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PREFACE 

Dear colleagues, 

You are opening the Book of abstracts of the Membrane and 

Electromembrane Processes Conference MELPRO 2020 which is organized 

by the Czech Membrane Platform in collaboration with AMCA. 

The current covid-19 pandemic has significantly affected the organization of 

the conference MELPRO 2020. The original date of April 2020 had to be 

canceled due to the pandemic and the new date was set for November 2020. 

At the same time we started to prepare for the potential online conference 

but we were cautiously optimistic that MELPRO 2020 will be held as 

planned. However the situation does not allow us to organize in-person 

conference and MELPRO 2020 will take place online exclusively. You can 

attend the program via ZOOM application and connect with the speakers. 

Main objective of the MELPRO 2020 is to provide space for presentation 

of new research results inside the academic community; it is also open to the 

exchange of information between the academic and industrial spheres. 

The organizing committee made the best effort to fulfill the expectations. 

Based on this target, the following structure of the MELPRO 2020 

conference topics was put together: 

New membrane materials 

Gas, liquid and vapor separation 

Pressure driven membrane processes 

Electrochemical membrane processes 

Membrane systems in water treatment, biotechnology and biomedical 

applications 

Membrane operations in process engineering 

Modelling and simulation in membrane systems 

Membrane systems in the mining industry 

Membrane systems in space 

New trends in membrane applications 

Membrane systems for new agriculture 

We continue to look forward to meeting again in person at the next 

conference MELPRO. Until that time please register to join us at our first 

online conference.  

Czech Membrane Platform 
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PL 01 

FUNCTIONALIZED ULTRAMICROPOROUS 

POLYMERS FOR INDUSTRIAL GAS SEPARATION 

APPLICATIONS 

Ingo Pinnau

Functional Polymer Membranes Group, Advanced Membranes and Porous Materials 

Center, Division of Physical Sciences and Engineering, King Abdullah University of Science 

and Technology, Thuwal, Saudi Arabia 

Abstract: Membrane-based gas separation is a rapidly emerging technology that 

has been well established for the purification hydrogen streams, nitrogen production 

from air and is showing an increasingly larger roles in natural gas sweetening and 

vapor/gas separations. One actively pursued strategy to generate new polymeric 

membrane materials with combinations of high permeability and high selectivity is 

the introduction of a bimodal distribution of microporosity (pores < 20 Å) and 
ultramicroporosity (pores < 7 Å) in the polymer matrix. It has been shown that rigid 
ladder-type chains comprising fused rings joined by sites of contortion pack 

inefficiently in the solid state to produce polymers of intrinsic microporosity 

(PIMs). Furthermore, the successful integration of monomers contorted by 

spirobisindane, ethanoanthracene, Tröger’s base and triptycene moieties into 
polyimide structures has generated highly permeable intrinsically microporous 

polyimides (PIM-PIs). Some of these PIMs and PIM-PIs exhibited significantly 

enhanced performance for O2/N2, H2/N2, H2/CH4 and CO2/CH4 separations with 

properties located on the most recent permeability/selectivity upper bounds.
1,2

Several series of PIM-PIs will be presented based on rigid and bicyclic moieties, 

which are solution processable to form mechanically robust films with high internal 

surface areas (up to 1000 m
2
 g-1). Gas permeation and physisorption data indicate 

the development of ultramicroporous structures that are tunable for different gas 

separation applications. Specific emphasis will be placed on the potential use of 

hydroxyl- and carboxyl-functionalized PIM-PIs for energy demanding applications 

for natural gas treatment and olefin/paraffin separation. PIM-PIs with highly polar 

functional groups define the recently proposed 2018 mixed-gas polymer upper 

bound for CO2/CH4 separation.
3
 The potential use of PIM-PIs as matrix materials

for hybrid polymer/MOF and microporous carbons will be demonstrated.  

References: 
1. Swaidan, R., Ghanem, B., Pinnau, I., ACS Macro Lett. 2: 947-951, 2015.

2. Comesaña-Gándara, B., Chen, J., Grazia Bezzu, C., Carta, M., Rose, I., Ferrari, M.-C.,

Esposito, E., Fuoco, A., Jansen, J.C., McKeown, N.B., Energy. Environ. Sci. 12: 2733-

2740, 2019.

3. Wang, Y., Ma, X., Ghanem, B.S., Alghunaimi, F., Pinnau, I., Han, Y., Mater. Today

Nano 3: 69-95, 2018.
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PL 02

POLYMER MEMBRANES FOR SEPARATION OF 

SMALL MOLECULES AND IONS 

Young Moo Lee

Department of Energy Engineering, Hanyang University, Seoul, Korea 

Abstract: Microporous polymers are a class of polymeric materials with high free 

volumes and large surface areas. Microporous polymers have received much 

attention for various energy-related applications in gas separation, gas storage, and 

for clean energy resources due to their easy processability as well as microporosity 

for high performance. As gas separation membrane materials, microporous 

materials exhibit high flux based on the fast gas transport through membrane 

matrix. Moreover, the easy processability of polymer materials has been a great 

advantage for expansion into industrial applications. 

Reported rigid polymer membranes, so-called thermally rearranged (TR) polymer 

membranes have been developed from ortho-functionalized polyimides by a post 

thermal conversion process. They demonstrate bimodal cavity size of 0.3-0.4 nm 

and 0.7-0.9 nm and narrow cavity size distributions characterized by PALS 

measurement which is an efficient transport path for small molecules, especially for 

CO2 molecules. As a result, TR polymer membranes exhibit both high permeability 

and high selectivity based on high diffusion of gas molecules. TR polymer 

membranes are also suitable for water treatment applications due to their 

microporous characteristics. In this presentation, we will report on the recent 

progress of thermally rearranged microporous polymer membranes for applications 

such as in energy and water. 

In addition to microporous polymer membranes, polymer membranes with 

enhanced ion separation are very important to transport of ions for fuel cells and Li 

ion batteries and water hydrolysis. This presentation briefly introduces polymer 

membranes for separating ions.  

Keywords: thermally rearranged polymer; gas separation; PRO; battery 
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PL 03 

ULTRAPERMEABLE COMPOSITE MEMBRANES 

BASED ON CARBON NANOTUBES AND GRAPHENE 

OXIDE: THE EFFECT OF METAL ION CONTENT ON 

H2/CO2 SEPARATION PERFORMANCE 

D. Gardenö, D. Bouša, Z. Sofer, M. Lanč, S. J. Ashtiani, P. Číhal, 
K. Friess  

University of Chemistry and Technology, Technická 5, Prague, 166 28, Czech Republic 

Abstract: The outstanding H2/CO2 separation performance of novel composite 

membranes based on oxidized single-wall carbon nanotubes(SWCNT) [1] and 

graphene oxide [2] is presented. The SWCNT-GO membranes were prepared by the 

pressure-driven gravitation assembling method. The ultrapermeable character of 

SWCNT-GO membrane is given by its mesoporous SWCNT supporting layer and 

the selectivity of SWCNT-GO membrane increased after mild oxidation[1]. The 

remarkable separation efficiency of oxidized SWCNT-GO membranes was found 

after decoration with different amounts of metal ions. The tremendous separation 

performance was manifested by exceeding the corresponding Robeson 2008 upper 

bound for H2/CO2 (Fig. 1). Our results demonstrate the potential of composite 

SWCNT-GO materials and open a new promising route towards the fabrication of 

highly permeable, durable and efficient H2-selective separation membranes for 

industrial application.  

Fig. 1 The Robeson diagram for H2/CO2 gas pair* of SWCNT-GO composite 

membranes. The effect of metal ion content on permeability and selectivity is 

indicated by arrows. *Data taken from J. Membr. Sci 320, 390, 2008 

Acknowledgements: This work was supported by the Czech Science 

Foundation (grant No. 19-14547S) and by the specific university research 

(MŠMT No. 20-SVV/2020). 

