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Editorial  
 

Dear Readers, 
 

Welcome to the second issue of  the BioNexGen newsletter 
which will give you information about recent activitiesof 
the project. The ongoing project work is making advances 
in many ways. On 8th and 9th March the first workshop on 
�Membrane based water treatment and reuse� was held  at 
the partner institute Centre of Biotechnology of Sfax (CBS) 
in Sfax, Tunisia.  Besides theoretical seminars and courses, 
this workshop was combined with visits at MBR plants on-
site for becoming acquainted in-depth with relevant indus-
trial membrane technologies for wastewater treatment. This 
workshop also fostered new contacts and collaborations 
between European and MENA water engineering experts, 
researchers, stakeholders, municipalities and companies. 
 
In addition a PhD student from CBS paid a scientific visit 
to Karlsruhe University of Applied Sciences. Within her 
visit both partners exchanged fruitful information about 
pilot scale treatment of textile wastewater by membrane 
bioreactor technology. 
 

 
 
With this issue we will also make you aware of interesting 
upcoming events such as the Euromembrane conference 
23rd-27th September 2012 in London. 
 
Moreover we warmly invite you to also regularly consult 
our project website under www.bionexgen.eu in order to be 
updated on the latest developments.  

 
Yours sincerely, 
BioNexGen consortium 
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Rejection and Permeability of CNTs: 

a quantum mechanics and atomistic theoretical investigation 
Removal of pollutants with low molecular weight represents a 
current challenge in the water treatment field in addition to 
high water permeability. Moreover, the recovery of valuable 
compounds present in industrial wastewater can bring signifi-
cant benefits. To increase rejection and water permeability, 
particular attention should be given to the materials used in 
the membranes preparation. High rejection and 
water fluxes cause organic fouling and concentra-
tion-polarization effect. These aspects constitute 
the major limitations in the separation processes 
because in turn, these lead to a decrease in perme-
ability. However, the physical-chemical resistance 
over time of membrane materials are equally im-
portant. The drawbacks related to material resis-
tance are numerous: chemical and biological deg-
radation, swelling and embrittlement, mechanical 
and thermal resistances.   
 
The Carbon NanoTubes (CNTs) are known for 
their excellent mechanical and thermal features 
and for their amazing hydrodynamic property 
(very high water flux). In addition, their nano-metric diame-
ters, easily tunable, allow to carry out an efficient rejection of 
low molecular weight solutes.  
 
As a result, they can be considered 
good starting materials with regard to 
the aforementioned issues. However, it 
is also important to take into account 
the proprieties of the support in which 
the CNTs are embedded in order to not 
fall in the underlined drawbacks. How-
ever, to have an optimal efficiency of 
the Multi-Wall CNTs, their internal and 
external  diameters should be optimized 
in order to get the best compromise between rejection and 
water permeability. In this way, the perm-selective properties 
of the CNTs are effectively exploited. 
 
A study in this direction has been carried out by Dr. Giorgio 
De Luca,  and PhD student Federica Bisignano (ITM-CNR 
partner), in the frame of the BioNexGen project. A computa-
tional investigation of the structures-properties relationship of 

CNTs was conducted at a quantum mechanics and molecular 
mechanics level. The rejection of several important organic 
solutes by the CNTs as function of their diameters was ana-
lysed on the basis of topological study of the solute mole-
cules. A handy criterion has been developed in order to define 
the diameter of the CNTs to be used to attain a rejection of the 

target solutes by a size exclusion mechanism. It is 
worth noting that no empirical or fitting parameter 
are used in the proposed criterion. In the frame of 
the implemented procedure, the trapping energies 
of solutes in the CNTs have also been evaluated at 
quantum mechanics level to understand if pore 
blocking or friction separation mechanism can 

also occur. Monte Carlo and Molecular Dy-
namics simulations, provided by Dr. V. G. Ma-

vrantzas and E. Karahaliou (FORTH partner) were 
carried out in this study to investigate more accu-
rately the solute packaging in the CNTs with dif-
ferent diameters. 
 

The analysis of the solute shape and packaging in CNTs per-
mitted to define the aforementioned handy criterion. How-
ever, since rejection and water flow are coupled, once opti-

mized the diameters of CNTs as a func-
tion of the rejection capability, the 
analysis of the water flow in the same 
nanotubes was carried out using a slip-
modified Hagen-Poiseuille. In particu-
lar, the number of CNTs, which must be 
trapped in a defined support, for exam-
ple in a porous polymeric membrane, to 
have a water flow greater than the flow 
of the unmodified membrane was 
evaluated. The simulations show that 

the internal and external diameters of the CNTs must be cho-
sen carefully in order to obtain an appreciable rejection of 
solutes and at the same time a significant increase of the water 
flow��

Authors: Dr. Giorgio De Luca and PhD students working in 
quantum mechanics 
modelling  
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The nano4water cluster is a coalition of research pro-

jects, funded by the European Commission following a 

Joint Call on nanotechnologies for water treatment (FP7-

ENV-NMP-2008-2). 

The aim of this action is to support research and techno-

logical development in the field of water treatment by ap-

plying developed or adapted nano-engineered materials to 

promising separation, purification and detoxification tech-

nologies. Hence, 6 projects have joined the cluster, repre-

senting a broad spectrum of competencies 

and expertise. Their cooperation enables 

the exchange of knowledge and gives visi-

bility to the different approaches they focus 

on to meet their common challenges. 

 

In the field of water, nanotechnology 

has the potential to contribute to long-term 

water quality, availability, and viability of 

water resources such as through advanced 

filtration that enables sustainable water 

reuse, recycling or desalination. Aiming for more efficient 

water treatment the projects of the nano4water cluster focus 

on process intensification through 

• the development of nanomembranes and 

• the use of nanomaterials in catalytic reactors. 

The production of nanomembranes comprises both the 

incorporation of nanomaterials into the membrane matrix or 

the deposition of nanoparticles on the membrane surface. 

The cluster projects mainly utilise known nanomaterials 

such as carbonanotubes, titanium dioxide and silver to alter 

membranes (e.g. projects Nametech, CleanWater, New ED). 

Molecular imprinting is another method applied to design 

membranes with defined retention capacities by creating 

molecule-specific receptor sites in the membrane (e.g. pro-

ject WATERMIM). 

These types of modification will result in functionalised 

membranes with 

• improved selectivity for specific target compounds 

• reduced fouling propensity 

• higher water flux 

• catalytic properties. 

In catalytic reactors nanomaterials aid to 

accelerate degradation reactions (project 

MONACAT). 

 

In view of the obvious common interests of 

Nano4water cluster and BioNexGen, our 

project coordinator was kindly invited to 

take part in the joint nano4water cluster 

workshop which took place in Thessaloniki 

on 24th-25th April 2012. 

This was a good occasion for BioNexGen 

to present its ambition and current progress, and to create 

synergies with other related projects. 

This 2-day workshop was the final conference for some 

of the nano4water cluster projects that presented results and 

raise new research questions.  

 To get more information about the cluster and the indi-

vidual projects, please click on the following link: http://

nano4water.eu 
 

Nano4water Cluster 










