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Engineered osmosis is a membrane-based technology employing osmotic pressure gradients to 
desalinate water (forward osmosis, FO) and produce power (pressure retarded osmosis, PRO). Internal 
concentration polarization (ICP) is one of the most important phenomena limiting commercialization of 
EO. Structural characteristics of the membrane greatly influence the ICP phenomena and are expressed 
using the structural parameter, S as

where, t is the thickness of the support layer in thin film composite (TFC) membranes, is the tortuosity 
of the support structure and is the porosity of the support layer. Currently, this parameter is only 
calculated using experimental flux measurements. Characterization techniques for polymeric materials 
are underdeveloped [1] and thus the role of the membrane structure in ICP is not fully understood. In 
this work, two TFC reverse osmosis membranes have been adopted to explore use of different 
characterization techniques. The two membranes, denoted BW30 and SW30-XLE, were obtained from 
Dow Water and Process Solutions and are traditionally used for reverse osmosis desalination. Two 
characterization techniques were used in this study; an analytical technique, mercury intrusion 
porosimetry (MIP) and a non-destructive 3D imaging technique, x-ray microscopy (XRM). Pore 
diameter distributions and porosities were obtained from MIP from which tortuosity values were 
calculated using empirical relations. For the imaging technique, a multi-length scale XRM approach was 
used. Micron-scale imaging with an Xradia MicroXCT enabled calculation of the structural metrics 
(porosity, tortuosity and thickness) whereas nano-scale imaging with an Xradia UltraXRM-L200 
enabled examination of the microstructure in greater detail. From the micron-scale XRM images, 
porosity distributions as a function of depth were obtained which is very useful information for EO 
membranes. It is desirable that surface porosity is high for these membranes to maximize the osmotic 
pressure gradient available across the selective layer. S values was calculated using the structural 
metrics obtained from both the MIP and XRM techniques and were compared to the back-calculated 
value obtained from experimental flux measurements. A large deviation was found between the values 
obtained from the characterization methods and that obtained from the flux measurements due to the 
incomplete wetting of the hydrophobic polysulfone layer during FO flux tests. Further, comparing the S 
values obtained from the two characterization techniques enables to leverage the differences in their 
measurement methods. The results obtained from this study can help understand mass transport through 

tS

TFC membranes as well as inform future membrane design in order to maximize their performance in 
EO technologies.  
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Analytical (MIP) Imaging (MicroXCT)
Porosity, % Tortuosity, Thickness*, t µm Porosity, % Tortuosity, Thickness, t µm

BW30 26.63±4.06 1.120±0.013 148.3±6.3 34.91±1.94 1.216±0.046 142.0±1.9
SW30-XLE 36.20±5.51 1.634±0.006 151.7±2.5 43.49±1.22 1.315±0.164 148.7±3.0

* This measurement was made using a micrometer. 

Table 1. Porosity, tortuosity and thickness estimates for BW30 and SW30-XLE from analytical 
porosimetry and XRM imaging techniques. n=3 and 2 for porosity and tortuosity measurements 
obtained from analytical and imaging techniques, respectively. n=10 for both thickness measurements. 

Figure 1. Surface renderings, o -XLE. The 
image on the left shows the complete structure of the membrane where blue regions denote pore space 
and red regions denote the polymer matrix. This image can be deconvoluted into pore phase only and 
polymer matrix only as shown by the images on the right. 

Microsc. Microanal. 19 (Suppl 2), 2013 635

https://doi.org/10.1017/S1431927613005163 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613005163

