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 Membrane separation is known as an efficient 
technique for the oily wastewater treatment. 
Therefore, in the present study, sulfonated poly 
(ether ether ketone) (SPEEK) was introduced into 
the polysulfone (PSF) solution in order to enhance 
the hydrophilicity and the membrane structure for 
the oil–water separation. The hollow fiber 
membranes were fabricated via a phase-inversion 
process. The membranes were characterized by a 
N2 permeation test, overall porosity, water contact 
angle, pure water flux and scanning electron 
microscopy (SEM) analysis. The blend PSF-SPEEK 
membrane presented an open finger-like 
morphology with a thicker outer skin layer and 
smaller pore sizes. The blend membrane showed 
overall porosity of 78.8% due to the open structure. 
The outer surface water contact angle of the blend 
membrane decreased approximately 8º due to the 
hydrophilic nature of SPEEK. The blend membrane 
showed N2 permeance of 134 GPU and mean pore 
size of 22 nm. Improved pure water flux of 9.3 L/m2 
h at 400 kPa and the small resistance of 0.483 m2 h 
bar/L for the blend membrane were related to the 
higher hydrophilicity and the open structure. The 
blend membrane showed the oil rejection of over 
98% and the stable water flux of 6.5 L/m2 h due to 
the improved structure.  
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1. Introduction 
Due to the production of enormous amount of oily wastewater in oil-gas, 

petrochemical, metallurgical, pharmaceutical and food industries, an efficient 
separation technology is required to prevent the environmental issues. 
Membrane separation has been introduced as an efficient technique for the oil–
water separation [1–6]. A developed membrane structure is a suitable alternative 
for the oil separation, where inorganic and polymeric materials are used to 
prepare the membranes for this purpose [7–10]. Ceramic membranes have 
demonstrated advantages such as the high mechanical strength and high thermal 
resistance. However, high cost and the difficulty of fabrication and modification 
are the negative aspects. On the other hand, due to easy fabrication and 
modification, high separation efficiency and low cost, polymeric membranes have 
attracted considerable interest [11–13]. Using highly hydrophilic membranes can 
cause a decrease in the deposition of the oil on the membrane surface which 
results in the reduction of membrane fouling and the enhancement of water 
productivity [14–16]. The ultrafiltration of oil–water emulsions using polysulfone 
(PSF) membranes were investigated by Chakrabarty et al. [17, 18]. It was found 
that the addition of polyvinylpirrolidone (PVP) and polyethylene glycol (PEG) into 
the polymer solution enhanced the membrane hydrophilicity. Chen et al. [19] 
produced a novel membrane with two different materials in aspect of 
hydrophilicity to treat the oil–water emulsion. They grafted polyacrylonitrile (PAN) 
onto hydrophilic cellules acetate (CA) by means of free radical polymerization. 
The results of SEM indicated that the morphology of membrane changed from 
sponge-like for CA membrane to high finger-like macrovoids for the composite 
membrane and the flux became about 67 times higher. Zhu et al. [20] synthesized 
a novel PSF with pendant tertiary amine groups and this functionalized PSF was 
crosslinked based on a facile reaction between tertiary amine and 1,3-
dibromopropane (DBP). The crosslinked PSF and sulfonated poly (ether ether 
ketone) (SPEEK) were mixed together to fabricate the ultrafiltration membranes 
by the phase inversion method. The incorporation of highly hydrophilic SPEEK 
markedly improved the membrane hydrophilicity, surface pore size, permeability, 
and antifouling properties. The membrane with crosslinked PSF∶SPEEK ratio of 
1∶1 showed the most favorable performance, including almost 3.5 times of pure 
water flux of the plain PSF membrane and 97% of flux recovery ratio. Saadati 
and Pakizeh [21] prepared a new PSf/pebax/F-MWCNTs nanocomposite 
membrane for the nanofiltration of oil/water emulsion. The porous PSF support 
was prepared and then a thin layer of the pebax as the selective layer was coated 
on it. By increasing F-MWCNT up to 2 wt%, hydrophilicity, tensile strength and 
thermal stability significantly improved at pressure range of 10–20 bar. The 
highest permeate flux was obtained for 0.5 wt% F-MWCNTs loading while the 
sample containing 2.0 wt% F-MWCNTs showed the best oil rejection. Gao et al. 
[22] prepared poly (p-phenylene sulfide) (PPS) microporous membrane via a 
thermally induced phase separation (TIPS), and the superhydrophilic membrane 
was modified by the nitric acid. A large number of hydrophilic groups, such as –
SO-, -SO2-, C=O, -NH2 and -NO2 groups were introduced onto PPS membrane 
surface through the interfacial reaction between PPS membrane and HNO3. The 
results indicated that the membrane became superhydrophilic with contact angle 
of 0° and pure water flux of 154.95 L/m2 h. The separation performance of the 