References 
1. Bouša D. et al., Chemistry-A European Journal 23 (47), 11416-11422, 2017.

2. Boháčová M. et al., Applied Materials Today 15, 335-342, 2019.
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PL 04 

SELECTIVITY OF TRANSPORT PROCESSES IN ION-

EXCHANGE MEMBRANES 

D. V. Golubenko
1,2

, I. A. Stenina
1,2

, A. B. Yaroslavtsev
1,2

1  
Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, 

Leninskii pr. 31, Moscow, 119991, Russia. (yaroslav@igic.ras.ru) 
2  

Institute of Problems of Chemical Physics, Russian Academy of Sciences, Academician 

Semenov av. 1, Chernogolovka, Moscow region, 142432, Russia. 

Abstract: Ion exchange membranes are widely used in different 

applications. Each of them has its own requirements. The presence of high 

ionic conductivity and selectivity of transport processes are basic/main 

requirements usually. Selectivity can be estimated by the ratio of transfer 

rates of coions (or gas molecules) and counterions. The purpose of this 

report is to describe the approaches used to design membranes which 

combine high selectivity of transport processes with high ionic conductivity. 

The structure of cation-exchange membranes can be described by the Gierke 

model. Hydrophilic functional groups with sorbed water form a system of 

pores and channels in the hydrophobic polymer matrix. Most of the cations 

are located in the Debye layer, near the negative charged pore walls. The 

transport in this layer determines the ionic conductivity of the membranes. 

The remaining pore volume is filled with an electrically neutral solution with 

low concentration of coions or gas molecules which determines their slow 

transfer and a decrease in membrane selectivity. 

The large pores in heterogeneous membranes determine a decrease in their 

selectivity. Grafting polymerization of styrene inside an activated polymer 

film with subsequent sulfonation allows to obtain grafted membranes with 

the composition close to heterogeneous one, but the absence of secondary 

porosity makes them much more selective
1
. It is possible to optimize the

ionic conductivity and selectivity of membranes by varying the degree of 

grafting and crosslinking. 

An increase in the ionic conductivity can be achieved by membrane doping 

by acidic nanoparticles. On the contrary, zirconia with basic properties can 

bind the part of the current curriers, decreasing membrane conductivity and 

water uptake and increasing its selectivity. In the case of acidic silica, 

negatively charged particles should be localized in the pore center. It results 

in the decrease in alcohol transfer and methanol crossover in fuel cells. 

Acknowledgements: This work was supported by the Russian Science Foundation, 

project 17-79-30054. 

References: 
1. Safronova E.Yu., Golubenko D.V., Shevlyakova N.V., D'yakova M.G., Tverskoi V.A.,

Dammak L., Grande D., Yaroslavtsev A.B. J. Membr. Sci. 2016. V. 515. p. 196–203.
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KL 01 

PREPARATION AND PROPERTIES OF NOVEL HYBRID 

ORGANIC-INORGANIC MEMBRANES DOPED WITH 

RARE EARTH METAL OXIDES 

W. Kujawski
1
, P. Loulergue

2
, J. Kujawa

1
, A. Szymczyk

2
, G. Li

1
, 

P. Tomietto
2
 

1  
Nicolaus Copernicus University in Torun, Faculty of Chemistry, 7 Gagarina Street,       

87-100 Torun, Poland (wkujawski@umk.pl) 
2  Université de Rennes, Institute des Science Chimiques de Rennes – UMR 6226 CNRS, 263 

Avenue du General Leclerc, Rennes 35042, France 

Abstract: Membrane techniques are one of the fastest growing areas of separation 

methods. Nowadays, pervaporation and membrane distillation requiring 

hydrophobic membranes are gaining considerable interest. The aim of research was 

focused on the formation a new type of smart hybrid organic-inorganic separation 

materials – polymeric membranes (with inorganic filler – lanthanides oxide) 

possessing controlled physicochemical, tribological and separation properties. 

Mixed Matrix Membranes (MMM) were prepared by incorporating the inorganic 

fillers (chosen lanthanide oxides e.g. Gd2O3, Sm2O3, CeO2, and Pr6O11) in 

polymeric matrix. Additionally, oxides were hydrophobized by octyltriethoxysilane 

- C6 and (1H,1H,2H,2H-perfluorooctyltriethoxy)silane - FC6. Polyvinylidene 

fluoride (PVDF) and renewable polymers from polyhydroxyalkanoates (PHA) 

family (i.e. poly(hydroxybutyrate-co-hydroxyvalerate) – PHBHV) were used as 

polymers for membrane preparation. 

Pristine and modified oxides were characterized by using FTIR, Raman, XPS 

spectroscopies, as well as TEM and goniometric analysis. Membranes were 

evaluated in pervaporation of water-VOCs mixtures. It was found that pristine 

oxides are hydrophobic (contact angle  150
o
), however hydrophobization with FC6 

allowed to prepare the superhydrophobic material (Fig. 1). The thickness of the 

grafted layer was in the range 3.4-3.6 nm (Fig. 2). 

Fig. 1. Contact angle of pristine and modified oxides. Fig. 2. TEM of modified oxide. 
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KL 02 

LIFE AT THE CELL'S EDGE: THE CELL SURFACE IS A 

PROGRAMMABLE MEMBRANE COMPOSITE 

Satyajit Mayor 

National Centre for Biological Sciences, Tata Institute for Fundamental Research, 

Bangalore, Karnataka, 560065, India 

Abstract: The membrane of the living cell acts as an interface between the cell and 

its external milieu. It serves as a dynamic conduit for information transduction and 

response, and well as a semi permeable barrier. It is composed of membrane lipids 

and protein in the form of a bilayer. Unlike an artificial membrane, the cell 

membrane is a highly organized system, with specific components in states that are 

far away from chemical equilibrium.  I will present our current understanding of 

how the regulates this organization and discuss implications of how this 

organization inform the function of the living cell membrane. Insights gained from 

these studies have implications on designing programmable synthetic membranes 

for multiple functions.   
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KL 03 

BIOHYBRID, BIOMIMETIC, BIOINSPIRED, BIONIC (B4) 

SYSTEMS MEMBRANES AND THEIR POTENTIAL 

APPLICATIONS  

L. Giorno, R. Mazzei, E. Piacentini, T. Poerio, G. Vitola, F. Bazzarelli, 

S. Regina, E. Drioli 

National Research Council of Italy, Institute on Membrane Technology CNR-ITM, 

Via P. Bucci, CUBO 17C, 87036 Rende (CS) Italy 

Abstract: The development of artificial systems membranes able to reach the 

performance of natural systems membranes (in terms of selectivity, antifouling, 

self-cleaning, self-repairing, surface-to-volume ratio, processes integration, etc.) is 

still an open challenge. 

On the other hand, the understanding of fundamentals and mechanisms in the field 

of interactions at molecular and supramolecular levels that govern hierarchical 

assembling at nanoscale and lead to target structures and functions, opens for 

breakthroughs in the field.   

To design, tailor and fine-tune bio-artificial systems membranes it is possible to use 

the large variety of biomolecules, natural materials and processes. Besides, the 

biomimetic, bioinspired and bionic approaches offer the additional advantage of not 

being limited by nature-derived materials and processes tolerated by life.  

