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ABSTRACT 
The investigationresults presented in this article are focused on the influence of the compositionof coatings, which 

are used for obtaining of membranes, on their oil/water separating ability. To obtainmembranes of a special type of 

wettability, two compositions were chosen: fluorine-containing coating, which is based on 

poly(diallyldimethylammonium chloride)/pentadecafluorooctanoic acid and particles of SiO2 (PDDA/PFOA/SiO2) 

and coating without fluorine, which is based on hydrolyzed methyltriacetoxysilane. It is found that obtained 

membranes are hydrophilic, but depending onthe composition of their coating, they areoleophobic to different types 

of organic liquids. In particular, membranes coated with PDDA/PFOA/SiO2 possess strong oleophobicity to polar 

organic liquids of low density - kerosene, while membranes coated by hydrolyzed methyltriacetoxysilane are highly 

oleophobic to more dense organic liquids – vacuum pump and rapeseed oils.   
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INTRODUCTION 
The oil contains a wide range of pollutants in various concentrations. Cases of oil spills in the aquatic 

environment in large volumes showed their negative impact on flora and fauna representatives
1-4

. Besides 

oil spills, there is other factorscausing pollution of water: an increase in theamount of oil containing 

industrialwastewater as well as leakages of organic solvents such as benzene, toluene, chloroform, 

dichloroethane, etc
5-6

.The need for removing oil to obtain clean water is one of the main issues of today 

science and technology. A large number of methods for oil/water separation have been developed in 

recent years, among them are absorption, floatation, flocculation and membrane filtration
7-15

. Membrane 

filtration is regarded as one of the most efficient methods since its efficiency completely depends on the 

nature of the applied membrane.
 

Membrane separation technology is one of novel high-performance technologies that has been developing 

rapidly in recent decades. This separation method is widely used in chemical, textile, pharmaceutical, 

food and other fields of industries
16-19

. The advantages of membrane technology are that they are not 

subjected to fouling, operate without adding chemicals, are characterized by lower energy consumption, 

easy to handle, has well-organized technological processes, high separation efficiency and no pollution
20

. 

Membranes refer tomaterials which are used for their production: ceramic, which are based on silicon, 

titania, alumina, etc.; polymer-based–polysulfone, polyamide, polytetrafluoroethylene, difluoride of 

polyvinylidene, etc.; metallic – palladium, silver, etc.; carbon nanomaterials containing – graphene oxide, 
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carbon nanotubes and nanofibers, fullerenes.
21-29

Depending on the initial materials, membranes may 

possess different properties: type of surface wettability (hydrophilic, oleophilic), dye-biodegradation, 

anti-fouling, self-cleaning effects. The presence of carbon nanomaterials makes a great impact on water 

purification ability of membranes thanks totheir outstanding properties such as fast adsorption, high 

surface area, stability to chemical, thermal treatment, as well as mechanical stability.  

The process of formation of oleophobic surfaces without using fluorinated chemicals is much 

complicated,therefore they are often used for obtaining hydrophilic and oleophobic membranes. However, 

there are growing concerns about theinfluence of fluorocarbons on the environment
30-33

. In this regard, the 

aim of this research is to study the efficiency of oil/water separating ability of hydrophilic-oleophobic 

membranes based on stainless steel meshes 200, which are coated by two principally differentin their 

chemical compositions coatings: fluorine-containing coating, which is based on 

poly(diallyldimethylammonium chloride)/pentadecafluorooctanoic acid and particles of 

SiO2(PDDA/PFOA/SiO2)and a coating without fluorine which is based on products of hydrolyses and 

condensation of methyltriacetoxysilane. 

EXPERIMENTAL 
Materials and Methods 
Poly(diallyldimethylammonium chloride) (PDDA) (molecular weight 100 000 g/mol, 35% aqueous 

solution), pentadecafluorooctanoic acid (PFOA), SiO2 nanoparticles (average particle size 2 µm), 

methyltriacetoxysilane (98%) were purchased in Sigma Aldrich and used without purification. 

