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Here we present the final instalment of our Euromembrane 2000 round-up. 
This is the third in a series of summaries covering the event, which was held in 
Israel during September last year. It considers the physical characterisation of 
membranes, and preparation techniques which are used to produce them. 

Again based entirely on abstracts of papers which 

were presented at the conference, this thematic 

grouping highlights, among other things, the 

methods used for the direct measurement of the 

concentration polarisation phenomenon; elec- 

trochemical characterisation of membrane active 

layers, by measuring the transient membrane 

potential; silica scaling phenomena of reverse 

osmosis membranes; and a novel polymer foam- 

ing technique for the formation of membrane 

structures. 

Concentration 
polarisation phenomenon 
A well known phenomenon occurring in mem- 

brane separation is the concentration polarisa- 

tion near the membrane’s surface. In nanofiltra- 

tion and reverse osmosis this effect will give a 

retention that is different from the one cal- 

culated from bulk and permeate concentrations. ; 
A quantification of the concentrations near I 

the membrane is of great importance to : 
understand separation mechanisms. The 

theoretical treatment of the concentration 

polarisation is given in the literature,[‘) and is 

based on mass balances over the concentration 

boundary layer near the membrane’s surface. 

The result is given by: 

where / is the flux through the membrane, k is 

the mass-transfer number (equal to the ratio of 

the diffusion coefficient and the concentration 

boundary layer thickness D/S,), cb is the bulk 

concentration, c,,, is the concentration at the 

membrane’s surface, and cP is the permeate 

concentration. Introducing the intrinsic 

retention Ri,, = 1 - c*lc,,,, Equation 1 can be 

rearranged into the well-known concentration 

polarisation modulus expression: 

In order to calculate the concentration 

polarisation modulus, both direct methods, 

where the concentration polarisation is 

measured, for example using optical 

methods,[21 and indirect methods, which 

involve measuring the flux experimentally, 

while the mass transfer number is modelled 

with Reynolds, Schmidt and Sherwood 

numbers,[‘] have been successful. 

Edvard Sivertsen, Vetle Misje and Norvald 

Nesse, based in the Department of Chemical 

Engineering at the Norwegian University of 

Science & Technology in Trondheim, Norway 

have developed a direct method to study the 

concentration polarisation phenomenon near 

the membrane’s surface. To the authors’ 

knowledge, this is the first attempt to physically 

draw a sample of the solution near the 

membrane surface and analyse it. Their 

.on 

conference presentation, ‘Direct measurements 

of the concentration polarisation phenomenon’, 

provided details of the approach. 

Capillary tubes 
Through the top plate of a cross-flow, flat-sheet 

membrane cell, the authors mounted capillary 

tubes which could be exactly positioned 

vertically in the membrane cell-channel, above 

the membrane, using a micrometer screw with 

a scale of 0.01 mm. A micro-valve was 

connected to the capillary tube, allowing very 

small samples to be drawn for analysis. The 

height of the channel above the membrane was 

3 mm. 

Representative samples 
One major problem is to take representative 

samples from the tip position of the probe. If 

samples are drawn at a fluid velocity which is too 

high, it will create suction from the layers next to 

that under investigation. A sampling velocity of 

less than 10% of the flow velocity was found to 

be satisfactory. 

Preliminary results indicate that the method 

will be useful in mapping concentration 

profiles through the boundary layers near a 

membrane’s surface. In particular, it could be 

used for complex compositions of the feed cell. 

As an example, the concentration polarisation 

for a O.lM MgCl, solution over an NF45 

membrane (from Dow Denmark) was 

measured at 25°C 20 bar and for different 

Reynolds numbers. The results are displayed in 

Figure 1. The results indicate a thinner 

concentration boundary layer at higher 

Reynolds number, and a steeper increase in 

concentration near the membrane for lower 

Reynolds number. 
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Transient membrane 
potential 
Electrochemical properties are important for the 

performance of reverse osmosis, nanofiltration 

and ultrafiltration membranes. They control the 

membrane fouling using charged foulants. In 

addition, the fixed electric charge is believed to 

be responsible for ion rejection - the so-called 

Donnan exclusion - by many nanofiltration 

membranes. 

