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• Membrane sealing is a relevant factor as it may influence on test cell performance
• A peripheral part of the membrane is supported on the cell body due to sealing
• The effect of impermeable surface supporting a membrane was studied experimentally
• Membrane sealing create zones where mass-transfer conditions can be much worse
• Trans-membrane flux obtained are slightly affected by the membrane blocking
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1. Introduction

Membrane characterization is important for the design of membrane 
processes since their performance and optimization depends on reliable 
information on the membrane properties.

In membrane modules, the membrane transport properties manifest 
themselves against the background of complicated flow-distribution and 
external-mass-transfer phenomena. Therefore, these properties (such as solute 
rejection and volume flux) are often studied in dedicated test cells, where 
attempts are made to reduce those complications to a minimum. Membrane 
test cells for pressure-driven measurements have various configurations [1–5]. 
However, irrespective of the details, in all cases the membrane must be sealed. 
Figure 1 shows the typical schematics of membrane sealing. The membrane 
is mechanically supported by a permeate spacer (or another porous material), 
but a strip at the membrane periphery is always put on an impermeable part 
of the test-cell body (red line in Figure 1b). This is due to the need to seal the 
membrane with an O-ring, which can be achieved only if it presses against a 

solid surface. Figure 1c also shows that mechanical fixation of the O-ring in 
a groove makes unavoidable the existence of a zone where the membrane’s 
active surface is exposed to the feed solution but the hydrodynamic conditions 
are totally different from those in the principal feed channel. Moreover, the 
flow characteristics in this problematic zone may well be poorly reproducible 
because the height of the gap can be strongly dependent on the details of the 
test-cell assembly. 

At first glance, it may appear that none of this matters because the 
membrane is supported by an impermeable surface, so there should be no 
filtration. The principal finding of this communication is that, actually, this 
is not generally true and there may be trans-membrane filtration within this 
zone due to lateral flows along the membrane support layers. Moreover, we 
will demonstrate experimentally that even for quite broad membrane strips 
of this kind the trans-membrane flux can be practically the same as for the 
part of the membrane supported by a permeate spacer. Understanding this is 
important for optimization of the design of membrane test cells.
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This communication demonstrates the relevance of membrane sealing in a test cell to its performance. Membranes need to be sealed, and therefore a more or less significant 
(depending on the test cell design) peripheral part of the membrane is supported directly by the cell body (instead of a permeate spacer). Although it may seem that there should be no 
filtration through the membrane when it is supported by an impermeable surface, this communication demonstrates that this is not generally true due to filtration along the membrane 
porous support. To confirm this, experiments were performed with a cross-flow test cell (GE SEPA™ CF II), blocking the membrane hydraulically from beneath in order to simulate 
the effect of having the membrane supported by an impermeable surface. The results show that the trans-membrane volume flux obtained in all cases is only slightly affected by the 
membrane blocking. In view of this, in the cell design, care should be taken to reduce such peripheral parts of the membrane to a minimum because it may be technically very difficult 
to have there the same conditions of concentration polarization as over the membrane part supported by the permeate spacer.

http://www.msrjournal.com/article_32918.html
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Fig. 1. Schematic diagram (not drawn to scale) of membrane sealing in a cell: a) process flow diagram; b) raised view of top plate of the cell; and c) cross-section of the cell. The dotted 
line in (b) indicates the cross section shown in (c).   

 
 
 

2. Experimental 
 
2.1. Materials 

 
All the experiments were performed with deionized water. Experimental 

data were obtained with polyamide thin-film composite NF membranes NF-
270 and NF-90 supplied by Dow Chemical Company (USA). Table 1 shows 
the specifications of both membranes.  
 
 
 
Table 1 
Membrane specifications and operating limits. 
 

Parameter NF270 / NF90 

Membrane type Polyamide thin-film composite 

Maximum operating temperature 45 °C 

Maximum operating pressure 41 bar 

Maximum feed flow rate 1.4 m3/h 

Maximum pressure drop 1.0 bar 

pH range, continuous operation 2–11 

pH range, short-term cleaning (30 min) 1–12 

Maximum feed silt density index SDI 5 

Free chlorine tolerance < 0.1 ppm 

 
 

2.2. Experimental set-up 
 
A flat-sheet cross-flow test cell (GE SEPA™ CF II) with an effective 

area of 0.014 m2 was used to perform the experiments. The experimental set-
up was described previously [6]. Feed solution was refrigerated in a tank (30 
L) to keep the temperature constant at around 20 ± 1 °C throughout the 
experiments. The set-up ran in a continuous mode and both the permeate and 
the concentrate streams were recirculated to the feed tank to keep the 
composition of the feed solution constant. The set-up also includes a filter 
cartridge (pore size: 100 µm, Fisher Scientific) in the concentrate stream to 
avoid the presence of particles in the feed tank. The inlet and outlet pressures 
of the membrane test cell as well as the concentrate flow rate were monitored 
throughout the experiments. From the inlet and outlet pressure values, the 
average trans-membrane pressure (TMP) inside the membrane test cell was 
determined. 

 
 

2.3. Operation procedure 
 
A new membrane was used for each experiment to guarantee the same 

initial conditions in all cases. Moreover, before starting each experiment, 
deionized water was pumped into the membrane test cell at 22 bar during 1.5 
hours to ensure that the membrane hydraulic resistance remained constant 
throughout the measurements. Once it had been corroborated that the pure 
water flux was steady, the experiment started. Experiments were performed at 
a constant cross-flow rate and the TMP was increased from 2 to 12 bar. 
Permeate samples were collected at each TMP after the permeate flux reached 
a constant value. 

