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The non-wetting character derived with the lotus-leaf phenomenon of water droplet rolling off from leaf 

indicates the Hydrophobic/Super-hydrophobic surface which depends on the morphology and the topogra-

phy of surfaces, described by the Wenzel and Cassie–Baxter theories. Hydrophobicity arises when a mole-

cule does not partake in the hydrogen bonding of water. The water droplet is suspended on a composite in-

terface made of solid and air trapped between the droplet and the surface. Materials with superhydropho-

bic or superoleophobic properties are in extreme demand due to numerous potential applications such as in 

anti-corrosion coatings, self-cleaning, anti-icing coatings, liquid-repellent textiles, oil/water separation, mi-

crofluidic devices, optical devices. Films of PVDF/MTMS and PVDF/MTMS/TEOS were prepared by sol-gel 

technique. PVDF/MTMS and PVDF/MTMS/TEOS film shows a surface roughness of 60.76 m and 

57.64 m with contact angle 132° and 125° respectively, which ensures hydrophobicity. The film developed 

was found to be super-hydrophobic and could remove the dust on coated glass, metallic surfaces and hence 

can be assured for Self-cleaning application. 
 

Keywords: Superhydrophobic, Surface roughness, PVDF/MTMS, Non-wetting character. 
 

DOI: 10.21272/jnep.12(2).02042 PACS number: 81.15.  z 

 

 

                                                                 
*shanthinelson@gmail.com 

1. INTRODUCTION 
 

Nature is a wide source of advanced research and 

techniques. So it is necessary to learn from nature for 

better ideas. The concept of hydrophobicity is one of 

such idea, inspired from lotus leaf. Variety of man-

made approaches has been followed to mimic those 

surfaces to create artificial hydrophobic surfaces [1]. 

Hydrophobic surfaces exhibit water-repellent proper-

ties which have both scientific and industrial interest, 

because of their wide range of applications, such as oil-

water separation, self-cleaning, anti- icing etc [2, 3]. 

The cause of self- cleaning properties of the lotus leaf is 

the hydrophobic water repellent double structure of the 

surface. This enables the contact area and the adhesion 

force between surface and droplet to be significantly 

reduced and results in a self- cleaning process allowing 

water to readily roll off the leaf and collect dust depos-

its on the way [4]. The naturally occurring hydrophobic 

surfaces achieve the high contact angle values because 

of the rough surfaces coated with the low surface ener-

gy wax, which has high repelling interactions with the 

polar solvents including water. Hannuteislaet al., and 

Harinarayanan et al., have reported innumerable 

methods to fabricate hydrophobic coatings. The meth-

ods include dip-coating, spray-coating, sol-gel method, 

spin coating, hydrothermal synthesis, plasma etching. 

Low surface energy is the salient feature for hydropho-

bic surfaces. Silica coatings obtained from the sol-gel 

method and spincoating technique have genuinty as 

reported by cristianpetcu et al. Production of hydro-

phobic coatings has been developed by different surface 

modification methods such as dip-coating, spray- coat-

ing, sol-gel method, spin coatingetc.Here in this work 

we reported self-cleaning behavior of composite films. 

 

2. MATERIALS & METHOD 

2.1 Materials 
 

Reagent-grade Methyltrimethoxysilane (MTMS) 

and Tetraethoxysilane (TEOS) and a highly non reac-

tive Thermoplastic fluoropolymerPolyvinylidenefluorid-

e (PVDF, 275000-MW) obtained from Sigma Aldrich. 

PVDF is mainly used in critical applications requirng 

an excellent chemical resistance, high degree of purity, 

high dielectric response and good mechanical proper-

ties.Ethanol-absolute grade (100% purity) waspur-

chased from Hayman and HCl AR grade, DMF were 

purchased from meck. 

