a 
reference, and his/her e-mail address. 
Thank you for your collaboration. The next issue of this publication will be printed in December 
2010. 

 
ION REJECTION PROPERTIES OF NANOFILTRATION MEMBRANES WITH 
INHOMOGENEOUS CHARGE DISTRIBUTIONS 
 
Anthony Szymczyk*1,2, Haochen Zhu1,2, Béatrice Balannec1,2 

1Université Européenne de Bretagne, France 
2 Sciences Chimiques de Rennes, UMR 6226 CNRS - Université de Rennes 1 - ENSCR, 263 
Avenue du Général Leclerc, Bâtiment 10 A, CS 74205, 35042 Rennes Cedex, France 
Tel: +33.3.23.23.65.28 
Fax: +33.3.23.23.57.65 
*Corresponding author (E-mail: anthony.szymczyk@univ-rennes1.fr) 
 
 
The last two decades, considerable effort has been invested into the development of membranes 
that combine the high retention of reverse osmosis materials with the lower pressures used in 
ultrafiltration. This has resulted in the development of nanofiltration (NF) membranes. Today, NF 
appears as the pressure-driven separation process with the highest expected growth in coming 
years. This promising technique has attracted increasing attention in the various scientific 
communities working at the nanometer scale but the mechanisms that control the separation 
properties of NF membranes are not fully understood yet. NF membranes usually possess 
ionizable surface groups: sulfonic acids, carboxylic acids and/or amines (for polymeric materials) 
or hydroxyl groups (for ceramic materials). Consequently, membranes develop a surface electric 
charge when brought into contact with a polar medium. The combination of pore diameters 
around a few nanometers with electrically charged materials enables the occurrence of 
phenomena that are impossible at bigger length scales and ion exclusion results from a complex 
mechanism involving steric hindrance, electrostatic interactions, dielectric effects... 
Most NF membranes are polyamide-based materials synthesized by interfacial polymerization, 
i.e. a polycondensation reaction between a polyfunctional amine and a polyfunctional acid 
chloride dissolved in immiscible solvents. The surface charge of the thin polyamide film (which 
forms the active layer of the membrane) originates from unreacted amine and (hydrolyzed) acid 
chloride groups. It has been recently demonstrated that the thin polyamide film is 
inhomogeneously charged and built of a negatively charged outer layer sitting on top of an inner 
layer possessing a positive charge [1]. However, all current transport models used in NF are 
based on the assumption that charged surface groups are homogeneously distributed over the pore 
surface. In other words, the surface charge density of the membrane is assumed to be constant 
over the pore length. In our work we have dropped this assumption to present a detailed 
theoretical account of the effects of inhomogeneous charge distributions on the rejection 
properties of NF membranes. 
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A comprehensive set of fixed charge distributions have been considered and salt rejections 
have been computed on the basis of the Poisson-Nernst-Planck theory. First, several types of 
unipolar distributions (i.e. the fixed changing but the sign of the surface charge remains the 
same) have been considered. The resulting salt rejection rates have been computed and 
compared with rejection rates obtained for a homogeneously charged membrane with the 
same average fixed charge density. It has been shown that the occurrence of spatial 
inhomogeneities in the fixed charge density may lead to an enhancement of the salt rejection 
with respect to a homogeneously charged membrane.  
Salt flux rectification (i.e. the ion rejection rate depends on the volume flow direction) has 
been put in evidence as a result of the broken symmetry of the intrinsic distribution of fixed 
charges on the pore walls [2].  
Membranes with bipolar charge distributions (i.e. both the sign and the density of surface 
groups are spatially changing within pores) have been also investigated. For small Peclet 
numbers (which are expected in NF since the active layers of membranes are very thin), it has 
been shown that membranes with appropriate charge distributions can lead to similar 
rejections for both 2-1 and 1-2 asymmetric electrolytes. These performances cannot be 
achieved with homogeneously charged membranes since the Donnan theory predicts that the 
membrane strongly rejects electrolytes with divalent coions but is much more permeable to 
electrolytes with divalent counterions. It has been shown that this specific property of bipolar 
nanopores originates in the electric field that spontaneously arises through pores and acts as a 
gate that limits considerably the transfer of counterions (the term “counterions” is defined 
here with respect to the sign of surface charge at the pore entrance) through the transition 
zone (i.e. the region of the pore where the surface charge reversal occurs). The model also 
elucidates that salt rejection is controlled by the most repulsive region of pores at “low” 
pressure differences but it is ruled only by the charge density at the pore entrance at “high” 
pressure differences [3]. 
This study demonstrates theoretically that it is possible to improve the separation 
performances of NF membranes by controlling the distribution of surface ionizable-groups 
during synthesis or functionalization of these materials. It benefits also the design of 
advanced membranes tailored for desalination purposes and water treatment. 
 
