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ABSTRACT

The currently available superhydrophobic coating techniques that utilize mussel-inspired polydopamine coating to 

construct hierarchical superhydrophobic structures require multiply procedures and are time-consuming processes. Here, 

we propose an ultrasound-accelerated strategy to various commercial sponges with hierarchically structured 

superhydrophobic surfaces by briefly submerging sponges into a slightly alkaline aqueous mixture comprising dopamine 

hydrochloride (DA) and dodecyltrimethoxysilane (DTMS) under ultrasound. The ultrasound is found significantly 

accelerate the hierarchical surface structures from PDA, while only minorly influences the hydrolysis of DTMS that 

hydrophobically modifies the surface of PDA. As a result, the hierarchical superhydrophobic surfaces are formed within 

25 min. In addition, the superhydrophobicity of the surface can be recovered by repeating this ultrasound-assisted 

process, provided that the superhydrophobic feature is vanished or lost during their use in a harsh environment. These 

superhydrophobic sponges are superior materials for oil collection from water, in a durably robust, efficient and 

recyclable manner with multi-life span. This strategy presents a rather high efficient and time-saving process for 

constructing/recovering hierarchical superhydrophobic surfaces, which may be useful for the rapid engineering 

commercial materials with restorable superhydrophobic surfaces.

Keywords: Superhydrophobicity; Ultrasound; Polydopamine; Silane; Oil/water separation.
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1. Introduction

Superhydrophobic surfaces, as inspired by many biological examples in nature, such as, lotus leaf, water striders, 

mosquito eyes, desert beetle, etc., have received extensive attraction because of their potential applications in self-

cleaning, oil/water separation, antifouling, anticorrosion and antiicing [1-4]. The pioneered biomimetic research indicates 

that the hierarchical micro/nano-surface morphologies with appropriate surface chemical composition is crucial for 

artificial realization of superhydrophobic surfaces [4, 5]. The representative synthetic approaches including template, sol-

gel construction, lithographic patterning, plasma etching, and chemical vapor deposition (CVD) have recently been 

established to construct superhydrophobic surfaces for various purposes [6-10]. In spite of their great success in the 

development of superhydrophobic surfaces, it should be noticed that many of these synthetic strategies suffer from 

intrinsic disadvantages concerning their strict reaction conditions, the time-consuming and intricate procedures, limited 

applicable scope for substrates, difficulty in reproduction, and environmental malign, which, in turn, hamper their 

applications in practice. Thus, a facile, versatile, fast, and environmentally friendly synthetic strategy is urgently desired.

Mussel-inspired polydopamine (PDA) chemistry has attracted intense interest in recent years because PDA coatings 

exhibit a strong adhesion to a vast variety of substrates in a wet environment. This sticky feature of the PDA coatings is 

analogous to that of adhesive proteins secreted by marine mussels in nature [11-13]. As such, PDA coatings are vastly 

useful for surface modification, which can also be as the versatile substrates, further enabling a huge variety of secondary 

reactions [14-20]. In fact, PDA has been employed to construct hierarchical superhydrophobic surfaces on diverse 

substrates [21-25]. To achieve hierarchical superhydrophobic surfaces, a commonly used strategy is first to construct 

hierarchical surface structures by introducing nanoparticles or co-monomers into PDA coatings, and then to 

hydrophobically treat surfaces with chemicals containing fluorine [14, 24, 26-29]. Alternatively, single-step approaches 

in which the surface modifiers with low interfacial energies are introduced during the formation of PDA coatings have 

been reported very recently [23, 29, 30]. Although the PDA chemistry offers a mild and effective strategy to construct 

superhydrophobic surfaces, the formation of superhydrophobic surface with PDA is a slow process, typically from 
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several hours to few days[14, 21, 24], which might be associated with the slow formation kinetics of the PDA [11, 31-

35].In addition, PDA coatings are susceptible to strongly alkaline environment [36], from which their practical use in 

constructing superhydrophobic surfaces is still questionable. 

As an efficient and environmentally innocuous technique in synthetic chemistry, the ultrasound has been widely 

utilized because it induces micro-cavities among a solution and is a convenient source of energy input to enhance a large 

library of reactions through the cavitation [37-39]. We, here, propose an ultrasound-accelerated one-pot approach to 

build hierarchical superhydrophobic surfaces onto diverse commercially available sponges, e.g., melamine-formaldehyde 

(MF), polyurethane (PU), carbon, and copper sponges. By simply immersing sponges in a weakly alkaline aqueous 

mixture comprising dopamine hydrochloride (DA) and dodecyltrimethoxysilane (DTMS) in the presence of ultrasound, 

those sponges with hierarchical superhydrophobic surfaces can be yielded within 25 minutes. In marked contrast to 

previously reported strategies, this method significantly accelerates the formation of superhydrophobic surfaces in single 

step, which is rather high efficiency and time-saving. The resultant superhydrophobic sponges can be used for oil/water 

separation, promising potential use in organics recovery and wastewater remediation. In addition, this synthetic process 

is reproducible, i.e., it can effectively recover the superhydrophobicity of the sponges after the superhydrophobic surface 

are destroyed within a highly alkaline environment, by repeating this single-step process. As such, the obstruction of 

applying PDA for constructing superhydrophobic surface for practical utilization can be resolved. 