To simulate the effect of a membrane supported by an impermeable 
surface, the membrane was blocked from beneath by using a plastic sheet 
made of low-density polyethylene (Vidrafoc) with an open strip along the 
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channel, equidistant from the walls (Figure 2). Several plastic sheets were 
used, leaving open strips of various widths in order to study the correlation 
between the trans-membrane flow and the unblocked area. Table 2 gives the 
unblocked surface area versus the strip width. 
 

 
3. Results and discussion 

 
Figure 3 shows the pressure dependences of trans-membrane flux 

calculated by using the whole membrane area of the test cell. These 
dependences are largely linear so they can be quantified by the slopes. 
Remarkably, those slopes are only slightly reduced despite the fact that the 
unblocked area is 5 to 20 times smaller than the area exposed on the 
membrane’s active side. This shows that the parts of the membrane blocked 
from beneath by the plastic film are performing filtration almost unimpeded. 
The filtration along the membrane support layers is effective as long as the 
pressure drop in the lateral direction remains smaller than the TMP drop. The 
fact that in our measurements the flux was only slightly affected by the 
membrane-back blocking indicates that even with the relatively broad blocked 
strips used in this study the lateral pressure drop remained relatively small. It 
can be expected to be even smaller in a major part of test cells where such 
problematic zones usually make up a relatively small portion of the 
membrane surface. However, we should keep in mind that due to the much 
worse mass-transfer conditions in such zones, concentration polarization there 

can be very strong and the solute rejection virtually zero. This can 
considerably increase the (negative) impact of these zones on the measured 
rejection. 

It can also be observed that in the case of NF90 membrane (Figure 3b), 
decreasing the uncovered area has a larger impact on the trans-membrane 
flux. This may be due to a lower lateral hydraulic permeability of the support 
layer of NF90 membrane as compared to NF270. 

 
 
 
 

Table 2 
Effective surface and area uncovered by the plastic 
sheet according to the strip width. 

 

Strip width (cm) Unblocked area (cm2) 

0.5  7 

1  14 

2  28 

No strips 140 

 
 
 
 
 

 
 
 

Fig. 2. Photograph of the plastic sheets used to block the membrane for each strip width: a) 2 cm, b) 1 cm, and c) 0.5 cm. 
 
 
 
 
 
 

 
 

Fig. 3. Trans-membrane flux dependence on pressure for the unblocked membrane and the membrane covered by a plastic film for: a) NF270 and b) NF90. The legend gives the strip width.  
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4. Conclusions 
 
Due to membrane-sealing requirements, in membrane test cells, there are 

always peripheral parts of the membrane supported by impermeable surfaces. 
This communication demonstrates that (somewhat counterintuitively) there is 
filtration through such parts of the membrane. This occurs due to the lateral 
volume transfer along the membrane support layers. Moreover, due to design 
constraints, it is very difficult to make the mass-transfer conditions over such 
parts of the membrane as good as in the feed channel. Actually, these 
conditions can even be expected to be much worse and poorly reproducible. 
Therefore, concentration polarization in such zones can be very strong, so 
they can make a disproportionally large contribution to the trans-membrane 
solute transfer, especially in the case of strongly rejected solutes. This can 

compromise the performance of test cells for pressure-driven membrane 
measurements and should be kept in mind while designing them. 

 
 

Acknowledgements 
 
The authors gratefully acknowledge support from the project 

"Valorization of by-product from industrial effluents: integration of 
membrane technologies in the separation, concentration and purification 
steps" (Waste2Product, CTM2014-57302-R) funded by the Ministry of 
Science and Innovation (MINECO, Spain) and the Catalan government 
(project ref.2014SGR050).

 
 
 
References 
 
[1] C.F. Wan, T. Yang, G.G. Lipscomb, D.J. Stookey, T. Chung, Design and 

fabrication of hollow fiber membrane modules, J. Membr. Sci. 538 (2017) 96–107. 
doi:10.1016/j.memsci.2017.05.047. 

[2] D. Attarde, M. Jain, K. Chaudhary, S.K. Gupta, Osmotically driven membrane 
processes by using a spiral wound module - Modeling , experimentation and 
numerical parameter estimation, Desalination 361 (2015) 81–94. 
doi:10.1016/j.desal.2015.01.025. 

[3] M. Reig, N. Pagès, E. Licon, C. Valderrama, O. Gibert, A. Yaroshchuk, Evolution 
of electrolyte mixtures rejection behaviour using nanofiltration membranes under 
spiral wound and flat-sheet configurations, Desalin. Water Treat. 56 (2015) 3519-
3529. doi:10.1080/19443994.2014.974215. 

[4] G. Blandin, A.R.D. Verliefde, C.Y. Tang, A.E. Childress, P. Le-Clech, Validation 
of assisted forward osmosis ( AFO ) process : Impact of hydraulic pressure, J. 
Membr. Sci. 447 (2013) 1–11. doi:10.1016/j.memsci.2013.06.002. 

[5] M.Y. Jaffrin, Dynamic shear-enhanced membrane filtration : A review of rotating 
disks , rotating membranes and vibrating systems, J. Membr. Sci. 324 (2008) 7–25. 
doi:10.1016/j.memsci.2008.06.050. 

[6] M. Reig, E. Licon, O. Gibert, A. Yaroshchuk, J. L. Cortina, Rejection of ammonium 
and nitrate from sodium chloride solutions by nanofiltration : Effect of dominant-
salt concentration on the trace-ion rejection, Chem. Eng. J. 303 (2016) 401–408. 
doi:10.1016/j.cej.2016.06.025. 

 

 

 

  

 

 

 243 