 
References 
[1] Freger, V. (2003) Langmuir 19, 4791-4797. 
[2] Szymczyk, A.; Zhu, H.; Balannec. B. (2010) Langmuir 26, 1214-1220. 
[3] Szymczyk, A.; Zhu, H.; Balannec. B. (2010) J. Phys. Chem. B, in press. 
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Activities at K.U.Leuven in the research group of Bart Van der Bruggen: PhD of Adrian 
Verhoef on simulation of pervaporation processes, 12 March 2010 
 
For more information: bart.vanderbruggen@cit.kuleuven.be  
 
This dissertation describes the development of a simulation tool to calculate the pervaporation 
performance. The existence of such a tool aids the design of pervaporation installations in 
industrial separations. When the process performance can be predicted, the threshold is lowered 
to implement a pervaporation unit in industry. This can reduce the energy consumption of 
difficult separations up to 
50 percent. 
At the basis of this simulation software lies a model that is capable of describing mass transport 
through the membrane correctly. It is found that the Maxwell-Stefan model accounts for both 
sorption and diffusion, and is capable of describing multicomponent phenomena like drag or 
coupling effects. Combined with the UNIQUAC model to determine phase equilibria between 
(vapour and) liquid phases, a solid background for pervaporation simulations is obtained. 
These models are usually described in terms of mole fractions. However, then the membrane 
molar mass is required for the calculations, and this value is often unknown or indeterminable. 
As a solution, all equations are converted to mass fractions, because the parameters needed for 
these new expressions can be measured by experiments. This conversion has implications for 
the different parameters used, like the diffusion and activity coefficients, that may not be 
overlooked. Validation calculations show that both models are converted to mass fractions 
correctly. 
With this theory as basis, a modular simulation software is developed in Matlab. Each module 
describes a different phase of the mass transport through the membrane, like sorption, diffusion 
through the selective or support layers, and desorption. The latter phenomenon is combined 
with the phase transition within the membrane, and calculations show this approach is correct 
when the feed concentration of the preferentially permeating component does not become too 
high. All modules are successfully validated separately. A main program is written to invoke 
the modules in the correct order. The basic idea is that calculations are performed from the 
outside inwards, to determine the boundary conditions of the selective layer step by step. These 
conditions are used to solve the Maxwell-Stefan equations iteratively until the bootstrap 
condition that the membrane flux equals zero is fulfilled. With the obtained fluxes, the permeate 
composition is adapted until convergence is reached. 
A validation of this program showed that the value of the membrane molar mass still has an 
influence on the separation performance, and thus still is needed. It is found that there is some 
kind of correlation between the mass-based Maxwell-Stefan diffusion coefficients and the 
membrane molar mass. This relationship has however so far not been found, although it can 
probably be applied to more membrane processes. 
The input parameter set of the simulations appears to be crucial for a successful result of the 
calculations. Most parameters can be found in literature, but some have to be determined 
experimentally, of with the help of estimation models. An attempt to simulate an industrial 
separation and compare the performance with a conventional two-step distillation process failed 
due to incorrect and incomplete input data. For a correct simulation, for every membrane and 
separation mixture, the diffusion and UNIQUAC interaction coefficients must be determined 
experimentally. 
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Separation processes with ultrafiltration (UF) membranes have typically relatively high costs 
caused by limited membrane life time and necessary pre- and post-treatment steps. 
Additionally, the flux and selectivity performance during filtration significantly decrease, and 
flux decline via membrane fouling is the main reason. One possible solution to reduce this 
problem is a controlled surface functionalization of UF membranes with hydrophilic 
polymers so that low-fouling thin-layer hydrogel composite membranes are obtained. Earlier 
work had indicated that photo-initiated graft copolymerization may be an easy and fast 
method for such surface functionalization, significantly reducing the fouling tendency of the 
base membrane [1]. 

Furthermore, using the wide variety of commercially available functional and crosslinker 
monomers as potential surface modifiers, it should be possible to tune the sieving/rejection 
properties of the hydrogel layer. By synthesizing a hydrogel with defined mesh size, barrier 
layers with predetermined and narrow sieving properties could be obtained. In this case, the 
pore size of the base membrane, the type of functional polymer as well as the hydrogel layer 
thickness and its crosslinked structure and the resulting hydrogel swelling will affect the 
sieving characteristics of the new composite membranes. In case of base membranes with 
relatively small pores (“narrow” UF), the hydrogel layer would be located on the outer 
membrane surface and shield the pores completely; the hydrogel layer would determine 
antifouling and selectivity properties (Fig. 1). Using membranes with relatively large pores 
(“open” UF), the pores would not be shielded completely and the grafted layer would cover 
also the inner pore surface. Consequently, the systematic variation und control of the different 
UF barrier layer types should be possible for one functional monomer via setting the hydrogel 
layer thickness in relation to the pore size of the base membrane and the used modifier and 
crosslinker composition. 

 
Fig. 1: Schematic view of the layer concept for “open” and “narrow” filtration. 

