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Abstract 

This work investigates the influence of hydrocarbon pollution on the performance of desalination 

membranes with a polysulfone support. Toluene was chosen as the model hydrocarbon compound and 

permeation measurements were performed on two commercial membranes with a polysulfone support 

in water saturated with toluene. Over time, the TriSep TS80 membrane under analysis broke down and 

the delamination of the separation layer was observed. The influence of the polysulfone layer on the 

membrane deterioration was studied in detail by the use of a model system of a thin polysulfone film on 

top of a silicon wafer. In situ spectroscopic ellipsometry, and in situ optical microscopy revealed that the 

non-ideality of the hydrocarbon in water system initiates a dewetting of the polysulfone layer which is the 

root cause of the membrane failure. 
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1. Introduction 

Purification of water contaminated with hydrocarbons poses a challenging problem and is required to 

prevent release of hydrocarbons into the environment [1–3]. In the oil and gas industry, three to four barrels 

of contaminated water are produced for the production of one barrel oil or gas [4]. In this case, the so-

called “produced water” is a saline by-product in the recovery of oil and gas from a well [5], which needs a 

pretreatment in order to be released in the environment. Today, common water treatment processes 



include the use of membranes. Reverse osmosis (RO) membranes and nanofiltration (NF) membranes are 

a well-established and energy efficient separation technique and widely applied [4,6,7]. The use of a one-

step treatment using RO or NF membranes for waste water or produced water treatment would be a 

simple and low-cost operation [4,5,8,9]. However, at this moment, membrane fouling when in contact with 

the wastewater is still a large problem, limiting the membrane process efficiency and the use of RO or NF 

membranes in general [10–14]. Pre-treatment steps such as adsorption, gravity settling or coagulation 

techniques have shown to be effective in reducing the membrane fouling [15], but even after the pre-

treatment step significant fouling could still be observed.  

The industrial wastewater streams and produced water from the petroleum industry have been analyzed 

thoroughly and one of components present in these water streamsoften the presence of organic 

contaminants (Total organic carbon or TOC content) is appointed as the cause for membrane fouling and 

degradation in wastewater or produced water treatments is the presence of organic contaminants (Total 

organic carbon or TOC content) [16,17]. The underlying phenomena of membrane fouling and degradation 

when in contact with TOCs is still poorly understood. It was suggested that the fouling was caused by 

interactions between dissolved and suspended solutes in the feed and the membrane surface, resulting 

in large flux declines [11]. Van der Bruggen et al. (2001) found that both the membrane surface charge and 

the membrane hydrophobicity play a role in the adsorption of solutes onto the membrane surface, 

lowering the water solubility [17,18].  

NF membranes are the preferred option for the treatment of produced water, based on considerations 

on the trade-off between the applied operating pressure and the separation factor obtained [5], especially 

when the water is to be reused within the operational process [19]. On the whole, NF membranes are 

mostly thin film composite (TFC) membranes [20], conformation that helps limiting the operational 

pressure, with typically a separating layer thickness of 50-200 nm. The most commonly used selective 

barrier consists of a highly cross-linked (semi) aromatic polyamide layer [21].  Polyamides are known for 

their enhanced durability, their reasonable chemical resistance, and can effectively reject inorganic 

solutes [21].  TFC membranes are made by either coating  or interfacial polymerization of a thin membrane 

on top of an ultrafiltration (UF) support, a porous asymmetrical structure that provides mechanical 

stability[5]. The support layer is typically made from polysulfone or polyethersulfone [20], polymers deemed 

as suitable thanks to their polarity and roughness that benefit adhesion to the selective layer [22]. Despite 

their popularity, these polymers are repeatedly reported to fail in harsh environments and when used for 

solvent separations [23]. The overall TFC durability is to ascribe largely to the structural stability of the 
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support layer, and it is therefore of great interest to understand the nature of substrate failure, to make 

informed decisions on the choice of membranes for specific systems.  

