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ABSTRACT 

 

Separation of oil from water is a challenging task. Here we report a titanium dioxide (TiO2) 

nanoparticle coated stainless steel mesh filter for easy and efficient separation of oil from water. 

The TiO2 coating was deposited on the stainless steel mesh using spark deposition technique. The 

micro-nano structures of titanium dioxide surface on the stainless steel mesh is characterized by 

scanning electron microscope and surface wettability is investigated by using a sessile drop contact 

angle method. After coating with TiO2, the developed filters showed superoleophilic and 

hydrophobic nature and demonstrated efficient separation of oil from water when a mixture of oil 

in water was allowed to pass through the filters 
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Chapter 1 

Introduction 

 

1.1 Background 
 

Oil Pollution raise attention to the negative polluting effects caused by oil contamination on the 

environment and living creatures that includes humans. Oils include various individual 

hydrocarbons which are formed by the strong bond formation between carbon and hydrogen. 

These bonds results in the formation of paraffins, isoparaffins, aromatics, cycloalkanes and 

unsaturated alkanes. il is nonpolar compound and hence their molecules does not attract water 

molecules resulting in the floating of oil on the water surface. All the dirt particles are trapped on 

the surface of oil and when one drinks the contaminated water there is a greater risk of the person 

or the animal getting sick. Due to accumulation of oils on the surface of bigger water bodies, 

depletion of oxygen may occur due to the formation of slicks at the water surface. This will mainly 

affect fish and marine creatures. There is also a risk that the slicks of oil may obstruct the sunlight 

from entering the water which again affects the marine plants and animals. Because the oils trap 

many pollutants on the surface of the body parts of the fish expose itself to the pollutants and 

causes health problems in them when the higher animals consume this unhealthy animals there 

will be accumulation of pollutants and its negative effects are exacerbated to the higher organisms 

of the food chain. There are different techniques which can separate oil from water using different 

substrates and coatings. 

 

Separation of oil from water techniques rely on the surface wettability for the development of 

filters including meshes, films, membranes and absorption materials like textiles, foams, sponges. 

All these super wetting materials have good performance in selectivity and efficiency oil/water 

separation, numerous challenges and technical issues still need to be solved for future studies. 

Textiles and fabrics have the benefits as they eco-friendly and biodegradable due to which, fabric-

based materials are considered good substrates for oil/water separation. Disadvantages like of low 

absorption rate, small absorption capacity and restricted recyclability due to water absorption 

exerting a lot of restrictions to recyclability. Sponge and foam based materials have gained 

considerable interest in this aspect because of its intrinsic properties like abundant obtainability, 

affordable, porous, good absorbance property and good wetting properties but lack to absorb 

required liquid 

 

The uncoated stainless steel mesh has the smooth surface, which do not have micro and 

nanostructures to make it rough due to which air cannot be trapped between the droplet and the 

surface of the mesh. The mesh with suitable pore diameter is required to separate oil from water. 

Therefore the mesh should have suitable pore diameter and the surface of the mesh needs to be 

altered to obtain the roughness to attain the required wetting properties. Micro-nano structures of 

surface Cu, SiO2, TiO2 etc on the stainless steel induces roughness. The surface morphology of the 

resulting substrates can be distinct depending on the materials used and preparation conditions of 

filters. There are different methods to deposit coatings on the substrate like Chemical etching, 

Spray drying, Dip coating, Chemical vapor deposition method, spark deposition technique etc,   In 

this research we report to functionalize stainless steel mesh with TiO2 particles using spark 

deposition technique which provides surface roughness and increases the water contact angle when 

compared to uncoated stainless steel mesh. Spark deposition technique is a technique in which  

high current to the titanium electrode and they spark react with oxygen titanium dioxide 

nanoparticles which would be coated on the mesh to obtain required properties.  
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1.1.1   Sources for oil polluting the earth 

 

 
Figure 1.1: Sources of oil pollution 

Source: https://www.safewater.org/fact-sheets-1/2017/1/23/oil-spills 

 

Natural steps 

 

Natural step occurs when the crude oil and natural gas enters into the water body naturally. As the 

fresh water flows onto the surface of water bodies, the crude oil and natural gas leaks through the 

ground fractures and from sedimentary rocks which flows to the surface. This kind of oil pollution 

is natural and releases about 7500 and 11400 liters of crude oil each day in California. These 

leaking of crude oil and natural gas has been for hundreds of years, but the rate of liberation of oil 

may vary from time to time. The natural step oil may change in appearance and surface extent 

based on climatic and water body’s condition. However these steps are natural and cannot stopped 

and also not the serious contribution to air pollution. 

 

 

Offshore Drilling 

 

The leak of crude oil and accidental spills in the operations to pump in the oil fields, these are 

caused by the equipment breakdown and by human errors. As there are special teams for 

monitoring the safety, precautions and also rescue team there is not much oil pollution by offshore 

drilling but may the serious polluting factor if the magnitude of is more. 

 

Down the Drain 

 

From the above plot, draining the oils from households, municipal and industrial towns into the 

rivers, seas and lakes are the main sources of oil pollution. All the toxic oil in factories, in houses, 

stores, oil discharge from vehicles and draining of paints or oils are washed through the drains into 

water bodies. Drains carries large amount of oil into the water bodies. It is estimated that magnitude 

of big cargo oil ship's oil spilled is equivalent to the population of 5 million people draining the oil 

into water bodies. Which includes restaurants, hospitals, homes, factories producing ready, car 

garages etc. This problem threatens our future and our daily lives we need to take action now and 

https://www.safewater.org/fact-sheets-1/2017/1/23/oil-spills
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avoid future pollution. Forty thousand liters of water in water bodies can be polluted by just one 

liter of oil. 

 

Routine maintenance 

   

It includes transportation and transfer oil increases oil spills rate, transportation of oil can be 

through tankers, pipelines, trains and trucks. As the oil is used worldwide the medium to transport 

oil changes frequent, by which the oil pollution can occur. This oil can pollute oceans, seas. But 

hundreds liters of oil accidentally spilled into water body’s add up to make a serious water 

pollution.     
 

Big spills 

 

One of the main reasons for the oil spills in the human error and the remaining may be the failure 

of the equipment. The consumption of the oil is increasing worldwide and simultaneously the 

ultimatum of pollution with respect to the oil also increasing. The transport of the oil from the oil 

wells to the user requires approximately 10 transfers or even more which includes a variety of 

means to transport the oil like pipelines, tankers by road ways, rails and on the seas. There is a 

chance of accidents in each of the ways and may be even at the storage points where the oil is 

stored. 

  

Clearly the only way which can save the environment from the oil pollution is to reduce the oil 

spills in each and every step. The industries as well as the governments of the respective countries 

are introducing strict regulations to reduce the oil spills. The working staff who are handling the 

oil in various stages are specially trained to reduce the human error. In spite of all these 30-60% 

spills of oil are due to the human errors directly or indirectly and 20-30% are due to failure of the 

equipment. These spills generally occur due to large scale use of the oil and its products in our 

daily lives.    

1.1.2   Effect on environment  

Air quality 

When oil and water mixes there would be great impact on the quality of air in that particular area. 

The emission of oil and related retrieval and cleaning the oil will lead to release of contaminations 

to climate. Hydrocarbons escaping into air is one of the contaminants, these are the main sources 

for aerosols. Burning the surface oil, results in the emission of black carbon. Whenever the oil 

escapes into sir or surface oil is burned, it is converted to aerosol particle which are few microns 

in size. These particles will affect the respiratory system of humans There would be formation of 

organic aerosol particles, by which wide plume formation would make difficulty in breathing. 

These plumes of aerosol particles would be moved to various regions across the seashore rely on 

the movement of the winds on the shore. tf the environment is hot there are more chances of 

formation of aerosols. The quality of air would degrade depending on the amount of oil mixed 

with water, the risk would be directly proportional to oil quality. The formation aerosol would be 

different when compared to NOx rich environment which are generally close to the urban areas. 

Effect on Birds 

The mixing of oil with water causes remarkable insupportable temporality of animals as well as 

wipe out aquatic environment. Oil on the body of the birds causes huge morality of the birds within 

short duration and the remaining suffers from chronic effect by swallowing oil. Survival rates for 



 

4 

 

chronic affected birds was very low in spite of rehabilitation, due to hydrocarbons has affected the 

thyroid homeostasis which has an important role in managing the energy metabolism. The 

surviving birds had different body state and mass. Oil insulates air between the feathers, by which 

feathers losses the water proofing, unique feature of heat transfer and buoyancy thus they are 

unable to fly, by which they cannot feed themselves. 