In this work, polyethersulfone (PES) UF membranes (Sartorius-Stedim, Germany) with 
nominal molecular weight cut-off (MWCO) of 10, 50 and 300 kg/mol were functionalized 
with the hydrophilic poly(ethylene glycol) 400 methacrylate (PEGMA; such monomers are 
well-known as precursor of non-fouling materials). The grafted polyPEGMA brushes on the 
outer surface of the base membrane were prepared using different crosslinker monomers: 
N,N-methylenebisacrylamide (MBAA; two crosslinking points per molecule) and 
pentaerythrytrol allyl ether (PETAE; three crosslinking points). 
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The composite membranes synthesized by UV-initiated grafting were characterized with 
respect to membrane performance using water permeability as well as batch filtration of 
proteins (bovine serum albumin, myoglobin) in order to characterize the antifouling and sieving 
properties. The results showed a strong increase in the fouling resistance and successful tuning 
of the sieving properties of the new composite membranes prepared with suited degree of 
grafting and PEGMA/MBAA or PEGMA/PETAE ratios, compared with virgin membranes 
with similar performance (flux, MWCO). Surface wettability (measured by contact angle), 
surface charge (from zetapotential), surface morphology (from atomic force and scanning 
electron microscopies) and surface chemistry (from ATR-IR) were other important 
characteristics for the comparison of base and composite membranes. Using the example of 
functionalization of PES UF membranes with MWCO 50 kg/mol, we achieved a “narrow” UF 
membrane with PEGMA/MBAA and an “open” UF membrane with PEGMA/PETAE (cf [2]). 

Scaling up is an important step to apply such new membranes in the industry. The surface 
functionalization of such flat sheet membranes is relatively easy to apply in industrial scale 
using, e.g., a dipping with monomer solutions after the membrane preparation followed by UV-
irradiation and subsequent washing with pure water. Cross-flow UF in larger scale delivers 
information about the membrane performance in real applications, i.e. in biotechnology 
(downstream processing) and food industry. 

Concentration and fractionation of different model solutions of proteins (γ–globulin, bovine 
serum albumin (BSA), myoglobin) and polyphenolic compounds (Polyphenon 60® – extract 
from green tea) are scope of this study. The influence of operating pressure, cross-flow 
velocity, model solution composition (concentration, pH, ionic strength) and temperature on the 
filtration performance of commercial and novel thin-film hydrogel composite membranes are 
being investigated. The results from the experiments with unmodified membranes showed 
significant fouling (for instance 80 % flux decline during filtration of single BSA solution) and 
loss of selectivity, which leads to bad performance of the process and makes it less 
economically. The new membranes showed good anti-fouling properties and had only 10 % 
flux decline during filtration of same model solution at the same rejection. Optimizing the 
operation parameters, e.g. cross flow velocity, pressure and temperature, it is possible to 
minimize this flux decline even more. Further studies will analyse the behaviour of these 
membranes during separation of mixtures of proteins (with respect to downstream applications) 
and mixtures of proteins and polyphenolic compounds (food and beverage industry). We expect 
stable behaviour (flux and selectivity) of the new composite membranes during the process and 
much less need for washing or cleaning. 

The application of these new thin-film hydrogel composite membranes would reduce the 
material costs and throughput of the ultrafiltration process, leading to high quality products, 
especially for the food and pharmaceutical industries. 

[1] H. Susanto, M. Ulbricht, Photografted Thin Polymer Hydrogel Layers on PES 
Ultrafiltration Membranes: Characterization, Stability, and Influence on Separation 
Performance, Langmuir, 23, 2007, 7818-7830. 

[2] P.D. Peeva, T. Pieper, M. Ulbricht, Tuning the sieving properties of hydrophilic 
functionalized anti-fouling polyethersulfone ultrafiltration membranes by suitable crosslinking 
agents and conditions, Journal of Membrane Science, to be submitted. 
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As a potential source of renewable energy, low-temperature proton conductive membrane 
fuel cells still face many challenges. The membrane for this application, taking Nafion® 
series (perfluorinated sulfonic acid ionomers, a series of well-known proton conductive 
membranes) for an example, they have high proton conductivities and long-term durability 
but exhibit an unstable fuel cell performance due to considerable parasitical transport, 
especially methanol permeability. Further, it is almost impossible to reduce methanol 
permeability without a decrease in proton conductivity. The reason is that protons and 
methanol share the channel of hydrated ionic clusters and their fluxes both decrease with a 
decrease in the water content of the membrane. Hence, our recent work focus on 
development of enhanced methanol resistant proton conductive membrane without sacrifice 
in proton conducting performance. The employed strategy is embedding proton conductive 
“barriers” within semi-crystalline perfluorosulfonate matrix. 