 

2.2 Sample Preparation 
 

The PVDF/MTMS composite has been prepared 

with PVDF and MTMS. The PVDF solution was pre-

pared by adding 1 g of PVDF with 15 ml of DMF, which 

was stirred for one hour at 30 °C in magnetic stirrer to 

get homogeneous solution. 0.2 ml of MTMS was mixed 

with 2 ml of ethanol, stirred for 30 minutes. The PVDF 

and MTMS sols were intermixed and the obtained solu-

tion was kept in water bath for 30 minutes to yield 

uniformity. The prepared sol was kept for aging at 

room temperature for two hours. 

The PVDF/MTMS/TEOS composite has been   pre-

pared with TEOS, MTMS and PVDF. Initially the pol-

ymer sol was prepared separately. 0.5 g of PVDF was 

dissolved in 10 ml of DMF using sonication for 45 

minutes. After that 0.2 ml of TEOS and 0.1ML of 

MTMS were added drop-wise to the polymer sol and 

sonicated for 15 minutes to get homogeneous solution. 

The obtained sol was aged for 10 hours and coated 

on a clean glass substrate using spin coating unit with 

1200 rpm speed for 120 sec. The coated glass substrate 

was then annealed in a muffle furnace at 100ºC with 

minimum degree of ramping rate. 
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3. CHARACTERIZATION 
 

The PVDF/MTMS and PVDF/MTMS/TEOS compo-

site films were characterized. The presence of various 

functional groups has been identified by fourier-

transform infrared spectroscopy. With 3D laser zeta 

profilometry the roughness of surface was analysed. 

Field emission scanning electron microscope reveals 

the surface morphology of the coated film. Surface 

morphology of the prepared samples were identified 

using contact angle measurement. 

 

4. RESULT AND DISCUSSION 
 

4.1 FTIR Analysis 
 

The FTIR spectra reveal the presence of functional 

groups in PVDF/MTMS and PVDF/TEOS/MTMS com-

posite films. Pristine PVDF shows standard absorption 

peaks at 610,759,796 cm  1 attribute non-polar α-phase. 

While the presence of FTIR peak at 835 cm  1 indicates 

the -phase [7]. From Fig. 1 the two characteristic 

peaks of PVDF at 1400 and 1175 cm  1 attributed to the 

CH2 and CF2 stretching vibration respectively [9]. The 

characteristic bands appeared at 835, 871, 1062 cm  1 

of pristine PVDF changes into 831, 874, 1068 cm  1 for 

blend which shows the presence of MTMS. The peak 

appeared at 1400 cm  1 of pristine PVDF is also present 

in the blend hence the presence of PVDF. The peaks at 

3022, 3611 cm  1 indicates the absence of water mole-

cule which ensures the hydrophobic nature. 

From the Fig. 2 the peak at 767 cm  1 and 832 cm  1 

refers to the non- polar α-phase and -phase of PVDF 

seen in TEOS/MTMS/PVDF film [8].The peak at 

1400 cm  1 and 1165 cm  1 shows CH2 and CF2 stretch-

ing vibration [9].With the presence of silane, Si-O-Si 

stretching has been deformed to linear structure. Be-

yond, 3000 cm  1, absence of polar bond is observed. 

 

4.2 Thermal Analysis 
 

TG/DTA for PVDF/MTMS and PVDF/MTMS/TEOS 

was shown in Figs. 3 and 4. An Initial weight loss 

about 65ºC shown in fig 4 is mainly due to solvent 

evaporation. Major weight loss was observed in range 

400-500 °C for the prepared sample. This could corre-

spond to structural decomposition of the polymer blend 

and their complexes. The sample is stable upto 520 °C. 
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Fig. 1  FTIR Spectra of PVDF/MTMS blend film 

A sharp and large exothermic peak appeared at 490 °C 

concurrent with a considerable weight loss of about 

74.73 % and this indicate the complex decomposition of 

the film, which is in agreement with the TG curve. 

From the above discussion, it is clear that the film has 

good thermal stability upto 460 ºC [10]. Figure 4 repre-

sents single stage decomposition, with an exothermic 

peak at 480 °C and the weight loss was about 76.23%, 

which is due to the volatile and polymeric materials. 
 

