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INTRODUCTION
Superhydrophobic surfaces in nature, having a water contact angle (CA) larger than 150° and exhibiting almost no adhesive 

to water droplets, have numerous applications in corrosion protective coatings [1-3], self-cleaning surfaces [4,5], oil-water separation, 
[6-8] anti-icing [9,10], non-wetting fabrics [11,12], droplet transportation [13], photonic applications [14], and so on. However, those natural 
or artificial superhydrophobic surfaces with micro/nanostructure are easily destroyed by some low load contacts, such as finger 
contact, abrasive wear, and washing cycles. The poor mechanical durability is always the main barrier to their practical applications 
[15,16]. Additionally, unlike the living biological surfaces, the biomimetic water-repellent materials, once destroyed, can hardly self-
healing [17]. In conclusion, seeking an effective way to mitigate the mechanical damage is really urgent. Not long ago, a few 
methods have been developed to tackle the mechanical damage problem [18-22]. By compression of the superhydrophobic metal 
particles, Larmour et al. prepared superhydrophobic composite material with mechanical durability and easy repairability. The 
high CA was still retained even after accidental damage, and hydrophobicity could be restored after fouling by abrasion [23]. Using 
a type of elastic polyurethane material, Su et al. [24] gained superhydrophobicity with fairly good abrasion resistance.

In this study, we demonstrated a facile method for the fabrication of superhydrophobic SiO2/ polytetrafluoroethylene 
nanocomposite bulk material by compression of the mixture of hydrophobic silica nanoparticles and polytetrafluoroethylene 
(PTFE) particles. The chemical durability of the superhydrophobic bulk material was investigated by immersion in strong acidic 
or alkaline solution for different time. It was found that the sample had better corrosion resistance in strong acidic solution than 
alkaline solution. In addition, the as-prepared superhydrophobic surface also demonstrated superoleophilic properties and could 
be used to selectively absorb oil from oil/water mixture. Importantly, the non-wetting property could be restored by a simple 
regeneration process once the superhydrophobicity lost. The introduction of easy repairability into the superhydrophobic surface 
will mitigate problems caused by mechanical damage or oil fouling, which is expected to satisfy the future demands in the 
practical applications.

EXPERIMENTAL
Hydrophobic SiO2 nanoparticles used in this study were prepared through a hydrolysis reaction, followed by surface 
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functionalized with chlorotrimethylsilane. The detailed fabrication process and structural characterization of the hydrophobic SiO2 
nanoparticles were discussed in our previous reported work [25]. PTFE powder was provided by Alfa Aesar Company. Mechanical 
abrasion was carried out using 800-mesh standard abrasive paper.

The SiO2/PTFE nanocomposite material was fabricated by directly mixing PTFE powder with SiO2 nanoparticles and cold 
pressing. A typical process is as follows. PTFE powder was first thoroughly mixed with SiO2 powder by grinding for 20 min. The 
mass ratio of SiO2 to PTFE is 1:4. 2.0 g of the mixture were placed into a mold and pressed at a pressure of 30 MPa for 3 min 
to form a dense bulk material. Then, the flattening bulk material was rubbed by an 800-mesh standard abrasive paper to get a 
superhydrophobic surface.

SEM images were obtained using a JSM-6701F field-emission scanning electron microscope (FESEM, JEOL, Japan). The 
chemical composition of the as-prepared bulk material was investigated using x-ray photoelectron spectroscopy (XPS), which was 
conducted on a PHI-5702 electron. The water CA and sliding angle (SA) were measured using a DSA100 CA instrument (Germany) 
with about 5 µL droplets of water or other corrosive liquids. The average CA and SA values were obtained by measuring the same 
sample in at least five different positions, and images were captured with a digital camera (Panasonic, DMC-ZS20).

RESULTS AND DISCUSSION
Figure 1a shows the photographs of water droplets placing on the bulk material surface. The surface is so hydrophobic that 

water droplets can exhibit approximately spherical shapes with the water CA and SA value of 157 ± 2° and 3 ± 1° respectively. 
Surprisingly, the interior of the bulk material also shows excellent superhydrophobicty. The cut bulk material sustains its original 
surface superhydrophobicity, displaying similarly a high apparent CA (156 ± 2°), as shown in Figure 1b and 1c. It can be seen 
from Figure 1d that when submerged in water, the bulk material surface acts like a sliver mirror when viewed at a glancing angle. 
This mirror-like phenomenon was due to the formed air plastron between water and the superhydrophobic surface [26].