Effect on Humans 

The pollution caused by oil in the water has severe effects both on humans and marine life. Oil 

when dipped in water it forms a thick sludge which will block the sunlight entering into the ocean 

and then it would be hard for the occurrence of photosynthesis on which marine plants rely on. It 

will affect the fish like the gills are clogged because of the oil pollution in water and those who 

consume the affected fish will get the food poisoning. Due to this oil pollution it also affects the 

ecosystems and the resources. People who cleanup the oil spills are more at risk and also the people 

who live near the coastal areas where the oil pollution is more also get affected. Some of those 

reported problems are respiratory problems, irritations caused on skin and also in the eyes, 

traumatic symptoms and neurological effects. These occur mostly because of the intensity of 

exposure of a person to the pollution. You can simplify it as the closer the person to the pollution 

or more the time he spent near the polluted area will face the greater symptoms. Studies also tells 

us that the effects caused by the oil pollution is irreparable in most of the cases. Some more effects 

can also be considered like liver damage, increased cancer risk, decreased immunity and higher 

levels of some toxic (heavy metals). Studies also show us that people who work at the oil pollution 

has twice as much mercury in their urine compared to the others. Mercury generally effects liver 

and also the brain 

 

1.2 Statement of the Problems 
 

The increase in the household and industrial growth both lead to oily waste water which is one of 

the major pollutants into the sea and the oceans. Drains of the oils into the water carry the toxic 

mixtures which would lead to the eco problems and also affect the human life. The oil pollution 

all around the world is increasing and is becoming a threat to the life of the marine animals and 

also have great influence in imbalance of the ecosystem. Cleaning these oil pollution in water 

bodies, there could be huge economic loss. The people whose livelihood is based on tourism and 

fishing will be temporarily closed. The biological processes on the earth changes the weather with 

respect to the characteristics of oil.   

 

To reduce these kind of effects various common techniques was brought into play like 

biodegradation, air flotation using electrochemistry, absorption separation biochemistry technique 

etc. All these methods involve costs and have many limitations. In some techniques oil and water 

has been observed and these techniques lack the selectivity in oil and water separation. The 

realization to invent the filter have led to use some materials like kapok, carbon-based material, 

hydrophobic aerogels, polytetrafluoroethelene, coating mesh, polydemethsilixame coated 

nanowire membrane. Common and filter techniques which are developed for oil spills and industry 

related, to separate oil and water but there are only few technologies aims for household down the 

drain, in spite of most of the oil pollution from it.   

 

Therefore, it is important and need to develop simple filter for oil and water separation with good 

efficiency, selectivity, using robust material, which do not degrade within long period of time and 

where the working principle of this filter is simple, which is easy to make and which would be 

recyclable, serves as the solution for household people. It is a new attempt and new way to 
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undertake a model to the next generation materials for oil and water separation which is attractive 

for the treatment of household oily water. 

 

1.3 Objectives of the Research 
 

● To deposit TiO2 thin films on stainless steel mesh using spark deposition technique.. 

● To investigate the surface wetting properties of the TiO2 deposited stainless steel mesh against 

water and oil.  

● To fabricate a device using the TiO2 coated stainless steel mesh and test it for oil/water 

separation  

 

1.4 Scope 
 

The current study is aimed to develop hydrophobic and oleophilic stainless steel mesh by changing 

wetting properties which helps in oil and water separation. The result of this research will know 

how to extract spark deposition for hydrophobic and oleophilic properties. The hydrophilic and 

oleophobic, hydrophobic and oleophilic properties of the mesh is investigated and compared.. The 

study will investigate prospect of using spark deposition technique as economic approach to the 

accumulation of metal oxide thin film on stainless steel mesh. The main aim of the research 

discovers chances of using the spark deposition method as low-cost method to coat metal oxides 

on the mesh 

 

1.5 Limitation of the study 
 

● The study is aimed to investigate the titanium dioxide based stainless steel mesh 

● This study deals only with coating deposition on the stainless-steel mesh. 

 



 

6 

 

Chapter 2 

Literature Review 

 

2.1 Sources of oil in water 

 

Humans are using the water bodies as the dumping sites for hundreds of years. Daily thousands of 

litres if oil is discharged into the water bodies from private, domestic, industrial or municipal 

sources. The main source of oil in the oceans was actually from land sources and then from oil 

spills and marine accidents from ocean operation and one more source is occurrence of natural 

seepage in coastal environments. The water bodies are cheap and easy sources to pump the 

household and industrial toxic oils which lead to pollution. Less magnitude of all the in the water 

bodies comes from the oil spills meanwhile major part comes from the runoff of the households. 

The oil coming from household is consistent as population density is increasing.  

 

 
Figure 2.1: Sources of oil into water bodies 

Source: https://www.whoi.edu/oceanus/feature/mixing-oil-and-water/ 

 

Oils get into water bodies from various origins in which land based and natural sweeps are a huge 

part of the total yearly feed in of oil to aquatic environment. Hydrocarbons fed into water bodies 

in the form of liquid as well as gaseous air impurities. Hydrocarbons from the vapours extracted 

from loading and unloading of oil at various phases between producing to utilization, non methane 

compounds as example. Polycyclic is additional sources hydrocarbons feed into the water bodies 

as impurities. Land based emissions are one of the crucial contributions such as emission of 

unprocessed or poor treated municipal waste and urban runoff, emissions of waste water from 

industries at the coastals, unconscious or operational emission of hydrocarbons from refineries at 

coastals, oil storages and terminals. 

2.2 Development of filter for oil and water separation 

 

Huge volumes of oil water mixtures which come from various sources all around the world is the 

emerging and the serious environmental related problem,each day huge volumes of water has been 

    

https://www.whoi.edu/oceanus/feature/mixing-oil-and-water/
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contaminated by the oil. For the solution of this issue oil/water separation methods which are 

common such as oil slimmers or booms but they need more input power to operate. There are other 

approaches where the meshes, membranes, filters, porous media were developed. Porous media 

such as sponges, foams and textiles which are expected to absorb oil or water at a time but not 

both but due to the low throughputs oil and water both are absorbed which are poor in selectivity 

and efficiency. Recycling and reusing of these substrates are very difficult which is time 

consuming , they are buried or burned which  leads to the pollution in the air by toxic gases released 

and in the land. 

 

Surface wetting is structural property of a solid surface which decides the wetting and dewetting 

property when liquid makes contact with that particular material. The morphology and chemistry 

of surface will have an impact on the wetting and dewetting response of the liquid on the surfaces 

of solids. Hydrophobicity, hydrophilicity, oleophilicity and oleophobicity are controlled by these 

two features. To make effective use of these properties for separation of oil and water different 

materials which are own different nature with respect to water and oil which are hydrophobic, 

oleophilic and hydrophilic, oleophobic properties are selected.  

 

Use of meshes and the membranes with superwettabilty has been increasing to separate oil and 

water owning of their simplicity, low cost and simple principle which leads to the real life 

applications. To design the oil and water separation mesh, the metal meshes has been used as the 

substrate with the combination of inorganic, polymers, SAMs and metal oxides to make the surface 

with required wetting properties. The most of meshes which are reported are of hydrophilic which 

allow water to pass through the mesh and oils stays up which are water selective meshes and the 

other which is reported is hydrophobic which allows the passage of oil and blocks the water which 

is oil selective meshes. It is also possible to make the meshes which are switchable between oil 

and water selective. There need to be thermal and mechanical stability for the real life application 

of the meshes. With the broad variety of surface chemistry, simplicity,inexpensive nature and the 

scalable purification of oily water should be obtainable in the near future. 

 

Inorganic materials like nanostructured copper oxides are grown on the mesh surface results in the 

water selective mesh and similarly nanostructured CuO covered Cu surface also gives the water 

selective filter. Organic materials like polymers has also been used with the combination with the 

metal meshes to separate oil and water. Polyelectrolytes which may be cation and anion are used 

to  produce hydrophilic meshes, like when mesh is coated with  poly(2-dimethylaminoethyl 

methacrylate  ( Xue, C. H., Jia, S. T., Chen, H. Z., & Wang, 2008) changes the wetting properties. 

Fluorinated polymers are also used to separate oil water mixtures for example 

polytetrafluoroethlene when sprayed on the mesh which results in an increase in the contact angle 

and has the surface of hydrophobic and oleophilic. Bio-inspired materials like dopamine is used in 

combination with meshes to separate oil and water. Dopamine is coated on the membrane results 

in the hydrophilic surface  (Zhou, X., Zhang, Z., Xu, X., Guo, F., Zhu, X., Men, X., & Ge, B, 

2013). There are also meshes developed, which has an impact on the surface wetting based on 

solution pH, salt concentration of liquid or temperature which are generally stimuli-responsive 

meshes. For instance poly (N-isopropylacrylamide) coated on the meshes would be water or oil 

selective based on temperature of water. (Li, J. J., Zhou, Y. N., & Luo, Z. H., 2014) 
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Fabric based materials like cotton can also for the separation of oil and water. The microroughness 

and the porosity helps in the free passage of the liquid. These fabric can  be made oil or water 

selective from hydrophobic to oleophobic and omniphobic fabric. Natural textiles has the inborn 

hydrophilic properties as it has oxygen functional groups and can be turned to tough coating layer. 

Polyniline and fluorinated alkyl silane coated on cotton shows hydrophilic and oleophobic 

properties (Cao, Y., Zhang, X., Tao, L., Li, K., Xue, Z., Feng, L., & Wei, Y. , 2013). 