 

Synthesis of Fluorine-Containing Membranes 
The oleophobic coating was synthesized as described in

34
. Principally, 0.1 g of SiO2nanostructured 

spherical particles were ultrasonically dispersed in 35 ml of aqueous solution of PDDA (1 mg/ml) with 

further dropwiseaddition of 8 ml of 0.1 M aqueous solution of PFOA into the mixture continuously 

stirring with formation of precipitate due to coordination of anions of PFOA with quaternary amine 

groups of PDDA. The resulting precipitate was washed out with distilled water and then dried in the air. 

Then PDDA/PFOA/SiO2 precipitate was dissolved in ethanol (90%) and pre-cleaned meshes were 

immersed intothe solution and subsequently driedat room temperature. This procedure was repeated 

several times until membranes with thedesired properties were obtained.  

 

Synthesis of Membranes Non-containing Fluorine  
Methyl and silanol groups, which are responsible for hydrophilicity and oleophobicity of membranes, 

respectively, were obtained by hydrolyzes and condensation of methyltriacetoxysilane in the presence of 

0.1 M hydrochloric acid under ultrasonic treatment for 15 minutes in an ice bath. Pre-cleaned meshes 

were immersed in the resulting solution and subsequently dried at 60°C for 2 hours. This procedure was 

repeated several times until membranes with thedesired properties were obtained.  

 

Study of Hydrophilicity and Oleophobicity of Membranes 
The degree of hydrophilicity and oleophobicitywas studiedbymeasuring the contact angle between the 

surface of theobtained membrane and a drop of liquid (water or organic liquid). The type of wettability of 

the obtained membrane was determined using the value of the wetting angle. 

 

Study ofthe Surface Morphology of Membranes by SEM 
The investigations on the surface morphology of theobtained samples were carried out on a microscope 

QUANTA 3D 200i (FEI, USA) with 15 kV accelerating voltage. For thisthe sample was attached to a 

copper holder using a conductive adhesive or tape. 

 

Study of Membranes Oil/Water Separation Ability 
The ability of obtained membranes to separate oil and water wasstudied on aself-assembled setup 

consisting of two screwed metallic stubs and attached to themglass tubes for visualization of the process. 

Membranes wereplaced into the space between the stubs and rubber sealed from both sides (Fig.-1). 
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Fig.-1: Schematic Illustration of 

 

A mixture of water and organic liquid is poured

of liquids by densities. In case of separation of water and organic liquids of lower density, water stratifies 

to the bottom, contacts and wets the membrane subsequent

hydrophilicity, gravitational forces and pressure of the column of liquids. The volume of separated water, 

the rate of water flux through the 

studied during the separation process.

 

RESULTS AND DISCUSSION
To compareseparating efficiencies of membranes based on fluorine

containing coatings, composites based on PDDA/PFOA/SiO

were synthesized. A stainless steel meshes 200 with 

substrate for membranes. 

Figure-2presents the investigate results on

coating and theobtained membranes coated 

imagesof stainless steel mesh 200 without

a smooth surface with a diameter of 65

PDDA/PFOA/SiO2 makes the surface rough due to

glued on the surface of wires by a polymer. The diameter of wires has increased up t

coating (Fig.-2b).  In the case of coating mesh 200 by methyltriacetoxysilane

ranging from 80 up to 100 microns 

along the surface of wires thus creating a film.

The degree of hydrophilicity and oleophobicity of the obtained membranes was determined by the value 

of wetting angle of the surface of the membrane and a drop of a studied liquid (water or organic liquid). 

Both membranes coated with PDDA/PFOA/SiO

wetting angle of their surfaces ranges from 53 to 58°, water passes through their structure easily, while a 

contact angle between organic liquid and surface of the membrane is in the range from 103 up to 126°. 

Figure-3 presents the measuring contact angle between water and surfaces of the obtained membranes.

Oil/water separating efficiency of synthesized hydrophilic and oleophobic membranes was tested on a 

self-assembled setup presented inFig.