2. Experimental

2.1. Materials

Dopamine hydrochloride (DA) and dodecyltrimethoxysilane (DTMS, 95%) were bought from Sigma-Aldrich and 

J&K Scientific Ltd. respectively. Aqueous ammonia (28-30%), sodium 1-dodecanesulfonate (SDS, >98%), and all 

solvents, were purchased from Sinopharm Chemical Reagent Co. Ltd. All sponges were gotten from local markets. 

Deionized water was used throughout the experiments and obtained from a Milli-Q water apparatus.
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2.2. Ultrasound-accelerated preparation of superhydrophobic sponge 

The procedure in scheme 1 is the schematic illustration of ultrasound-accelerated one-pot approach for preparing 

superhydrophobic sponges. Typically, DTMS (50 μL) was dispersed in deionized water (100 mL) by ultrasonication for 

1 min, and mixed with DA (0.3 g) and aqueous ammonia (50 μL). Then, the sponges were rapidly immersed into this 

mixture in the presence of ultrasound at an acoustic power of 80 W for 25 min. Thereafter, the sponges were retreated 

and rinsed with ultrapure water. The sponges were placed in air overnight to allow them completely dry. This surface 

modification is versatile, applicable to different porous materials, for instance, MF, PU, carbon, and copper sponges. In 

addition, the superhydrophobic surface became superhydrophilicity after treatment with hot alkaline water. The 

superhydrophobicity of the sponge can be recovered by repeating the above procedure. 

2.3. Characterization

Surface morphologies of the sponges were investigated by a field emission scanning electron microscope (SEM, 

Hitachi SU8020). Water contact angle (WCA) measurements were performed on a Dataphysics OCA 20 contact angle 

system (DataPhysics Instruments GmbH, Germany) at ambient temperature. The average WCA value was determined by 

measuring the WCA at five different positions on the same sample. The surface chemical compositions of the sponge 

samples were characterized using an AXIS Ultra X-ray photoelectron spectrometer (Kratos Analytical Ltd., U.K.) 

equipped with a monochromatized Al Kα X-ray source (1486.6 eV). The compressibility of the samples was tested on a 

universal testing apparatus (Song Dun LDW-5) at a compressive rate of 15 mm/min. Optical microscopic images of the 

emulsions were taken with an Olympus BX51 optical microscope. The sizes of the droplets were measured with a 

dynamic light scattering system (NanoBrook 90 Plus Zeta, Brookhaven Instruments Corporation).

2.4. Superhydrophobic sponge for oil/water separation 

Various oils and organic solvents (n-hexane, acetone, and engine, soybean, and methyl silicone oils, petrol, 

dichloromethane, trichloromethane, and tetrachloromethane) were chosen for the absorption tests. Typically, a block of 

superhydrophobic MF sponge was dipped into the oil-water mixtures until it was completely saturated with oil. Then, the 
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MF sponge was immediately retreated from the mixture for the weigh measurement. The absorption capacity of the 

sponge for oils (k) was obtained based on Eq. (1) [40].

                                                                                                                                       (1)k =
Ma ― Mb

Mb

where Mb and Ma are the masses of the sponge before and after the adsorption of organic liquids, respectively. Each k is 

obtained by averaging three results. 

For extract oils from emulsions, oil (tetrachloromethane)-in-water (1:30, v/v) emulsions were prepared under 

ultrasonication for 30 s with the usage of SDS surfactants. Subsequently, the surface modified sponge was immersed into 

the emulsions to achieve demulsification and oil collection.

3. Results and discussion

The ultrasound-accelerated one-step synthesis of hierarchical superhydrophobic sponges is schematically illustrated in 

Scheme 1. Dodecyltrimethoxysilane (DTMS) and dopamine hydrochloride (DA) are dispersed in an alkaline aqueous 

solution in the presence of sponges by ultrasound. After 25 min of ultrasonication, sponges become superhydrophobic. 

Prior to surface modification, the pristine sponges are porous at micrometer scales with smooth surfaces, as shown in Fig. 

1a and b for MF, e and f for PU, i and j for carbon, and m and n for copper sponges, respectively. While after surface 

treatment, the surface of the sponges becomes rougher than they were before the modification and turn to be 

superhydrophobic, as shown in Fig. 1c, d, g, h, k, l, o, and p, and their inserted images. These results indicate that this 

approach is fairly efficient, time-saving, and facile, and versatile for a variety of substrates to be superhydrophobic.

