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ABSTRACT: The objective of this work is to enhance the oleo-phobic behavior of commercially available 100µm 

Polytetrafluoro-ethylene(PTFE/Teflon) film by chemical graft copolymerization method. The monomer Methyl 

methacrylate (MMA) was grafted on PTFE surface using Benzoyl per-oxide (BPO) as initiator in aqueous medium. The 

optimum grafting yield was obtained by varying various parameters like temperature, time, monomer concentration and 

initiator concentration etc. The surface morphology of pristine PTFE and resulting PTFE-g-MMA film was studied and 

analysis using X-ray diffraction (XRD) and Field Emission Scanning electron microscopy (FE-SEM) which verify the change 

in surface structure of PTFE film. Methyl iodide (CH3I)can be used for measuring the contact angle of the film. The optimum 

graft yield of 8.77% was obtained at 50° C temperature with [BPO] =0.03M, [MMA] = 10%V/V at [Reaction Time] = 90 

min. The maximum value of contact angle of PTFE-g-MMA film was obtained to be 92.10O 
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I. INTRODUCTION 
 

The polymeric surfaces with non-adhesiveness and less stiction are required in most of the engineering and industrial 

application. It was suggested that extremely repellent surfaces produced by applying a micro or nano patterned roughness 

may satisfy the need for non-adhesive surfaces. The term oleo phobic is applicable particularly in context of oil repelling 

surfaces. Roughness induced oleophobicity has been suggested as a way to reduce the wettability of oil on surfaces. 

 

A polymeric surface is Oleophobic if it does not tends to absorb oil or be wetted by oil. A surface is Oleophilic if it tends 

to absorb oil or be wetted by oil. More particularly, the terms describe the interaction of the boundary layer of solid phase 

with liquid or vapor water. The surface morphology of PTFE can be changed for potential oil contamination control 

particularly in pipeline oil transportation process. 

 

In literature (Luca et al 2017;Fabbri et al. 2017;Tasdelen et al. 2017; Ling et al. 2016,Simoncic et al. 2012; Srinivasan et al. 

2011;Ohkubo et al. 2010;Tuteja et al. 2007; Tuteja et al. 2008; Chhatre et al. 2009; Choi et al. 2009; Steele et al. 2009;Liu et 

al. 2010; Cao et al.2010) various methods are used for surface modification of polymeric surfaces but graft copolymerization 

is the most effective method to modify a polymer surface by imposing a variety of functional groups on polymer backbone. 

Fluorine-rich polymers exhibit a wide range of properties like its thermal stability, low dielectric constant, low surface energy, 

low friction, oil repellence that make them ideal for this application (Drumond et al. 1997;Carlsson et al. 1991; Sahin et al. 

2002). 

 

Teflon is tough for a solvent or other agent to degrade the molecule if the carbon is 'out of reach'. With a ratio of four 

fluorine atoms to every two carbon atoms, the carbon-based heart of the molecule is essentially shielded from contact with 

any other molecule. The material is biologically inert and does not support biological growth i.e. it is non-pyrogenic.  
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Lubricant based on PTFE offer an extremely low static coefficient of friction, which stems from the extremely low 

intermolecular forces (Vander Waal's forces) in the PTFE molecule itself. PTFE materials are extremely stable and 

nonflammable; clean, dry, non-oily and non-staining. It could be cooled to -240 C without becoming brittle and it could 

be heated to 260 C without impairing its performance.  