Figure 1. Photographs of water droplets (a) on a freshly prepared bulk material surface with water CA about 157 ± 2°, (b) on the cross section 
and (c) on the interior of the bulk material with water CA about 156.3 ± 2°. (d) Mirror-like phenomenon can be observed on the bulk material 
when submerged in water.

The FESEM images of the as-prepared SiO2/PTFE bulk material are shown in Figure 2. It can be seen from Figure 2a that 
the surface is relatively smooth except for some irregular clusters that randomly distribute on it. Figure 2b, the high-magnification 
image, shows that numerous aggregations of nanoparticles with diameter about 100 nm are observed, showing a nanometer-scale 
roughness. Interestingly, we find from Figure 2c and 2d that the inner of the bulk material contains micrometer scale roughness 
features which are similar as the surface. It is believed that the aggregation of hydrophobic SiO2 and PTFE nanoparticles results 
in the surface roughness, which in turn influences the wettability of the surface.

XPS analysis was carried out to determine the surface composition of the as-prepared SiO2/PTFE sample. As shown in 
Figure 3, the XPS peaks of Si 2p, Si 2s, C 1s, O 1s and F 1s are clearly visible, indicating hydrophobic SiO2 and PTFE coexist on 
the surface. The peak of F 1s is located at 689.55 eV, which is consistent with the accepted binding energy value for F from PTFE 
[27]. Besides, it can be also seen that the peak of Si 2p at 103.6 eV attributed to SiO2 completely.

Apart from improving the mechanical durability, an effective alternative way should have such advantages as simple fabrication 
or easy repairability. However, what is interesting is that the prepared bulk material can easily renew the superhydrophobicity when 
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Figure 2. FESEM images of the surface (a, b) and (c, d) the interior of the as-prepared bulk material under different magnifications.

Figure 3. XPS survey spectrum of the bulk material surface.

damaged by mechanical scratch or oil contamination. Figure 4 shows the change of the surface wettability if it is deliberately 
fouled by oil or damaged by a finger. When a tetradecane droplet drop on the bulk material, it spreads quickly as shown in Figure 
4a, indicating an oil CA of almost 0°. It can be seen from Figure 4b that the water CA decreases dramatically after fouling by 
tetradecane. Another experiment was carried out by pressing gently on the middle of the sample with index finger (Figure 4d). 
The result in Figure 4e indicates that the compression could clearly weaken its water-repellency, making a water drop stick to the 
vertical surface. More interestingly, the non-wetting property can be easily restored by an easy regeneration process of removal 
of the damaged surface layer. As shown in Figure 4c and 4f, the superhydrophobicity with the CA larger than 150° recovered 
after exposing the interior of the bulk material. This easy regeneration is expected to satisfy the future demands in the practical 
application.

Note that when a drop of petroleum ether was placed on the sample surface, it quickly drawn into the interior with an oil CA 
about 5º, showing a superoleophilic property. Since the bulk material is superhydrophobic and superoleophilic, it can be used to 
remove oil from water. As illustrated in Figure 5a-5c, the bulk material could selectively adsorb light oil (lower density than water) 
floating on water surface within a few seconds. When the sample was taken out, the oil was absolutely drawn and the water 
became clear. Similar phenomena were also observed in the absorption of heavy oil (higher density than water) from water as 
shown in Figure 5d-5f. Almost all of chloroform sinking in the water could be removed by absorbing into the bulk material. The 
absorption capacity was typically used to measure the weight of oil that could be captured by the superhydrophobic material. The 
absorption capacity here was defined as (msaturated–minitial)/minitial 

[28]. It was found that the absorption capacity varied from individual 
to individual, and mainly depended on the density of the oil or organic solvent. As shown in Figure 6, the absorption capabilities 
vary greatly with the density. That is to say, the bigger is the specific gravity, the larger is the absorption capability.