 
 

Fig. 2-FTIR spectra of PVDF/MTMS/TEOS blend film 
 

  
 

Fig. 3  TG/DTA curve of PVDF/MTMS film 

 

4.3 FE-SEM 
 

Microstructure images of the membrane surfaces 

were obtained using a scanning electron microscope. 

Fig 5 shows the FE-SEM analysis of the PVDF/MTMS 

composite film. The film which shows appropriate sur-

face roughness due to the presence of micro sized parti-

cles. With the addition of MTMS more and more micro-

spheres were observed on the surface. These have an 

important role, to make the surface non-wettable [11]. 

TEOS/MTMS/PVDF morphology is shown in the Fig. 6 

which implements rough surface. Such surface for-

mation hold good for hydrophobicity. 
 

4.4 Surface Roughness and Energy 
 

The surface roughness of the films PVDF/MTMS 

and PVDF/MTMS/TEOS were analyzed using 3D Laser 

profilometry and the roughness was found to be 

60.76 m and 57.64 m respectively. Higher the surface 

roughness, higher will be the contact angle with reduc-

tion in surface energy [12, 13]. Surface energy caused  
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Fig. 4  TG/DTA curve of PVDF/MTMS/TEOS film 
 

 
 

Fig. 5  FE-SEM image of PVDF/MTMS 
 

 
 

Fig. 6  FE-SEM image of PVDF/MTMS/TEOS 
 

 
 

 a b 
 

Fig 7  (a) Contact Angle of PVDF/MTMS (b) Contact Angle of   

PVDF/MTMS/TEOS 
 

 
 

Fig. 8  Water droplets on (a) Uncoated substrate and (b) 

Coated substrate 

 

by intermolecular interactions at the interface may 

be same kind or different. Surface energy of poly-

mers can be measured based on wettability [14]. Lift 

shifts theory of vander waals interaction successively 

explains the interaction of uncharged macroscopic 

surfaces across air or water [15]. Surface energy can 

be effectively calculated by using Hamakers con-

stants, which was discussed earlier by [16, 17]. The 

computed surface energy values are tabulated in 

Table 1 and the histogram representing the particle 

size was plotted in Fig. 9 (c) and (d). 

The blend film was found to be hydrophobically ef-

fective in many applications such as self-cleaning, anti-

dust, and even as water proof material. Figs. 10 (a) and 

(b) representing the photographs of uncoated and  

 
Table 1  Calculated values of Surface free energy 

 

Polymer blend Hamaker 

Constant An 

(J∙10  21) 

Surface free 

energy , 

(J∙m  1) 

Contact 

Angle (CA) 

(°) 

PVDF/MTMS 1.16 41.2 132° 

PVDF/MTMS/TEOS 2.086 17.49 125° 

 

 
 

a 

 
 

b 
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d 
 

Fig. 9  (a) Surface roughness of PVDF/MTMS and (b) surface 

roughness of PVDF/MTMS/TEOS; (c) histogram of 

PVDF/MTMS and (d) histogram of PVDF/MTMS/TEOS 
 

 
 

 a b 
 

Fig. 10  (a) Uncoated glass substrate with the dust particles 

and (b) PVDF/MTMS coated glass substrates with the dust 

particles clinged together to the water droplet-ensures the 

self-cleaning property 
 

coated substrates. The coated substrates were exposed 

to dust for about three hours, later, water was allowed 

on the substrates, which resulted in rolling-off the wa-

ter from the surface along with the dust. This proves 

that the PVDF/MTMS blend coated films has the ability 

to remove the dust due to its self-cleaning property. 

Fig. 10 (b) shows the water roll-off along with the dust. 

 

5. CONCLUSION 
 

PVDF/MTMS and PVDF/MTMS/TEOS blend films 

was successfully obtained by sol-gel technique. The 

fluoride based polymer incorporated with silane, proved 

to have non-wetting property as the film possess higher 

contact angle and surface roughness. The thermal stud-

ies prove the thermal stability of the film upto 520 °C. 

The films found to be applicable in self-cleaning, anti-

corrosive, and water-proof textile. 
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