To explore the formation mechanism underlying the phenomena, MF sponge is used in the following experiment 

otherwise mentioned. First, the roles of dopamine and DTMS in the presence of ultrasonication in synthesizing 

superhydrophobic surfaces are investigated independently. Solely treating MF sponges with dopamine or DTMS alone 

under ultrasonication (denoted as MF/PDA-U and MF/DTMS-U) cannot endows sponges with superhydrophobic 



7

surfaces as shown in Fig. 2a and c, respectively. Nevertheless, the surfaces of the sponges become more hydrophobic 

than they were before the treatment (see the inset in Fig. 1a). Interestingly, while dopamine prefers forming PDA nodules 

on the surfaces of MF sponges with the help of ultrasonication, resulting in hierarchical structures (Fig. 2a), DTMS tends 

to homogeneously coat MF sponges, leading to smooth hydrophobic surfaces (Fig. 2c). As shown in Fig. 2e, the 

combined usage of DTMS and dopamine results in hierarchical superhydrophobic surfaces. And the as-prepared 

MF/PDA-DTMS-U sponge is highly superhydrophobic with water contact angle of 153.2 ±2.3° in air (see Fig. 2e) and 

underwater superoleophilic with oil contact angle of 0° in water (see Fig. S1). In addition, the superhydrophobic and 

superoleophilic features of MF/PDA-DTMS-U sponge are also characterized, as shown in Fig. S2a-d. To test the 

homogeneity of the superhydrophobicity and superoleophilicity, the inside surface of MF/PDA-DTMS-U sponge is 

further characterized with SEM by cutting the sponge into two. As shown in Fig. S2e and inset, the internal surface of 

the MF/PDA-DTMS-U sponge also shows the identical hierarchical morphologies. Similarly, the water contact angle is 

about 154.7±1.7° (Fig. S2f) and the oil contact angle is of 0° (Fig. S2g), which are consistent with the results in Fig. 1c 

and Fig. S2c, and d, demonstrating that the good homogeneity of the superhydrophobic and superoleophilic features of 

MF/PDA-DTMS-U sponge. These results hint that the main role of dopamine is to construct hierarchical morphologies 

and DTMS is responsible to lower the surface energy of the resulting surfaces [20, 41, 42].This is in good line with the 

characterization results from XPS as shown in Fig. 2g and Table S1 in the Supplementary Information. 

Second, we conduct three control experiments, where dopamine and/or DTMS are reacted with MF sponges in the 

absence of ultrasonication (denoted as MF/PDA, MF/DTMS, and MF/PDA-DTMS). As displayed in Fig. 2b, d, and f, 

the surfaces of these samples are smooth and hydrophobic. No hierarchical structures are observed. As comparing the 

surface composition of these controls with their counterparts (i.e., MF/PDA-U, MF/DTMS-U, and MF/PDA-DTMS-U), 

it seems that the ultrasonication accelerate the particles formation of PDA, while has a minor effect on DTMS coating. 

We further strength this conclusion by mixing dopamine with DTMS under ultrasonication and under ambient conditions, 

respectively. While micrometer-sized rough particles are yielded under ultrasonication, nanometer-sized smooth particles 
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are obtained under ambient conditions (see Fig. S3). In fact, ultrasound has been widely utilized in synthetic chemistry to 

accelerate a wide range of chemical processes because it can generate cavitation, as well as free radicals, such as 

superoxide (O2
•−) and hydroxyl radicals (·OH) [37-39]. Such reactive radical species can significantly accelerate the 

formation of PDA, which has already been verified by others [43-45]. The other effective manners to generate radicals 

include UV and microwave irradiations and the addition of oxidant [31-35], despite we achieve this goal through a rapid 

and reproducible way by using ultrasonication in comparison to others as shown in Table S2. 

In modern industry, the accidental oil spillages, as well as the discharge of industrial wastewater are frequently taking 

place and have become a difficult problem globally, which cause severe environmental pollution and ecological damage 

[46, 47]. As such, it is imperatively desired to seek appropriate materials for the oil-spill cleanup and the oil/water 

separation, desirably with features of low cost, chemical resistance, durable stability, high efficiency, and reusability [48-

51]. 

We further demonstrate the application of as-synthesized hierarchical superhydrophobic MF sponges (MF/PDA-

DTMS-U) in oil collection. Benefiting from its high porosity and superhydrophobicity, these MF sponges can readily 

collect oils from water upon contacting between each other as demonstrated in Fig. 3a and b. The oils absorbed can be 

collected by compress the sponges (see Supplementary Movies 1 and 2). As shown in Fig.3a i-vi and Supplementary 