  
Figure 1. Schematic of proton conductive membranes preparation via a “barrier” 

embedding strategy. 
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Firstly, amphoteric SPPESK (bearing sulfonic acid groups and hetercycles) is encapsulated in 
the perfluorosulfonate matrix (FSP) via the acid-base reaction. After annealed at different 
temperatures, the membrane acquires a strengthened morphological stability due to an 
increase in the crystallinity of the FSP phase (Figure 1d, e). Meanwhile, the amphoteric 
SPPESK phase domain is converted to a “barrier” to methanol crossover by intermolecular 
acid-base reaction (Figure 1f). Figure 2a shows that the final membrane exhibits an extremely 
low methanol permeability due to the poorly hydrophobic acid-base network (~6×10-7 cm-2 s-

1, 30% of that of Nafion®-112 in Figure 2a). However, excellent fuel cell performance of 
membrane in Figure 2b (0.93 W cm-2 of the maximum power density at a current density of 
2.3 A cm-2 and a cell voltage of 0.41 V, better than Nafion®-112 under identical testing 
condition) suggests that some special structures in this “barrier” facilitate proton transfer. 
Experimental results demonstrate that a loose acid-base interaction (Fig2b), in which proton 
is trapped within this hydrogen bonded complex, exists in this “barrier”. Therefore, protons 
can transfer through this “barrier” continuously by this unique structure (Figure 2b): the 
proton in H3O+ first interacts with the -SO3H group in this hydrogen-bonded acid-base pair by 
hydrogen bonding, then transfers along the hydrogen bonds to arrive at the base, and finally 
moves out of the acid-base pair by hydrogen bonds forming and breaking between this proton 
and another water molecule. Accordingly, these membranes exhibit excellent fuel cell 
performances, even superior to Nafion-112.  

 
 

Figure 2. (a)Methanol permeabilities, and (b) fuel cell performances of the membranes 
annealed at different temperatures. 

Owing to the many advantages of this membrane, we envision that this “barriers”- 
embedding strategy is not restricted the system here, and can be applied to any systems 
containing semicrystalline and amphoteric polymers. Thus, our research will provide a 
versatile route to for functional membranes with tailoring performance. 
 
* Corresponding author. twxu@ustc.edu.cn 
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The addition of hydrophobic, impermeable fumed silica (FS) nanoparticles to high free volume 
glassy polymers such as poly[1-(trimethylsilyl)-1-propine] (PTMSP) and amorphous Teflon AF 
results in a general and significant enhancement of gas diffusivity and permeability, while has 
variable effects on gas selectivity.[1] This result has stimulated a search for the perfect 
polymer-filler combination in order to achieve the optimal separation performance and 
membrane stability. Despite the numerous experimental studies, the interpretation of mixed 
matrices behavior is still an open subject: the non additive trend of these composite films does 
not obey traditional theories for composites as Maxwell model.[2]  
The observed behavior can be due to the small size (around 100 nm) of the inorganic domains 
and to the weak compatibility between silica and polymer chains, factors that may favor the 
formation of nanovoids at the organic/inorganic interface. Indeed, both Positron Annihilation 
Lifetime Spectroscopy (PALS) and density measurements indicated that such  matrices  have 
higher fractional free volume (FFV) with respect to the pure unloaded polymeric phase.[1] 
Those measurements are often not accurate enough to estimate the FFV variation induced by 
the addition of filler in the polymer.  
One alternative method for estimating the accessible free volume variation was proposed 
recently:[3] this approach requires the experimental determination of sorption data of one, non 
swelling test gas (TG) (e.g. CH4) in the filler, 0

,TG FC  (when it is not negligible as it is often the 
case) and in one, or more, composite matrices ,TG MC with filler volume fraction ΦF. By 
assuming that the filler sorption capacity remains unvaried upon mixing with the polymer, one 
obtains the sorption amount in the polymeric phase of the composite ,TG PC , as: 
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This quantity is then modeled by the Non Equilibrium Lattice Fluid (NELF) theory,[4] based on 
which different sorption capacities of the same polymer are due to different initial density 
values 0

Pρ :   
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The expression contains one adjustable parameter, ijk , that is generally available for the 

systems under study. Knowledge of 0
Pρ  allows to estimate the FFV of the polymer in the mixed 

matrix state, 0
MFFV  as:  

0
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with vdW
Pρ being the van der Waals density of the polymer, available from the literature. It is 

seen that glassy polymeric phases in contact with fumed silica have higher sorption capacity 
with respect to the pure polymer phase and in particular sorption, and therefore FFV, increases 
monotonically with silica weight fractions up to  50%.  
The FFV value calculated with this method may then be used to estimate a priori, using the 
same NELF model, the solubility of other gases in the various composite materials: 
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For swelling penetrants a second parameter has to be fitted, which represent the amount of 
swelling induced by the penetrant at fixed pressure (swelling coefficient ksw):  