This lecture aims to offer a picture on B4 systems membranes, including procedures 

and technologies for their fabrication, functionalization and characterization, and to 

present their properties and potential applications, with particular focus on the 

biotechnology, biomedicine, biorefinery, biosensor and water treatment areas 

contributed by the authors. 
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KL 04 

ADVANCED FLUOROPOLYMERIC MEMBRANES FOR 

WATER TREATMENT: FROM FUNDAMENTAL 

RESEARCH TO INDUSTRIALIZATION 

Z. Cui 

State Key Laboratory of Materials-Oriented Chemical Engineering, College of Materials 

Science and Engineering, Nanjing Tech University, Nanjing 210009, China; 

Abstract: Orienting to the major national demand of membranes with high 

performance for water treatment, aiming to solve the problems of membrane 

fouling during application and toxic solvents during the membrane preparation, 

a greener production technology was proposed, and the key problems such as 

designing of membrane microstructure and adjusting of membrane surface property 

were investigated. The technological bottleneck of highly-antifouling 

poly(vinylidene fluoride) (PVDF) membrane production was broken through, 

theory and method of greener polymeric membrane fabrication were developed, the 

accurate control of PVDF membrane pore size was realized, and its steady flux and 

permeate quality was significantly increased. The fabrication and modification 

theories of hydrophobic membrane materials for membrane contactor were 

investigated, and the hydrophobic porous membranes such as Hyflon AD and 

ECTFE membranes were explored. Their stability for long term run was obviously 

enhanced during the processes of membrane distillation, membrane crystallization 

and membrane condensation. Based on the above achievement, advanced PVDF 

hollow fiber membranes and reinforced membrane bioreactor (MBR) membranes 

were developed, as the main product of the spin-off company Nanjing Jiuying 

Membrane Corporation, and the large-scale production lines were built. The 

membranes have found wide applications in emission on standard, water reuse, 

zero-liquid discharge, and water purification.  
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KL 05 

TOWARD A MORE SUSTAINABLE APPROACH IN 

MEMBRANE FABRICATION 

A. Figoli
1  

Institute on Membrane Technology, CNR-ITM, Via P. Bucci 17c, 87036 Rende (CS), Italy 

(a.figoli@itm.cnr.it, www.itm.cnr.it) 

Abstract: Environmental protection and climate change are current issues at the 

heart of global economic growth. The awareness of the real risks connected with 

industrial membrane production sector has been the push towards the search of new, 

more sustainable, solvents and raw materials [1]. The 5
th
 principle of Green 

Chemistry encourages the use of safer solvents and auxiliaries [2]. Solvents are the 

most common example of auxiliary substances for membrane preparation via phase 

inversion. They are needed for dissolving the selected polymer and their chemical-

physical properties strongly influence the membrane formation too. Among the 

most widely used solvents, N,N-dimethyl formamide (DMF), N,N-dimethyl 

acetamide (DMAc) and N-methyl pyrrolidone (NMP), represent an excellent choice 

for dissolving sulfones polymers. However, since they are classified as highly 

reprotoxic and developmental harmful, their use should be avoided whenever 

possible. In this context, the use of alternative, less-toxic, diluents for making 

polymeric membranes open new perspectives for the sustainable membrane 

fabrication. Herein, case studies on the flat sheet membrane production via Non-

solvent- coupled with Vapor- Induced Phase Inversion using different innovative 

non-toxic solvents, such as Dimethyl isosorbide (DMI) or Cyrene are presented [3-

4]. These solvents are completely miscible with water and alcohols; their high 

boiling point make them a favorable alternative for dissolving fluoropolymers, such 

as polyether sulfone (PES) by using different coagulation bath. The possibility of 

tuning the morphology and pore size of the polymeric membranes produced by 

using these polymers will be reported too. 

References 
1. Figoli A., Marino T., Simone S., Di Nicolò E., Li X.-M., He T., Tornaghi S., Drioli E.,

Towards non-toxic solvents for membrane preparation: a review, Green Chemistry

16:4034-4059, 2014

2. Anastas P. T. et al., Green Chemistry: Theory and Practice, Oxford Univ. Press New

York, 1998;

3. Marino T., Galiano F., Molino A., Figoli A., New frontiers in sustainable membrane

preparation: Cyrene
TM

 as green bioderived solvent, Journal of Membrane Science,

580:224-234, 2019

4. Russo
 
F., Galiano

 
F., Pedace

 F., Aricò F., Figoli 
A., Dimethyl isosorbide as a green

solvent for sustainable membrane preparation, ACS Sustainable Chemistry &

Engineering, 2019, accepted
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KL 06 

SELECTIVE SEPARATION OF LITHIUM BY ION 

EXCHANGE MEMBRANES 

Y. Zhao
1
, B. Van der Bruggen

1,2

1  
Department of Chemical Engineering, KU Leuven, Celestijnenlaan 200F, B-3001 

Leuven, Belgium 
2  

Faculty of Engineering and the Built Environment, Tshwane University of Technology, 

Private Bag X680, Pretoria 0001, South Africa (bart.vanderbruggen@kuleuven.be, 

yan.zhao@kuleuven.be) 

Abstract: Currently, the main resources of lithium compounds are from limited 

rock reserves. The production of lithium from these rocks could cause 

environmental problems. On the other hand, the abundance of saline lakes as 

lithium resources (about 62% of the total worldwide lithium resources) has attracted 

people’s attention to reinforce the exploitation of lithium. The application of 

membrane technology to separate and extract lithium has recently seen considerable 

growth as a research topic, driven by the growing demand for energy and the status 

of this technology as environmentally-friendly. In particular, ion exchange 

membranes (IEMs), which are the core elements of electrodialysis (ED), have 

unique advantages compared to membranes applied in pressure driven separations, 

in their ability to separate or extract ions in highly concentrated brines and avoid the 

scaling. 

IEMs with selective separation properties for monovalent ions have been explored. 

In classical theories, the electrostatic repulsion effect between solution ions and the 

charged membrane surface and the size sieving effect between the hydrated ionic 

diameter and the membrane structure are the most important rules for preparation of 

the AEMs/CEMs with selective monovalent ion separation properties. For example, 

we controlled the tunable interlayer spacing and the functionalization of graphene 

oxide membranes by polyelectrolytes or by monomers allows for an efficient and 

selective separation of larger hydrated cations in ED. 

However, based on the electrostatic repulsion effect, the coexistence of a large 

number of monovalent monovalent cations, such as Li+ and K+, with chemically 

similar properties is difficult to be selectively separated from each other. 

Furthermore, the size sieving effect may cause an inevitable low desalination 

efficiency, which leads to a high energy consumption. According to the classical 

mechanics of ion motion, the focus is usually only on the electric field effect in 

which ions move across IEMs in a perfect manner. 

The quantum state of lithium in electric field can be used to describe the quantum 

mechanics of lithium in three dimensional states. Under the electric field, the 

lithium ion has its specific coherent superposition of waves and the wave function, 

so that the lithium is able to control the architecture of the multilayer. This electric 

field-based ionic control of selective separation layers shows great promise when 

applied to the fabrication of various other functional ion exchange membranes for 

extracting clean ion resources. Based on this mechanism, the potential for lithium 

purification from aqueous sources is presented. 
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KL 07 

CREATIVE FEED SPACER DESIGNS FOR MEMBRANE 

MODULES: HOW USEFUL AND PRACTICAL ARE 

THEY? 

Hassan A. Arafat 

Center for Membrane and Advanced Water Technology, Khalifa University, Abu Dhabi, 

United Arab Emirates 

Abstract: Feed spacers constitute an indispensible component of membrane 

modules. In addition to their main function as space holders for feed within the 

module, they also provide mechanical support to the membrane and induce feed 

turbulence, thus supressing both temperature and concentration polarization 

phnomena. However, commercial spacers have also been shown to constitute the 

point of origin for fouling within a membrane module, which is initiated at the dead 

zones created at the intersection of spacers filaments. These dead zone provide 

suitable sites for the deposition of organics, attachment of microbes for biofouling 

and nucleation for scaling.  