                                                                                  A. Mansourizadeh & M. Mohammadi 
 

 

78 

modified membrane on four different types of oil/water emulsions was studied 
and all of the separation efficiency were greater than 95%. Zuo et al. [23] 
prepared poly (vinylidene fluoride) (PVDF) membranes via TIPS method, and 
surface-modified by polydopamine. The optimal membrane showed a permeation 
flux of about 2600 L/m2 h bar for oil/water emulsions (n-hexane, toluene and 
petroleum ether) accompanied with above 98.5% oil rejections.  

Blending with highly hydrophilic polymers can be an alternative to improve 
the hydrophilicity and the performance of the membranes for the wastewater 
treatment. SPEEK is a highly hydrophilic polymer due to the sulfone groups. In 
addition, it is well-known that PSF is a common polymer for the membrane 
preparation due to its good processebility, excellent mechanical strength, good 
acidic and alkaline resistance and its high glass transition temperature. However, 
its low hydrophilic nature can result in severe membrane fouling and the reduction 
of permeate flux which is a substantial limitation for the practical applications in 
wastewater treatment.  

To the best of our knowledge, the preparation of blend PSF-SPEEK hollow 
fiber membranes for the oily wastewater treatment has not been previously 
investigated. In the present study, the ultrafiltration PSF-SPEEK hollow fiber 
membranes were prepared via a phase inversion process. The membranes were 
characterized by a gas permeation method, water contact angle and pure water 
flux. Moreover, the treatment of simulated oily wastewater was conducted 
through the ultrafiltration system. 
 
2. Research Method 
2.1. Materials 

The polysulfone Udel P-1700 in pellet form (Solvay Advance Polymers) 
was used for the fabrication of the hollow fiber membranes. 1-methyl-2-
pyrrolidone (NMP, >99.5%) was supplied by MERCK and used as solvent without 
further purification. SPEEK as the blend polymer with a degree of sulfonation of 
40% was provided by AMTEC, UTM. Kerosene (97% purity, Fluka) was used for 
the preparation of oil-water emulsion. Its properties are given in Table 1 below. 

 
Table 1. Properties of kerosene used for the preparation of oil-water emulsion  

Property  Value  
Boiling point range (ºC) 175-325 
Density (gr/cm3) 0.8 
Flash point (ºC) >38 
Water solubility slightly 
Color  colourless 

  
 

2.2. Preparation and characterization of blend hollow fiber membranes 
The PSF polymer (pellet form) was dried at 60±2 ºC in a vacuum oven for 

24 h to remove the moisture content. The spinning dope solutions of 17 wt.%  
solid polymer balanced with  NMP were prepared (at room temperature 25–27 
ºC) using stirring until the solution became homogeneous. The second solution 
containing SPEEK has 10% of the solid polymer. The resulting solutions were 
degassed for 24 h at room temperature before the spinning. The hollow fiber 
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spinning process by the dry-jet wet phase inversion was explained elsewhere 
[24]. Table 2 lists the detailed spinning parameters. 
 

Table 2. Hollow fiber spinning parameters 
Dope extrusion (mL/min) 2.0 
Bore fluid (mL/min) 0.6 
Bore fluid composition (wt.%) NMP/H2O 70/30 
External coagulant  Tap water 
Air gap distance (cm) 0.0 
id/od (mm) 0.3/0.7 
Spinning dope temp. (˚C) 25 
Coagulation bath temp. (˚C) 25 

 
Scanning electronic microscopy (SEM) (JEOL JSM-6700F) was used to 

examine the morphology of the spun PSF hollow fiber membranes. The SEM 
micrographs of cross-section, external and internal surfaces of the hollow fiber 
membranes were taken at various magnifications. 

The membrane overall porosity is defined as the volume of the pores 
divided by the total volume of the membrane. The overall porosity (εm) was 
calculated according to the commonly used method based on density 
measurements [25], as the following equation: 
 

εm(%)= ൤1- ρf
ρp

൨ ×100                                                                                          (1) 

 
Where ρf and ρp are the fiber and polymer density, respectively.  