 

PTFE is considered to be the ‘‘benchmark’’ low surface energy material (Wang et al. 2006). The surface energy has been 

found as a useful concept for interpreting adhesion, spreading and wetting behavior of oil on surfaces. Thus, PTFE solve 

problems in petroleum industries. Oleophobic surfaces have not been extensively studied as hydrophobic surfaces. Hsieh et 

al. (2010) developed an oil repellent silica coated polymeric surface and investigated the roll-off behavior of oil droplet. Lee 

and Owens (2010) studied the motion of oil drops on fluorosilane grafted nylon film, which has an oleophobic surface. They 

further designed super oleophobic nylon -cotton fabric by simply changing chemical composition (Lee and Owens 2011) 

and Hsieh et al. (2011) improved oil repellency on wood substrates using fluorinated silica nanocoating. Prabhu et al. (2009) 

studied the effect of surface roughness on wetting behavior of oils. However, the work on the oleophobic surface has been 

limited due to instability in oleophobic surface with time.  

 

MMA can be used in the impregnation of concrete so as to make it water-repellent, and in the fields of medicine and dentistry 

to make prosthetic devices and as a ceramic filler or cement. Adding PTFE to it would provide a non-wetting, low-friction 

surface, which would help in reducing the build-up of dirt or other contaminants. Most importantly it can be used in 

petroleum industry enhanced oil recovery so as to reduce wax deposition in pipelines. A graft polymer of PTFE and MMA 

can be used in applications which require the stability and low-friction properties of the PTFE and easy processability which 

is provided by the MMA graft.  

 

However the reports on chemical graft copolymerization of MMA onto PTFE film for developing oleophobic surfaces are 

limited. Therefore, by the grafting copolymerization of MMA onto PTFE film, oleophobic surfaces are obtained. In the 

present study, the effect of monomer concentration, initiator concentration, reaction temperature, and time on the grafting 

rate were examined. The characterization of PTFE-g-MMA films was carried out using x-ray diffraction (XRD) and field 

emission scanning electron microscope (FE-SEM) techniques. 

 

II. EXPERIMENTAL 
 

1) Materials and methods: 

For chemical grafting process MMA was procured from Merck Chemicals (India). 100µm PTFE film was purchased from Good 

fellow Ltd. (England). PTFE film were washed with acetone (obtained from Merck Chemical) and dried in an oven.Benzoyl 

peroxide(BPO) was procured from SD Chemical Limited(India).Double distilled water is used as a reaction medium in grafting 

process. 

 

2) Graft Copolymerization: 

Weighed PTFE film (2x2cm) was placed in a standard joint three necked flask, fitted with water condenser and thermometer. 

The definite amount of water (5–35ml) was added in it, followed by the addition of a known amount of MAA (5–20% V/V) 

and BPO (0.01–0.03M) taken in definite proportions. The reaction mixture was placed in water bath and refluxed for definite 

time period (90–180min). After the reaction the grafted PTFE film was removed from the flask, washed with acetone–water 

(1:1) mixture] to remove homo-polymer [poly (MAA)] from the film. The cleaned grafted PTFE films were dried at ambient 

condition till constant weight was obtained. Degree of grafting (DG) was calculated according to the following expression: 

 

DG(%) = [(Wg - Wi )/ Wi ] * 100 

 

Where Wg and Wi are the weights of grafted PTFE film and pristine film, respectively. 
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3) Characterization: 

Contact angle goniometer was used to check wettability of PTFE-g-MMA film. Contact angle measurement was performed 

on Easy Drop-standard from Kruss (Germany) with pre-installed Drop Shape Analysis Software DSA-1. The field emission 

scanning electron microscope (FEI Quanta 200F model) with resolution of 2nm was used to evaluate the surface 

morphology of the grafted PTFE film. Bruker D8 advance x-ray diffractometer with sodium iodide scintillation counter as 

a detector was used to determine the change in structure of PTFE film before and after grafting. 

 

III. RESULTS AND DISCUSSION 
 

Grafting rate generally build upon various factors such as initiator concentration, reaction, monomer and time (Liu et al. 

2001; Makhlouf et al. 2007)[7].Thus to identify its effects on reaction and achieving resulting parameters following 

mechanism is being obtained (Gupta and Khandekar 2003; Bhattacharya et al. 2009)[8]. 