In recent years, additive manufacturing, also known as three-dimensional (3D) 

printing, has been gaining momentum in several applications including aerospace, 

automotive industry and the medical field. Likewise, 3D printing has also gained 

attention as a promising fabrication pathway for several components of membrane-

based systems for desalination and water treatment. The unique benefit of 3D 

printing over conventional manufacturing processes lies in its ability to fabricate 

structures with complex geometries that can be optimized for fluid flow, heat 

transfer, etc., based on the targeted application. Taking advantage of the 

advancements in 3D printing, several research groups around the world have 

designed and tested 3D-printed feed spacers with complex geometries for a range 

of membrane applications, including reverse osmosis (RO), ultrafiltration (UF) and 

membrane distillation (MD). The initial reported results from these groups were 

rather promising. 

One class of complex geometries that were tested as designs for feed spacers are 

triply periodic minimal surfaces (TPMS). These geometries can be described 

mathematically such that they have no self-intersecting or enfolded surfaces. 

“Triply periodic” means that the structure can be patterned in the 3D space and 
“minimal surface” means that it locally minimizes surface area for a given 
boundary such that the mean curvature at each point on the surface is zero. Our 

research group has studied the use of these shapes as spacer designs for membrane 

applications over the last 4 years. We theorized that the interconnected maze-like 

pathways of TPMS structures would enhance turbulence through the feed channel, 

while the perfectly smooth minimal surface would minimize pressure drop, as well 

as reduce the available locations for the attachment of foulants. Our studies were 

carried out for both pressure-driven (RO and UF) and heat-driven membrane 

processes (MD). Selected TPMS spacer designs were fabricated via Selective Laser 

Sintering (SLS). We found that the use of TPMS spacers not only resulted 
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in enhanced mass transfer through the membranes, but it also led to significantly 

curtailed fouling and pressure drop in the feed channels. The ability of the TPMS 

spacers to improve flux while maintaining low pressure drop translates to lower 

energy footprint of the membrane system. Likewise, their ability to reduce scaling 

and biofouling and to improve the efficiency of membrane cleaning will lead 

to significant reduction in the use of chemicals, which has an impact on both 

process and environmental costs.  

Our finding, as well as those of other groups, open up new avenues for further 

application of 3D printing of feed spacers in a wide range of membrane-based water 

(and wastewater) applications. Still, technical and economic aspects of the 

3D printing process have to be managed carefully, but the potential for this 

application is massive. 
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Abstract: Electrodialysis (ED) or bipolar electrodialysis (EDBM) as an electro-

membrane separation method has excellent potential to face new environmental 

challenges and also helping in chemical species recovery. This work will be focused 

on lithium salt purification strategies, treating the wastewater from zeolite-based 

catalyst production. The different number of electrodialysis working loops allows 

for achieving various separation and purification levels.  

The first example is a laboratory electrodialysis module with four working loops 

EDR-Z/4x5-0.8 working in the double replacement reaction mode. The ED module 

was used for lithium bicarbonate preparation. The electrodialysis module was 

treating two feed streams, such as lithium sulfate and sodium bicarbonate. The 

result in product streams was lithium bicarbonate and solution sulfate solution. The 

second example is laboratory electrodialysis modules with three working loops 

EDR-Z/3x5-0.8 and EDBM-Z/3x5-0.8. The modules were working in the partial 

anion replacement reaction mode. The different electrodialysis stacks 

configurations can be used to tetraalkylammonium hydroxides preparation The 

EDR module was used for tetrapropylammonium bromide (TPABr) partial 

conversion. The electrodialysis module was treating a feed stream containing 

TPABr, sodium bromide, sodium silicate, and sodium hydroxide. The result in 

product streams was tetrapropylammonium hydroxide (TPAOH), depleted sodium 

hydroxide, and alkaline sodium bromide brine.  

The lithium bicarbonate preparation first example using electrodialysis working in 

the double replacement reaction mode resulted in over 97.6 % purity. This 

intermediate purity is sufficient for final purification steps leading to battery-grade 

lithium carbonate. The purity was calculated as a ratio between lithium and lithium 

plus sulfur. The second example of tetrapropylammonium hydroxide recovery from 

waste TPABr zeolite synthesis wastewater allowed up to 70 % bromide removal. 

This approach can be generalized if the nitrogen species recovery near 50 % is 

required.  

The electrodialysis stack setup for different applications depends on product purity 

requirements, desalination cut, or key species recovery specification. The exact 

configuration can also be affected by following waste streams management and 

process safety considerations. The correct electrodialysis setup can help save water, 

precious key chemical species, and help in commodity chemical production. 

Acknowledgments: The research was funded using institutional support for the 

Long-term Conceptual Development of a Research Organization provided by the 

Ministry of Industry and Trade of the Czech Republic. 
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Abstract:  Silica scaling of membranes in reverse osmosis (RO) desalination of 

brackish groundwater causes severe problems, whereas during the recovery of 

domestic wastewater calcium phosphate is a major scaling factor that limits the 

process recovery. In this study mineral scaling in RO processes is investigated using 

self-assembled monolayers on gold surfaces. In experiments that simulate 

desalination of treated domestic wastewater we found that negatively-charged 

surfaces – especially surfaces that contain excess of carboxylic acid groups – 
promoted precipitation and scaling with calcium phosphate being the main scaling 

factor
1
. On the other hand, in desalination of brackish groundwater quartz-crystal 

microbalance (QCM) analyses revealed that surfaces with positively-charged 

groups induced rapid silica precipitation
2
, and the rate of silica precipitation 

followed the order –NH2 ~ –N+
(CH3)3 > –NH2/–COOH > –H2PO3 ~ –OH > –COOH

> –CH3. Force vs. distance AFM measurements showed that the adhesion energy 

between a silica colloid glued to AFM cantilever and the studied surfaces increased 

as the surface charge changed from negative to positive. The influence of the 

surface-exposed functional groups and the effect of the surface charge on scaling in 

RO desalination processes that were found here can be used to develop membranes 

with anti-scaling properties. 
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Introduction 

Blue energy or salinity difference energy (SGE) deals with harvesting energy 

released when two different solutions are mixed.   Several SGE technologies 

were developed to convert the entropic energy to electricity. Among them, 

pressure retarded osmosis (PRO) or reverse electrodialysis (RED) have been 

prototyped. In the case of PRO, osmotic membrane is placed between two 

solutions and osmotic flow feeds a turbine. In the case of RED, the pairs of 

ion exchange membranes are used and ion transport constitutes electricity. 

To these two methods, one has to add capacitive mixing (CAPMIX) that was 

developed lately
1
. The process is based on mixing of two solutions and

allows to obtain an electrical current by switching periodically high- and 

low-saline solutions. When ion-exchange membranes are used, the energy is 

generated by Donnan potential. Hence, electrodes accumulate cations and 

anions without any need for external voltage. When the external solution is 

changed, ions move back.  

Two approaches can be used for assembling the electrode with ion-exchange 

barriers:  i) wrapping electrodes with ‘polymeric’ ion-exchange membranes 

and ii) depositing of polyelectrolytes on the electrodes. The first assembly 

forms ‘hard’ electrode, while the second – ‘soft’ electrode.    

Material and Methods  

All electrodes for CAPMIX system were prepared from YP-50F (Kuraray 

Chem. Com.) activated carbon with poly(vinyl chloride) as a binder.   

Cation and anion exchange membranes were obtained from interpolymer 

polyethylene/styrene-co-divinylbenzene thick films. They were 

chlorosufonated and hydrolyzed to obtain cation exchange membranes or 

aminated to obtain anion exchange membranes.   