( )0
2 2( ) 1 swp k pρ ρ= −   

Such a parameter obtained through the NELF model provides a reliable estimate of the dilation 
induced by gas sorption, as it is proved by comparison by direct gas swelling measurement. The 
gas sorption is thus 
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C C T p k kρ=   

from which the solubility in the mixed matrix, ,G MC can also be evaluated. Finally, the FFV 
value can be used to estimate, with 2 adjustable parameters A and B, the infinite dilution 
diffusivity of gases in the mixed matrix materials, by means of the free volume theory:   
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      with the tortuosity τ given by: 
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The permeability and ideal selectivity can then be easily estimated according to the solution-
diffusion model:  
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This approach has been used to model the solubility, diffusivity and permeability of a series of 
gases and alkanes in mixed matrix membranes based on Teflon AF1600 and AF2400.[3] 
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[1] Merkel, T.C. et al. Science 2002 296, 519-522;Macromolecules 2003, 36, 6844-6855 and 8406-8414.  
[2] Maxwell, C. Treatise on Electricity and Magnetism; Oxford Univ. Press: London, 1873. 
[3] De Angelis, M.G.; Sarti, G.C. Ind. Eng. Chem. Res. 2008, 47, 5214-5226; Ferrari, M.C., Galizia, M., De Angelis, 
M.G., Sarti, G.C.  Ind. Eng. Chem. Res. 2010, in press.  
[4] Doghieri, F.; Sarti, G.C. Macromolecules 1996, 29, 7885-7886. 
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Microfiltration using membranes is widely employed in protein fractionation in food and 
biotechnological processes. Even in the cross-flow filtration mode the formation of a deposit 
layer of retained proteins on the membrane surface can not be completely avoided, resulting in 
an alteration of the filtration characteristic of the membrane in terms of fluid volume throughput 
(flux) and matter retention. Thus, there is a strong need in industrial applications to control the 
deposit layer build-up and to limit its impact on the fractionation efficiency. While the 
hydrodynamic filtration conditions leading to protein deposition are well understood, the 
influence of protein-protein interactions on the porosity, thickness, and compressibility of the 
deposit layer is unclear.  

Often progress in understanding the complex interplay between hydrodynamic force and 
protein-protein interactions and the resulting deposit layer structure is limited by an incomplete 
knowledge of colloidal protein interactions. Especially at the microfiltration of skim milk to 
separate casein micelles (mean diameter ~200 nm) from soluble whey proteins (~4 nm), 
existing models for milk protein interactions based on the classical DLVO-theory can not 
explain the filtration performance as a function of the milieu conditions (e.g. pH). Therefore, it 
was the aim of this study to develop a filtration theory that is able to describe the porosity and 
specific resistance of casein deposits (and its distribution in the deposit layer and its changes 
along the membrane) on the basis of a new interaction model for milk proteins. 

In membrane literature interactions between milk proteins are often described in the context of 
classical DLVO-theory, which incorporates Van der Waals attraction and electrostatic repulsion 
[1]. In milk the charge of the proteins is strongly screened due to the high ionic strength of the 
aqueous phase (~80 mM). Thus, even when the proteins are highly charged, the electrostatic 
interactions between them are so short-ranged that they can be neglected. According to the 
DLVO-theory this inevitably leads to protein aggregation. As milk is a stable system at natural 
pH, the DLVO-theory is not able to predict the interactions between milk proteins correctly. 
Hence, a new model for casein micelle interactions was developed that comprises – besides 
Van der Waals and electrostatic interactions – hydrophilic and hydrophobic interactions in the 
form of Lewis Acid Base forces (extended DLVO-theory) deduced from the surface energies of 
the proteins. The Van der Waals and the electron donor / acceptor surface energy parameters 
were derived from contact angle measurement of test fluids on layers of hydrated proteins. With 
this model it can be shown that casein micelle interaction at the natural pH of milk (6.8) is 
dominated by hydrophilic repulsion and that the micelle surface is rendered significantly less 
hydrophilic when milk is acidified.  
Through a series of compressibility tests of casein deposit layers with a dead end filtration unit 
at different pH values, it could be shown that the compaction of the protein layer is strongly 
enhanced when filtering proteins with reduced repulsion. The porosity and the specific 
resistance distribution in the deposit layer could be calculated employing a dead end filtration 
model developed by Tiller et al. [2]. Filtering strongly-repulsive casein micelles (pH 6.8) at a 
transmembrane pressure of e.g. 2 bar results in a gradual reduction of porosity from the deposit 
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layer feed solution interface to the membrane deposit layer interface from 0.7 to 0.3. 
Decreasing the pH to 5.9 goes along with a reduction of the repulsive micelle interaction 
energy of ~60 % and leads to a strong compaction of the deposit layer near the membrane 
interface, resulting in a local porosity of ~0.05, while the porosity near the deposit layer 
surface remains nearly unchanged. The compressibility indices used in the applied filtration 
model could be correlated to the interaction energies derived from the extended DLVO-
theory. Results indicate that especially at reduced protein repulsion and high 
transmembrane pressures, the resistance of casein deposits is dominated by a small but 
highly-compressed layer near the membrane interface. 