Superhydrophobic cotton fabric has been developed by modifying the fabric with titanium dioxide 

and stearic acid which will create rough surface to increase the contact angle of water (Cao, Y., 

Liu, N., Fu, C., Li, K., Tao, L., Feng, L., & Wei, Y , 2014). Coating of fly ash on the textile would 

male hydrophobic surface which separates oil from water. 

 

Porous materials like foams, sponges, aerogels and xerogels which in combination use 

nanoparticles and microparticles are the good separators of oil and water which can be used in the 

outside spillage and pollution in the reviers. These porous materials jas just to be placed in the oil 

contaminated areas by which they have to absorb oil or water but the disadvantage of these porous 

materials is that they loss the selectivity after the usage of these several times and can also lead to 

the secondary contamination. As they loss the selectivity the efficiency decreases and cannot be 

reused.. 

 

2.2.1   Types of filters developed and their working principle 

 

The hydrophobic and oleophobic behavior can be seen when the plasma polymer of maleic 

anhydride and arylide are complexed to ionic fluorosurfanctants which was described by Badyal 

et al. (S. J. HuttonJ. M. CrowtherJ. P. S. Badyal, 2000) in the year 2000 which is able to separate 

oil and water at the same time by using the fabrication technique, Solution-phase synthesis. The 

water contact angle was approximately <200 and the hexadecane contact angle was approximately 

820. The main drawback of the Solution-phase synthesis is, in every step during the synthesis it is 

very hard to remove undesired foreign bodies therefore the final product is contaminated and 

needed additional purification steps. One of the most important substance to reduce the surface 

tension of solvent is the Fluorosurfactant but its wetting characteristics lower than hydrocarbon 

surfactants and also the Fluorosurfactants on the surface will demolish faster which lead to the 

problems of the efficiency. The main disadvantage of this technique is that the fluorinated 

materials are very harmful to the environment. 

. 
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Figure 2.2: Scheme Complexation between the plasma polymer surface and the cationic 

Fluorosurfactant (Hutton, S. J., Crowther, J. M., & Badyal, J. P. S, 2000) 

 

 

Table 2.1 Types of filter developed using solution phase synthesis technique 

 

S.

No 

Surface Properties Materials used Ref. 

1. Superhydrophilic and 

Superoleophobic 

Porous Prussian Blue and 

Polyurethane sponge 

(Kong, B., 

Tang, J., Wu, 

Z., Wei, J., Wu, 

H., Wang, Y., 

… Zhao, D. . s, 

2014) 

2. Superhydrophilic and 

Superoleophobic 

Poly(ethylene-alt-maleic anhydride) 

copolymer functionalized with 

trifluoroethylamine 

(Hu, F., Xu, P., 

Wang, H., 

Kang, U. B., 

Hu, A., Li, M. 

M., … Jiang, L. 

A., 2014) 

 

To fabricate hydrophilic and oleophobic surfaces here the technique used was layer-by-layer. 

Layer-by-layer technique is used to get the desired surface properties, like oil repellency and this 

method is used to make the better surfaces (Brown, P. S., & Bhushan, B, 2015). The first layer 

deposited was diallyldimethylammonium chloride (PDDA) where the thickness was 200nm, 

second layer was Silicone dioxide nanoparticles and was the thickness of 350nm, third layer was 

polymer layer of thickness of 50nm which is used in binding the nanoparticle and which also 

improve the adhesion and mechanical ability and last was the Fluorosurfactant layer which will 

give the surface. The surface wetting property is made better by deposition of Silicone dioxide 

nanoparticles layer and resulting the hexadecane contact angle of 1570 and water contact angle of 

50. The main advantage of this type of coating is surface was having good resistance and the 

wetting properties were also not changing. The main disadvantage in layer-by-layer deposition is 

deposition will be in very slow rate. 
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Figure 2.3: Chemical deposition layer-by-layer 

 

 
Figure 2.4: Oil and water is separated (Brown, P. S., & Bhushan, B, 2015) 

 

Table 2.2 Types of filter developed using layer by layer technique 

 

S.No Surface Properties Materials used Ref. 

1. Superhydrophobic 

and superoleophilic 

Cotton fiber treated with NaOH 

solution and coated with SiO2 

nanoparticles to obtain required 

surface. 

(Liu, F., Ma, 

M., Zang, D., 

Gao, Z., & 

Wang, C, 2014) 



 

11 

 

2. Superhydrophobic 

and superoleophilic 

Stainless steel mesh was coated with 

SiO2 nanoparticles to form micro-

nano structured surface 

 (Li, X., Hu, D., 

Huang, K., & 

Yang, C) 

3. Superhydrophobic 

and superoleophilic 

Stainless steel mesh coated with 

triethoxysilane, polyethylene, 

trimesoyl chloride to form micro and 

nanostructured surface and SiO2 

nanoparticles multilayers were 

anchored to produce the required 

surface. 

(Jiang, B., 

Zhang, H., Sun, 

Y., Zhang, L., 

Xu, L., Hao, L., 

& Yang, H, 

2017) 

 

Yoon et, al. (Yoon, H., Na, S. H., Choi, J. Y., Latthe, S. S., Swihart, M. T., Al-Deyab, S. S., & 

Yoon, S. S, 2014) found water and oil separation which also purifies water with the help of gravity. 

Complex membrane has been fabricated with required wettability properties form the 

combinations of diallyldimethylammonium chloride solution, sodium perfluorooctanote and silica 

nanoparticles. Stainless steel is simply dipped in this solution to form the required purifier. The 

membrane shows hydrophobicity and oleophobicity hexadecane contact angle was 95 ± 20 and 

water contact angle was 00.  Water was purified with the help of the graphene plug which would 

be present under the membrane which removes all impurities. The hydrophilic and the oleophobic 

membrane was made using step dip coating technique.  

 

 
Figure 2.5: Composite images taken by HRSEM (Yoon, H., Na, S. H., Choi, J. Y., Latthe, S. S., 

Swihart, M. T., Al-Deyab, S. S., & Yoon, S. S, 2014) 
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                      Non coated mesh            Optical image                 Coated image 

Figure 2.6: Stainless steel images taken by HRSEM (Yoon, H., Na, S. H., Choi, J. Y., Latthe, S. 

S., Swihart, M. T., Al-Deyab, S. S., & Yoon, S. S, 2014) 

 

Oil and water separation was tested with membranes. Hexadecane was colored red and this oil and 

water mixture was spill on the membrane water penetrated and was collected in the beaker. For 

membrane-1 water penetrated over a time of 12 minutes, and the hexadecane was left on the top 

of the membrane, in membrane-2 some amount of hexadecane was also penetrated with the water, 

with respect to membrane-3 and membrane-4 performed the least show hexadecane and water both 

penetrated through the membrane over the time of 5 minutes. However, this technique is 

advantageous but mostly needed the gravity which is not applicable to the oil spill. 

 

 
Figure 2.7: Penetration of oil and water through membranes (Yoon, H., Na, S. H., Choi, J. Y., 

Latthe, S. S., Swihart, M. T., Al-Deyab, S. S., & Yoon, S. S, 2014) 

 

Table 2.3 Types of filter developed using Dip coating technique 

 

S.No Surface Properties Materials used Ref. 

1. Superhydrophobic 

and 

Superoleophilic 

Three substrate are used i.e mesh,fabric 

and sponge which are dipped into 

polyfluorowax-hydrophobic SiO2 

solution to change the surface 

properties. 

(Zhu, X., Zhang, 

Z., Ge, B., Men, 

X., Zhou, X., & 

Xue, Q , 2014) 

2. Superhydrophilic 

and 

Superoleophobic 

Polyester fabric coated with silica 

nanoparticles and 

heptadecafluorononanoic acid modified 

by titanium dioxide on exposure to 

ammonia turns superhydrophilic and 

superoleophobic. 

 (Xu, Z., Zhao, 

Y., Wang, H., 

Wang, X., & Lin, 

T. (2015). ) 
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3. Superhydrophobic 

and 

Superoleophilic 

Polyester materials are coated with 

nanocomposite solution of 

tetraethoxysilane and 

hexadecyltriethoxysilane to make the 

Superhydrophobic and Superoleophilic 

surface. 

(superhydrophob

ic polyester 

materials for 

selective oil 

absorption and 

oil/water 

separation) 

 

Tian et, al.  (Zhang, G., Li, M., Zhang, B., Huang, Y., & Su, Z, 2014)reported switchable mesh for 

oil and water separation that can handle the oil and water in one device. The stainless-steel mesh 

is made rough by the nanoscale particles by using the sol-gel process and the PEM coating will 

control the wetting. The separation efficiency of this mesh is very high which is shown in the fig. 

The PEM-C10-mesh, while effectively separating low viscosity oils from oily water, is easily 

contaminated, and even blocked, by high viscosity oils. The same problems arise with sticky oil, 

and in both instances, the degraded mesh then itself becomes a potential source of secondary oil 

pollution, a common issue inherent to oil-removing meshes.  