In this work, the interaction between the dissolved hydrocarbons, the separating polyamide layer and the 

supporting polysulfone layer was studied. The performance of two commercial membranes, TriSep TS80 

and DOW FILMTEC NF270, were compared in water/toluene mixtures. The model hydrocarbon solute was 

chosen due to its representative properties and because one of the most commonly separated solvents 

in organic solvent nanofiltration[24].The interaction between the polysulfone support and the solute was 

studied in further detail with in situ spectroscopic ellipsometry, atomic force microscopy and optical 

microscope monitoring using a model system existing consisting of a thin polysulfone layer on top of a 

silicon wafer in both a water, toluene and water saturated with toluene ambient.  

2. Experimental 

2.1. Materials 

Polysulfone Udel ® P-3500 (Amoco), Cyclopentanone (ReagentPlus®, ≥99 %, Sigma-Aldrich), toluene 

(anhydrous, ≥ 99.8 %, Sigma-Aldrich) were used as received.  

Silicon wafers (100, front side polished, CZ test grade, Silchem) were used as a substrate for the spin-

coated layer. The wafers were stored under clean-room conditions until being cut. Prior to use, the wafers 

were cleaned with Acetone (Chromasolv® plus, for HPLC 99.9 %, Sigma-Aldrich). 

The purchased commercial membranes TriSep TS80 (flat sheet, Microdyn Nadir) and DOW FILMTECTM 

NF270 (flat sheet, DOW) were used for permeance measurements. Both membranes are a semi-aromatic 

polyamide based thin film composite membrane with a polysulfone support.  

Unless otherwise stated, deionized water (18.2 MΩ cm, Milli-Q Advantage A10, Millipore) was used.  

2.2. Sample preparation  

Thin polysulfone films (~250 nm) were prepared on silicon wafers by spin-coating a solution of polysulfone 

in cyclopentanone (3wt%) using a two-step spinning program:  

1. 30 s 500 rpm  

2. 5 min 1000 rpm 



After spin-coating, the samples were annealed in a chamber over (Carbolite HTMA 5/28) at 215 °C for 8 

hours under a constant nitrogen flow (5 mL min-1).  

2.2.1. Permeation measurements of TriSep TS80 and DOW NF270 

Prior to the permeance experiments, both the TriSep TS80 and DOW NF270 membranes were placed in 

water at least one day before the measurement, in order to remove the glycerol inside the membranes. 

After soaking, the membranes were rinsed with water and placed into the permeance set-up.  

Permeance experiments in demineralized-water and in demineralized-water saturated with toluene were 

performed on a custom-built setup (Convergence, The Netherlands). All measurements were performed 

at a constant feed pressure of 15 bar and at a constant temperature of 25 °C, in cross-flow operation with 

a membrane area of 46 cm2. Permeate fluxes were measured using an M13 mini-Coriflow Coriolis mass-

flow meter (Bronkhorst, The Netherlands). For each permeance measurement, the sample was first 

measured tested in demineralized-water for at least one hour, which served as pre-compaction,  before 

the feed was changed to water saturated with toluene at the same pressure. A water solution saturated 

with toluene was obtained by mixing ~4.5 L of demineralized-water with ~250 mL of toluene for at least 

one day. Saturation was accomplished when a thin layer of toluene remained on top of the water solution.  

After the measurement, to remove the water and prevent collapse of the pore structure, the membranes 

were placed in ethanol for at least 2 hours, washed with fresh ethanol and subsequently placed in hexane 

for at least 2 hours. The membranes were then washed with fresh hexane and dried to the air.  

Scanning electron micrographs of the membranes used for permeation experiments were taken with a 

JEOL JSM-7610 field emission scanning electron microscope (FE-SEM). Samples were coated with a 10 nm 

chromium layer (Quorum Q150T ES) prior to imaging. Cross-section samples were cut after immersing in 

liquid nitrogen.  