Movie 1, this MF/PDA-DTMS-U sponge absorbs the floating (dyed with oil red) oil n-hexane at the surface of the water 

in a couple of seconds, leaving a fresh water surface. In contrast, the heavy oils underwater can also be absorbed and 

removed with the MF/PDA-DTMS-U sponge. As exemplified in Fig.3b i-vi, as the MF/PDA-DTMS-U sponge 

approaches tetrachloromethane (dyed with oil red) at the bottom of water, which absorbs tetrachloromethane completely 

within a few seconds without absorbing water (also see Supplementary Movie 2). Further, the oil collection rate of this 

superhydrophobic MF/PDA-DTMS-U sponge has been measured, reaching 0.165 g/s. This fast absorption kinetics is 

attributed to the combination of the high porosity, low density, inherent superoleophilicity, and high induced capillary 

force of the sponge. 
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To mimic the oil contaminated water, tetrachloromethane-in-water emulsions in the absence (Fig. 3c) and presence 

(Fig. 3d) of sodium 1-dodecane sulfonate (SDS) surfactants are prepared by sonication for this purpose. For both cases, 

forcing sponges into emulsions over a few seconds leads to transparent solutions. Moreover, no oil droplets are 

visualized by optical microscopy and are detected by DLS spectra, indicating that those oil droplets have been 

completely removed regardless the presence of the surfactants, as shown in Fig. 3c and d. Quantitatively, the separation 

efficiencies of tetrachloromethane-in-water (1:30, v/v) emulsions in the absence/presence of the surfactant SDS 

determined by UV-vis spectrophotometer are 97.16 ±  1.27% (Fig. 3c) and 98.68 ±  1.35% (Fig. 3d), respectively. In 

contrast, those hydrophobic MF sponges modified under ambient conditions (MF/PDA-DTMS) disable the completely 

cleanup of the oils from emulsions (see Fig. S4). 

To quantify the oil-collection efficiency of the superhydrophobic sponges, we introduce the absorption capacities (k) 

as can be seen in Equation 1, and evaluate the k of the superhydrophobic sponges in terms of the absorption of 

commercially available oils and the organic solvents. As illustrated in Fig. 3e, the k values of the sponges are 74–180 

times of their mass, which are, essentially, subject to the densities of the absorbed commercial oils (e.g. engine oil, petrol, 

soybean oil and methyl silicone oil) and the organic solvents (e.g. n-hexane, acetone, dichloromethane, 

tetrachloromethane and trichloromethane). Additionally, the reusability of the sponges in collecting oils is investigated 

by iterating repeating the absorption-squeeze process with the model absorbates n-hexane and tetrachloromethane, 

separately. As demonstrated in Fig. 3f, the k value of the sponge do not show an obvious change over 20 cycles of 

absorption-squeeze, indicating their excellent reusability. 

Next, we study the superhydrophobicity and the mechanical property of the sponges during their use. Fig. 4a shows 

the WCA of the sponges is not affected within the 20 cycles of absorption-squeeze, hinting that the superhydrophobicity 

of the sponges retains. This is also verified by the SEM observation of the surface, where the hierarchical structures of 

the sponges are intact (Fig. 4b). In addition, the compressibility of the sponges is investigated as demonstrated in Fig. 4c 
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and d. The superhydrophobic MF sponges are able to recover to their original status independent of the compressive 

stress (at least up to 90% of the maximum strain as shown in Fig.4c) and the usage cycle (up to 500 cycles shown in Fig. 

4d). Whilst, the superhydrophobicity and hierarchical surface morphology retains after the compression as displayed in 

Fig. 4e and f. To the end, the superhydrophobicity of the sponges against the abrasion is evaluated by using sandpaper. 

As demonstrated in Fig.4g, the sponge keeps superhydrophobic over 100 cycles of abrasion with a sandpaper. These 

results indicate that these superhydrophobic MF sponges are robust and mechanical stable.

The durability and robustness of the materials especially in extreme environments are the crucial parameters for 

judging the applicable scope of the materials. As such, the environmental stability of hierarchical superhydrophobic MF 

sponges are evaluated by placing them into extreme conditions, e.g., corrosive and organic liquids, extreme temperatures, 

and irradiations. As detailed in Table 1, the sponges are sufficient robust to keep their superhydrophobic regardless of 

extreme conditions, except in a highly alkaline environment, where the contact angle of the sponges drops the most in 

comparison with other condition used. We will present a plausible way to strengthen this weakness in the following 

section. These indicates the high chemical resistance and environmental stability of the sponges, allowing them for a 

broad working scope of application. 

During the practical use, the damage in the hierarchical micro-/nanoscale structures of superhydrophobic surfaces is 

inevitable especially when they are working in the extremely harsh conditions, e.g., our superhydrophobic sponge in a 

highly alkaline environment. The recovery of superhydrophobicity is therefore essential, which can largely increase the 

usage cycle of superhydrophobic materials in practical applications. In our case, we demonstrate that this ultrasound-

accelerated polydopamine chemistry is also an efficient approach for recovering the superhydrophobicity of the sponges 

after their superhydrophobicity is attenuated during the usage. As demonstrated in Fig.5a, after the hierarchical 

superhydrophobic MF sponge is treated in a hot NaOH solution (pH 13, 80 oC) for 6 h, the original hierarchical 

structures of MF sponge are destroyed, and the MF sponge’s surface becomes smoother and more hydrophilic with a 