Under consideration of the inhomogeneous transmembrane pressure distribution along the 
membrane and wall shear stress induced classification effects, the compressibility results 
from the dead end filtration experiments could be transferred to cross-flow filtrations that 
are commonly applied in industrial processes. During cross-flow filtration the 
transmembrane pressure drop along the membrane leads to a strong deposit layer build-up 
at the membrane inlet, while the rear part of the module is run in the membrane-controlled 
regime. Until now it was unknown how changes in colloidal interactions influence the flux 
and specific deposit layer resistance distribution along a membrane. Therefore, tubular 
ceramic microfiltration membranes were divided into four sections, allowing the 
measurement of the length-dependent distribution of flux.  

Decreased casein micelle repulsion through milk acidification only reduces the flux of those 
membrane sections which are operated under high transmembrane pressure and, thus, under 
strong compaction forces on the deposit layer. In those membrane sections the deposit layer 
resistance and the flux are linear functions of the casein micelle interaction energy. In 
contrast to this, the flux of those sections operated in the membrane controlled regime (low 
flux / pressure values) is independent of protein interactions, showing that the filtration of 
solution with unfavorable colloidal interactions is possible without adverse effects if the 
flux is kept under a critical value.  

The results of this work can be used to explain the flux as a function of colloidal 
interactions and process conditions and, thus, help to optimize (milk) protein fractionation.     
 
 [1] H. Bouzid, M. Rabiller-Baudry, L. Paugam, F. Rousseau, Z. Derriche, N.E. Bettahar, Impact of zeta 

potential and size of caseins as precursors of fouling deposit on limiting and critical fluxes in spiral 
ultrafiltration of modified skim milks, J. Membr. Sci. 314 (2008) 67-75. 

 [2] F.M. Tiller, R. Lu, J.H. Kwon, D.J. Lee, Variable flow rate in compactible filter cakes, Water Research 
33 (1999) 15-22. 
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The effect of the concentration boundary layer on the membrane separation is well 
known and intensively discussed in the literature. There is not known coupled models that 
will take into account the simultaneous effect of both layers, namely the polarization and the 
membrane layers. 

Recently, some papers have been published which take into account both the 
concentration polarization layer and the membrane layer on the membrane separation by 
means of pervaporation. These papers use mostly the resistance-in-series model and try to 
incorporate the effect of the boundary layer’s Peclet number, as well. These models do not 
make possible the direct calculation of the separation characteristics, e.g. the enrichment or 
the polarization modulus. A coupled model of concentration polarization and diffusion 
transport through the membrane was developed which enables the direct prediction of the 
concentration distribution in both layers and other important separation properties as 
enrichment, polarization modulus, etc. Thus, for example the enrichment can be calculated by 
means of the following equation (assuming that the outlet membrane concentration is equal to 
zero and Peclet number of the boundary layer is less than 0.01):  

 

     
υ

= ovk
E       (1) 
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+=       (2) 

 
where kov denotes the overall diffusive mass transfer coefficient, k and km denote the diffusive 
mass transfer coefficient of the boundary layer and the membrane layer, respectively, υ 
denotes the convective velocity in the polarization layer; Ho is to solubility coefficient of the 
transporting component in the membrane phase. Detailed discussion of this mass transport 
process and comparison of the measured and calculated data are given in Nagy’s paper [1]. 
The excellent agreement between the measured and predicted data proves that the equations 
developed are suitable to describe the pervaporation process or to predict its effectiveness.  

The effect of the concentration boundary layer on the pressure-driven membrane 
separation as nanofiltration or ultrafiltration is also well known and extensively discussed in 
the literature. In most of these studies, the effect of the boundary layer and that of the 
membrane layer on the separation efficiency are discussed, separately. A general model was 
developed to describe the convective and diffusive mass transport taking into account the 
simultaneous effect of both the concentration boundary layer and the membrane layer. Thus, 
e.g. the permeate concentration, Cp, can be given as follows: 
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where (see [2] for details regarding the value of α) 
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where Φ denotes the steric partition coefficient; PeL and Pem are the Peclet numbers of the 
polarization layer and membrane layer, respectively; ξc denotes the hindrance factor for 
convections; η is viscosity, rp is the pore size;  R is the gas constant, T is the temperature; V 
denotes partial molar volume of solute; Dm diffusion coefficient in the membrane; 