 Five hollow fibers with the length of 50 cm were dried for 2 h at 105 ºC in 
a vacuum oven and weighed.The fiber density was calculated from the mass to 
volume ratio as: 
 
ρf =

4w

πቀdo
2-di

2ቁL
                                                                                               (2) 

 
Where L is the fiber length (cm); w is the fibers mass (gr); di is the inner 
diameter and do is the outer diameter (cm) of the hollow fibers. 

In this study, mean pore size and effective surface porosity were estimated 
using N2 permeation test. Total gas permeation rate through a porous asymmetric 
membrane can be assumed on the basis of the combination of Poiseuille and 
Knudsen flows [26]. By assuming cylindrical pores in the outer skin layer of the 
asymmetric membrane, the gas permeance can be calculated as the following 
equation [27, 28]: 
 

J୅  = ଶ୰୮ க
ଷୖ୘ ୐୮

൬ቀ଼ୖ୘
஠୑

ቁ
଴.ହ

൰ + ୰౦
మ

଼ஜୖ୘
க

୐ౌ
Pഥ      or       J୅ =  K଴ + P଴Pഥ                              (3) 

 
Where JA is the gas permeance (mol/m2 s Pa); rp and Lp are pore radius and 
effective pore length, respectively (m); ε is surface porosity; R is universal gas 
constant 8.314 (J/mol K); μ is gas viscosity (kg/m s); M is gas molecular weight 
(Kg/mol); T is gas temperature (K); and തܲ is mean pressure (Pa). 
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According to Eq.(3), by plotting JA versus mean pressure, mean pore size 
and effective surface porosity over the pore length, ε/LP, can be calculated from 
the intercept (K0) and slope (P0) of the obtained line, as the following: 
 

௣ݎ = 5.33 ቀ௉బ
௄బ

ቁ ቀ଼ோ்
గெ

ቁ
଴.ହ

 (4)                                                                                    ߤ
 
க

୐ౌ
= ଼ஜୖ୘ ୔଴

୰౦
మ                                                                                                      (5) 

 
As for the contact angle measurement, samples of the hollow fibers were 

dried in a vacuum oven at 60±2 ºC for 12 h. The sessile drop technique using a 
goniometer (model G1, Krüss GmbH, Hamburg, Germany) was applied to 
measure the contact angle of the outer surface of the hollow fibers. The contact 
angle values of each sample were measured at ten various positions of the 
sample and then averaged. 

Pure water flux of the membranes was measured to evaluate the 
membrane performance. In this experiment, the membrane module was 
pressurized from 100 up to 700 kPa. The water flux (Jw) was calculated as below: 
 
wܬ = ܸ

.ܣ ൗݐ∆                                                                                                       (6) 
  
Where Jw is water flux (L/m2 hr); V is the volume of permeate collected (L); Δt is 
the sampling time (h); and A is the membrane area (m2). 

Pure water flux of the membranes as a function of the trans-membrane 
pressure (TMP) was measured to determine the membrane hydraulic resistance 
(Rm). Using the slope of water flux vs. TMP graph, the hydraulic resistance of the 
membrane was evaluated as the following equation [29]: 
 
= ݓܬ  ∆ܲ

ܴ݉ൗ                                                                                                     (7) 
 
In order to conduct oil–water separation, oil–water emulsion was prepared 

by adding 500 mg of kerosene into 1000 ml of distilled water under constant 
stirring (5000 rpm). The resulting stable emulsion had oil droplets in the range of 
0.5–1 μm that was estimated using optical microscope (BHS-323, OLYMPUS 
Co., Ltd., Tokyo, Japan). After preparing the membrane modules, a cross-flow 
experimental set-up was used for the oil–water separation, as shown in Figure 1. 
Parameters of the module prepared are given in Table 3. The permeate side was 
open to the atmosphere and the TMP was controlled using the by-pass valve of 
the pump. The flow rate in the shell side of the module was adjusted by the flow 
control valve manually. The permeate volume collected was used to measure the 
permeate flux. Also, in order to minimize the penetration of oil through the 
membrane pores, the ultrafiltration of oil-water emulsion was conducted at low 
transmembrane pressure of 400 Kpa. A high liquid flowrate of 200 ml/min through 
the shell side of the module was used for the reduction of fouling. Oil 
concentrations in the feed and permeate were measured using a TOC (total 
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organic carbon) analyser (GE Analytical Instrument 500RL). The percentage of 
oil rejection for the membrane was calculated by the following equation [30]: 
 
݂(%) = ൬1 − ஼೛

஼೑
൰ × 100                                                                                      (8) 

 
Where f is the rejection, Cp and Cf (mg/l) are the concentration of permeate and 
the feed, respectively. 