Electrolyte solution 

The determination of electrochemical 

properties of active layers of membranes for 

pressure-driven separation processes is 

complicated because of the multi-layer structure 

which is involved. This means that an applied 

concentration difference is distributed in 

usually an unknown proportion between the 

active layer and the support (in the 

measurement of steady-state membrane 

potential), or an internal ‘concentrational’ 

polarisation of unknown magnitude occurs at 

the boundary between the active layer and 

support (in Hittorf’s technique). Therefore, 

only ‘average’ membrane electrochemical 

properties (including contributions from both 

the active layer and support) can be deter- 

mined with steady-state linear electrochemical 

techniques. 

To access the electrochemical properties of 

active layers, the research workers behind a 

paper entitled ‘Electrochemical characterisation 

of membrane active layers through the 

measurements of transient membrane potential 

(A. Yaroshchuk and Yu. Boiko of the ED. 

Ovcharenko Institute of Bio-Colloid Chemistry, 

and A. Makovetskiy of the A.V. Dumanskiy 

Institute of Colloid & Water Chemistry, both 

part of the National Academy of Sciences of 

Ukraine) have developed a non-steady-state 

technique for the measurement of transient 

membrane potential - the so-called ‘dab 

technique.13) 

The membrane is equilibrated with an electrolyte 

solution, and is permitted to be in contact with it 

only on one side (the support side). The active 

side is suddenly touched with a ‘pendant’ drop of 

solution of a different concentration. The 

electrical circuit is closed, and the electrical 

response to this is tracked. Initially, the 

concentration gradient is located within the 

active layer, and the electrical response is 

governed by the ion transport numbers there. 

The theory underlying the method reveals that 

the relaxation of transient membrane potential is 

characterised by a very broad dispersion, covering 

more than five orders of magnitude in time. This 

means that even when the characteristic 

relaxation time is as long as 1 s, the initial value 

can be directly observed only at times as short as 

2 ms. Measurements taken at such short times 

may be essentially complicated by various 

circuitry interferences, and by the electrical 

response to the wetting of the active membrane’s 

surface by the pendant drop. Therefore, the 

initial value of the transient membrane potential 

is often obtained through extrapolation to very 

short times. This procedure is relatively 

unambiguous, because the theoretical depend- 

ence contains only two parameters. 

Ceramic nanofiltration membrane 
Measurements have been carried out mainly 

using a ceramic nanofiltration membrane of 

y-alumina (supplied by the Inorganic Materials 

Research Laboratory, University of Twente, The 

Netherlands) in CaCI, and KC1 solutions of 

various pH. The measurements have revealed 

that the active layer is positively charged within 

the entire pH range (4-7.3) and concentration 

( 10-3-10-1 mol/l) studied. 

At the same time, a polymeric nanofiltration 

membrane (PESIO) was negatively charged at 

pH 6. In many cases the experimental data could 

be fitted to theoretical curves, and the initial 

values of transient membrane potential could be 

reliably determined. Some examples of 

experimental data with the corresponding 

theoretical fits are shown in Figure 2. 

However, reproducible deviations from the 

theoretical pattern have also been observed. In 

these cases the extrapolation to very short times 

becomes less unambiguous. The possible causes 

for the deviations will be considered to improve 

the reliability of extrapolation. 

The relaxation of transient membrane 

potential is essentially controlled by the salt 

(diffusional) permeability of the active layer. The 

same parameter is known to govern the initial 

slope of dependencies of salt rejection on the 

trans-membrane volume flow in nanofiltration 

at sufficiently low pressures. To check the 

correlation, the authors have carried out sample 

measurements of salt filtration through the 

y-alumina membrane. 

Good correlation 
The correlation has been found to be very good, 

both in CaCl, and KC1 solutions of several 

concentrations. Moreover, it has turned out that 

the measurements of relaxation of the transient 

membrane potential may be more suitable for 

the determination of diffusional permeability of 

active layers than the conventional filtration 

measurements. 

The fact is that the initial slopes are often quite 

large, and their accurate determination calls for 

filtration measurement at very low pressures. The 

characteristic relaxation time is inversely 

proportional to the square of active layer 

diffusional permeability (ie. it is quite sensitive 

to it). Its accurate determination is not a problem 

even where the initial slope is too large to be 

estimated from the filtration measurements. 

In this way, the measurements of transient 

membrane potential are useful for determining 

the electrochemical perm-selectivity of active 

layers, as well as their diffusional permeability. 