Radical Formation 

C6H5COOOOCH5C6 2C6H5COO* 

Benzoyl Peroxide (Initiator)  

C6H5COO*C6H5* + 5CO2. 

The C6H5COO*& and C6H5
* radicals which are formed in the polymerization medium may launch the production of PTFE 

radicals. The benzoyl radical has the capacity to take out the hydrogen atom from the polymeric substrate, generating the 

free radical on it (P*). The monomer molecules, which are in the neighborhood of the polymeric substrate, become the 

acceptor of the radicals, appears in the chain initiation. After that, they become the free-radical donors to the neighboring 

molecules. Proceeding this way, the grafted chains usually grow. These grafted chains terminate by coupling or 

disproportionation to yield the grafted copolymer.  

1. Initiation: 

P* + R* P* 

P* + M PM* 

M + R* M* 

M* + P* MP 
 

2. Propagation: 

PMn* + M  PMn+1* 

 

3. Termination (combination): 

PMn
* + PMm

*PMn+m 

 

4. Termination (Disproportionation) 

PMn* + PMm*PMn(-H) + PMm(+H) 

 

Effect of Initiator BPO Concentration: 

Figure 1 shows the variation of grafting rate with initiator (BPO) concentration. At constant temperature of 500C, the grafting 

percentage is increase up to its maximum value of 8.5% and then its value decreases with further increase in BPO 

concentration. The initial rise in grafting rate is due to the availability of more free radicals but when the BPO concentration 

exceed  its value of 0.03M then increased free radical concentration is responsible for serious homo-polymerization and thus 

there is further decrease in grafting rate. The following data has a relative standard deviation of 0.20 +/- 0.05% for an 

experiment repeated 5 times. 
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Effect of Methyl methacrylateon Grafting Yield: 

Figure 2 reveals that grafting rate is the function of monomer concentration. As the monomer concentration increase the 

grafting rate rise up to certain level and then decrease with further increase in concentration. Initially the number of available 

free radical sites on PTFE backbone  is very  large and most of monomer utilize that available free radical , however , it is 

observed that % of grafting doesn’t go beyond 8.8% at monomer convergence of 10%V/V. 

 
Effect of temperature on Grafting Yield: 

Temperature is most critical parameter which affects the yield of grafting. The experiment was performed at different 

temperature between 40-70OC with an accuracy of +/- 2OC for 90 minutes of spam with monomer concentration 10%V/V 

and BPO concentration 0.03M.The fig. 3. Shows the value of grafting yield at various temperature. The mark of grafting 

rises up to 50OC and after that there is decline in yield. This increase in yield is due to increase in decomposition of initiator 

leading to the formation of more free radicals and the generation of active sites on the polymeric backbone. But, beyond 

50OC, the grafting rate decreases, because at higher temperature, higher combination rates of monomer are obtained 

increasing homo-polymerization reaction. 
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Effect of reaction time on grafting Yield: 

From Fig 4 it has been observed that grafting level which rises initially with reaction time. The graft copolymerization rate 

increases to maximum value of 90 minute. With an increase in reaction time, the free radicals have more time for reaction 

and therefore results in higher level of grafting. After certain time, all the initiator and monomer are used up. Thus, no 

further change in grafting level was observed with increasing reaction time. The decrease in grafting may be due to the 

induced decomposition of the initiator leading to decrease in the concentration of the initiator and hence decrease in active 

radicals required to generate active sites on polymeric back bone. 

 

 
Contact angle: 

The lower the contact angle, the greater the wettability. Because of the high contact angle and low wettability, Oleophobic 

surface is not wetted by oil. Iodomethane or methyl iodide is mostly non polar, having a relatively high surface energy 

(67mN=m) (Kinloch 1987). Iodomethane was used to calculate the contact angle of PTFE-g-MMA film for examining the 

oleo phobic behavior. Iodomethane is commonly used as nonpolar liquids for concluding solid surface energy (Garbassi and 

Morra 1998).Fig.5 represents the measure of contact angle. On the study based on thermodynamic considerations, a liquid 

will completely wet a solid surface, given that the surface energy of the solid is greater than that of the liquid (Malloy 1994). 