It is easy to see from Eq. (3) that the Cp value tends to the literature expression given in 
ref. [3], if PeL→ 0. By the expressions developed, it can be predicted how the membrane’s 
Peclet number, the ratio of diffusive mass transfer coefficient of the membrane to that of the 
polarization layer and the product of the steric partition coefficient and convection’s hindrance 
factor affect the permeate concentration, the rejection coefficient or polarization modulus [3]. 
Comparing the measured and calculated data it has been proved that the effect of the 
polarization layer could significantly affect the separation efficiency during practical 
nanofiltration of uncharged compounds, thus, neglect of its effect can cause large error. The 
model developed gives a general treatment method to evaluate to pressure-driven membrane 
separation processes. 
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ε-Poly-L-lysine (ε-PLL) produced by Streptomyces albulus CGMCC 1986 was 
fractionated using ultra-filtration technique with 2 kDa and 5 kDa cut-offs of membrane. The 
number-average molecular weight of each fraction was determined by 1H NMR method. The 
number-average molecular weights of the cut-offs of 5 kDa, 2 kDa and the filtrate are 
4,230.95 Da (fraction A) 3,687.80 Da (fraction B) and 1,900.82 Da (fraction C) respectively. 
1H NMR indicates the chemical shifts of α-H, β-H, γ-H, δ-H and ε-H are very similar to all 
the fractions. FT-IR spectra showed that the ε-PLL solid samples obtained by freeze-drying at 
pH=5 with molecular weights higher than 2 kDa take on a β-turn conformation, however, the 
fraction with molecular weight smaller than 2 kDa adopts random coil structure. The 
antibacterial test proved that the fraction between 2 kDa and 5 kDa of membranes behaves the 
highest antibacterial activity than other fractions for the test strains of Staphylococcus aureus, 
Micrococcus luteus, Bacillus subtilis, Escherichia coli and Shigella. 

Three Gram-positive strains of Staphylococcus aureus, Micrococcus luteus, Bacillus 
subtilis, and two Gram-negative strains of Escherichia coli, Shigella, and one kind of yeast, 
Saccharomyces cerevisiae were selected to determine the minimum inhibition concentration 
(MIC) of the three different fractions, which are shown in Table. 

It can be seen that all the fractions of ε-PLL has antibacterial activity on 
Staphylococcus aureus, Micrococcus luteus, Bacillus subtilis, Escherichia coli, Shigella and 
Saccharomyces cerevisiae and the fraction B ( nM =3,687.80 Da) has the highest antibacterial 
activity for all test strains. However, the fraction A ( nM =1900.82 Da) with Mw smaller than 
2 kDa, has a little inhibition effect on all test strains. As a whole, the fraction B is the most 
suitable composition for food preservative. 
Table  Antibacterial activities of different fractions of ε-PLL 
 

Test strains MIC of different 
fractions/(µg/ml ) 

  A B C 
Staphylococcus 
aureus >200 6.25 12.5 

Micrococcus 
luteus >50 6.25 25 

Bacillus subtilis 50 1.5 12.5 
Escherichia  coli 25 12.5 12.5 

Shigella >200 25 100 
Saccharomyces 

cerevisiae >1,000 250 250 
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Abstract 
Production of ultra-pure hydrogen by reforming of methane has been evaluated in both 
fluidized bed (FBMR) and packed bed (PBMR) membrane reactors. The results show that the 
PBMR requires significantly more (in some conditions twice) the membrane area compared 
to FBMR thanks to the excellent bed-to-membrane mass transfer in fluidized beds. High 
performance membranes should therefore be integrated into fluidized bed membrane reactors. 
 

Introduction 
Most of the hydrogen today is produced by steam reforming of methane. This process 
consists of feed gas preheating and pre-treatment, primary and secondary reforming, high and 
low temperature shift conversion, CO2 removal and methanation. Often Pressure Swing 
Absorption is used to achieve the desired hydrogen purity. Steam reforming is highly 
endothermic, therefore, and in view of thermodynamic limitations, heat transfer must take 
place at high temperatures (850-950°C). An excess of steam is used to avoid carbon deposits 
(typical feed H2O/CH4 molar ratios of 2 to 5).  
 
A high degree of process integration and process intensification can be obtained by 
integrating hydrogen perm-selective membranes in the steam reformer. The number of 
process units can be sharply decreased and the total required reactor volume can be much 
reduced, while higher methane conversions and hydrogen yields beyond thermodynamic 
equilibrium limitations can be achieved, at lower temperatures and with higher overall energy 
efficiencies. Both packed bed membrane reactors and fluidized bed membrane reactors for the 
reforming of methane (see Fig.1) have already been described qualitatively in the literature 
and pros and cons of both concepts have been discussed. In this paper a direct quantitative 
comparison between the two concepts has been made using detailed theoretical models for 
ultra-pure hydrogen production via methane reforming.  
 
 
 
Keywords: hydrogen production, membrane reactors, fluidized bed, mass transfer limitations 
 
* Corresponding author: e-mail: F.Gallucci@tue.nl 
 



 

page 52 

 

 
 
Figure 1. Packed bed membrane reactor configuration (A) and fluidized bed membrane 
reactor configuration (B) for methane reforming. 
 