 

 
Figure 2.8: Separation sufficiency of the PEM-C10-mesh (Zhang, G., Li, M., Zhang, B., Huang, 

Y., & Su, Z, 2014) 

To remove oil from oily water, a mesh's surface must be superhydrophobic and superoleophilic 

The mesh coated with the PEM carrying the decanoate counteranion, denoted as the PEM-C10-

mesh, is now highly hydrophobic (WCA=1450, and more importantly, superoleophilic, with a 1,2- 

dichloroethane OCA less than 50. The PEM-C10-mesh, the efficiency for low viscosity oil is more 

than for high viscosity oils. The sticky oil degraded mesh and becomes a source of secondary oil 

pollution, which big problem for oil-removing meshes. Practical applications demand meshes that 

resist oil contamination and that are also have more life. The PEM coating on the mesh allows a 

convenient switch of the same mesh from oil-removing to water-removing.  

Using these sponges for long time may result in the pollution in the time of post treatment.  

Superhydrophic and superoleophobic hydrogel coated mesh was used in which the mesh use was 

stainless steel with diameter of 3.9+-1.9 micrometers uncoated and coated was 41.5+-2.7 

micrometers hydrogel coated thickness was 1.2 micrometers. The characterization tool used was 

scanning electron microscopy. Hydrogel coating over the mesh free open passage of water. The 

PAM hydrogel coated mesh shows superoleophobic property with oil of contact angle of 155.3. 
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The rough hydrogel coating has reduced the loving for oil droplets even the oil droplets was 

squeezed against the surface with the maximum preload that the system can supply. The adhesion 

force was greater than 5 micrometers which proves the PAM hydrogel coated mesh has stable 

superoleophobic and low oil adhesion characterization in oil and water solid system. 

 

 
Figure 2.9: SEM image of PAM hydrogel coated mesh (Zhang, G., Li, M., Zhang, B., Huang, 

Y., & Su, Z, 2014) 

 

Table 2.4 Types of filter developed using Sol-gel technique 

 

S.No Surface Properties Materials used Ref. 

1. Hydrophilic and 

oleophobic 

Non laminated graphene oxide 

membrane was developed by 

crosslinking polyethylieimine. The 

graphene oxide nanosheets used give 

rise to micro and nanostructures on 

the membrane surface 

 (Huang, T., 

Zhang, L., 

Chen, H., & 

Gao, C. 

(2015).) 

2. Superhydrophobic 

and superoleophilic 

Hierarchical roughness with micro 

and nanostructures were constructed 

on the polyester textiles using 

tetraethyl orthosilicate and polar 

dihydroxyl terminated 

polydemethylsiloxane using HCL as 

the catalysts. 

 (Su, X., Li, 

H., Lai, X., 

Zhang, L., 

Wang, J., 

Liao, X., & 

Zeng, X, 

2017) 

3. Superhydrophobic 

and superoleophilic 

Silica nanoparticles were integrated 

on kapok fiber and fiber was modified 

by hydrolyzed 

didecyltrimethoxysilane to get the 

required wetting behavior. 

 (Wang, J., 

Zheng, Y., 

& Wang, A, 

2012) 

 

Separation of water and oil by superhydrophobic and superoleophilic material has been reported 

by Jiang and team. In which technique, spray and dry method was used and the contact angle was 

more than 1500 and the oil contact angle was 00 (Xue, Z., Wang, S., Lin, L., Chen, L., Liu, M., 

Feng, L., & Jiang, L, 2011). The coating used in this article is polytetrafluoroethylene (PTFE) 

which is hydrophobic as well as oleophilic and also acts as the low surface energy substance and 
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thus water contact angle increases and contact angle for the oil decreases thus mesh with PTFE 

will be hydrophobic as well as oleophilic 

  
Figure 2.10: Contact angle with respect to the oil (Xue, Z., Wang, S., Lin, L., Chen, L., Liu, M., 

Feng, L., & Jiang, L, 2011) 

 

 
 

Figure 2.11: SEM images of the coating mesh film prepared from the stainless steel (Xue, Z., 

Wang, S., Lin, L., Chen, L., Liu, M., Feng, L., & Jiang, L, 2011) 
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Figure 2.12: Prepared coating mesh film which shows special wettability (Xue, Z., Wang, S., 

Lin, L., Chen, L., Liu, M., Feng, L., & Jiang, L, 2011) 

 

But by using this type of hydrophobic and oleophilic technique there is more chance of fouling the 

sample and reuse of sample will be not possible  (Zhang, J., & Seeger, S, 2011). There are some 

polyester textiles which are also used to separate oil and water, when polyester textiles are coated 

with silicone Nano filaments which changes the wettability by which polyester textile turns into 

superhydrophobic and super oleophilic. Scanning electron microscopy was used as the 

characterization tool before and after the growth of the Nano filaments and the growth of the 

silicone filament was confirmed by the energy dispersive X-ray analysis. Images before and after 

the growth of the Nano filaments is given below.  Silicone filaments was grown on the polyester 

textile by using the chemical vapor deposition method  

 

In one of the article carbon nanotubes were used in which carbon nanotubes were vertically aligned 

on the stainless steel mesh by using thermal vapor deposition method by Al2O3 film as the diffusion 

barrier  (Yoon, H., Na, S. H., Choi, J. Y., Latthe, S. S., Swihart, M. T., Al-Deyab, S. S., & Yoon, 

S. S, 2014). The mesh was cleaned with HCl for time been of 10sec then then cleaned to remove 

oxide containments with deionized water, 35nm Al2O3 film was coated on the stainless-steel mesh 

and pulsed laser deposition method was used to coat 10nm Fe catalyst film. Then CNT was grown 

on the stainless steel then the contact angle was measurement was done by which contact angle 

was reaching 1500  
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Figure 2.13: EDAX spectra of uncoated and coated polyester textile (Zhang, J., & Seeger, S, 

2011) 

 

Vertically aligned carbon nanotubes height was greater than 5 micrometers. The tool used was 

scanning electron microscopy and high resolution transmission electron microscopy. The diameter 

for CNT was typically between 10 to 30 nm. In the long run carbon nanotubes may be responsible 

for some hazards in the human life  (Lam, C., James, J. T., McCluskey, R., Arepalli, S., & Hunter, 

R. L , 2006) and carbon nanotubes are difficult to align on the mesh.  

 

In another super hydrophobic sponge was used in which cellulose sponge is coated with layer of 

Fe3O4 (Ferro ferric oxide) by using deposition technique and the sponge was modified with 

hexadecyltrmethoxysilane  (Zhu, X., Zhang, Z., Ge, B., Men, X., Zhou, X., & Xue, Q , 2014). To 

increase roughness Fe3O4 was coated on the surface. The sponge preparation is illustrated in the 

figure 2.28 
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Figure 2.14: SEM images of SS mesh  (Lee, C. H., Johnson, N., Drelich, J., & Yap, Y. K, 2011) 

 

Table 2.5 Types of filter developed using chemical vapor deposition technique 

 

S.No Surface Properties Materials used Ref. 

1. Superoleophilic and 

Superhydrophobic 

Graphene foam is prepared 

which is porous in nature and 

is flexible. Calcium carbonate 

and organic bio polymers are 

used for graphene foams 

 (Shi, L., Chen, K., 

Du, R., 

Bachmatiuk, A., 

Rümmeli, M. H., 

Xie, K., … Liu, Z. 

, 2016) 

2. Superoleophilic and 

Superhydrophobic 

ZnO nanorods were coated on 

the stainless steel mesh to 

obtain the required wettability 

behavior 

(Li, H., Li, Y., & 

Liu, Q. , 2013) 

3. Superoleophilic and 

Superhydrophobic 

Silica film was deposited on 

the copper mesh then 

calcination was done in 

oxygen atmosphere then 

modified with 

hexamrthldisilazane to achieve 

the required behavior 

(Zhang, F., Shi, Z., 

Chen, L., Jiang, 

Y., Xu, C., Wu, Z., 

… Peng, C., 2017) 

 

  
Figure 2.15 (a): Schematic illusion of cellulose sponge preparation (Peng, H., Wang, H., Wu, J., 

Meng, G., Wang, Y., Shi, Y., … Guo, X, 2016) 

 

Cellulose was suspended in Naoh/urea/H2O solution and centrifuged to remove impurities. Beaker 

was used for mold. After the formation of the sponge Fe3O4 nanoparticles were prepared on the 

surface of the sponge it was immersed in FeCl36H2O and FeCl2 and H2O solution and then sponge 

contained Fe3+/Fe2+. The characterization tool used was scanning electron microscopy and X-ray 

diffraction 
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Fig 2.15 (b): Fabrication of SMCE  (Tian, D., Zhang, X., Wang, X., Zhai, J., & Jiang, L, 2011) 

 

Superhydrophobic and superoleophilic can be achieved with nanorods of Zinc oxide which are 

coated on the mesh. In this process the Zinc oxide is first grown on the stainless steel mesh  (Xu, 

Z., Zhao, Y., Wang, H., Wang, X., & Lin, T. (2015). ). The size of the Zinc oxide is very important 

so that the mesh turns into hydrophilic, the nanorods which are in between 50-150 diameter shows 

the hydrophilicity. Mesh pores also play the vital role in oil and water separation, these pores must 

also be very small in the range of micrometer for good efficiency. The method used in this process 

is Solution approach by which nanorods are made. 