2.3. Characterization 

2.3.1. In situ spectroscopic ellipsometry 

In situ swelling experiments were performed with spectroscopic ellipsometry using an alpha-SE from J.A. 

Woollam Co., in combination with a custom-built glass cell (V = 100 mL) with quartz windows with an 

incident angle of 70°. The cell temperature was controlled with an external water-bath (LAUDA-

Brinkmann, LP.), allowing water to flow through the outer walls of the cell. An external temperature 
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control, with a temperature sensor inside the cell was used for temperature control. To correct for the 

optical retardance of the quartz windows, a calibration with a 60 nm SiO2 wafer was performed prior to 

each measurement.  

Prior to each in situ swelling measurement, the polymer sample was measured outside the cell, inside the 

cell and then the in situ measurement was started. After 2 minutes dry, 70 mL of the temperature 

calibrated liquid (water or toluene) was poured into the cell. For the measurement in water saturated 

with toluene solution, water was first poured into the cell and on top of the water, a small amount of 

toluene (~2 mL) was carefully added. In this case, the toluene slowly diffuses into the water until the 

maximum solubility limit is reached. The maximum solubility of toluene in water at 25 °C is in average 

547 ± 8.5 ppm [25].  

The data was modelled using the CompleteEase software package (J.A. Woollam Co.) and in the 

wavelength range of 370-900 nm. The silicon substrate was modelled using the built-in optical properties 

of a silicon wafer, on top of which a 2 nm native oxide layer was modelled. The model-generated data is 

fitted numerically to the measured spectrum and the fit quality is quantified by the root mean square 

error (MSE) between the measured and the generated spectra. For the majority of Cauchy-type thin (up 

to 500 nm) polymer films deposited on silicon wafers, MSE values representing very good fits are in the 

range 1-5. For thicker films values of 10-20 are acceptable. The thickness and refractive index of the 

polysulfone film was modelled using a Cauchy dispersion[26] with the thickness, A, B and C as fit 

parameters. An ambient was added to the model based on the Cauchy dispersion of the solvent. The 

optical dispersion of water, toluene and water-toluene was determined by measuring the refractive index 

at 7 different wavelengths (365.0 nm, 400.0 nm, 450.0 nm, 500.0 nm, 590.0 nm, 700.0 nm, 800.0 nm) 

using a digital multiple wavelength refractometer (Schmidt Haensch ATR-L) at 22 °C. The determined 

Cauchy constants of each solvent are provided in the Supplementary Information. 

The swelling degree of a polymer film upon swelling was calculated using Eq.1. 

𝑆𝐷 = (
𝑑swollen

𝑑dry
− 1) ∙ 100%       [1] 

Where 𝑆𝐷 is the swelling degree, and 𝑑dry and 𝑑swollen  are the dry and swollen thickness of the film, 

respectively.  

The normalized refractive index upon swelling in solvents was calculated using Eq.2. 



𝑛norm =
𝑛swollen−𝑛solvent

𝑛dry−𝑛solvent
       [2] 

Where 𝑛norm is the normalized refractive index, 𝑛dry is the refractive index of the non-swollen polymer 

film, 𝑛swollen is the refractive index of the swollen polymer film in a solvent, and 𝑛solvent  is the refractive 

index of the pure solvent. 

2.3.2. Optical microscopy 

An inverted optical microscope (Zeiss Axiovert 40 MAT microscope) in combination with a Hamamatsu 

ORCA-Flash4.0 LT camera was used to image the swelling of a spin-coated polysulfone film in toluene and 

in water saturated with toluene as function of time. The sample was placed topside down in a transparent 

flask filled with the solvent, using a 1 mm thick spacer between the bottom of the flask and the sample. 

Images were taken at a ten minutes interval at 20x magnification.  