Poly(acrylic acid), PAA MW 50 kDa, was adsorbed on the electrode surface 

to obtain a cation-exchange layer. That layer was modified with excess of 

poly(ethylene imine), PEI MW 25 kDa   to get an anion-exchange layer.   
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1. Results and Discussion

The essence of the CAPMIX process is to select the best ion-exchange 

membranes. After optimization of the process, the highest energy was 

obtained when both ion-exchange membranes were made from interpolymer 

crosslinked with 2% of DVB. The best salt gradient was 80 g/L and 4 g/L as 

highest and lowest concentrations on NaCl, and 3 min for charging and 

3 min for discharging. Finally we were able to extract energy of 125 mW/m
2

for that system. When time for charging/discharging steps was reduced to 

1 min, the system offered 188 mW/m
2
 of energy. In the case of

polyelectrolytes and the 3 min charge/discharge runs, the best CAPMIX 

system appeared to be comprised of PAA and PAA/EDA electrodes. The 

system was able to extract 220 mW/m
2
 of energy. When the time of

charging/discharging runs was reduced to 1 min, the system generated 

290 mW/m
2
 of energy.

When one compares the energy harvested by CAPMIX method to other SGE 

systems, one realizes that PRO and RED are more efficient. They offer 

almost 10 W/m
2 

(PRO) and 1 W/m
2 

(RED)
2
. However, the capacitive mixing

is still at the beginning of its development and our results show that this 

process is a perspective one.  It can be combined with capacitive 

deionization to merge two processes: water desalination and energy 

harvesting.    

2. Conclusions

1. The best conditions of the CAPMIX process are as follows: highest

salinity 80 g/L, lowest salinity 4 g/L, time of charging/discharging 1 min.

2. In the case of polymer membranes prepared from inter-polymer of

polyethylene//styrene-co-divinylbenzene, the best polymer matrix is

formed when polystyrene is crosslinked with 2% of divinylbenzene.

3. In the case of deposited polyelectrolytes, the best system was assembled

of electrodes covered by poly(acrylic acid) and poly(acrylic acid modified

with ethylene diamine).

4. Soft electrodes were more productive in energy harvesting than their hard

counter-partners.

Acknowledgements: This research has been financially supported by bilateral 
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Abstract: The synthesis of fundamental process models is many times 

impracticable due to the high development time and cost, the lack of measurement 

techniques of key properties, and, more importantly, the lack of fundamental 

knowledge about key aspects of the process. The main goal in this lecture is to 

illustrate how non-mechanistic modelling techniques can be applied with advantage 

to such complex membrane processes. These approaches may be applied to 

different situations where other mathematical approaches fail or, at least, do not 

provide a sufficiently powerful solution. 

The first situation deals with cases where the existing mechanistic models are not 

able to describe correctly the problem under study. This may happen when the 

phenomena/processes investigated are rather complex in their character and, 

therefore, mechanistic models supported on the relation between a limited number 

of variables, sometimes with a high degree of interdependence, are not able to fully 

capture the variance of the data observed. There are several phenomena which, due 

to their complexity, are not fully described by mechanistic models. This is the case 

of the development of reliable models for the processing of solvent mixtures by 

using solvent-resistant nanofiltration (NF) membranes. The common approaches 

fail to predict the permeability of NF membranes when processing solvent mixtures, 

using permeability data of individual solvents. 

The second situation refers to cases where relevant information about the process 

under study is available in the form of images (i.e., obtained by microscopy 

techniques) and spectra (from different complementary spectroscopic techniques). 

Traditionally, the information acquired by these characterization techniques is 

deconvoluted and interpreted, supported on our knowledge about the material 

observed and the technique employed. This deconvolution approach aims at 

reducing this complex information to parameters with a physical meaning, which 

may then be integrated in deterministic models, offering a totally diverse approach 

for the use of this information: the raw data acquired in an image or in a spectrum 

are firstly vectorized; once in a numeric form this information may be integrated as 

input data in a model and related with relevant operating or performance process 

parameters.  When following this approach, the original data are not preprocessed 

by our “biased knowledge” but, otherwise, this modelling approach allows for a 
complete use of the information acquired: the identification of the relevant 

information embedded in these images or spectra is dictated by the relations 

established between input and output data within the model. This approach will be 

illustrated in this lecture for modelling of membrane processes using information 

acquired by two-dimensional (2D) fluorescence. 
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Abstract: Hydrogen is the base of future energy. (1) Hydrogen isotopes are the fuel 

for nuclear fusion energy. First deuterium and tritium will serve as such a fuel, and 

then the nuclear fusion reactor will be able to work on deuterium, whose reserves 

on Earth are unlimited. (2) Hydrogen is an environmentally friendly energy carrier 

and, at the same time, a fuel for the efficient conversion of chemical energy into 

electricity with fuel cells. Membrane technologies are very promising for both 

direction of energy development. However the Pd alloy membranes that are usually 

used for the separation of hydrogen from gas mixtures are very expensive while not 

very productive and the lecture will be focused on alternative new materials.  

As to the nuclear fusion reactors, the problem that can be solved with the membrane 

methods is the separation of nuclear fuel (D and T) from the product of nuclear 

reaction, i.e. from He. The membranes superpermeable for suprathermal hydrogen 

particles are proposed to employ for this purpose. The superpermeable membranes 

are made of group 5 metals, e.g. of V and their permeability for suprathermal 

hydrogen approaches its conceivable limit: the permeability of an opening of the 

same area. The superpermeable membranes are 

impermeable to any other gases including He and 

capable to automatically compress permeating 

hydrogen (D and T) by orders of magnitude.

As for the hydrogen energy, the membrane 

technology can be used for the extracting ultrapure 

hydrogen from the gaseous products of hydrocarbon 

fuel conversion. For this purpose seamless thin-

walled self-maintained membranes of tubular shape, 

made of vanadium alloys with a thin Pd-coating on 

their inner and outer sides were fabricated (Fig. 1). 

In view of reliable and highly productive operation 

of such V-alloy membranes as well as of their 

absolute selectiveness, the assembly from these 

membranes was fabricated to use it in the fuel 

processor feeding a 1kW PEM FC and providing up to 16 slpm of ultrapure 

hydrogen by the steam conversion of light and heavy hydrocarbons including 

diesel. 

Fig. 1.
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Abstract: Nanostructured materials have gained increasing interest due to their 

ability to be modified in fundamental properties as the size of their constituent 

grains or phases decreases to the nanometer scale. These materials offer unique and 

entirely different optical, mechanical, and gas adsorption properties compared to 

conventional micro-size materials. In particular, gas interaction on nanostructured 

materials can sustain the definition of new strategies for the gas management in a 

variety of industrial applications where SAES technology platform based on 

Specialty Chemicals, a new class of functional composites, can play a relevant role. 

Engineered nanozeolites, submicro metal-oxides, nanoporous polymers and 

polymer capsules area adopted to allow new functional properties in terms of solid-

gas interaction for both VOC adsorption/releasing and gas permeation. Innovative 

synthetic routes [1,2] have been developed to allow high flexibility in materials 

designing. Submicro zeolites are obtained through sol-gel hydrothermal synthesis at 

room temperature without any adoption of organic templates. Moreover 

emulsification assisted process is currently adopted as a flexible route to integrate 

new functionalities in organic submicro-beads and –capsules.   

These functional materials represent today a tremendously versatile and promising 

platform to prepare mixed matrix membranes where a strong interaction between 

fillers and organic binders is obtained through a fine tuning of surface 

characteristics able to ensure high affinity and to 

preserve core material properties. Obtained 

systems find application in different industrial 

sectors from organic electronics (e.g. sensitive 

devices) to advanced packaging (e.g. food 

packaging) where a deep control in gas 

permeation and internal atmosphere are strongly 

requested. 
Fig. 1. Mixed matrix membrane 

based on functional fillers 
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Abstract: Defect-free facilitated transport mixed matrix membrane (MMM) with 

high loading amount of UiO-66-NH2 nanoparticles as metal-organic frameworks 

(MOFs) was fabricated. The MOFs were covalently bonded with Poly (vinyl 

alcohol) (PVA) to incorporate into poly (vinylamine) (PVAm) matrix solution. 