 
 

Figure1. Schematic of experimental ultrafiltration system 
 

Table 3. The membrane module parameters 
Module inner diameter (mm) 14 
Module length  (mm) 280 
Effective fiber length (mm) 180 
Fiber outer diameter (mm) 0.7 
Fiber inner diameter (mm) 0.35 
No. of fibers 20 

 
3. Results and Analysis 
3.1. Morphological analysis of the membranes 

Cross-section, inner surface and outer surface morphology of the plain 
PSF membrane are given in Figure 2. As can be seen, because of a fast phase-
inversion process, large cavities appeared in the cross-section of the membrane. 
The spongy sublayer was generated due to the delay phase-inversion from the 
bore side. Since an aqueous solution of 70% NMP was used as the bore fluid, 
the delay solidification resulted in an inner skinless layer. The outer skin of the 
membrane had small nano pore sizes which could not be visible at 5K 
magnification.  
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Figure 2. SEM micrographs of plain PSF membrane: (a) cross-section; (b) outer surface; and (c) 

inner surface 
 

Figure 3 shows the morphological structure of the prepared blend PSF-
SPEEK hollow fiber membrane. It should be noted that the morphology of 
asymmetric membranes is controlled by thermodynamic and kinetic effects of the 
phase-inversion process [31]. By addition of SPEEK, the cavities in the cross-
section of the membrane became larger and the spongy area decreased. 
Viscosity is considered as the kinetic effect that influences mutual diffusion of 
solvent (in the polymer solution) and non-solvent (in the coagulation bath) during 
the phase-inversion process. In fact, by addition of SPEEK, thermodynamic 
stability of the solution decreased which resulted in a fast phase-inversion and 
the generation of large finger-like structure. In this case, it seems that the kinetic 
effect is overtaken by the thermodynamic effect. In addition, by increasing the 
viscosity of the blend solution, a delay phase-inversion from the outer surface 
resulted in a thicker skin layer. Therefore, the outer surface seems to have 
smaller pore size and porosity which can be confirmed by the results of N2 
permeation test in the following section. The inner skinless surface was produced 
due to using a weak non-solvent (70% NMP) as the bore fluid.  
 

 
 

Figure 3. SEM micrographs of blend PSF-SPEEK membrane: (a) cross-section; (b) outer 
surface; and (c) inner surface 

 
3.2 Properties of the prepared hollow fiber membranes 

Mean pore size and effective surface porosity of the prepared membranes 
were estimated using the N2 permeation test. Figure 4 shows N2 permeance of 
the membranes as a function of the mean pressure.  
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Figure 4. N2 permeance of the hollow fiber membranes as the function of mean pressure 

 
As mentioned in the preceding section, by obtaining the intercept and 

slope of the lines plotted in Figure 4 the mean pore size and the effective surface 
porosity were calculated. The results are given in Table 4. From Figure 4, N2 
permeance of the PSF-SPEEK membrane remained almost constant by 
increasing the mean pressure. This phenomenon indicates that the Knudsen flow 
controls gas transport through the membrane pores which confirms the small size 
pores of the membrane. Furthermore, the blend membrane with thick outer skin 
layer showed lower permeability and surface porosity. 
 

Table 4. Properties of the hollow fiber membranes 
Membrane  N2 permeation 

100 kPa 
(GPU) 

Mean 
pore size 

(nm) 

surface 
porosity 

(ε/Lp)(m-1) 

Hydraulic 
resistance 

(m2 h bar/L) 

Water 
contact 

angle (ᵒ) 

Overall 
porosity 

(%) 
PSF 1010 90 52 3.24 72.2±0.6 74.6 
PSF+SPEEK 134 22 28 0.483 63.8±4.4 78.8 
 

The Hydrophilicity of the prepared membranes was measured by a water 
contact angle measurement. As shown in Table 4, by addition of SPEEK in the 
PSF solution, the prepared membrane presented a significantly lower contact 
angle value (63.8°). Since SPEEK is a highly hydrophilic material (possessing 
sulfone groups), the decrease in the contact angle of blend PSF-SPEEK 
membranes can be related to the nature of SPEEK. In fact, increasing the 
hydrophilicity can result in the improvement of water flux of the membrane. 