WCA of about 0° in comparison with that before the treatment (see Fig. 1c and d, and Fig.5 b, c, and d). Upon treating 
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this hydrophilic MF sponge with ultrasound-accelerated polydopamine chemistry processing for 25 min, the 

superhydrophobicity is restored. Importantly, this feasible recovering can be repeatable as shown in Fig. 5a. After 6 

cycles of first with hot NaOH solution treatment and then with ultrasound-accelerated polydopamine chemistry process, 

the MF sponge still maintains its hierarchical structures and superhydrophobicity (see Fig. 5 e, f, and g). Moreover, their 

absorption capacity of MF sponge is not obviously changed over 6 cycle’s treatments, as demonstrated in Fig. 5h. This 

points out a new yet plausible pathway to extend the usage lifetime of superhydrophobic surfaces. 

4. Conclusions

In conclusions, we have reported a rapid and reproducible ultrasound-accelerated polydopamine chemistry to construct 

hierarchical superhydrophobic surfaces onto commercial sponges in one step irrespective of the materials and surface 

morphology of the sponges. Simply immersing sponges into a weakly alkaline aqueous medium comprising DA and 

DTMS under ultrasound for 25 min would lead to superhydrophobic hierarchical surfaces. The resultant 

superhydrophobic sponges are promising candidates for the quick collection of diverse immiscible oils from aqueous 

phase, because these sponges perform the high adsorption efficiencies and extraordinary recyclability, and are 

mechanically stable and chemically resistant in harsh environments. More importantly, these hierarchical 

superhydrophobic surfaces can be recovered by repeating the ultrasound-assisted process once they are destroyed during 

the use. In all, this strategy is a rather high efficiency and time-saving process for the construction/restoration of 

hierarchical superhydrophobic surfaces, which potentially be applicable for other commercial materials with rational 

adaption in synthesis.

CRediT authorship contribution statement

Biyun Wang：Conceptualization, Methodology, Investigation, Data curation, Formal analysis, Writing - original 

draft. Yanling Ma: Investigation, Formal analysis, Visualization. Ni Wang: Investigation, Methodology, Data curation, 



12

Visualization. Juanli Wang: Visualization, Data curation, Supervision. Jing Luo: Resources, Investigation, 

Visualization. Bo Peng: Supervision, Writing - review & editing. Ziwei Deng: Conceptualization, Project 

administration, Supervision, Writing - review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.

Acknowledgements

The Programs for Science & Technology Innovation Team of Shaanxi Province (No.2018TD-030), the Innovation 

Capability Support Program of Shaanxi (No.2020TD-024), the Key Laboratory of Synthetic and Biological Colloids, 

Ministry of Education, Jiangnan University (JDSJ2020-2) and the Fundamental Research Funds for the Central 

Universities (No. GK202002007) are acknowledged for financial supports. B.P. appreciates the financial support from 

the Academy of Finland (No. 321443 and No. 328942).

Appendix A. Supplementary material

Supplementary material associated with this article can be found, in the online version, at http://dx.doi.org/

References

[1] K. Liu, X. Yao, L. Jiang, Recent developments in bio-inspired special wettability, Chem. Soc. Rev., 39 (2010) 3240-
3255.

[2] K. Liu, L. Jiang, Bio-inspired self-cleaning surfaces, Annu. Rev. Mater. Res., 42 (2012) 231-263.
[3] B. Su, Y. Tian, L. Jiang, Bioinspired interfaces with superwettability: From materials to chemistry, J. Am. Chem. 

Soc., 138 (2016) 1727-1748.



13

[4] L. Wen, Y. Tian, L. Jiang, Bioinspired super-wettability from fundamental research to practical applications, Angew. 
Chem. Int. Ed., 54 (2015) 3387-3399.

[5] L. Feng, S. Li, Y. Li, H. Li, L. Zhang, J. Zhai, Y. Song, B. Liu, L. Jiang, D. Zhu, Super-hydrophobic surfaces: From 
natural to artificial, Adv. Mater., 14 (2002) 1857-1860.

[6] H.Y. Erbil, A.L. Demirel, Y. Avcı, O. Mert, Transformation of a simple plastic into a superhydrophobic surface, 
Science, 299 (2003) 1377-1380.

[7] M. Jin, X. Feng, J. Xi, J. Zhai, K. Cho, L. Feng, L. Jiang, Super-hydrophobic pdms surface with ultra-low adhesive 
force, Macromol. Rapid Commun., 26 (2005) 1805-1809.

[8] H. Liu, L. Feng, J. Zhai, L. Jiang, D. Zhu, Reversible wettability of a chemical vapor deposition prepared zno film 
between superhydrophobicity and superhydrophilicity, Langmuir, 20 (2004) 5659-5661.

[9] L. Jiang, Y. Zhao, J. Zhai, A lotus-leaf-like superhydrophobic surface: A porous microsphere/nanofiber composite 
film prepared by electrohydrodynamics, Angew. Chem. Int. Ed., 43 (2004) 4338-4341.

