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Abstract. Superoleophobic thin films have many potential applications including fluid transfer, fluid 

power systems, stain resistant and antifouling materials, and microfluidics among others. 

Transparency is also desired with superhydrophobicity for their numerous applications; however 

transparency and oleophobicity are almost incompatible relationship with each other in the point of 

surface structure. Because oleophobicity required rougher structure at nano-micro scale than 

hydrophobicity, and these rough structure brings light scattering. So far, there is very few report of 

the compatible of transparency and superoleophobicity. In this report, we proposed the see-through 

type fabrics using the nanoparticle-based hierarchical structure thin film for improving both of 

oleophobicity and transparency. The vacant space between fibrils of fabrics has two important roles: 

the one is to through the light, another one is to introduce air layer to realize Cassie state of liquid 

droplet on thin film. To realize the low surface energy and nanoscale rough structure surface on 

fibrils, we used the spray method with perfluoroalkyl methacrylic copolymer (PMC), silica nano 

particles and volatile solvent. From the SEM image, the hierarchical structures of nanoparticle were 

formed uniformly on the fabrics. The transparency of thin film obtained was approximately 61% and 

the change of transparency between pre-coated fabrics and coated was 11%. From investigation of 

the surface wettability, the contact angles of oils (rapeseed oil and hexadecane) and water droplet on 

the fabricated film were over 150 degree.  

1. Introduction  

Extreme wetting behavior, namely super-repellency 

and super- wetting, has recently received enormous 

commercial and academic interest because of its wide 

applicability in various fields including self-cleaning 

surfaces [1-3], microfluidic channels, and anti-fogging 

films [2]. Surface wettability is basically described by the 

Cassie [4] and Wenzel [5] theories, which have emerged 

from surface energy and surface roughness. Extremely 

wettable surfaces are realized by controlling the 

wettability through surface energy and surface roughness 

of thin films.  
Superoleophobic coatings have many potential 

applications including fluid transfer, fluid power systems, 

stain resistant and antifouling materials, and 

microfluidics [6-8]. The mechanism of superoleophobic 

films is based on the theory of wettability used to explain 

hydrophobicity, and this function is realized by achieving 

low surface energy and high surface roughness. Because 

the surface tension of oils is lower than that of water, the 

fabrication of superoleophobic surfaces is difficult. 

Especially, in many reports, the superoleophobic surface 

requires the hierarchical structure which contains nano-

micro scale roughness.  
Transparency is also desired with superhydrophobicity 

for their numerous applications; however transparency 

and oleophobicity are incompatible relationship with each 

other in the point of surface structure. As for the 

superhydrophobicity, there are some reports of 

superhydrophobic transparent films: the required surface 

roughness for it is under hundred nano meters.  [9-10]. 

Otherwise, high oleophobicity requires rough surface 

structure in micro scale, thus it causes light scattering, 

and as a consequence, the transparency of thin film 

decreases drastically. So far, there are few reports that 

contain both transparency and superoleophobicity [11-12].  

On the other hand, in the study of conductive 

transparent film, relationship between transparency and 

conductivity is also incompatible in the high conductive 

level. As the approach for improving the conductivity and 

also transparency, the see-through type structure has 
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recently attracted many interests for its possibility of 

improving both of conductivity and transparency [13-14]. 

Although the see-through type approach also scattered 

the light, the scattered ratio and space ratio can be 

controlled by its scale. Likewise transparent conductive 

films with see-through structure, the transparent super-

wettability thin film should be able to be designed.   

In this report, we fabricated the see-through type 

fabrics with the nanoparticle-based hierarchical structure 

in order to ensure the compatibility between 

oleophobicity and transparency. This approach will be an 

efficient way for keeping liquids in Cassie-state which is 

significant for realizing superoleophobicity. The vacant 

space between fibrils of fabrics has two important roles: 

the one is to through the light, another is to induce air 

layer to realize Cassie state of liquid droplet on thin film. 

There are some approaches to fabricate superoleohobic 

thin films by using fabrics as substrate [6,15].  These 

reports mentioned about relationship of wettability and 

fabric structure, however, not about transparency nor the 

possibility of superoleophobic transparent films by 

fabrics based substrate. In this paper, we investigated the 

possibility of the superoleophobic transparent thin film 

with see-through fabric and SiO2 nanoparticle 

hierarchical structure. 

2. Experimental procedure  

2.1 Materials 

See-through fabrics were obtained from Nisikawa 

Industry (Toyama, Japan). Diameters of each fibril are 

the 27μm, and distances between fibrils are 150μm, and 

the parallel transparency is 72.8 %. SiO2 nanoparticles 

(OX50, average primary particle diameter of 40 nm) were 

obtained from Aerosil (Tokyo, Japan). Perfluoroalkyl 

methacrylic copolymer (PMC, Zonyl, dispersed in water 

20 wt %) was obtained from Dupont. Distilled water (γlv 

=72.8mNm
-1

), rapeseed oil (γlv = 33.0 mNm
-1

) and 

hexadecane (γlv = 27.3 mNm
-1

) were used as probe 

liquids to evaluate contact angles. Distilled deionized 

water (γlv = 72.8 mNm
-1

) with a resistance of 18.2 

MΩ.cm was used as the solvent and as a probe liquid to 

evaluate contact angles. 