Importantly, the as-prepared SiO2/PTFE bulk material can be used as a corrosion resistant surface, which is an extremely 
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Figure 4. Loss and regeneration of the superhydrophobicity of the bulk material. (a) the spreading of a tetradecane droplet on the bulk material 
surface; (b) a water droplet on the oil-fouling surface with a CA about 88º; (c) regeneration of superhydrophobicity by removing the oil-fouling 
layer; (d) a finger pressing the bulk surface; (e) the surface lost the superhydrophobicity and a water droplet sticking to surface; (f) regeneration 
of superhydrophobicity by removing the destroyed layer.

Figure 5. Optical images of the removal of petroleum ether (a-c) and chloroform (d-f) from water by the bulk material. The petroleum ether and 
chloroform were labeled with oil red for clear observation.

Figure 6. Bar graph showing the absorption capabilities of as-prepared sample for different types of oil or organic solvent.

useful application in our daily life. As shown in Figure 7a, the surface remained extreme water repellence even if the pH of the 
testing liquid varied from 1.0 to 14.0, indicating that the bulk material has good corrosion resistance. In order to gain a deeper 
understanding about the stability, we investigated the wettability evolution by immersing the bulk material into some corrosive 
mediums. Figure 7b-7c show the water CA of the bulk material as a function of immersion time in acidic and alkaline solutions, 
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respectively. It can be seen that the CA decreases gradually with the increase of immersion time whether in the solution of 
pH 2 or pH 13. When the immersion time in the acidic solution reaches to 50 min, the bulk material surface still sustains its 
superhydrophobicity with CA more than 150º. However, the CA significantly reduces to 145º with the further increase of the 
immersion time to 60 min, indicating the degradation of its water-repellence. As shown in Figure 7c, the CA of the bulk material 
is still larger than 145º even though it has been immersed in alkaline liquid for 60 min. This result is very important for the 
application of bulk material with sustainable hydrophobicity in corrosive liquids.

Figure 7. Relationship between pH of water droplet and CA of the bulk material surface (a). The water CA of the bulk material as a function of 
immersion time in acidic (b) or alkaline (c) solution.

CONCLUSIONS
We have developed a simple, inexpensive and time-saving method for the fabrication of superhydrophobic SiO2/

PTFE superhydrophobic bulk material. The obtained material can be used to remove oil from the water surface because of 
its superhydrophobicity as well as superoleophilicity. In addition, the material surface shows rather stable superhydrophobicity 
toward corrosive mediums, particularly under acidic conditions. Importantly, when fouled by oil or damaged by outside forces, its 
superhydrophobicity could be easily recovered by removing the destroyed layer. So, for the foreseeable future, the introduction of 
easy repairability will open a new avenue to extending the lifespan of superhydrophobic surfaces for practical applications.

ACKNOWLEDGMENTS
This work was supported by the National Nature Science Foundation of China (Grant No. 21403055); Joint Talent Cultivation 

Funds of NSFC-HN (Grant No. U1304529).

REFERENCES
1. Qing YQ, et al. Facile approach in fabricating hybrid superhydrophobic fluorinated polymethylhydrosiloxane/TiO2 

nanocomposite coatings. Colloid Polym Sci 2015;293:1809-1816.

2. Takahiro I, et al. Corrosion resistance and durability of superhydrophobic surface formed on magnesium alloy coated 
with nanostructured cerium oxide film and fluoroalkylsilane molecules in corrosive NaCl aqueous solution. Langmuir 
2011;27:4780-4788.

3. Ou JF, et al. Superhydrophobic surfaces on light alloy substrates fabricated by a versatile process and their corrosion 
protection. ACS Appl Mater Inter 2013;5:3101-3107.

4. Bhushan B, et al. Self-cleaning efficiency of artificial superhydrophobic surfaces. Langmuir 2009;25:3240-3248.

5. Nakano K, et al. Importance of gelation and crystallization for producing superhydrophobic surfaces from mixtures of 
hydrogenated castor oil and fatty acids. Colloid Polym Sci 2015;294:69-75. 