2.3.3. Atomic Force Microscopy 

Spin-coated polysulfone samples that were immersed in water satured in toluene for 8 and 24 hours, or 

immersed in pure toluene for 24 hours and a dry polysulfone sample were used for Atomic Force 

Microscopy (AFM) measurements. After solvent exposure, the samples were dried in a vacuum oven at 

50 °C for 4 hours. AFM measurements were performed with Multimode 8 AFM (Bruker) with a NanoScope 

V controller and a JV vertical engage scanner in tapping mode at room temperature. A silicon cantilever 

(model NCH, Nanoworld, Switzerland), with a resonance frequency of 320 kHz, a force constant of 42 N 

m-1 and a polygon-based pyramid shape with a tip radius of 8 nm was used. The samples were scanned at 

a rate of 1 Hz. The NanoScope software (version 8.15) was used for image processing and analysis.  

3. Results and Discussion 

3.1. Permeation measurements 

Figure 1Figure 1 shows the permeation results of the commercial TriSep TS80 in demineralized water, followed by 

water saturated with toluene at a constant pressure of 15 bar. The water permeance for the TriSep TS80 

is ~4 L m-2 h-1 bar-1. Upon the introduction of the water-toluene solution, the permeance decreases 

immediately within the first 15 minutes to ~3 L m-2 h-1 bar-1, after which a sharp progressive increase with 

time is observed. This sharp progressive increase with time as observed for the water-toluene permeance, 

indicates a breakdown of the membrane. 



 

Figure 1 – The permeance (left axis) of a commercial TriSep TS80 nanofiltration membrane at a constant pressure of 15 bar. 
The first 1.2 hours shows the permeance of demineralized water. At 1.2 hours a saturated solution of water with toluene was 
introduced. 

A similar experiment as done for the TriSep TS80 membrane was performed for the commercial DOW 

NF270 membrane, also a nanofiltration membrane. For the DOW NF270 membrane a constant decline in 

the H2O-toluene permeance was observed over a period of six days as is shown in Figure 2Figure 2. The initial 

decline from ~12 L m-2 h-1 bar-1 to ~7 L m-2 h-1 bar-1 can be attributed to the introduction of toluene, as also 

observed in literature [17]. The slower decline over time was attributed to membrane fouling[27] due to 

pollution (see Figure S1  in Supporting Information) and is caused by contamination present in the set-up 

itself. As this phenomena was also observed in the pure water permeance measurement (Figure S1 in 

Supporting Information), its relevance in the context of our observations is minimal, as the fouling 

behaviour of the membranes under analysis is beyond the scope of this work.  

 



Figure 2 – The permeance (left axis) of a commercial DOW NF270 nanofiltration membrane at a constant pressure of 15 bar. 
The first 1 hour shows the permeance of demineralized water. At ~1 hour a saturated solution of water with toluene was 
introduced. 

Although both TriSep TS80 and DOW NF270 are semi-aromatic polyamide-based membranes on a 

polysulfone support, their performance in water saturated with toluene was observed to be entirely 

different. In previous studies it was shown that with an increased hydrophobicity of the membrane, an 

increasedinteraction with the organic solute was obtained. As a result, the performance of the membrane 

decreased with increasing hydrophobicity of the membrane [17]. The hydrophobicity of both TriSep TS80 

and DOW NF270 have already been studied widely in literature and the reports on the contact angles vary 

from 15° to 43° for DOW NF270 [12,19,28,29] and from 48° to 57° for TriSep TS80 [28–30]. In general, TriSep TS80 

was always found to be less hydrophillic compared to DOW NF270. The higher hydrophobicity of the 

TriSep TS80 membrane compared to the DOW NF270, explained the stronger effect of the presence of 

toluene on the membrane performance of the TriSep TS80 membrane. Other than the hydrophobicity of 

the two commercial membranes, also the membrane structure was studied using scanning electron 

microscopy (SEM).  

In Figure 3Figure 3 the cross-section and top view SEM images of the TriSep TS80 (A,C,E,G) and DOW NF270 

membrane (B,D,F,H) are displayed for a virgin membrane (A-D) and the membrane used for H2O-toluene 

permeation (E-H). A clear difference in structure between the TriSep TS80 and the DOW NF270 was 

observed. The TriSep TS80 has a high roughness and the separation layer is approximately 260 nm thick. 