2.2 Fabrication of semi-transparent oleophobic 
film from spray coating  

At first, the 4.0g of PMC was added into the 36.0g of 

acetone. Then, the mixed solution was vigorous stirred 

and the bubble floated on the surface of solution was 

removed. Next, the certain amount of the PMC solution 

was moved into the vial bottle, and the SiO2 nanoparticle 

was added into it and the solution was stirred. The total 

weights of sol solutions were adjusted to 10 g.  

To improve the hydrophilicity of fabrics, the see-

through fabrics were plasma treated before spray coating. 

After this treatment, the fabrics were attached on the 

glass slide loosely with clips. And then the 10 g of 

SiO2/PMC solution were sprayed onto the fabrics with 

spray gun. After spraying, the fabrics were browed by air 

and dried at room temperature. 

2.3 Characterization 

Characterization of wettability: a commercial contact 

angle system (FACE, Kyowa Interface Science Co., Ltd, 

Japan) was used to measure the contact and roll-off 

angles of the thin films at room temperature. Water, 

rapeseed oil and hexadecane were used as probe liquids. 

The reported contact and roll-off angles are the average 

of measurements obtained at five different points on each 

sample surface. The measurement of static contact angles 

was performed using droplets of liquid with a diameter of 

2 mm.  

Field emission scanning electron microscopy (FE-

SEM) was performed on a Philips XL-30 ESEM FEG 

microscope (Philips, The Netherlands) in high-vacuum 

mode at an acceleration voltage of 5 kV. The 

transparencies of fabrics were measured by Haze meter 

(NDH-5000, Nippon Denshoku.co, Japan). We measured 

each samples at five times in different points of same 

samples. The optical image of water and oil droplets on 

the fabricated film was obtained by the digital camera 

(CX1, RIKO, Japan). 

3. Results and discussions  

3.1 Surface structure of superoleophobic thin 
films  

 

Figure 1. SEM images of spray-coated fabrics: each SiO2 

particle ratios are 0 wt % ((a) and (d)), 0.5wt % ((b) and 

(e)) and 1.5 wt % ((c) and (f)).  

 

Figure 1 shows SEM images and photo image of thin 

film obtained from spray-coating to the fabrics. The spray 

coating with see-through fabrics and volatile solvent 

succeeded to obtain the uniform nanoparticle coating on 

each fibril. These uniform structures were formed by the 

flexibility of fabrics and air blowing through spray 
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process.  From 0 wt % to 0.5 wt %, the first layers were 

coated on the fibril and increase the surface roughness 

with the concentration of nanoparticle proportionally. At 

the concentration of 1.5 wt %, the hierarchical structure 

was constructed on the fibrils. Therefore, this condition 

had the broad scale roughness not only fabrics’ micro 

roughness but also aggregated particles’ nano-micro 

roughness. 

3.2. Wettability of thin films   

 
Figure 2. Contact angles of spray-coated fabrics against 

water and oils droplets  
 

Figure 2 shows the surface wettability of spray-coated 

fabrics with water and oils droplets. Without SiO2 

nanoparticle, the spray-coated fabrics showed 

hydrophobicity but not superhydrophobicity. By addition 

of the SiO2 nanoparticle, the hydrophobicity and also 

oleophobicity of fabrics were enhanced and they showed 

superhydrophobicity. As the SiO2 nanoparticle 

concentration increased from 0 wt % to 1.5 wt %, the 

contact angles of droplets, especially low surface tension 

oils are enhanced. At the SiO2 nanoparticle concentration 

was 1.5 wt %, the spray-coated fabric showed 

superoleophobicity against hexadecane. Despite the 3 

wt % condition showed superhydrophobicity, the contact 

angle of hexadecane was 0 degree. We consider that this 

is because fluoride group of PMC cannot cover the 

surface of SiO2 particles completely when the PMC 

concentration was relatively lower than that of SiO2 

particles, and this caused the surface superhydrophobicity 

and oleophilicity. According to the paper reported by 

Ming et.al. [15], multiple scale roughness from nano-

micro inorganic particles on fabrics enhances 

oleophobicity. To discuss the wettability from multi scale 

surface roughness, they quoted the relationship between 

surface roughness and oleophobicity as follows: 

cosθc*= rf f cosθY + f － 1 

where f is the area fraction of the solid-liquid interface, rf 

is the surface roughness factor of the wetted area, θc* is 

the Cassie-state contact angle and θ0 is the Young contact 

angle of flat film. Especially, in the condition for contact 

angle of oil, which is smaller than 90°against every 

surface, this above equation means the small contact area 

of the solid-liquid interface significantly enhances 

oleophobicity. In our research, the space between fibrils 

leads air layer into solid-liquid interface, and also the 

hierarchical structure from SiO2 nanoparticle on fibrils 

formed fine air layer into solid-liquid interface from its 

porous structure.  