The overall porosity of the prepared hollow fiber membranes is shown in 
Table 4. Since overall porosity represents the void fraction of the membrane 
structure, the membrane morphology plays an important role in the porosity 
value. It can be seen that by addition of SPEEK the overall porosity of the 
membrane relatively increased which can be associated to the generated open 
finger-like structure. Meanwhile, the plain PSF membrane presented a more 
dense structure with the lower overall porosity. 

The water flux of the membranes as a function of TMP is plotted in Figure 
5. The slope of the lines was used to estimate the hydraulic resistance of the 
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membranes (Table 4). As shown in Figure 5, a significant increase in water flux 
was observed for the blend membrane by increasing TMP. This can be related to 
the enhanced hydrophilicity and the open structure (finger-like) of the blend PSF-
SPEEK membrane. A similar water flux improvement was reported for the blend 
PAN membranes when using the hydrophilic surfactant of IGEPAL in the polymer 
dope [32]. Due to the improved structure of the blend membrane, the hydraulic 
resistance of the blend membrane significantly reduced.  
 
 

 
Figure 5. Pure water flux of the hollow fiber membranes as the function of transmembrane 

pressure 
(QL=200 ml/min; and T=25 ºC) 

 
3.3. Oil-water separation performance 

In order to evaluate the separation performance of the membranes, oil 
rejection test was conducted through the cross-flow membrane separation 
system at constant pressure of 400 kPa and flow rate of 200 ml/min. The results 
of oil rejection as a function of operating time are shown in the Figure 6. The oil 
rejection increased as a function of time due to the formation of cake layer as an 
extra filtration layer [33]. A stable oil rejection of over 98 % was achieved for the 
blend PSF-SPEEK hollow fiber membrane with smaller pore sizes. The plain PSF 
membrane presented an approximate rejection of 90 % which can be related to 
the outer surface morphology with larger pore sizes. Despite the fact that the 
mean pore size of both membranes are smaller than the oil droplets, a small 
amount of the oil is still present in the permeate side. This incomplete rejection 
can be related to the concentration of oil droplets at the outer surface of the 
membranes. In fact, at high pressure, concentration polarization can result in the 
penetration of oil through the membrane [34]. 
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Figure 6. Oil rejection performance of the hollow fiber membranes as the function of operation 

time 
(ΔP= 400 kPa; QL=200 ml/min; and T=25 ºC) 

 
Figure 7 displays the water permeate flux of the prepared hollow fiber 

membranes during the oil-water separation experiment. The membranes showed 
a gradual permeate flux reduction which can be attributed to the formation of a 
cake layer and the fouling of the membranes. As the cake layer builds up, the 
mass transfer resistance to the permeation process certainly increases, which 
results in a drop in the permeate flux [35]. In a similar study Zhu et al. [36], 
indicates to an initial significant flux reduction due to the immediate formation of 
an oil layer and after that the flux decreased slowly caused by the formation of a 
stable dynamic oil layer with approximately constant thickness. In addition, the 
compressibility or porosity of the cake layer can affect the separation 
performance [37]. The openings in the cake layer can be associated to the nature 
of the foulants, in which a denser cake layer is more inconvenient to the permeate 
flux. As shown in Figure 7, after about 100 min of the operation, the flux of the 
blend PSF-SPEEK reduced from 9 L/m2 h to about 6.5 L/m2 h. Meanwhile, the 
plain PSF membrane showed a flux reduction from 1.1 L/m2 h to about 0.6 L/m2 
h during 60 min of the operation. It can be said that the rate of decreasing flux for 
the blend membrane is relatively lower than the plain PSF membrane. This 
reveals that the fouling rate of the blend PSF-SPEEK membrane is lower than 
the plain PSF membrane which can be related to the blend membrane structure 
with higher degree of hydrophilicity.  