The interfacial polymerization layer appears to be formed on top of the polysulfone support and little 

interconnection between the polysulfone support and the polyamide layer is visible. The DOW NF270 on 

the other hand shows a smooth layer with a low macroscopic roughness with a separating layer of 

approximately 40 nm thick.  

Upon exposure to a saturated mixture of water with toluene at 15 bar, the separating layer for the TriSep 

TS80 has delaminated from the polysulfone support (Figure 3Figure 3C). On the surface (Figure 3Figure 3G) a collapse of 

the interfacial polymerization structure could be observed. Most likely caused by the observed limited 

swelling of the selective layer in toluene, followed by a collapse of the structure under pressure and 

change in morphology upon drying. For the DOW NF270, contamination is present on the surface, 

confirming that the decay in permeance over a long time is the result of fouling due to pollution present 

in the feed. Other than the pollution, no significant changes in structure were observed.  



 

Figure 3 – FE-SEM at 50000x magnification cross-section (A-D) and top-view (E-H) images of TriSep TS80 (A,C,E,G) and DOW 
NF270 (B,D,F,H) of a clean non-used membrane (A,B and E,F) and when exposed to water saturated with toluene (C,D and 
G,H). 

3.2. In situ spectroscopic ellipsometry 

As polyamide layers are known to have a good chemical resistance to organic solvents [31] and the 

polysulfone is prone to swelling in organic solvents [32], the swelling behavior of the polysulfone support 



in a water-hydrocarbon mixture was the main focus of this study. To investigate the effect of the 

polysulfone layer on the separation performance of a polysulfone based membrane in water polluted with 

hydrocarbons in detail, a model system was designed. The model system consists of a spin-coated 

polysulfone film on top a silicon wafer which was investigated with in situ spectroscopic ellipsometry.  

In Figure 4Figure 4 the swelling degree and normalized refractive index as function of the experiment time are 

shown for polysulfone in MilliQ water, pure toluene and water saturated with toluene. No significant 

swelling was observed for the polysulfone layer in water, while a swelling degree of almost 80 % was 

obtained in toluene. The small but steady decrease in thickness with increasing experiment time indicates 

a slow dissolution process is taking place. In the water-toluene solution, with increasing experiment time, 

an excessive swelling occurs. For longer experiments times (>1000 min), the fitting error increases to such 

an extent that a fit of the raw data is no longer possible. This indicates a change in the sample which 

cannot be captured by the optical model.  

In Figure 5Figure 5 the raw Ψ-data as measured for the water-toluene solution is shown. The Ψ-data is based on 

the p-and s-reflectivities of the bare substrate and the polymer film in an ambient. It is shown that at 

t=1252 min, the Ψ-data has collapsed onto the so-called optical envelope, which represents the substrate. 

The oscillatory pattern that is observed in the Ψ-data represents the transparent polysulfone film and is 

the result of the interference of the thin film with the light. From Figure 5Figure 5 it can therefore be concluded 

that the polysulfone has been removed from the substrate. In contradiction to a polysulfone film in pure 

toluene, the polysulfone film in water saturated with toluene first shows excessive swelling and then it 

appears to be removed as a whole from the substrate, no evidence of a continuous dissolution process 

such as was observed for polysulfone in pure toluene, was detected in water saturated with toluene.  

  



 

Figure 4 – In situ spectroscopic ellipsometry data as function of the experiment time for 230 nm polysulfone film on a silicon 
wafer. Swelling degree (Left) and the normalized refractive index (Right) of polysulfone in MilliQ water, pure toluene and water 
saturated with toluene. 