The membranes are placed between screwed stubs and rubber sealed on both sides.
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llustration of a Self-assembled Setupto Study Oil/Water Separation Efficiency of 

Membranes 

A mixture of water and organic liquid is pouredinto the setup from the top with subsequent stratifica

of liquids by densities. In case of separation of water and organic liquids of lower density, water stratifies 

to the bottom, contacts and wets the membrane subsequently fluxingthrough it due to membrane’s surface 

hydrophilicity, gravitational forces and pressure of the column of liquids. The volume of separated water, 

the membrane and the presence of organic liquid in separated water are 

ring the separation process. 

RESULTS AND DISCUSSION 
separating efficiencies of membranes based on fluorine-containing and fluorine non

containing coatings, composites based on PDDA/PFOA/SiO2 and methyltriacetoxysilane

A stainless steel meshes 200 with a diameter of wires about 66 microns were used as a 

investigate results on the surface morphology of stainless steel mesh 200 without 

obtained membranes coated withPDDA/PFOA/SiO2 and methyltriacetoxysilane. 

of stainless steel mesh 200 withouta coating it is seen that it is formed withintersecting wires with 

a diameter of 65-67 microns (Fig.-2a). Coating of mesh 200 with 

makes the surface rough due tothe presence of spherical particles of SiO

polymer. The diameter of wires has increased up to 82

case of coating mesh 200 by methyltriacetoxysilane,pores with 

ranging from 80 up to 100 microns are formed (Fig.-2c). It is also seen that the polymer is distributed 

along the surface of wires thus creating a film. 

ty and oleophobicity of the obtained membranes was determined by the value 

of wetting angle of the surface of the membrane and a drop of a studied liquid (water or organic liquid). 

Both membranes coated with PDDA/PFOA/SiO2 and methyltriacetoxysilane are highly hydrophilic, the 

wetting angle of their surfaces ranges from 53 to 58°, water passes through their structure easily, while a 

contact angle between organic liquid and surface of the membrane is in the range from 103 up to 126°. 

the measuring contact angle between water and surfaces of the obtained membranes.

Oil/water separating efficiency of synthesized hydrophilic and oleophobic membranes was tested on a 

assembled setup presented inFig.-4. The setup consists of two stubs and attached to the glass tubes. 

The membranes are placed between screwed stubs and rubber sealed on both sides. 
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Study Oil/Water Separation Efficiency of 

to the setup from the top with subsequent stratification 

of liquids by densities. In case of separation of water and organic liquids of lower density, water stratifies 

through it due to membrane’s surface 

hydrophilicity, gravitational forces and pressure of the column of liquids. The volume of separated water, 

membrane and the presence of organic liquid in separated water are 

containing and fluorine non-

and methyltriacetoxysilane, respectively, 

diameter of wires about 66 microns were used as a 

surface morphology of stainless steel mesh 200 without 

and methyltriacetoxysilane. InSEM 

intersecting wires with 

Coating of mesh 200 with 

presence of spherical particles of SiO2, which are 

o 82-86 microns after 

pores with the diameter 

polymer is distributed 

ty and oleophobicity of the obtained membranes was determined by the value 

of wetting angle of the surface of the membrane and a drop of a studied liquid (water or organic liquid). 

are highly hydrophilic, the 

wetting angle of their surfaces ranges from 53 to 58°, water passes through their structure easily, while a 

contact angle between organic liquid and surface of the membrane is in the range from 103 up to 126°. 

the measuring contact angle between water and surfaces of the obtained membranes. 

Oil/water separating efficiency of synthesized hydrophilic and oleophobic membranes was tested on a 

and attached to the glass tubes. 
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Fig.-2:SEM Images of Stainless Steel Mesh 200 without Coating (a), C

 

Fig.-3: Value of Wetting Angle 
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SEM Images of Stainless Steel Mesh 200 without Coating (a), Coated with PDDA/PFOA/SiO

Methyltriacetoxysilane (c) 

 

 

 

 

ngle of a Drop of Water and Surfaces of Membranes Based on PDDA/PFOA/SiO

(a) and Methyltriacetoxysilane (b) 
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A mixture of water and organic liquid is poured into the setup from the top and after stratification of 

liquids by densities, water contacts with the surface of membrane passing through it due to its 

hydrophilicity, while organic liquids remain on its surface. During testing of separation efficiencies of 

membranes the flux rate of the measured amount of water through it, as well as the presence of organic 

liquids in separated water are analyzed. 