Reactor configurations 
Packed bed membrane reactor 
In this work the typical tube-in-tube packed bed membrane reactor configuration (Fig 1 A) 
was considered. A detailed 2D model was used in order to identify the extent of bed-to-
membrane mass transfer limitations (also known as concentration polarization) and their 
effect on the reactor performance. Membrane research has produced thinner membranes 
with higher hydrogen permeability which will result (Fig. 2A) in higher mass transfer 
limitations in packed bed membrane reactors (even with small reactor diameters) and 
consequently in larger membrane area required for the same hydrogen separation. 
Moreover, packed bed reactors are always non-isothermal, where the first part of the reactor 
has a lower temperature, resulting in lower reaction rates and lower permeation rates 
through the membrane. 
 
Fluidized bed membrane reactor 
In a typical fluidized bed membrane reactor (Fig 1B), pure hydrogen is recovered by Pd-
based membranes inserted into the fluidized catalyst bed. A virtually isothermal condition 
can be achieved and bed-to-membrane mass transfer limitations are largely avoided due to 
the strong catalyst circulation inside the reactor. In addition, bubble-to-emulsion phase mass 
transfer limitations and the extent of gas back-mixing can be much decreased by 
compartmentalizing of the fluidized bed with the insertion of the membranes inside the bed 
and the extraction of gas through the membranes. The effect of bubble-to-emulsion phase 
mass transfer limitations and gas back-mixing have been quantified with the help of a two-
phase reactor model.  
The bubble-to-emulsion phase mass transfer limitation increases with increasing bubble 
diameter, which itself increases by increasing the reactor length. The membrane area that is 
needed increases by up to 2.4 times compared to the case without limitations.  
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The bubble diameter (and thus the mass transfer limitations) can however be reduced by 
inserting, for instance, wire mesh (which cuts the bubbles) at different reactor heights (i.e. 
staging the fluidised bed reactor). Simulations show that the required conversion can already be 
achieved with the original membrane area at 3-4 stages. 
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Direct comparison between FBMR and PBMR 
Fig. 2B shows a comparison in terms of methane conversion between the staged fluidized bed 
membrane reactor and the packed bed membrane reactor. The effect of bed-to-wall mass 
transfer limitations in the packed bed reactor results in a lower methane conversion as 
compared with the fluidized bed membrane reactor. Simulations show that in the worst case the 
packed bed membrane reactor requires almost double the membrane area compared to the 
fluidized bed membrane reactor. 
 
Conclusions 
In this work, two different membrane reactor concepts have been quantitatively compared using 
detailed models. It has been pointed out that both concepts suffer from mass transfer 
limitations. For the FBMR the problem can be easily solved by staging the fluidized bed with 
consequent break-up of bubbles and decrease of mass transfer limitations. For the packed bed 
membrane reactor, the mass transfer limitations occur between the catalytic bed and the 
membrane surface and cannot be avoided, while these limitations increase by using better 
performing membranes. Moreover, in packed bed reactors axial temperature profiles are always 
present (causing deterioration of the permeation flux), while in fluidized bed an isothermal 
condition can be attained.  
In conclusion, it has been shown that a better membrane deserves a better reactor concept.  
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Entrapment of amphiphilic (macro)molecules for PP microfiltration membrane 
surface modification 
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Polypropylene (PP) microfiltration membrane surface has been hydrophilic or antifouling 
modified via simply entrapment of PEO-containing (macro)molecules in organic solvent. In 
this study, a serious of amphiphilic molecules or polymers with different structures have been 
empolyed, which included diblock molecule of octaethyleneglycol monooctadecylether 
(C18EO8), triblock molecule of hydrophobic block end-capped poly(ethylene glycol) 
distearate (C18EO8C18), as well as triblock copolymer PEO end-capped Pluronic® (P10500). 
Characterizations of membrane structure have been investigated by gasflow/pore dewetting, 
nitrogen adsorption/BET analysis, SEM; surface properties were evaluated by ATR-FTIR 
spectroscopy and static water contact angle; filtration performance as well as antifouling 
property were studied by water flux and static protein adsorption respectively. It can be 
concluded that both outer surface and inner pore walls of PP membrane were covered with 
modifier species after entrapment modification, with only slight changes of membrane pore 
ans polymer structures. Correspondingly, PP membrane surface hydrophicility and 
antifouling performance were evidently improved. The stability study of PP entrapped with  
C18EO8 revealed that the entrapped modifier has a tendency to leach out of the PP membrane 
surface in water at room temperature. However, after 8 weeks changes became very small, 
and the modified PP membrane surface still exihibited significant hydrophilicity and 
antifouling properties [1, 2]. 
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Figure 1. Water permeability and adsorbed BSA 

amounts unter static conditions (1 g/L, 3h) of 

unmodified PP membrane (O_PP) and PP entrapped 

with different modifiers 

Figure 2. Time dependent water contact angle for 

O_PP and a series of E_PPs (modified with C18EO8) 

soaked into water at room temperature for several 

weeks 
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