 
Figure 3. The application the Cassie-Baxter model to 

contact angles of flat surface and textured surface  

 

The relationship of the contact angles of textured 

surface and flat surface is shown in Figure 3. In this 

figure, the Cassie state lines were drawn by changing the 

function of surface contact area with Cassies-Baxtar’s 

equation [4] as follows:  

cosθc*=  f (1+cosθY)－1 

 where f is the area fraction of the solid-liquid interface 

and θc* is the Cassie-state contact angle and θ0 is the 

contact angle of flat surface. If we consider the Cassie 

state curves, the contact angles of spray-coated fabrics 

and flat surface, it is clearly demonstrated that all spray-

coated fabrics maintain the Cassie state. However, the 

low concentration SiO2 nanoparticle conditions changed 

the surface contact area with the low surface tension 

liquids.  The lack of the hierarchical structure cannot 

maintain the air layer against oils. On the other hand, the 

appropriate SiO2 nanoparticle conditions which formed 

the hierarchical structure on the fabrics maintained air 

layer against low surface tension oils. 

3.3 Transparency of thin films  

 
Figure 4. The optical image of spray-coated fabrics with 

different SiO2 nanoparticle concentration:          

(a) 0 wt%, (b) 0.25 wt%,(c) 0.5 wt%, (d) 0.75 wt%,       

(e) 1.5 wt%, (f) 3.0 wt% 

 

Figure 4 shows the optical images of spray-coated 

fabrics. As the increase of SiO2 nanoprarticle 

concentration, the transparencies of fabrics were 

decreased. The colors of fabrics became white with the 

increase of SiO2 nanoparticle concentration.  

Figure 5 shows the parallel transparency and diffused 

light scattering percentage of spray-coated fabrics. As the 

SiO2 nanoparticle concentration increased from 0 wt %, 

parallel transparency of thin films decreased. At the SiO2 

nanoparticle concentration was 1.5 wt %, the parallel 

transparency was 61.3%. On the other hand, the 
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percentages of diffused light drastically changed between 

0.75 wt % and 1.5 wt %. The diffused light percentage is 

based on the light scattering of fabrics morphology. This 

diffused light percentage change from 0.75 wt % to 1.5 

wt % is supposed to relate the surface hierarchical 

structure on fabrics. 

 
Figure 5. The parallel transparency and diffused light 

scattering percentage of spray-coated fabrics  

 

Table 1. The relationships of transparency and the 

increased the diameters of fibrils 

 
 

The relationships of the parallel transparency and the 

geometrical calculation of coating fabrics are shown in 

Table 1. For the see-through structure, the parallel 

transparency is almost equal to the vacancy ratio of 

fabrics. Therefore, the increases of diameters of fibrils are 

calculated from geometrical relationship as follows:  

V = b
2
 / (a+b)

2
 

where the V  is the vacancy ratio of  fabrics, a is the 

diameter of fibril and b is the space distance between 

fibrils. This equation indicates that the increased 

diameters of fibrils are evaluated with the change of 

transparency. The diameters of superoleophobic fabric, 

sprayed condition of 1.5 wt % SiO2, were raised at 11.7 

μm from non-treated fabric. As a result, the diameters of 

nanoparticle structured fibrils are around 40μm. The ratio 

of fabrics against total surface area is related to the 

contact area between air and solid in wettability. 
Although this value of the SiO2 nanoparticle 1.5 wt % 

condition was higher than that of 0 wt % or 0.5 wt %, the 

liquid droplets didn’t infiltrate the space of each fibrils 

because the surface contact area ratio was 0.1 in figure 3. 

Cohen et.al. reported the liquid infiltration theory as the 

robustness factor in oleophobic region which depends on 

the space distance and its shape [6,16]. In our system, the 

shape of surface structure was also significant for 

enhancing oleophobicity. 

As shown in Figure 6, compared with the result of 

Figure 3 which the spray-coated fabrics on the black 

paper with white textiles, this fabrics looks high 

transparency because of low contrast between color of the 

fabric  and that of back ground in the picture. Since the 

diameters of each fabric were around 40 μm, each 

fabrics are hardly seen in this photo. 

 

 
Figure 6. The optical image of water and oil droplets on 

the spray-coated fabrics.  The three droplets stayed 

almost transparent fabric with superoleohobicity. 

4. Conclusion 

Newly fabricated see-through fabrics coated with the 

hierarchical particles structure show contact angles of 

150° with oils (rapeseed oil and hexadecane) and 61.3 % 

of transparency. The hierarchical structure of 

nanoparticle on fabrics enhanced oleophobicity, and the 

scales of this hierarchical structure were over 10 μm. 

Considering the applicative possibility of see-through 

superoleophobic thin films, it has some of unique 

characters: free-standing, nearly invisible with 

appropriate contrast and durability of micro structure of 

fabrics.    
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