6. Shchipunov Y, et al. Bimodal SBA-15 and polymethylsilsesquioxane monoliths with regulated mesoporous structure and 
macroporosity. Colloid Polym Sci 2015;293:3369-3380.

7. Zhou XY, et al. Facile fabrication of superhydrophobic sponge with selective absorption and collection of oil from water. Ind 
Eng Chem Res 2013;52:9411-9416.

8. Gui XC, et al. Magnetic and highly recyclable macroporous carbon nanotubes for spilled oil sorption and separation. ACS 
Appl Mater Inter 2013;5:5845-5850.

9. Ruan M, et al. Preparation and anti-icing behavior of superhydrophobic surfaces on aluminum alloy substrates. Langmuir 
2013;29:8482-8491.

10. Cao LL, et al. Anti-icing superhydrophobic coatings. Langmuir 2009;25:12444-12448.



25RRJOMS | Microstructured Electrodes-S1, 2016

Research & Reviews: Journal of Material Sciences e-ISSN:2321-6212 
p-ISSN:2347-2278

11. Xue CH, et al. Superhydrophobic surfaces on cotton textiles by complex coating of silica nanoparticles and hydrophobization. 
Thin Solid Films 2009;517:4593-4598.

12. Bae GY, et al. Superhydrophobicity of cotton fabrics treated with silica nanoparticles and water-repellent agent. J Colloid 
Interf Sci 2009;337:170-175.

13. Seo KS, et al. A superhydrophobic magnetic elastomer actuator for droplet motion control. Polym Adv Technol 2013;24:1075-
1080.

14. Priimagi A and Shevchenko A. Azopolymer-based micro- and nanopatterning for photonic applications. J Polym Sci B Polym 
Phys 2014;52:163-182.

15. Boinovich L, et al. Analysis of long-term durability of superhydrophobic properties under continuous contact with water. ACS 
Appl Mater Inter 2010; 2:1754-1758.

16. Wang GY, et al. A robust transparent and anti-fingerprint superhydrophobic film. Chem Commun 2013;49:7310-7312.

17. Tuukka V, et al. Mechanically durable superhydrophobic surfaces, Adv Mater 2011;23:673-678.

18. Jung YC and Bhushan B. Mechanically durable carbon nanotubecomposite hierarchical structures with superhydrophobicity, 
self-cleaning, and low-drag. ACS Nano 2009;3:4155-4163.

19. Sun J and Wang J. The fabrication of superhydrophobic glass fiber-reinforced plastic surfaces with tunable adhesion based 
on hydrophobic silica nanoparticle aggregates. Colloid Polym Sci 2015;293:2815-2821.

20. Yanagisawa T, et al. Preparation and abrasion resistance of transparent super-hydrophobic coating by combining crater-like 
silica films with acicular boehmite powder. Mat Sci Eng B 2009;161:36-39.

21. Zimmermann J, et al. A simple, one-step approach to durable and robust superhydrophobic textiles. Adv Funct Mater 
2008;18:3662-3669.

22. Xiu YH, et al. Mechanically robust superhydrophobicity on hierarchically structured Si surfaces. Nanotechnology 
2010;21:155705.

23. Larmour IA, et al. Compressed metal powders that remain superhydrophobic after abrasion. ACS Appl Mater Inter 
2010;2:2703-2706.

24. Su CH, et al. The abrasion resistance of a superhydrophobic surface comprised of polyurethane elastomer. Soft Matter 
2010;6:6068-6071.

25. Zhang X, et al. Facile approach for preparation of stable water-repellent nanoparticle coating. Appl Surf Sci 2012;258:7907-
7911.

26. Larmour IA, et al. Remarkably simple fabrication of superhydrophobic surfaces using electroless galvanic deposition. 
Angew Chem Int Edit 2007;46:1710-1712.

27. Beamson G and Briggs D. High resolution XPS of organic polymers: The scienta ESCA300 database, Wiley, Chichester 
1992.

28. Wang B, et al. Methodology for robust superhydrophobic fabrics and sponges from in situ growth of transition metal/metal 
oxide nanocrystals with thiol modification and their applications in oil/water separation. ACS Appl Mater Inter 2013;5:1827-
1839.