Uniform UiO-66-NH2 dispersion even up to 50wt% was observed without 

precipitation and agglomeration after one month which is attributed to the high 

covalent interaction at interphases of UiO-66-NH2 and PVAm which provided by 

PVA as a functionalized organic linker. The CO2 permeance and CO2/N2, CO2/CH4 

and CO2/H2 selectivity were significantly enhanced for the MMM by using optimal 

fabrication parameters. This improvement in gas performance is due to the 

strengthen impact of solubility and decreasing in influence of diffusion in 

membrane to promote CO2 transport with a bicarbonate reversible reaction. The 

prepared MMM were characterized by XRD, DSC and FTIR to study the MMM 

chemical structure and polymers MOFs-particles interactions.  Cross-sectional and 

surface morphology of the MMM were observed by SEM-EDX to detect the 

dispersion into the polymer matrix and explore their interfacial morphology. This 

approach can be extended for variety of polymer-filler interfacial designee for gas 

separation applications.  

   . 

Key words: UiO-66-NH2, high MOF loading, MMM, polymer-filler interaction, 

gas separation.  
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Abstract: The focus of the research was the preparation, for the first time, of 

porous Matrimid® 5218 membranes by employing a combination of vapour 

induced phase separation (VIPS) and non-solvent induced phase separation (NIPS) 

technique. The sustainable work plan was developed by using a green solvent 

(Rhodiasolv® Polarclean), according to the Green Chemistry principles and 

pursuing the systemic approach of the circular economy. The feasibility of 

preparing membranes was demonstrated by comparing the prepared membranes 

using green solvent with a traditional toxic solvent, such as N-methyl-2-pyrrolidone 

-NMP. Rhodiasolv® Polarclean solvent respects most of the parameters required in 

order to identify the green solvent for membrane preparation, including 

biodegradability, high boiling point, total solubility in water, low carbon footprint 

and low risks for human health. Matrimid® 5218 is one of the most commercially 

thermoplastic polymers used in gas separation for its properties such as high 

chemical resistance and good thermal stability; it is obtained by polycondensation 

of 3,30,4,40-benzophenone tetracarboxylic dianhydride (BTDA) and a mixture of 

two cycloaliphatic monomers (BTDA–DAPI). The preliminary studies of Hansen 

solubility parameters were carried out, followed by the ternary phase diagrams with 

both solvents. The exposure time to humidity (0, 2.5 and 5 minutes) and the effect 

of polymer concentration (8, 10 and 12 wt.%) on membrane morphology and 

properties were evaluated. The resulting membranes were characterized in terms of 

morphology, shrinkage propensity, thickness, porosity, mechanical properties, pore 

size, contact angle and water permeability (PWP). All the prepared membranes 

were porous with predominance of a sponge-like structure (with Rhodiasolv® 
Polarclean) and a macrovoid structure (with NMP). The membrane pore size was in 

the range from 0.05 to 0.73 μm in line with the porosity values (from 57 to 82%)
1
. 

The PWP (~1000-35000 L/m2hbar) test confirmed the potential application of the 

membranes in ultrafiltration (UF) and microfiltration (MF) water treatment 

processes. 
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Abstract: Electrospun nanofiber membranes PA6, PAN, PVDF have been 

manufactured using needleless electrospinning (Nanospider technology). 

Functionalization of membranes has been carried out by 2 different ways: (1) 

chemical modification using one pot synthesis (modifying agent directly in spinning 

solution) and (2) after-treatment of electrospun membranes using plazma supported 

chemical modification. Molecular modeling (force field calculations) has been used 

as necessary prerequisite of functionalization to predict stability of composite: 

nanofiber/modifying agent. Prepared functionalized membranes have been 

characterized as to the structure, morphology, phase composition, stability of 

chemical composition and their functionality using XPS spectroscopy, HRSEM 

microscopy, electrokinetic measuremets and XRD analysis.  The effect of chemical 

modification on structure, morphology and properties of nanofibers was illustrated 

on PA6 and PVDF membranes modified by three types of antimicrobial agents:  

Chlorhexidine (CHX), 1-dodecyltrimethylamonium bromide (DTAB) and 

benzyltrimethylamonium bromide (BTAB)
1,2

. Results proved the stability of 

chemical composition and antimicrobial activity after long lasting air filtration tests 

of membranes. Present analysis revealed also the effect of charge distribution in 

crystal structure of piezoelectric polymers PAN and PVDF on morphology of 

electrospun nanofibers
3
. Layered crystal structure of these polymers with tendency 

to strip-shaped electrospun fibers together with asymmetric charge distribution on 

flat nanofibers leads to the longitudinal roll-up of nanofibers creating hollow fibers. 

Hollow nanofibers prepared by electrospinning may bring a new functionality of 

these membranes like high surface area for consequent chemical modification, 

sound insulation capabilities etc…. 
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Abstract: Separation in aqueous mixtures at extreme pH is challenging but 

inevitable in industrial wastewater treatment. Thin film composite (TFC) 

membranes could be a sustainable solution for processing such wastewaters. TFC 

membranes are commonly made through an interfacial polymerization (IP) reaction, 

where a polyamide selective layer is deposited on a substrate. Unlike the nearly 

perfect stability of the polyamide-based membranes in harsh organic solvents, they 

quickly lose their performance upon contact with alkaline solutions. The main cause 

for such instability is the existence of carbonyl groups in the polyamide structure 

that can be easily influenced by OH- ions. 

For the first time, by carefully engineering the structure of the monomers we report 

the preparation of a polyamine based TFC membrane made from IP without the 

carbonyl groups in the polymer network, leading to an unprecedented stability in 

both acidic and alkaline conditions. 

Figure 1 shows the morphology of the TFC membranes after 4 weeks immersion in 

highly acidic or alkaline solutions. 

Figure 1. Morphology of the (a) pristine membrane, (b) the membrane after 4 weeks 
immersion in 1 M NaOH and (c) 0.1 M HNO3 

As shown in Figure 1, the newly developed polyamine membranes are reasonably 

stable in both acidic and alkaline conditions and no obvious structural change was 

detected. It can be concluded that, by carefully designing the monomer structures, 

the carbonyl groups in the final TFC membrane were eliminated and a highly pH 

stable membrane was fabricated. Given the ease of fabrication (i.e., IP) this work 

represents a step forward in producing pH-stable membranes for industrial 

wastewater treatment. 
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Abstract: The prototypical polymer of intrinsic microporosity PIM-1 (Fig. 1a) has 

attracted much attention as a membrane material for gas separation, pervaporation, 

nanofiltration and other separation processes. Defects arising during synthesis (Fig. 

1b) give rise to a variety of PIM-1 topologies, including linear, cyclic, tadpole, 

branched and network structures (Fig. 1c), which have a profound influence on 

membrane properties.
1
 Network structures can also be achieved through the 

introduction of a multifunctional monomer (Fig. 1d). In the case of a very tightly-

crosslinked network, a nanosheet morphology is obtained (Fig. 1e), which can be 

utilized as a filler in mixed-matrix membranes with PIM-1 itself.
2
 This illustrates 

how a basic PIM structure may be adapted to tailor the performance of a membrane. 

 

Figure 1. (a) PIM-1 repeat unit.  (b) PIM-1 fragment with branch arising from chain defect.  