 

 

Figure 5 – Ψ-spectra for a polysulfone film on top of a silicon wafer in an ambient of water saturated with toluene as recorded 
during the in situ measurement. The oscillatory pattern indicates the presence of the polymer film. With increasing experiment 
time, the polysulfone film is being removed from the substrate. At t = 1252 min, the Ψ-signal collapsed onto the so-called 
optical envelope of the silicon wafer (dashed line). 

3.3. Dewetting effect 



 

Figure 6 – In situ optical microscopy images of a ~200 nm film on top of a Si wafer initially and at 10, 20 and 30 hours in toluene 
(Top row). Bottom row shows a ~200 nm film on top of a Si wafer initially and at 10, 20 and 30 hours in water saturated with 
toluene. Here a dewetting mechanism was observed.  

 

For both the TriSep TS80 membrane and the polysulfone layer on top of the silicon wafer, a similar 

delamination process was observed. Indicating that the non-ideality of the water-toluene solution induces 

a separation between the substrate and the polysulfone layer. This hypothesis is further confirmed by the 

optical microscopy results shown in Figure 6Figure 6. Figure 6Figure 6 shows the in situ progression of a ~200 nm thick 

polysulfone film on top of a silicon wafer in toluene (top) and water saturated with toluene (bottom) using 

optical microscopy. In toluene no changes were observed over the course of time. In the water-toluene 

solution however, small holes start to appear around 16-20 hours, which merge and eventually result in 

an almost complete removal of the polysulfone film around 30 hours. In order to confirm the observations 

in Figure 6Figure 6, atomic force microscopy (AFM) measurements have been performed. A non-swollen spin-

coated polysulfone film was compared to a polysulfone film immersed in water saturated with toluene 

for 8 hours and 24 hours and to a polysulfone film immersed in pure toluene for 24 hours (Figure 7). A 

neat polysulfone film has a roughness of 0.36 ± 0.03 nm and immersion in solvent increases the roughness 

of the film. In Figure 7 it is shown that small holes on the surface are already present at an 8 hours 

exposure in a water-toluene mixture and they grow with longer immersion times. Also, for polysulfone 

exposed to pure liquid toluene for 24 hours, small holes could be detected.  



 

Figure 7 – AFM images of spin-coated polysulfone films without solvent exposure (A), 8 hours immersion in water 
oversaturared with toluene (B), 24 hours immersion in water oversaturared with toluene (C) and 24 hours immersion in 
toluene (D). The roughness of the film increases with the immersion time. For polysulfone in pure toluene, also holes are 
visible, indicating some dewetting. The error margin displays a 95% confidence interval based on 9 3x3 µm spots on the surface.  

 

The removal of the polysulfone film from the silicon wafer is similar to the commonly observed dewetting 

process. When a liquid is placed on top of a non-wettable surface, it will flow and dewetting occurs. A 

similar process is often observed for coated glassy polymers on top of a silicon wafer when heated to 

temperatures above the glass transition temperature, Tg. Above the glass transition temperature, the 

polymer becomes liquid and has gained sufficient mobility to dewet the surface. This is known as thermal 

dewetting. Dewetting can also be induced by the exposure of a thin polymer film to a penetrant, known 

as solvent dewetting. When the penetrant is able to sufficiently dilute the polymer matrix, the glass 

transition temperature is decreased and an increase in the mobility of the polymer film can be observed. 

The stability of a polymer film on top of a substrate is either defined as stable, metastable or unstable. In 

case of a stable film, the film is in the lowest energy state. For a metastable film, a potential barrier has 

to be overcome to reach the lowest energy state. Unstable films dewet immediately. Both metastable and 

unstable films can dewet via nucleation, known as heterogeneous dewetting or via spinodal dewetting, 

also known as homogeneous nucleation.[33] 

As shown with the in situ spectroscopic ellipsometry measurement, polysulfone swells up to 80% more 

than its initial thickness in pure toluene. Based on the almost instant diffusion of toluene into the 

polysulfone matrix and the high solvent content inside the polymer matrix, one can assume that the 

presence of the solvent has sufficiently depressed the glass transition temperature to around the 

measurement temperature [34]. For this reason, at very long immersion times (>24 hours) of the 

polysulfone to toluene, dewetting could be observed (Figure 7D). In this case however, the dewetting rate 

is much slower compared to the dewetting in water-toluene mixtures.  