 
Figure 2.16: Contact angle for SMCE and absorption of oil with SMCE (Tian, D., Zhang, X., 

Wang, X., Zhai, J., & Jiang, L, 2011) 

 

 

 
Figure 2.17: Water contact angle which is dependent on the pore size of the mesh (Tian, D., 

Zhang, X., Wang, X., Zhai, J., & Jiang, L, 2011) 
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Figure 2.18: Oil and water separated with mesh film (Tian, D., Zhang, X., Wang, X., Zhai, J., & 

Jiang, L, 2011) 

 

 
Figure 2.19: SEM images of stainless steel in which a) is not coated with Zinc oxide and all the 

other Zinc oxide coated stainless steel which are different angle. (Tian, D., Zhang, X., Wang, X., 

Zhai, J., & Jiang, L, 2011) 

 

2.2.2   Titanium dioxide based filters 

 

One of the most used photocatalyst materials is Titanium dioxide and when the Titanium dioxide 

is shined with UV light, holes and electrons are generated by which they oxidize and reduce 

adsorbents on the surface producing radical species which are very helpful in decomposing the 

organic materials so in this point of view they are mostly used in the purifications of water 

applications  (Kong, B., Tang, J., Wu, Z., Wei, J., Wu, H., Wang, Y., … Zhao, D. . s, 2014). By 

shining UV light on Titanium dioxide hydrophilicity of the surface increases which will obviously 

decrease the water contact angle. By using the tools like IR and XPS the concentrations of the 

radical species like OH increases on the surface of the Titanium dioxide. The method used was 

UV illumination by which the polycrystalline Titanium dioxide thin film shows the hexadecane 

contact angle of <250 and the water contact angle 00. UV illumination require the expertise to 

handle because the laser is invisible, also complex and also UV illuminations add some costs. By 

using the UV illuminations there is a chance of burning of the sample which could be a 

disadvantage.  
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Figure 2.20: Scheme indicates the polycrystalline titania film which is an AFM image  

(Nakajima, A., Koizumi, S. I., Watanabe, T., & Hashimoto, K., 2000) 

 
Figure 2.21: Scheme shows the dependency of contact angle on the UV light illumination  

 

 
Figure 2.22: Scheme indicates wettability of Titanium dioxide is depended on intensity of UV 

light 
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Figure 2.23: Scheme indicates Titanium dioxide film and pattern was given by X-ray diffraction 

 

The stainless steel mesh is coated with titanium dioxide film which has micro and nano structure 

helps in increasing the contact angle of water and the lower layer of the mesh is again coated with 

titanium dioxide but also functionalized by octadecylphosphonic acid (Gao, C., Sun, Z., Li, K., 

Chen, Y., Cao, Y., Zhang, S., & Feng,, 2013)by which the mesh has been induced with 

hydrophobic and oleophilic properties due to this special wetting oil and water has been separated. 

The mesh includes the unique property of photocatalysis which removes the pollutants in water by 

UVlight, mesh can also be used as a water filter. 

 

 
Figure 2.24: The diagrammatic representation of water purification by TiO2- based double layer 

mesh film, separates oil and water mixture and by shining the UV light impurities from water are 

removed.  

 

Porous membrane  (Li, L., Liu, Z., Zhang, Q., Meng, C., Zhang, T., & Zhai, J, 2015) with 

superoleophobic and superhydrophilic properties has been developed with various functions 

including photocatalysis and self cleaning Electrochemical method was used to make the porous 

membrane which has titanium dioxide nanotubes on the surface of porous titanium followed by 

calcination. The photocatalysis effect used to remove toxic molecules while penetration of water 

from membrane. Surface wetting was lost frequently due to organic molecules but due to self 

cleaning property induced wettability was recovered back. 
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Figure 2.25: The diagrammatic representation for the flow-through photocatalysis device. The 

porous membrane was fixed between two glass vessels. Methylene blue (MB) aqueous solution 

was poured into the upper vessel. UV light right above the porous membrane was used as a light 

source. The concentration of MB solution in the beaker permeating through the porous membrane 

was monitored by UV absorption spectra, which could be circulated into the upper vessel for 

consequent flow-through photocatalytic reaction.  

 

Table 2.6 Types of Titanium dioxide based filters 

 

S.No Surface Properties Materials used Ref. 

1. Switchable to 

superhydrophobic to 

superhydrophilic under 

UV illumination 

Copper mesh coated with TiO2 

nanocluster to achieve the 

required wettability behavior. 

(Lin, X., 

Chen, Y., Liu, 

N., Cao, Y., 

Xu, L., Zhang, 

W., & Feng, 

L, 2016) 

2. Switchable from 

oleophilic to oleophobic 

Stainless steel mesh coated 

with TiO2 to separate oil and 

water 

(Du, X., You, 

S., Wang, X., 

Wang, Q., & 

Lu, J, 2017) 

3. Superhydrophilic and 

superoleophobic 

Titanium foil is drilled with 

laser illumination to make 

micro holes where the foil is 

used to separate oil and water 

without any surface 

modification.  

(Ye, S., Cao, 

Q., Wang, Q., 

Wang, T., & 

Peng, Q. , 

2016) 

4. Hydrophilic and 

oleophilic 

Polybenzoxazine and TiO2 

nanoparticles are integrated to 

form gravity driven polyester 

non-woven fabrics to separate 

oil and water 

(Gomez, I. J., 

Arnaiz, B., 

Cacioppo, M., 

Arcudi, F., & 

Prato, M. , 

2018) 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Cleaning Stainless Steel Mesh  

 

Grease, oil stain and dirt particles on the mesh are removed in the cleaning process of the stainless-

steel mesh. Firstly, the mesh was cut into 2cmx2cm which was used as the substrate, the beaker 

containing substrate and liquid soap with DI water then ultrasonicated for 15 mins. The soap water 

was removed from the beaker and replaced with acetone and then ultrasonicated for 15 mins. Then 

finally the acetone was replaced with DI water and ultrasonicated for 15 mins. The process was 

repeated several times to make sure all the dirt removed thoroughly. Then the cleaned samples are 

placed in petri dish and were kept in oven till the substrate is properly dried. 

 

3.2 Cleaning Metal Wires 

 

As required by sparking head, there are four sparking pairs so the titanium wire which is 0.32 mm 

was cut into eight pieces each one was of 2 cms. These wires are placed in the beaker along with 

acetone and ultrasonicated for 15 mins then rinsed with DI water. Then the acetone is replaced 

with ethyl alcohol again ultrasonicated for 15 mins, lastly wires ultrasonicated with DI water for 

15 mins. All the pieces of wires are placed in a petri dish which is cleaned thoroughly and kept in 

oven till all of them are dried. 

 

3.3 TiO2 Deposition on the Mesh Using Spark Deposition Technique 

 

After cleaning the stainless-steel mesh and titanium wires, the titanium metal wires are fixed to 

holders where the sparking occurs among the titanium electrodes. The spacing between electrodes 

is not more than 1 mm is maintained, the four sparking pairs are maintained with 1 cm gap and the 

distance between the mesh sample and the electrodes is maintained to 5 cms by which the 

deposition of titanium dioxide is uniformly coated on the mesh. 

 

Any two sides of the substrate is stuck with transparent tape which is not packing the mesh less 

than 1 mm to the glass slide to make it flat and then the glass is stuck to the stand which is parallel 

to the sparking electrodes where the titanium dioxide film is made on the stainless steel mesh 

sample, the glass is fixed to the stand as it is movable in parallel to sparking head so that there is 

no chance for the movement of the mesh sample. The voltage across the electrodes is 3-5 kv and 

power is 4mW for each head which is sparking on the mesh.  

 

The sparking works on the set of instructions given to it by us through the software program called 

SPARK XY-36, in which we set the required pattern which is demanded by substrate, there are 

various patterns in the program such as 1x1cm  2x2cms 3x3cms etc and we also set the speed of 

the sparking head which is according to the substrate to be made, there are various speeds ranging 

from 1ms to 100ms in the software program, the program values are converted to mm/sec by time 

taken by the sparking head to cover the pattern area for better representation. 

 

 

Table 3.1: Calculated area covered per second by sparking holder for speeds 

 

Program speeds used for sample (sec) Calculated area covered per second by 

sparking holder for 2 cms x 2 cms 
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5 12.16 mm/sec 

10 6.66 mm/sec 

15 4.49 mm/sec 

30 2.30 mm/sec 

50 1.47 mm/sec 

 

 
 

Figure 3.1: Sparking deposition machine (a) Stand on which stainless steel mesh substrate is 

placed for deposition of metal oxide. (b) Electrodes holder. (c) Titanium electrodes.  

(d) DC motor helps in the movement of electrodes holder. (e) Spark deposition machine setup. 