(c) Illustration of polymer topologies.  (d) Network-PIM-1 fragment formed when 

tetrafluoro- monomer is replaced by octafluoro- monomer.  (e) Atomic force microscope 

image of network-PIM-1 nanosheets. 
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Abstract: Hybrid or composite membranes containing various nanoparticles have 

been actively studied during the last decade. It was previously shown that the 

presence of different inorganic particles in the membrane structure can significantly 

affect its ionic selectivity and transport properties. The current work is aimed at the 

synthesis of glass membranes with gold nanoparticles inside the pores and 

investigation of their selective properties. Porous glass (PG) samples in the form of 

plane-parallel polished plates 10 × 10 × 1.0 mm3
 in size have been prepared in the 

ISCh RAS (project № 0097-2019-0015) by chemical etching of phase-separated 

sodium borosilicate glass with two-frame structure [1] in HCl and KOH solutions 

consistently as described in [1, 2]. The PG’s porosity and average pore diameter are 
0.5 (cm

3
/cm

3
) and 25 nm, respectively [2]. The method of laser-induced metal 

deposition from solution was used for the formation of a new type of Glass/Au 

composite membranes [3]. Porous glass was impregnated with HAuCl4 water 

solution. Then the sample was exposed by a pulsed laser with a wavelength of 355 

nm. The potentiometric method was implemented for studying the selective 

properties of membranes. 2D Space Charge Model based on the Navier-Stokes, 

Nernst Planck and Poisson equations was utilized for interpreting the experimental 

results [4]. As part of the work, the selective properties of obtained membranes in 

model solutions of KCl salts were investigated. It was shown that the formation of 

particles inside membrane pores essentially affects its ion-selective properties. The 

results obtained can be widely used in various technologies. Specify what 

technologies, otherwise it the sentence looks very general. 

Acknowledgment: This work is supported by the Russian Science Foundation under 
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of SPBU “Optical and Laser Materials Research” and “Interdisciplinary Resource 
Centre for Nanotechnology”. 
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Abstract: This study focuses on transforming the rejection properties of PES 

hollow fiber membranes from ultrafiltration to nanofiltration performance by Layer 

by Layer (LbL) modification. During the modification, the membrane is exposed 

alternatingly to polyelectrolyte (PE) solutions with positive and negative charges. 

Due to electrostatic interaction and the release of counterions during the exposition 

of electrolyte solutions, the PE adsorb on the membrane building up a film layer. 

The ionic strength of storage and filtration solutions might play an important role on 

the conformation of these films. If the ionic strength of these solutions is too high, 

an overcompensation of the intrinsic charges within the PE film might occur. Our 

study shows the influence of the storage solution on LbL-coated membranes when 

exposed to different NaCl solutions (0 M, 0.1 M, 0.5 M) for 8 double layer coated 

membranes (1 g/L PDADMAC/PSS in 0.1 M NaCl).  

      

Figure 1: Influence of the storage solution on a) permeability, MWCO, SO4
2-

 rejection and 

b) zeta potential of membrane active layer 

Figure 1 exhibits that although the ZP is slightly less negative when the membrane 

is exposed to 0.1 M NaCl for 48 h at a typical pH range of drinking waters, there is 

no drastic change in sulfate rejection and MWCO. The results are different when 

the membranes are stored in 0.5 M NaCl, the MWCO and consequently the 

permeability increase drastically while the rejection for SO4
2-

 collapses. These 

results suggest that steric rejection mechanism (measured by MWCO) might be 

more relevant for sulfate rejection than electrostatic effects (measured by ZP). 

Reasons for the change in structure may be attributed to the overcompensation of 

the charges as mentioned above. Further research investigates the influence of 

model solutions and real waters on the filtration behavior, stability and therefore 

applicability and limits of LbL-membranes for water treatment. Results are obtained 

within the SULEMAN project (03ET1574A), funded by BMWi and DVGW. 

a)            b)      

41



T01 / SL08 

CHARGED NANOPOROUS MEMBRANES AS AN 

ALKALINE-RESISTANT SEPARATOR FOR 

ELECTROCHEMICAL CO2 REDUCTION 

K. V. Petrov
1
, D. A. Vermaas

1 
1 

Department of Chemical Engineering, Delft University of Technology, 2629 HZ Delft, The 

Netherlands 

Abstract: The electrochemical reduction of CO2 could allow to use renewable 

energy from wind and solar directly for the production of sustainable fuels and 

chemicals. Two of the current issues in CO2 electrolysis are that the ion-exchange 

membranes (IEMs) are not stable in the alkaline conditions in which the electrolytic 

CO2 reduction cells often operate, and that these membrane cause a substantial 

ohmic loss. Therefore, there is a demand for improved IEMs, which are chemically 

stable, highly selective and conductive.

This project aims to tackle these issues using the novel concept of a self-supported 

ultathin nanoporous inorganic IEM (Figure 1). It has recently been proven that these 

materials can be used as an alternative to polymeric IEMs and provide ion-

selectivity based on the charge of the double layer
1
. In our work, the relationship 

between pore size, surface charge and ion-selectivity of an inorganic nanoporous 

material is studied using anodized aluminium oxide substrates. 

Ultimately, the large-scale production of a self-supported alkaline resistant IEM 

could make the scale-up of a CO2 conversion process possible and economically 

viable. These materials can also be a major advantage to other electrochemical 

applications since they have the potential to increase charge density in comparison 

to polymeric membranes, as the charge density is no longer bound to a trade-off in 

ion exchange capacity and swelling. This could allow the membrane to remain 

selective at higher concentrations, which in turn, could mean an increase of the 

overall producitivity of a process. 

Figure 1: Concept of selective ion transport through a positively 

charged nanoporous membrane. 
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Abstract: This work focuses on the design of advanced hydrophobic functional 

membranes for highly productive and efficient water desalination
1
. Considered the 

increasingly demand of fresh and reusable water, our intent is to identify new 

materials membranes for making water desalination much more productive and 

efficient through two eco-sustainable membrane operations such as membrane 

distillation (MD) and membrane crystallization (MCr)
2
. We confine exfoliated few-

layers graphene
3
 and/or transition metal dichalcogenides (TMDs) in PVDF 

membranes with spherulitic-like morphology
4,5

. A significant increase in the 

productivity as well as high NaCl rejection are achieved when we operate synthetic 

seawater (NaCl 0.6 M) as a stream solution in a direct contact (DCMD) mode 

configuration. Also, we demonstrate how 2D materials, confined in membranes 

equipping MCr devices, stimulate quicker crystal nucleation and growth rate; as a 

result, we obtain better-quality NaCl crystals, which are more uniform in size and 

shape. Here, we discuss experiments carried out under different operating 

conditions as well as relationships between exfoliated few-layer materials and 

membrane properties. We examine the great potential of these new functional 

interfaces in developing MD and MCr on scale in order to supply a larger amount of 

fresh water and high-quality minerals in a logic of eco-sustainability and global 

societal growth. 
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Abstract: Considerable work has been carried out in searching for new and non-

toxic crosslinking agents
1
 in order to improve the microbial and the physic-

chemical stability of biopolymers such as cellulose, chitosan, polyvinyl alcohol 

(PVA), polylactic acid and others, that represents a eco-friendly alternative to 

petroleum-derived-materials for membrane manufacturing. 

The purpose of this work was to carry out the crosslinking of PVA-based 

membranes by using for the first-time pectin (PEC), a heteropolysaccharide that 

represents a waste in juice fruit processing
2
; then its recovery and re-use is highly 

desired. 

The crosslinked membranes were prepared with different mass ratio PVA/PEC by 

using Evaporation-Induced Phase Separation (EIPS) technique and these have been 

characterized as described below. Fourier Transform Infrared (FTIR) spectroscopy 

analysis confirmed the successful of crosslinking reaction pointing out the presence 

of absorption bands of ester groups, not present in PVA membrane spectra, and by 

using Thermogravimetric Analysis (TGA) a higher degradation-onset temperature 

for PVA/PEC (485 °C) respect to PVA membranes (285 °C) was observed, which 

depends on the crosslinked structure that confers greater thermal resistance. 