Since, iodomethane has higher surface energy than the PTFE (18.5mN=m), it wet PTFE-g-MMA to a certain extent. Thus 

it can be concluded that iodomethane has mostly the dispersion surface energy component (Kinloch 1987). The higher the 

difference between the surface energies of the liquid and the solid, the less wetting is expected. 
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Effect of Temperature on Contact Angle: 

The fig 6 represent the measure of contact angle of grafted PTFE surface at various temperatures keeping other parameter 

like concentration of monomer, reaction time, initiator concentration etc. remain constant. Fig.6. is the plot of contact angle 

values with respect to the various temperature. The peak in the graph is existing at 50OC indicates that the value of contact 

angle increases from 40OC to 50OC and its maximum value i.e. 92.17O is existing when PTFE is grafted at 50OC. After and 

before of this grafted temperature the value of contact angle decreases and least possible value exist at 80OC. The rate of 

increment of contact angle value is approximately similar to the rate of decrement of contact angle value 

 

FE-SEM Study: 

The surface morphology of Pristine PTFE and PTFE-g-Methyl methacrylate was studied by FE-SEM images (Fig. 7.) at 

magnification of 50000 and resolution of 1.5 nm by FEI QUANTA 200F instrument at UPES Dehradun. Fig. 7(a) and Fig. 

7(b) are the images of pristine and grafted PTFE. The electronic beam has an energy of 10KeV is focused by two condenser 

lenses into beam with a very fine focal spot size of approximately 5nm.The tip diameter of 100A is used. The virgin PTFE 

exhibits a smooth surface pattern whereas grafted PTFE (PTFE-g-MethyleMetha Acrylate) exhibits rough surface. The 

bumps (A,B)in the form of white patches are appearing in Fig. 7(b) at 50OC. The height of this section is not similar to 

pristine and this white section is nearly 30-40% of total area. Moreover the deep bugs(C,D) in the form of dark black spot 

are also appearing in the image (FIG 7(b)) shows the non-uniform a structure of surface. The cause for the transformation 

of surface roughness is because of the grafting of Methyl methacrylate onto PTFE, which opens up its matrix and shows. 

 

 
XRD analysis: 

Fig.8 shows the XRD data of 100µm thick PTFE-g-Methyl methacrylate with maximum number of counts. The pristine 

PTFE is shown in Fig.8. The change in crystalline peak corresponding to PTFE indicate the change in crystalline nature of 

PTFE. The height of peak of grafted PTFE in Fig.8 reduces which indicate that minor changes in orientation of the plane 

of PTFE. The XRD pattern was recorded using Cu-Kα(1.54A) radiation with 8.04KeV energy from Burker D8 advance X-

ray spectrometer at UPES, Dehradun, India. The value of diffraction angle vary from 10O to 90O with step size of 0.04 mm. 

All the measurement was done at room temperature and ambient pressure conditions. 
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IV. CONCLUSIONS 
 

To reduce the wettability of oil we change the surface morphology of PTFE by increasing the roughness parameter via 

chemical grafting process under robust condition.  The optimum yield of 9.88% was achieved at 50OC temperature with 

MMA of 10%V/V and BPO concentration of 0.03M. The reaction time for this optimum result is 90 minutes. The bumps 

and white patches in FE-SEM images also confirmed the change in surface morphology of PTFE-g-MMA. The maximum 

value 92.10O of contact angle was achieved on PTFE-g-MMA 50OC also revealed the change in surface morphology grafted 

PTFE. 

 

With commercial applicability of this result generates effective solutions of many engineering and industrial problems like 

for example its coating in pipeline for crude transportation may be responsible for reduction in wax deposition. To remove 

adhesion and striation is still a challenging problem for various engineering applications.  
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