 

The software program have the desired patterns, they are developed according to input the operator 

requires. Those patterns are sent to the motor by “Send image to machine” option in the software 

program according to which the sparking deposition is done and the motion of sparking head is 

directed. The sparking head is operated based on the pattern sent to the motor and also adjusted 

with respect to the sample by manipulating the “Action control” option in the software program, 

in which we have the left and right cases are recognised by Motor-X, above and below cases are 

recognised by Motor-Y for the proper movement of the sparking head. 
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Figure 3.2: Software program of Spark deposition machine which represents pattern and the 

burning completion  

 

Once the sparking head is placed parallel to the sample, to adjust the position of electrode exactly 

at the centre of the substrate the software program has the “Centre Locate” option by which we 

place the sparking head exactly at the centre of the sample. 

 

After placing the sample in parallel with the sparking head, the time is set for the deposition of the 

titanium metal, this time actually indicates the speed of the sparking head, then the power supply 

to the sparking head is given by turning the switch ON, then after all operating conditions are 

adjusted for coating to happen on the substrate, by tapping on the “Start” option we start the spark 

deposition of titanium on the stainless steel mesh. 

 

Power supply produces high current to the titanium electrodes. When the electrodes spark, they 

react with the oxygen to form titanium dioxide NPs, which would be coated on the mesh. Titanium 

electrodes spark at high temperature, but after the formation of TiO2 deposited NPs cool down to 

crystallize on the stainless steel mesh, all the nanoparticles would strongly bind to mesh, then the 

sample is placed in the oven at 80℃  for 30 mins to remove the moisture left in the substrate. 

 

3.4 Characterization of the Stainless-Steel Mesh 

 

The titanium coated stainless steel mesh is to be investigated with Scanning electron microscope 

(SEM). Water and Sunflower oil contact angles were measured by KINO optical contact angle and 

interface tension, to investigate the wetting behavior of the stainless-steel mesh. Liquid drop 

volume was standardized to 5µL. The water and oil contact angle were measured at three different 

spots on the sample that is left, middle and right sides. The average of them is taken as the contact 

angle. 
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Figure 3.2: Contact angle machine 

The Titanium dioxide coated mesh shows hydrophobic and oleophilic properties, sunflower oil 

was spreading and permeating to the other side of the stainless-steel mesh. The behavior shown by 

the coated mesh can be explained by using the equation which was derived by Wenzel to describe 

the contact angle for a liquid droplet at the rough solid surface. 

 

 Cosθᵣ = rCosθ                                                                                         (Equation 3.1) 

 

θ is the contact angle on the uncoated mesh, �ᵣ is contact angle on the metal oxide coated mesh 

which is rough surface on the same mesh and r is the roughness factor. This equation specifies 

contact angle decreases for the lyophilic materials and increases for lyophobic materials with rise 

surface roughness 

 

Table 3.2: Calculated Roughness through Equation 3.1 

 

Calculated area covered per 

second by sparking holder  

Water contact angle Roughness factor(Ra) 

12.16 mm/sec 127.20° 1.140 

6.66 mm/sec 95.15° 0.169 

4.49 mm/sec 111.19° 0.682 

2.30 mm/sec 91.59° 0.052 

1.47 mm/sec 89.04° -0.031 

 

 

 

3.5 Efficiency test 
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Figure 3.3: (a) Cone-bottomed laboratory test tube which is made to two pieces (b) glass sheet 

5cmsx5cms drilled in the middle with diameter 1.5cms and four holes drilled for screws (c) Drilled 

glass sheet and the test tube was placed perpendicular to the hole of glass sheet to fit perfectly and 

was stuck with hot glue (d)  Two rubber sheets were taken of dimensions 3cmx3cm  

 

Cone-bottomed laboratory test tube figure 3.3 (a) was taken and made into two pieces cone-bottom 

was cut open for the passage of the liquid. Two glass sheets of dimensions 5cmx5cm are taken, in 

which hole figure 3.3 (b) of diameter 1.5cms is drilled with the drilling bit. The drilled glass sheet 

and the test tube was placed perpendicular to the hole of glass sheet to fit perfectly and was stuck 

with hot glue such that there is no gap for the leakage of the liquid.figure 3.3 () Two rubber sheets 

were taken of dimensions 3cmx3cm and made a hole through it of diameter 1.5cm fig which acts 

as washers, to hold the titanium metal oxide coated mesh substrate (2cmx2cm) tightly between the 

glass sheets. Four corners of the glass sheets were drilled for the screw to fit in. Coated mesh 

placed between the glass sheets along with the washer, all the screws were tightened until substrate 

properly placed. To differentiate between water and oil water was coloured blue. 3.5 ml of water 

and sunflower oil was taken individually for the experiment 

.  

  

(a) 

(b) 

(c) 

(d) 
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Figure 3.4: (a) Prototype developed where the tubes are stuck to glass sheets with glue and glass 

sheets are tightened with nut and bolt (b) The developed prototype is placed into the clamp four 

finger stand clip and the clip was fixed to the iron stand 

 

The coated mesh was fixed in between two rubber washers which are placed between two glass 

sheets which are glued to tubes for easy passage of oil/water mixture. The developed model was 

placed into the clamp four finger stand clip and the clip was fixed to the iron stand. The whole 

apparatus was placed vertically, the separation process was driven merely by the gravity. The 

content of the oil collected was measured with the syringe. 

 

  

  

(a) (b) 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

Stainless steel mesh (15x15 cms) was used as the substrate for the development of         hydrophobic 

and oleophilic coatings. 

 

Figure 4.1: (a) Optical image of stainless steel mesh (b) SEM image of smooth stainless steel 

mesh with a diameter of 31µm of x 400 magnification 

The surface morphology of stainless steel mesh coated with titanium dioxide coating was 

examined using a scanning electron microscope. The scanning electron microscope images were 

obtained on JEOL JSM7800F SEM model. The figure 4.1 is the SEM image of the stainless-steel 

mesh whose pores has diameter of 31µm and the stainless steel wires has the diameter of 25 µm 

which has the smooth surface is used as the substrate. 

Water and Sunflower oil contact angles were measured by KINO optical contact angle and 

interface tension using the sessile drop method. Sunflower oil which has the viscosity 12.3 mPa.s 

at 25°C was used. Sunflower oil was taking 12 secs to spread on the uncoated cleaned mesh making 

the contact angle 60°  but oil was penetrating through the mesh while it was staying on the mesh 

and water was making the contact angle of 122° which is shown in the figure 4.2. 

Figure 

4.2: Contact angle of a 5 µl droplet of (a) water / (b) Sunflower oil on uncoated stainless-steel 

mesh 

 

Wettability of the surface can be controlled by the amount of the titanium dioxide deposited on the 

surface and also on the outline structure of the surface. From the fact we know that hydrophobicity 

and hydrophilicity of the solid surface can be increased or decreased by the surface roughness with 

a special size because air that is trapped between the droplet and the solid surface minimizes the 

contact area. 

 

       

(a) (b) 

31µm 

25 µm 
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Figure 4.3:  SEM image of Titanium dioxide coated film which is deposited at a sparking rate of 

12.16 mm/sec. (a) Enhanced view with x400 magnification. (b) Enhanced view with x 2 k 

magnification. (c) x 20k magnification. 

 

Here we have prepared Titanium dioxide coated stainless steel mesh film, a Titanium dioxide 

nanoparticles coating layer with rough surface structures could be clearly seen, which strongly 

confirms the successful coating of the Titanium dioxide nanoparticles on the mesh, represented in 

figure 4.3. The metal oxide micro/nanoparticles were deposited at the sparking rate of 12.16 

mm/sec by simplistic and economic spark deposition method. The titanium dioxide coated mesh 

shows special wetting properties with oil droplets spreading and penetrating through the coated 

mesh while water droplet stayed on the coated mesh maintaining the spherical shape.  The 

developed titanium dioxide coated mesh shows hydrophobic and oleophilic properties with water 

contact angle of 127.20° and of sunflower oil was 22.38° represented in figure 4.4.  

 

The titanium dioxide nanoparticles adhered to the steel wires, the steel wires could be observed 

clearly indicating that the mesh was not blocked by the metal oxide nanoparticles. As per our 

knowledge the micro sized pores, composition of the metal oxide deposited and the geometrical 

micro and nanostructure are the three main factors give rise to the interfacial properties. The 

titanium dioxide particles that were adhered to the stainless steel wires contribute to the roughness 

of mesh surface and also enhances the surface area. The spacing between the metal oxide particles 

deposited was moderate which makes room for air to get trapped and makes the surface rough. 

The nanostructured and microstructured surface coated with Titanium dioxide contributes to the 

unique properties of hydrophobicity and oleophilicity which is effectively used for separation of 

oil and water. The roughness of the coated film increases with increase in the sparking rate which 

results in increase of the contact angle of the water. 

 
 

    

(a) (b) (c) 
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Figure 4.4: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide coated 

substrate deposited at the sparking speed of 12.16 mm/sec. Sunflower oil contact angle of a 5μl 

droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated substrate deposited at the sparking speed of 

12.16 mm/sec 

Figure 4.5 (a) shows the performance of the single droplet of water on the titanium dioxide coated 

film deposited at the sparking rate of 12.16 mm/ sec. The volume of the water and oil was 

standardised to 5 μL to measure the contact angle at room temperature. The average static contact 

angle value was obtained by measuring three different positions of each surface. Water and oil 

droplets were carefully dropped on the surface nullifying the effect of gravity. The measured 

contact angle was increased from 122 uncoated stainless steel mesh to 127.20, figure 4.5 (b)oil 

contact angle was decreased from 60° to 22° which shows that Titanium dioxide roughness on the 

surface shows significant effect. 