Therefore, the improvement of the membrane structure with narrow pore 
size distribution, high hydrophilicity and low resistance can enhance the oil 
rejection and the permeation flux which form the main parameters to 
commercialize the technology. 
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Figure 7. Permeate flux of the hollow fiber membranes as the function of operation time 

(ΔP= 400 kPa; QL=200 ml/min; and T=25 ºC) 
 
4. Conclusion 

SPEEK was introduced into the PSF solution in order to enhance the 
hydrophilicity and the membrane structure for the oil–water separation. The 
prepared membranes were characterized in terms of morphology, pore size, 
hydrophilicity, water flux, hydraulic resistance and oil rejection. By addition of 
SPEEK, the blend membrane presented a finger-like morphology with a thicker 
outer skin layer and smaller pore sizes. The blend membrane showed the overall 
porosity of 78.8% due to the open structure. Outer surface water contact angle of 
the blend hollow fiber membrane decreased from 72º to about 64º due to the 
addition of hydrophilic SPEEK in the solution. From N2 permeation test, the PSF-
SPEEK blend membrane showed lower permeability and mean pore size. The 
PSF-SPEEK membrane has N2 permeance of 134 GPU and mean pore size of 
22 nm.The blend membrane showed higher pure water flux (9.3 L/m2 h) and lower 
hydraulic resistance (0.483 m2 h bar/L) due to the higher hydrophilicity and the 
produced open structure. Oil rejection of over 98% and a stable water permeate 
flux of 6.5 L/m2 h were achieved for the blend membrane due to the improved 
structure with small pore sizes and good hydrophilicity.  

 
Nomenclature 
 
A Membrane area (m2) 
Cf Feed concentration (mg/l) 
Cp Permeate concentration (mg/l) 
di Inner diameter of hollow fiber (cm) 
do Outer diameter of hollow fiber (cm) 
f Oil rejection (%) 
JA Gas permeance (mol/m2 s Pa) 
JW Water flux (L/m2 hr) 
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M Gas molecular weight (Kg/mol) 
L Fiber length (cm) 
Lp Pore length (m) 
R Gas constant 8.314 (J/mol K) 
Rm Membrane hydraulic resistance (m2 h bar/L)  
rp Pore radius (m) 
T Gas temperature (K) 
V Permeate volume (L) 
W Fibers mass (gr) 
ε Membrane surface porosity (-) 
εm Membrane overall porosity (%) 
µ Gas viscosity (kg/m s) 
ρf Fiber density (gr/cm3) 
ρp Polymer density (gr/cm3) 
തܲ Mean pressure (Pa) 
ΔP Pressure difference (Pa) 
Δt Sampling time (h) 
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-ساخت غشاهاي اولترافیلتراسیون آبدوست و مخلوطی پلی سولفون
 پلی اتر اتر کتون سولفونه شده براي تصفیه پساب هاي روغنی 

  
  ، مهرسا محمدي* امیر منصوري زاده
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جداسازي غشایی یکی از روشهاي موثر براي تصفیه پساب هاي روغنی 
می باشد. در این تحقیق بمنظور افزایش آبدوستی و بهبود ساختار غشاها 

 (SPEEK)روغن، پلی اتر اتر کتون سولفونه شده -جهت جداسازي آب
اضافه شده است. غشاهاي الیاف توخالی  (PSF)به محلول پلی سولفون 

با یک فرآیند جداسازي فازي تهیه شده اند. غشاها با آزمون هاي تراوایی 
نیتروژن، زاویه تماس با آب، شار آب خالص و میکروسکپ الکترونی 

  PSF-SPEEKروبشی مشخصه بندي شده اند. غشاي مخلوطی 
ه هاي سطحی مورفولوژي بندانگشتی با پوسته سطحی ضخیمتر و حفر

کوچکتر نشان دادند. بدلیل ساختار باز تولید شده، غشاي مخلوطی 
زاویه  SPEEKنشان داد. بدلیل ماهیت آبدوست  %8/77تخلخل کلی 

درجه کاهش نشان داده است. غشاي  ٨تماس سطحی غشاي مخلوطی 
و اندازه متوسط حفره  GPU 134مخلوطی داراي تراوایی نیتروژن 

 4در فشار  h 2L/m 3/9شار آب خالص باشد.  نانومتر می 22سطحی 
براي غشاي مخلوطی h bar/L 2m ۴٨٣/٠    بار و مقاومت هیدرولیکی

روغن، غشاي -آبدوست بدست آمده است. در تست جداسازي آب
2L/m و تراوایی آب  %98مخلوطی بهینه داراي درصد پس زنی روغن 

h ۵/۶  افزایش می باشد که مربوط به حفره هاي کوچک سطحی و
  آبدوستی بوده است.
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