[10] L. Zhai, F.Ç. Cebeci, R.E. Cohen, M.F. Rubner, Stable superhydrophobic coatings from polyelectrolyte multilayers, 
Nano Lett., 4 (2004) 1349-1353.

[11] H. Lee, S.M. Dellatore, W.M. Miller, P.B. Messersmith, Mussel-inspired surface chemistry for multifunctional 
coatings, Science, 318 (2007) 426-430.

[12] Y.L. Liu, K.L. Ai, L.H. Lu, Polydopamine and its derivative materials: Synthesis and promising applications in 
energy, environmental, and biomedical fields, Chem. Rev., 114 (2014) 5057-5115.

[13] B.P. Lee, P.B. Messersmith, J.N. Israelachvili, J.H. Waite, Mussel-inspired adhesives and coatings, Annu. Rev. 
Mater. Res., 41 (2011) 99-132.

[14] L. Zhang, J. Wu, Y. Wang, Y. Long, N. Zhao, J. Xu, Combination of bioinspiration: A general route to 
superhydrophobic particles, J. Am. Chem. Soc., 134 (2012) 9879-9881.

[15] Y. Cong, T. Xia, M. Zou, Z.N. Li, B. Peng, D.Z. Guo, Z.W. Deng, Mussel-inspired polydopamine coating as a 
versatile platform for synthesizing polystyrene/Ag nanocomposite particles with enhanced antibacterial activities, J. 
Mater. Chem. B, 2 (2014) 3450-3461.

[16] B. Shang, Y. Wang, P. Yang, B. Peng, Z. Deng, Synthesis of superhydrophobic polydopamine-Ag 
microbowl/nanoparticle array substrates for highly sensitive, durable and reproducible surface-enhanced raman 
scattering detection, Sens. Actuators. B: Chem., 255 (2018) 995-1005.

[17] C. Wu, Z. Deng, B. Shang, O. Ikkala, B. Peng, A versatile colloidal janus platform: Surface asymmetry control, 
functionalization, and applications, Chem. Commun., 54 (2018) 12726-12729.

[18] Z. Deng, B. Shang, B. Peng, Polydopamine based colloidal materials: Synthesis and applications, Chem.Rec., 18 
(2018) 410-432.

[19] Y. Wang, B. Shang, M. Liu, F. Shi, B. Peng, Z. Deng, Hollow polydopamine colloidal composite particles: 
Structure tuning, functionalization and applications, J. Colloid Interface Sci., 513 (2018) 43-52.

[20] Y. Wang, B. Shang, X. Hu, B. Peng, Z. Deng, Temperature control of mussel-inspired chemistry toward hierarchical 
superhydrophobic surfaces for oil/water separation, Adv. Mater. Interfaces, 4 (2017) 1600727.

[21] C.P. Ruan, K.L. Ai, X.B. Li, L.H. Lu, A superhydrophobic sponge with excellent absorbency and flame retardancy, 
Angew. Chem. Int. Ed., 53 (2014) 5556-5560.



14

[22] Y.Z. Cao, X.Y. Zhang, L. Tao, K. Li, Z.X. Xue, L. Feng, Y. Wei, Mussel-inspired chemistry and michael addition 
reaction for efficient oil/water separation, ACS Appl. Mater. Interfaces, 5 (2013) 4438-4442.

[23] S. Huang, Mussel-inspired one-step copolymerization to engineer hierarchically structured surface with 
superhydrophobic properties for removing oil from water, ACS Appl. Mater. Interfaces, 6 (2014) 17144-17150.

[24] Q. Zhu, Q. Pan, Mussel-inspired direct immobilization of nanoparticles and application for oil–water separation, 
ACS Nano, 8 (2014) 1402-1409.

[25] Z. Xu, K. Miyazaki, T. Hori, Dopamine-induced superhydrophobic melamine foam for oil/water separation, Adv. 
Mater. Interfaces, 2 (2015) 1500255.

[26] Z. Li, C. Wu, K. Zhao, B. Peng, Z. Deng, Polydopamine-assisted synthesis of raspberry-like nanocomposite 
particles for superhydrophobic and superoleophilic surfaces, Colloids Surf. A, 470 (2015) 80-91.

[27] B. Wang, Y. Liu, Y.B. Zhang, Z.G. Guo, H. Zhang, J.H. Xin, L. Zhang, Bioinspired superhydrophobic 
Fe3O4@polydopamine@Ag hybrid nanoparticles for liquid marble and oil spill, Adv. Mater. Interfaces, 2 (2015).

[28] I. You, Y. Chang Seo, H. Lee, Material-independent fabrication of superhydrophobic surfaces by mussel-inspired 
polydopamine, RSC Adv., 4 (2014) 10330-10333.

[29] Z. Wang, Y. Xu, Y. Liu, L. Shao, A novel mussel-inspired strategy toward superhydrophobic surfaces for self-
driven crude oil spill cleanup, J. Mater. Chem. A, 3 (2015) 12171-12178.