 

 
Figure 4.5: SEM image of Titanium dioxide coated film which is deposited at a sparking rate of 

6.66 mm/sec. (a) x400 magnification. (b) x 2 k magnification. (c) x 20k magnification. 

 

The enlarged image shows that the mesh has been completely covered by the metal oxide layer 

forming the loose and the network structure. The surface morphology seems to be changing with 

decrease in the sparking rate. The surface of mesh is smooth with nothing on it while after coating 

titanium dioxide, the metal oxide particles appear and become denser with decrease in the sparking 

rate. The SEM image of Titanium dioxide thin film deposited at a sparking rate of 12.16 mm/sec 

coated mesh which is the top view of the coated mesh figure 4.4 discloses that it is rougher than 

the uncoated substrate in figure 4.1. We can notice the Titanium dioxide film deposited at the 

sparking rate of 6.66 mm/sec, the nanoparticles were arranged in uniform manner compared to the 

sparking rate of 12.16 mm/sec, it can also be noted that the deposited film was rougher for sparking 

rate of 12.16 mm/sec when compared to sparking rate of 6.66 mm/sec which was one of the reason 

    

(a) (b) (c) 
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that the contact angle for sparking rate of 12.16 mm/sec was 127.20° and for sparking rate of 6.66 

mm/sec was 95.15° 

 

 
Figure 4.6: SEM image of Titanium dioxide coated film which is deposited at a sparking rate of 

4.49 mm/sec. (a) x400 magnification. (b) x 2 k magnification. (c) x 20k magnification. 

 

From the top view of SEM image of sparking rate of 4.49 mm/sec, we can notice that the titanium 

dioxide nanoparticles were even more uniformly arranged and the gap between the particles were 

decreased when compared to sparking rate of 12.12 mm/sec and 6.66 mm/sec.   

 
Figure 4.7: SEM image of Titanium dioxide coated film which is deposited at a sparking rate of 

2.30 mm/sec. (a) x400 magnification. (b) x 2 k magnification. (c) x 20k magnification. 

 

    

(a) (b) (c) 

    

(a) (b) (c) 
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Figure 4.8: SEM image of Titanium dioxide coated film which is deposited at a sparking rate of 

1.47 mm/sec. (a) x400 magnification. (b) x 2 k magnification. (c) x 20k magnification. 

 

When comparing the SEM images of all the sparking rates, as the sparking rates increases the mesh 

surface is simultaneous being smoothen by which we can give the relationship of sparking rate is 

inversely proportional to the roughness of the surface of the mesh, as the roughness surface turning 

to the smooth surface, the air cannot be trapped in the roughness gaps by which there would be 

more contact between the surface and the water droplet which decreases the contact angle.  

 

 
 

Figure 4.9: Roughness values of the titanium dioxide deposited mesh at sparking rate 

12.16mm/sec, 6.66 mm/sec, 4.49mm/sec, 2.30mm/sec, 1.47 mm/sec and uncoated mesh with 

respect to the equation (4.1) 

From the figure 4.9, the roughness for titanium dioxide coated mesh is plotted, the highest 

roughness was attained by mesh coated at the sparking rate of 12.16 mm/ sec the same sample has 

the highest contact angle obtained among all the sparking rates done. The effect of roughness on 

the contact angle can be explained by equation (4.1). 

In the figure we observed that the roughness of the stainless-steel mesh decreases with increase in 

the burning time of the spark machine. We know that roughness is inversely related to the surface 

energy and directly related to the contact angle. Hence, coating with sparking rate 12.16 mm/sec 

    

(a) (b) (c) 
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we found that the water contact angle, roughness is maximum and has least surface energy. As the 

burning time increases the water contact angle and roughness decreases which means the surface 

energy tend to increase. Negative roughness refers to the roughness of sample after sparking is 

lower than that of an uncoated sample or surface energy of the sample after coating at that 

particular burning time is more than that of an uncoated sample. 

The mesh coated with Titanium dioxide shows oleophilic and hydrophobic properties, sunflower 

oil was spreading and permeating to the other side of the stainless-steel mesh this kind of behavior 

can be explained by using the equation which was derived by Wenzel to describe the contact angle 

for a liquid droplet at the rough solid surface. 

 

  Cosθᵣ = rCosθ (Equation 4.1) 

 

θ is the contact angle on the uncoated mesh, �ᵣ is contact angle on the metal oxide coated mesh 

which is rough surface on the same mesh and r is the roughness factor. This equation specifies 

contact angle decreases for the lyophilic materials and increases for lyophobic materials with rise 

surface roughness. The same trend can be observed in the table 4.1. The contact angle for the 

sparking rate 12.16 mm/sec was 127.20° and as the sparking rate decreased to 1.47 mm/ sec the 

water contact angle was 89.04°  and for sunflower oil for the sparking rate 12.16 mm/sec was 

22.38° and for the sparking rater 1.40 mm/sec is 25.14°, this trend in decrease in the contact angle 

for water and increase in the contact angle for sunflower oil is because of the surface was turning 

smoother by deposition of metal oxide which can be observed in the SEM images at all the 

sparking rates. The contact angle for the water increases and for the oil decreases for the rough 

surface created by titanium dioxide. Therefore hydrophobic and oleophilic properties are induced 

by the titanium dioxide coated on the stainless steel mesh. This mesh can be productively put in 

application for segregation of oil/water mixtures.   

 

 

 

Figure 4.10: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide coated 

substrate deposited at the sparking speed of 6.66 mm/sec. Sunflower oil contact angle of a 5μl 

droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 
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Right side of the sample on titanium dioxide coated substrate deposited at the sparking speed of 

6.66 mm/sec. 

 

 

 

Figure 4.11: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide coated 

substrate deposited at the sparking speed of 4.49 mm/sec. Sunflower oil contact angle of a 5μl 

droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated substrate deposited at the sparking speed of 

4.49 mm/sec 

 

 
 

 
 

Figure 4.12: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide coated 

substrate deposited at the sparking speed of 2.30 mm/sec. Sunflower oil contact angle of a 5μl 

droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 
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Right side of the sample on titanium dioxide coated substrate deposited at the sparking speed of 

2.30 mm/sec 

 

 
 

 
Figure 4.13: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide coated 

substrate deposited at the sparking speed of 1.47 mm/sec. Sunflower oil contact angle of a 5μl 

droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated substrate deposited at the sparking speed of 

1.47 mm/sec 

 

 
Figure 4.14:  Average water  contact angle values of titanium oxide deposited at the sparking rate 

of 12.16 mm/sec, 6.66 mm/sec, 4.49 mm/sec, 2.30 mm/sec, 1.47 mm/sec and uncoated mesh 

 

From the figure 4.14,  the average water contact angle of the coated mesh sample at the rate of  

12.16 mm/sec is higher than that of uncoated stainless steel mesh and also all other  coated mesh 

till the sparking rate of 1.47 mm/sec.  
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Figure 4.15:  Average Sunflower oil contact angle values of titanium oxide deposited at the 

sparking rate of 12.16 mm/sec, 6.66 mm/sec, 4.49 mm/sec, 2.30 mm/sec, 1.47 mm/sec and 

uncoated mesh. 

  

From the figure 4.15, the average sunflower oil contact angle of the coated mesh sample at the rate 

of  12.16 mm/sec is lower than that of uncoated mesh and also all other coated mesh till the 

sparking rate of 1.47 mm/sec. 

 

According to the Equation 4.1 the value of r was decreasing which is represented in the graph, 

which indicates the surface of the stainless-steel mesh was turning smooth from rough surface by 

depositing more Titanium dioxide in each deposition step, by which the water contact angle was 

decreasing from sparking rate of 12.12 mm/sec to 1.47 mm/sec but oil contact angle was rising. 

As the sparking rate decreases speed of the sparking head decreases, as the speed of the sparking 

head decreases there would be the uniformity in the deposited titanium dioxide film on the mesh 

with clusters and the particles agglomerations of metal oxides.  

 

As the contact angle of water was decreasing and the oil contact angle was increasing as the 

sparking rate was decreasing, it lead to the idea to make mesh hydrophilic and oleophobic mesh 

sample by coating multiple layers coating. The water contact angle was decreasing dramatically 

from 127.20° of sparking rate 12.16 mm/sec to 89.04° of 1.47 mm/sec, which led to the thought 

of coating the stainless-steel mesh multiple layer coating and to turn the mesh to oleophobic and 

hydrophilic. From the different coatings made on the mesh, 6.66 mm/sec sample was showing 

dramatic change in the contact angle of water from 127.20° at the sparking rate of 12.16 mm/sec 

to 95.15° at sparking rate of 6.66 mm/sec which was selected for the multiple coating. There were 

three types of multiple layer sample were developed which are 6, 12, 20 layers coatings.  
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Figure 4.16: SEM image of 6 layers of Titanium dioxide coated film which is deposited at a 

sparking rate of 6.66 mm/sec. (a) Enhanced view with x400 magnification. (b) Enhanced view 

with x 2 k magnification. (c) x 20k magnification. 