Silica scaling phenomena 
The conference also included a paper entitled 

‘Silica scaling phenomena of RO membranes’, by 
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Iris Sutzkover, David Hasson and Raphael 

Semiat of the Department of Chemical Engm- 

eermg, WRI Rabin Desahnatlon Laboratory at 

Techmon - Israel Institute ofTechnology 

This work forms part of an ongomg prolect 

which alms to determine permlsslble water 

recovery hmlts m desaltrng brackish water 

containing slhca, and to assess obJectlvely the 

relative effectiveness of different slhca anti- 

sealants used to extend water recovery hmrts 

Diffwlt to predict 
Threshold limits for slhca scale deposmon are 

difficult to predict because they are influenced 

by a large number of parameters, notably the pH 

and the specific salt composltlon Moreover, 

slhca deposrtron can take place m a variety of 

forms, dlffermg m chemical composltlon and 

morphologlcal structure through complex proc- 

esses that may involve polymerlsatlon steps, 

colloidal particle formatlon and coagulation 

phenomena 

The reluctance to exploit sdica-rich water 

stems from an inadequate understanding of the 

&a scaling system, the lack of a well established 

slhca antl-sealant, and the difficult and costly 

efforts required to remove any s&a deposit that 

may preclpltate on a membrane 

Supersaturation condltlons 
Slhca scahng occurs m a system exhlbltmg 

supersaturation conditions The deleterious 

effects of scale deposition can be detected by the 

de&e m permeate flux and by the drop m slhca 

content of the solution In their previous 

work, the authors developed a technique for 

fundamental analysis of scaling [*I 

Scale deposmon, occurring m RO desalting of 

saline feed solutions contammg 100 ppm of 

slhca, with and without anti-sealants, was 

examined It was shown that the mtenslty of flux 

de&e caused by &a scale deposition was well 

correlated with the intensity of the super- 

saturation level prevalhng on the membrane 

The specific obJectlves of the authors’ present 

work were to explore the scaling mechanisms of 

highly supersaturated silica feed solutions 

where membrane scahng may involve processes 

occurrmg both m the solunon bulk and on the 

membrane surface 

The feed solutions studied were at pH 7 and 

contained 2 g/l salts (CaCI, and MgCI,) and 

600 ppm silica, with or wlthout an anti-sealant, 

dosed at either 25 or 50 ppm A run was carried 

out by clrculatmg the feed solution through a 

tubular composite polyamide RO membrane 

(1 m long and with a diameter of 14 5 mm) for a 

period of 6 h at a flow velocity of 0 4 m/s, at a 

pressure of 40 bar Both concentrate and 

permeate were recycled to the feed vessel 

Measurements were perlodlcally taken of the 

permeate flow-rate and the solution turbidity 

Both the drssolved and toral slhca contents of the 

reclrculatmg solution were also perIodically 

determined At the end of each run, a membrane 

‘autopsy’ was performed m order to elucidate the 

chemical composition and the morphology of 

the scale deposit by SEM photographs, EDS 

analyses and coating thickness measurements 

Analysis of the data extracted from numerous 

runs revealed several interesting phenomena As 

illustrated m Figure 3, a severe flow de&e was 

noted In all runs, most of which occurred during 

the first hour of operanon The extent of the 

de&e during a run period of 6 h amounted to 

80-90% of the mmal flow SEM photographs 

confirmed that roughly the same percentage of 

membrane area was obstructed by the scale 

deposit No slgmficant difference was noted m 

the runs performed with anti-sealant dosage 

EDS analyses disclosed that the scale consists 

of almost pure amorphous &a Thickness and 

weight measurements of the scale layer showed 

that the deposit formed m all runs was 40-50 

pm thick, and was highly porous, with a bulk 

density of around 0 05 g/cm3 

Surprising result 
The most surprlsmg result was revealed by the 

silica analyses (Figure 4) It was found that 

although the dissolved slhca content declined 

dramatically durmg a run (from 600 ppm to 

about 200 ppm), the total slhca content (as 

measured by ICI’) remained substantially 

constant, after a shght decline of 5-10% durmg 

the first few moments of the run 

A material balance showed that the total mass 

of the slhca deposit found on the membrane, 

which generated a permeate flow decline of 

80-90%, was less than 1% of the total slhca 

content m the feed, and less than 2% of the 

dissolved slhca dlsappearmg from solution 

Since silica deposmng m the system was a very 

smaIl fraction of the disappeared dissolved slhca, 

the question arises of the whereabouts of the lost 

dissolved silica Since no turbidity developed In 

the recycling solution, It appears that the 

dissolved silica remamed m solution m the form 

of sub-micron-sized particles A possible 

explanation IS that the scale formation 

mechanism mvolves srhca colloidal deposmon 

on the membrane, followed by monomeric slhca 

deposmon, as suggested by Weres et a/c51 

(The authors wish to acknowledge with thanks 

the support of the Israel Science Foundanon, the 

Middle East Desahnatlon Research Center and 
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Techmon’s Water Research Instnute, with special 

thanks to Dr Roya Shelkholeslaml of the 

Umverslty of New South Wales m Sydney, 

Austraha for fruitful research collaboration ) 