For polysulfone in water saturated with toluene, the dewetting rate is much faster compared to the 

dewetting as observed in pure toluene. In the case of water saturated with toluene, the water to toluene 

ratio is very large and as a result, when polysulfone swells the polysulfone, water will tag along. As the 

affinity between water and polysulfone is lower than the affinity of water for the silicon substrate [35,36], a 

thin water film is formed between the substrate and the polymer film, resulting in the dewetting of the 

polysulfone film.  

In order to inhibit dewetting of the polymer film, several approaches can be used [33]. Chemical surface 

modification can be used to increase the substrate surface energy or surface tension. Cross-linking of the 

polymer can be used to fixate the polymer chains and to decrease the mobility of the polymer. For 

polysulfone it has been shown before that cross-linking using UV-radiation works to immobilize the 

polymer and to reduce swelling in order to prevent dewetting [37]. A different approach to prevent 

dewetting is by adding nanofillers in the polymer, changing the interfacial interactions.  

3.4. Membrane dewetting 

The dewetting as observed for the model system of a thin polysulfone layer on top of a silicon support 

can be used to explain the membrane performance of the TriSep TS80 and DOW NF270 membranes. For 

the membranes, the polyamide top layer can be considered as the comparable layer to the silicon 

substrate. The dewetting as observed in the model system can be compared with the NF membranes, as 

the high chemical resistance of the polyamide and limited swelling of the polyamide suggests a low affinity 

of the polyamide towards toluene. In both cases there is a high availability of water for which sorption in 

either of the polymers is unfavourable and which will over time accumulate at the interface between the 

different polymer layers.  

As shown in section 3.1, the commercial TriSep TS80 membrane shows a dewetting of the interfacial 

polymerization layer from the polysulfone substrate upon exposure to a water solution saturated with 

toluene. The commercial DOW NF270 membrane however, shows no such dewetting and remains stable 

over the timespan of six days. The main reason for this contradiction in behavior between these two 

membranes is the integration of the interfacial polymerization layer into the polysulfone support and the 

hydrophobicity of the membranes. The IP layer of the TriSep TS80 is formed on top of the polysulfone 

support and the growth of the film has occurred in the organic phase as shown by the lobs on top of the 

membrane. In case of the DOW NF270 membrane, the IP layer is significantly thinner than for the TriSep 

TS80 membrane and it seems to be better integrated into the polysulfone support. The higher 



hydrophobicity of the TriSep TS80 membranes caused that more toluene was able to diffuse through the 

polyamide layer and swell the polysulfone support. Because of the high availability of water, for which the 

affinity for the swollen polysulfone is extremely low, a thin water film can be formed between the 

polyamide separating layer and polysulfone support resulting in the delamination of the polyamide layer. 

In order to increase the stability of membranes used for the separation of industrial waste water polluted 

with hydrocarbons, the adhesion between the IP layer and the support layers has to be promoted. 

4. Conclusions 

Membranes used for water treatment often show a high instability and mechanical failure when traces of 

hydrocarbons are present in the water, making the use of cheap NF and RO membranes unsuitable for 

water treatment of industrial waste streams. We have shown that the stability of the thin film composite 

membrane is strongly dependent on the stability of the support material and the adhesion between the 

separating layer and the mechanical support. The polysulfone does not dissolve in water saturated with 

toluene, but instead a dewetting mechanism was observed. By improving the adhesion of the interfacial 

polymerization layer to the mechanical support, the dewetting of the IP film can be inhibited, allowing for 

a higher stability of the thin film composite membrane in industrial waste water streams containing traces 

of hydrocarbons. This would allow for the use of cheap and easy producible polysulfone supports for the 

use of industrial wastewater treatment membranes.  
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