 

 
Figure 4.17: SEM image of 12 layers of Titanium dioxide coated film which is deposited at a 

sparking rate of 6.66 mm/sec. (a) Enhanced view with x400 magnification. (b) Enhanced view 

with x 2 k magnification. (c) x 20k magnification. 

 

    

(a) (b) (c) 

    

(a) (b) (c) 
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Figure 4.18: SEM image of 20 layers of Titanium dioxide coated film which is deposited at a 

sparking rate of 6.66 mm/sec. (a) Enhanced view with x400 magnification. (b) Enhanced view 

with x 2 k magnification. (c) x 20k magnification. 

From the SEM images 4.16 - 4.18, it is clear that number of titanium dioxide layers on 6.66 mm/sec 

sparking rate sample increases, the sample turns smoother by which contact angle of water 

decreases, by the multiple coating there is maximum contact between the water droplet and the 

coated mesh as there was not much room for the air that can be trapped which was turning the 

substrate from hydrophobic to hydrophilic which can also be seen in the images. From the SEM 

images of 6.66 mm/sec sparking rate sample with 6 layers, 12 layers and 20 layers, we can notice 

that 20 layers sample has at most rough surface when compared to 6 layers and 12 layers sample. 

 

   
  

Figure 4.19: Roughness values of the titanium dioxide deposited mesh at sparking rate 6.66 

mm/sec, 4.49mm/sec and uncoated mesh with respect to the equation (4.1) 

 

From the figure 4.19  the surface roughness for the uncoated mesh was maximum and titanium 

coated mesh with sparking rate 6.66 mm/sec with 12 layers has the least roughness and for the 

sample with 20 layers surface roughness seems to be increasing which can be also be observed 

    

(a) (b) (c) 
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from the SEM images 4.18. This increase and decrease in surface roughness is due to clusters of 

titanium dioxide deposited by sparking the metal oxide on the mesh. The titanium oxide was 

densely deposited for 20 layers substrate that the metal oxide filled all the gaps and making the 

surface rough again which can also be observed in the SEM images 4.18. 

 

 
 

 Figure 4.20: Average water contact angle values of titanium oxide deposited at the sparking rate 

of  6.66 mm/sec for 6 layers, 12 layers, 20 layers and uncoated mesh 

 

From the figure 20,  the water contact angle for the uncoated mesh is the highest and the sample 

with sparking rate at 6.66 mm/sec with multiple coating of 12 layers has the least contact angle 

and the water contact angle slightly increased for 20 layers as the sample was turning rough which 

can be observed from the SEM images 4.18. The plot gives the information about the behavior of 

the mesh, it can be noticed that there is a huge drop in the contact angle with multiple layer effect 

indicating the mesh was turning hydrophilic from hydrophobic behavior 

 

From the figure 4.21, the contact angle for the uncoated mesh is the highest and the sample with 

sparking rate 6.66 mm/sec with multiple coating of 12 layers has the least contact angle and the 

oil contact angle slightly increased for 20 layers.   



 

42 

 

     
 

Figure 4.21:  Average Sunflower oil contact angle values of titanium oxide deposited at the 

sparking rate of  6.66 mm/sec for 6 layers, 12 layers, 20 layers and uncoated mesh 

 

 

 
 

 
 

Figure 4.22: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide 6 layers 

coated substrate deposited at the sparking speed of 6.66 mm/sec. Sunflower oil contact angle of a 

5μl droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated 6 layers substrate deposited at the sparking 

speed of 6.66 mm/sec 
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Figure 4.23: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide 12 layers 

coated substrate deposited at the sparking speed of 6.66 mm/sec. Sunflower oil contact angle of a 

5μl droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated 12 layers substrate deposited at the sparking 

speed of 6.66 mm/sec 

 

 

 
Figure 4.24: Water contact angle of a 5μl droplet of water at three different positions(a) left side 

of the sample (b) Centre of the sample (c) Right side of the sample on titanium dioxide 20 layers 

coated substrate deposited at the sparking speed of 6.66 mm/sec. Sunflower oil contact angle of a 

5μl droplet of oil at three different positions(d) left side of the sample (e) Centre of the sample (f) 

Right side of the sample on titanium dioxide coated 20 layers substrate deposited at the sparking 

speed of 6.66 mm/sec 

 

On the account of the hydrophobic and oleophilic as developed metal oxide coated mesh has a 

great potentiality to separate oil/water mixtures. A sequence of studies was conducted to test the 

oil/water separation capabilities of titanium dioxide coated mesh and the experiment was 

performed as shown in the figure 4.25. The contact angle of water and oil are 127.20° and 22.38° 
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on mesh deposited at a sparking rate of 12.16 mm/sec which was ideal among all the coated mesh 

with different sparking rates has been taken for the efficiency test. 

 

The coated mesh was fixed in between two rubber washers which are placed between two glass 

sheets which are glued to tubes for easy passage of oil/water mixture. The developed model was 

placed into the clamp four finger stand clip and the clip was fixed to the iron stand. The whole 

apparatus was placed vertically, the separation process was driven merely by the gravity. The 

content of the oil collected was measured with the syringe. 

 
Figure 4.25: The experimental setup for separation of sunflower oil/water mixture where the 

water which is blue coloured stayed up on the mesh and sunflower oil penetrated through the 

mesh.   

 

To differentiate between water and oil water was coloured blue. The titanium dioxide coated mesh 

was sunflower oil selective and permeated the mesh quickly and flowed into the beaker while 

water was blocked on the mesh (fig 4.25), 3.5 ml of water and sunflower oil was taken individually 

for the experiment, 3 ml of oil penetrated through the mesh and 0.5ml of oil and 3.5 ml of water 

stayed on the mesh. The separation efficiency was calculated according to e = (w1/w2) x 100 % 

where w1 and w2 are the volume of the water after and before the separation experiment. The 

separation efficiency for sunflower oil/water mixtures were 85.71%. 

 

      

(a) (b) 



 

45 

 

 
 

Figure 4.26: The experimental setup for separation of sunflower oil/water mixture where the 

Sunflower oil stayed up on the mesh and water which is blue coloured penetrated through the 

mesh. 

 

Among the multiple coated samples 6.66 mm/sec sparking rate sample which was coated 12 times 

was having smooth surface among all the multiple coated sample was selected for the efficiency 

test. The experiment was done using the same prototype which was used in the above experiment. 

To differentiate between water and oil, water was coloured blue. The multiple layer titanium 

dioxide coated mesh was water selective and permeated the mesh quickly and flowed into the 

beaker while oil was blocked on the mesh (fig 4.26). 5 ml of water penetrated through the mesh 

and 5 ml of sunflower oil stayed on the mesh. The separation efficiency was calculated according 

to e = (w1/w2) x 100 % where w1 and w2 are the volume of the water after and before the 

separation experiment. The separation efficiency for sunflower oil/water mixtures were 100%. 

 

 

 

Table 4.1 Water/ Oil contact angles 

 

Sparking time Water contact angle Sunflower oil angle and passing time 

through mesh (12.3 mPa.s at 25°C) 

cleaned sample 122° 60° did not pass through mesh 

5ms 127.20° 22.38° passing time 2 sec 

10ms 95.15° 30.51° passing time 2 sec 

15ms 111.19° 37.70° passing time 2 sec 
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30ms 91.59° 29.28° passing time 2 sec 

50ms 89.04° 25.14° passing time 2 sec 

10ms 6 layers 68.54° 27.23° passing time 2 sec 

10ms 12 layers 45.94° 20.82° passing time 2 sec 

10ms 20 layers 51.58° 32.52° passing time 2 sec 
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CHAPTER 5 

CONCLUSION 

 

TiO2 thin films were successfully deposited on the stainless-steel mesh using spark deposition 

technique and achieved hydrophobic and oleophilic properties for separation of sunflower oil (12.3 

mpas at 25°) and water.. 

 

Titanium dioxide coating deposited at the sparking rate of 12.12 mm/sec showed an increase in 

the contact angle of water from 122° to 127°, Oil contact angle from 60° to 22° which is the ideal 

among all the deposition rates. 

 

The fabricated device using TiO2 coated stainless steel mesh was tested successfully for oil and 

water separation. The single titanium dioxide coated mesh had a separation efficiency of 85.71% 

for sunflower oil and water. 100 % efficiency was achieved for the samples coated at 6.66 mm/sec 

sparking rate, 12 cycles. 

 

This research study was limited to 25 um pore size coatings and also the investigation of oil/water 

separation was tested only for sunflower oil. 

 

Future recommendation of this research study could be investigating the efficiency of oil/water 

separation of other kinds of oils like crude oil and also investigate the performance of the device 

by controlling the pore size of the mesh. 
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