 

 
Fig.-4:Picture of a Setup for Testing Oil/Water Separating Efficiencies of Synthesized Hydrophilic and 

Oleophobic Membranes 

 
The testing results onoil/water separation efficiency of synthesized membranes based on stainless steel 

mesh 200 coated with PDDA/PFOA/SiO2 and methyltriacetoxysilaneare summarized in the Table-1. The 

obtained membranes were tested for separation of water from organic liquids of different densities: 

kerosene – 0.78 g/cm
3
, vacuum pump oil – 0.83 g/cm

3
, rapeseed oil – 0.914 g/cm

3
. In the Table-1it can be 

seen thatboth membranes are hydrophilic, the flux rate of 25 ml of water through membrane is about 6 

seconds for the membrane coated withmethyltriacetoxysilane and about 9 seconds for the coating based 

on PDDA/PFOA/SiO2. Membranes based on PDDA/PFOA/SiO2 coating possess strong oleophobicity to 

organic liquids of lower density – kerosene, after 40 minutes no flux of kerosene through the 

membranewas observed, while it takes liquids of higher densities - 25 ml of vacuum pump and rapeseed 

oils - 28 and 30 minutes to flux through the membrane.The nature of hydrophilicity and oleophobicity of 

membranes based on PDDA/PFOA/SiO2 may be explained by a high concentration of functional fluorine, 

carboxyl and quaternary ammonium containing groups.   

On the other hand, membranes based on methyltriacetoxysilane coating possess strong oleophobicity to 

organic liquids of high density - vacuum pump and rapeseed oil, no flux of these liquids through the 

membrane was observed during 40 minutes waiting, while flux rate of kerosene (25 ml) through it is 

about 40 minutes. Hydrophilicity and simultaneous oleophobicity of membranes based on 

methyltriacetoxysilane is explained by the formation of hydrophilic silanol and oleophobic methyl groups 

during hydrolyzes and condensation of methyltriacetoxysilane.   
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Table-1:Study of the Wetting Angle and Oil/Water Separating Efficiencies ofthe Obtained Membranes 

Type of Membrane Value of Wetting Angle, °/Rate of Liquid Flux through the Membrane 

Water, 25 ml Kerosene, 25 ml Vacuum pump 

oil, 25 ml 

Rapeseed oil, 25 

ml 

Stainless Steel Mesh 200 

Coated withPDDA/PFOA/SiO2 

58/8-9 sec. 106/no flux 101/26-28 min. 102/29-30 min. 

Stainless Steel Mesh 200 

Coated 

withMethyltriacetoxysilane 

53/5-6 sec. 103/38-40 min. 121/no flux 126/ no flux 

 

CONCLUSION 
The influence of the nature of membrane coatingson their separating ability is described in this article. 

Both typesofthe obtained membranes - fluorine containing based on PDDA/PFOA/SiO2 and fluorine non-

containing based on hydrolyzed methyltriacetoxysilane are highly hydrophilic. Fluorine containing 

membranes possess strong oleophobicity to polar organic liquids of low density – there wasn’t any flux of 

kerosene through the membrane, while the flux rate of denser liquids – vacuum pump and rapeseed oils of 

avolume of 25 ml - through the membrane is still low, 28 and 30 minutes, respectively. In contrastto 

fluorine containing membranes, membranes based on hydrolyzed methyltriacetoxysilane possess strong 

oleophobicity to denser liquids – there weren’t any fluxes of vacuum pump and rapeseed oils through it, 

while the flux rateof 25 ml of kerosene is 40 min. Both types of membranes are excellent candidates for 

efficient separation of water from oil under gravitational forces, but thepresence of fluorine in case of 

membrane based on PDDA/PFOA/SiO2 can limit their application in the field of purification of drinking 

water. 
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