Besides, the crosslinking degree (70%) obtained by acid-basic titration was a 

further confirmation of the formation of covalent ester bonds between PVA-

hydroxyl and PEC-carboxyl groups. Properties such as water uptake, microbial and 

chemical stability, antiradical and antibacterial activity were also determined. All 

these properties were compared with those obtained from PVA membranes 

crosslinked with citric acid (PVA/CA)
3
. 

Results demonstrated that the prepared membranes showed good performance in 

terms of water uptake, resistance to soil bacteria, stability to the tested pH (3, 7 and 

11), and high antiradical and antibacterial activity (against E. coli, S. aureus, E. 

faecalis, B. subtilis, P. aeruginosa).  

Thanks to all these new acquired properties, the use of these membranes can be 

different (e.g., enzyme immobilization, membrane separation, biomedical 

application) and, moreover, these can be prepared ad hoc based on application. 

 

 

 

44



References 

1. Sonker A. K., Rathore K., Nagarale R. K., Crosslinking of Polyvinyl Alcohol (PVA) 

and Effect of Crosslinker Shape (Aliphatic and Aromatic) Thereof, Journal Polymer 

Environment, 26 (2018) 1782-1794; 

2. Gebreyohannes A. Y., Mazzei R., Poerio T., Aimar P., Vankelecom Ivo F. J., Giorno L., 

Pectinases immobilization on magnetic nanoparticles and their anti-fouling performance 

in a biocatalytic membrane reactor, RSC Advances, 6 (2016) 98737; 

3. Suganthi S., Mohanapriya S., Raj V., Kanaga S., Dhandapani R., Vignesh S., Sundar J. 

K., Tunable physicochemical and bactericidal activity of multicarboxylic-acids-

crosslinked polyvinyl alcohol membrane for food packaging applications, 

ChemistrySelect, 3 (2018) 11167-11176.  

45



T 01/SL 11 

NANOSTRUCTURED MICROFILTRATION 

MEMBRANES FOR WASTE WATER TREATMENT 

D. Kimmer
1
, I. Vincent

1
, L. Lovecka

1
, M. Kovarova

1
, D. Vesela

1
, 

L. Musilova
1

1 
Centre of Polymer Systems, Tomas Bata University in Zlin, trida Tomase Bati 5678, 76001 

Zlin, Czech Republic (email address: kimmer@utb.cz) 

Abstract: Preparation of homogeneous modified nanofiber structures with the 

desired morphology and properties by means of electrospinning process
1,2

 and 

consequent exploitations in liquid filtration
3
 are presented.  

Applications of nanostructured materials made from nanofibers are limited 

markedly by their mechanical properties. Their improvement by selection of 

suitable polyethylene terephthalate support materials and the influence on filtration 

properties of microfiltration membranes are discussed. Filters prepared from 

polyethylene terephthalate nonwoven support and layer of nanofibers possesses 

excellent flux and can be washed repeatedly with retention of high almost initial 

flow properties.  

Application of nanostructures modified against biofouling can improve the utility 

properties and the lifetime of microfiltration membranes. 

Very high microfiltration efficiencies of used membranes are proved by measuring 

of particle size distributions by means of laser diffraction and dynamic light 

scattering before and after filtration process.  
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Abstract: Fouling and selectivity permeability tradeoff are the leading challenges 

in the membrane-based desalination and wastewater treatment technology. Laser-

induced graphene (LIG) is a three-dimensional porous electrically conductive 

graphene material printed on the polymer substrates with a 10.6 mm CO2 laser in 

a single step and chemical free process.
1,2,3

 A single step conversion of metal and 

metal oxides doped PES membranes to LIG filters and further UF membrane has 

been demonstrated with the excellent catalytic and anti-biofouling properties. These 

electrically conductive filters and membranes achieved 6-log removal of mix 

culture of bacteria with applied voltage along with the generation of H2O2. These 

conductive membranes can be tuned for the in-situ selective removal of the 

contaminants. The “catalytic mechanisms of these doped LIG filters will be 

explained, including the 3D texture effect of LIG. These filters and membranes 

(single step laser printed) have great potential in desalination and wastewater 

treatment.  

References 
1. Singh, S. P.; Li, Y.; Zhang, J.; Tour, J. M.*; Arnusch, C. J.* Sulfur-doped laser-induced 

porous graphene derived from polysulfone-class polymers and membranes ACS Nano 

2018, 12 (1), 289–297, 2018. 

2. Gupta, A., Holoidovsky, L., Thamaraiselvan. C., Thakur, A. K., Singh, S. P., Meijer, M. 

M., and Arnusch, C.J. Silver-Doped Laser-Induced Graphene for Potent Surface 

Antibacterial Activity and Anti-biofilm Action. Chem. Commun. 55, 6890—689, 2019. 

47



T01 / SL59 

FROM BULK TO THIN-FILM — AN EXPERIMENTAL 

OVERVIEW OF THERMODYNAMIC AND KINETIC 

EFFECTS RELEVANT FOR GAS TRANSPORT IN 

POLYMER MEMBRANES 

G. Genduso, I. Pinnau
 

Advanced Membranes, and Porous Materials Center, Division of Physical Sciences and 

Engineering, King Abdullah University of Science and Technology, Thuwal 23955-6900, 

Saudi Arabia. (giuseppe.genduso@kaust.edu.sa) 

Abstract: The quantification and understanding of thermodynamics (i.e., 

competitive sorption) and kinetic (i.e., plasticization) phenomena allow the design 

of tailored polymers for membranes with CO2/CH4 permeability selectivities higher 

than 40. This value permits substantial economic return during the pretreatment of 

natural gas, which production was ~ 4000 billion cubic meters during 2017. Based 

on experimental observations, we describe how the thermodynamics of sorption 

advantages the permeability selectivity of both polymer and carbon molecular sieve 

films (we present selected experimental sorption case studies at 35 °C). 

Independently from the concentration at equilibrium, CO2 vs. CH4 mixed-gas 

solubility coefficients trend was linear, and mixed-gas solubility selectivities 

increased with equilibrium pressure. Moreover, from experimental observations of 

bulk- and thin-film sorption, we found that gas-gas-polymer interactions reduce the 

uptake of mixtures in comparison with the ideal value.  

In the second half of this work, we discuss how CO2-induced plasticization hampers 

the selectivity of advanced and conventional membrane materials. The mixed-gas 

diffusion coefficients of CO2 were determined from experimental solubility and 

permeability coefficients and were not significantly affected by the presence of 

methane. Methane diffusion, instead, was enhanced by carbon dioxide revealing the 

implication of CO2-induced plasticization on polymer films. The ratio between 

mixed- and pure-methane diffusion coefficients was used to quantify membranes’ 
plasticization revealing that intra-chain rigidity (i.e., restricted chains’ building 
blocks mobility) is not beneficial against plasticization. Conventional polymer films 

resisted better to plasticization and were more selective than relevant polymers of 

intrinsic microporosity (PIMs). 
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Abstract: This work presents flue gas purification on ultrapermeable membrane 

made from polymer of intrinsic microporosity based on 

tetramethyltetrahydronaphthalene unit combined with bicyclic triptycene (PIM-

TMN-Trip). Permeation experiments were performed on laboratory developed 

permeation units for pure gases and for flue gas mixtures. Measurement with model 

mixture of flue gas the PIM-TMN-Trip membrane has shown high permeability for 

sulfur dioxide SO2 but mixed gas selectivity from CO2 was low, in order of units. 

Permeability of SO2 from air-CO2 mixture was very high (18-25.104 barrer) but 

selectivity was small (around 1.5) but comparable with other thermally rearranged 

membranes which also have shown superior separation properties for CO2/CH4.  

This interesting polymer membrane was also tested by pervaporation where organic 

compounds (hexane, toluene), which contaminate water can be effectively removed.  

Keywords: Fluids purification, gas permeation, pervaporation, polymer with 

intrinsic microporosity, membrane gas separation 
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