Parameters influencing 
the membrane-formation 
process 
Polymeric membranes have found a wide variety 

of mdustnal apphcanons over the years Many of 

these apphcatlons reqmre membranes with special 

propertles, for example a specific morphology, 

pore size or pore-size dlstrlbutlon, solvent 

stablhty, or a special afflmty for substances which 

are Involved m the separation process In short, 

membranes often have to be tador-made 

The wet-phase mverslon method 1s one of 

most widely used techmques for preparmg 

asymmetric membranes In this process the 

phase mverslon takes place through the 

mteractlon of a hqmd coagulanon medmm with 

a polymer solution, and takes mto account the 

desired membrane format or shape (flat or 

hollow-fibre membranes) 

Mutual interdependence 
During the phase separation, the polymer/ 

solvent/non-solvent system IS characterlsed by 

numerous mteractlons m the dope solution, as 

well as durmg the phase-mverslon process 

(concentration of polymer soluuon, composition 

of polymer solution or coagulation medmm, 

temperature and molecular weight) In this 

system It 1s important that the mutual 

Interdependence of these parameters IS reahsed, 

they are not Isolated parameters 

These factors could be asslgned to two 

Important mam areas of Influence 

thermodynamics and kmetlcs The aim of this 

study, byT Welgel, W Albrecht, A Chrlstmann, 

R Hdke and D Paul of the Institute of 

Chemistry at the GKSS Research Centre GmbH 

m Geesthacht, Germany IS to explam the 

correlation between mfluencmg parameters of 

the membrane formatlon process and 

morphologlcal features of the resultmg 

membrane, usmg real membrane formatlon 

processes and model mvestlgatlons 

The research work, which was detaded m a 

presentanon entnled ‘Kmetlc mvesnganons at the 

phase mverslon process of polyetherlmlde 

membranes’, focused on the determmatlon of 

characterlstlc features of the phase-mverslon 

process, which are able to describe the reahstlc 

membrane formation behavlour 

Polymer foaming 
Today, polymeric membranes are produced 

almost exclusively by phase inversIon 

Expensive, harmful and partly flammable 

solvents are often used m this process These 

solvents have to be recycled because of cost and 

envlronmental regulatory reasons, which 

reqmre an expensive closed-cycle of the process 

streams 

Open-cell or closed-cell structures 
In addltlon to these disadvantages, the 

productlon rate may be hmlted by the rate of 

extrusion because of the slow hquld-hqmd phase 

mverslon process These hmltatlons may be 

avolded by usmg (supercrltlcal) gases that can 

expand polymers to form open-cell or closed-cell 

structures (micro-cellular foams) m, for example, 

a high-rate extrusion process 

In a paper entltled ‘Novel polymer foammg 

techmque for membrane structure formanon’, 

B Krause, N FA van der Vegt and M Wesshng 

of the Membrane Technology Group, Umverslty 

of Twente m Enschede, The Netherlands 

dlscussed the use of carbon dloxlde to produce 

membranes with tadored pore structures 

Preparmg micro-cellular foams 
Several techmques can be used to prepare micro- 

cellular foams usmg gases m theu supercrmcal and 

non-supercrmcal state as physlcal blowmg agents 

These techniques all rely on the same prmclple 

. the polymer IS saturated with a gaseous 

penetrant (blowing agent) at high pressure, 
. the polymer/gas mixture IS quenched mto a 

super-saturated state, either by reducing 

pressure or mcreasmg temperature, and 
. nucleation and growth of gas cells dispersed 

throughout the polymer sample evolves until 

all thermodynamic forces, drlvmg mass 

transport, vamsh 

Dependmg on the dissolved carbon dloxlde 

concentration, and the polymer propertles, cell 

sizes m the range of l-10 pm were obtainable for 

amorphous polymers 

The presented results showed how the 

addltlon of certam low molecular weight 

addmves can form open-cell polymer structures 

These novel structures have been analysed, and 

their ‘percolatmg’ properties have now been 

documented The research has shown that 

membrane structures, prepared through the use 

of foammg processes, are able to compete 

favourably wnh membrane materials prepared 

by the phase-mverslon processes 
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