[30] N. Wang, Y. Wang, B. Shang, P. Wen, B. Peng, Z. Deng, Bioinspired one-step construction of hierarchical 
superhydrophobic surfaces for oil/water separation, J. Colloid Interface Sci., 531 (2018) 300-310.

[31] C. Zhang, Y. Ou, W.X. Lei, L.S. Wan, J. Ji, Z.K. Xu, CuSO4/H2O2-induced rapid deposition of polydopamine 
coatings with high uniformity and enhanced stability, Angew Chem Int Edit, 55 (2016) 3054-3057.

[32] M. Lee, S.H. Lee, I.K. Oh, H. Lee, Microwave-accelerated rapid, chemical oxidant-free, material-independent 
surface chemistry of poly(dopamine), Small, 13 (2017) 1600443.

[33] Q. Wei, F. Zhang, J. Li, B. Li, C. Zhao, Oxidant-induced dopamine polymerization for multifunctional coatings, 
Poly.Chem., 1 (2010) 1430-1433.

[34] X. Du, L. Li, J. Li, C. Yang, N. Frenkel, A. Welle, S. Heissler, A. Nefedov, M. Grunze, P.A. Levkin, UV-triggered 
dopamine polymerization: Control of polymerization, surface coating, and photopatterning, Adv. Mater., 26 (2014) 
8029-8033.

[35] X. Du, L. Li, F. Behboodi-Sadabad, A. Welle, J. Li, S. Heissler, H. Zhang, N. Plumere, P.A. Levkin, Bio-inspired 
strategy for controlled dopamine polymerization in basic solutions, Poly.Chem., 8 (2017) 2145-2151.

[36] J. Yan, L. Yang, M.-F. Lin, J. Ma, X. Lu, P.S. Lee, Polydopamine spheres as active templates for convenient 
synthesis of various nanostructures, Small, 9 (2013) 596-603.

[37] G. Cravotto, P. Cintas, Power ultrasound in organic synthesis: Moving cavitational chemistry from academia to 
innovative and large-scale applications, Chem. Soc. Rev., 35 (2006) 180-196.

[38] D. Peters, Ultrasound in materials chemistry, J.Mater.Chem, 6 (1996) 1605-1618.
[39] K.S. Suslick, G.J. Price, Applications of ultrasound to materials chemistry, Annu. Rev. Mater. Sci., 29 (1999) 295-

326.



15

[40] B.C. Li, L.X. Li, L. Wu, J.P. Zhang, A.Q. Wang, Durable superhydrophobic/superoleophilic polyurethane sponges 
inspired by mussel and lotus leaf for the selective removal of organic pollutants from water, ChemPlusChem, 79 
(2014) 850-856.

[41] Y.Z. Cao, Y.N. Chen, N. Liu, X. Lin, L. Feng, Y. Wei, Mussel-inspired chemistry and stober method for highly 
stabilized water-in-oil emulsions separation, J. Mater. Chem. A, 2 (2014) 20439-20443.

[42] H. Wang, H. Zhou, S. Liu, H. Shao, S. Fu, G.C. Rutledge, T. Lin, Durable, self-healing, superhydrophobic fabrics 
from fluorine-free, waterborne, polydopamine/alkyl silane coatings, RSC Adv., 7 (2017) 33986-33993.

[43] M.D. Duca, E. Yeager, M.O. Davies, F. Hovorka, Isotopic techniques in the study of the sonochemical formation of 
hydrogen peroxide, J. Acoust. Soc. Am., 30 (1958) 301-307.

[44] G. Yeroslavsky, M. Richman, L.O. Dawidowicz, S. Rahimipour, Sonochemically produced polydopamine 
nanocapsules with selective antimicrobial activity, Chem. Commun., 49 (2013) 5721-5723.

[45] G. Yeroslavsky, R. Lavi, A. Alishaev, S. Rahimipour, Sonochemically-produced metal-containing polydopamine 
nanoparticles and their antibacterial and antibiofilm activity, Langmuir, 32 (2016) 5201-5212.

[46] J.B. Jackson, J.D. Cubit, B.D. Keller, V. Batista, K. Burns, H.M. Caffey, R.L. Caldwell, S.D. Garrity, C.D. Getter, 
C. Gonzalez, H.M. Guzman, K.W. Kaufmann, A.H. Knap, S.C. Levings, M.J. Marshall, R. Steger, R.C. Thompson, 
E. Weil, Ecological effects of a major oil spill on panamanian coastal marine communities, Science, 243 (1989) 37-
44.

[47] C.H. Peterson, S.D. Rice, J.W. Short, D. Esler, J.L. Bodkin, B.E. Ballachey, D.B. Irons, Long-term ecosystem 
response to the exxon valdez oil spill, Science, 302 (2003) 2082-2086.

[48] Z. Wang, D. Wang, Z.C. Qian, J. Guo, H.X. Dong, N. Zhao, J. Xu, Robust superhydrophobic bridged silsesquioxane 
aerogels with tunable performances and their applications, ACS Appl. Mater. Interfaces, 7 (2015) 2016-2024.

[49] Z. Xue, Y. Cao, N. Liu, L. Feng, L. Jiang, Special wettable materials for oil/water separation, J. Mater. Chem. A, 2 
(2014) 2445-2460.

[50] W. Zhang, N. Liu, Y. Cao, X. Lin, Y. Liu, L. Feng, Superwetting porous materials for wastewater treatment: From 
immiscible oil/water mixture to emulsion separation, Adv. Mater. Interfaces, 4 (2017) 1600029.

[51] J. Ge, H.Y. Zhao, H.W. Zhu, J. Huang, L.A. Shi, S.H. Yu, Advanced sorbents for oil‐ spill cleanup: Recent 
advances and future perspectives, Adv. Mater., 28 (2016) 10459-10490.



16

Figures

Scheme 1. Schematic illustration of ultrasound-accelerated one-pot approach for preparing superhydrophobic sponges.
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Fig. 1. SEM visualization of pristine (a-b) MF, (e-f) PU, (i-j) carbon, and (m-n) copper sponges, and their modified 

surfaces: (c-d) for MF, (g-h) for PU, (k-i) for carbon, (o-p) for copper sponges, respectively. (b), (d), (f), (h), (j), (l), (n), 

(p) are the magnified images of (a), (c), (e), (g), (i), (k), (m), and (o), respectively. The insets show the results of water 

contact angle measurement. 
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Fig. 2. SEM observation of ultrasonication-treated (a) MF sponge reacted with dopamine, denoted as MF/PDA-U, (c) 

sponge with DTMS: MF/DTMS-U, and (e) with both dopamine and DTMS: MF/PDA-DTMS-U, and their counterpart 

without ultrasonication treatment: (b) sponge reacting with dopamine: MF/PDA, (d), MF/DTMS, and (f) MF/PDA-

DTMS. XPS characterization of the samples in (a)-(f) and pristine MF sponges. The insets in (a)-(f) indicate the 

corresponding WCA measurement. 
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Fig. 3. Photographs of the collection of (a) n-hexane (i-vi) and (b) tetrachloromethane from aqueous phase (i-vi) with 

hierarchical superhydrophobic MF sponges; Optical microscopic images of oil (tetrachloromethane)-in-water (1:30, v/v) 

emulsions in the absence (c) and presence (d) of SDS surfactants before/after the oil droplets removal. The insert images 

in (c) and (d) indicate the size distributions of the oil droplets; The absorption capacities k (e) of the superhydrophobic 

MF sponges with various organics; The reusability (f) of the sponges for recycling tetrachloromethane and n-hexane over 

20 cycles of absorption-squeeze. 
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Fig. 4. The stability evaluation of superhydrophobic MF sponges. SEM observation (a, b) and water contact angle 

measurement (the inset in a) of superhydrophobicity MF sponges after 20 times of absorption-squeeze process; The 

mechanical stability test of the sponges: (c) the compressive stress and strain characterization between 20 and 90% of the 

maximum strain; (d) the compressive characterization of the superhydrophobic sponge at 60% of the maximum strain 

over 500 times; The SEM observation (e, f) and the corresponding WCA measurement (the inset in e) of the sponges 

after 500 cycles of compression test (60% strain); (g) The WCA variation of the superhydrophobic sponge after the 

abrasion by sandpaper (100 times). The insets are the WCA results and the dyed water droplets on the surface of the 

sponge.
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Fig. 5. (a) The water contact angles of MF sponge in the 6 cycles of hot NaOH solution treatment and ultrasound-

accelerated polydopamine chemistry processing; SEM observation of MF sponge after (b-c) the hot NaOH solution 

treatment and (e-f) ultrasound-accelerated polydopamine chemistry processing; (d-g) the corresponding WCA 

measurement. (h) The k of the superhydrophobic MF sponge for n-hexane over 6-cycle treatment.
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Table 1. The durability evaluation of the hierarchical superhydrophobic MF sponges with respect to their water contact 

angles from extreme conditions. 

Treatment* WCAs

before treatment 155.3±2.6°

in a pH 1 HCl aqueous medium 151.3±1.2°

in a pH 7 NaCl aqueous medium 153.8±1.5°

in a pH 13 NaOH aqueous medium 150.5±1.7°

in acetone 151.4±1.3°

in toluene 151.3±0.7°

in petrol 151.0±0.3°

in trichloromethane 154.6±1.3°

at 200 oC 151.6±0.5°

in liquid nitrogen (-196 oC) 153.5±0.6°

under UV, λ=365 nm, 500 W) 151.2±1.2°

* All treatments are carried out in 12 h.
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TOC

Graphical Abstract

To achieve hierarchical superhydrophobic surfaces in a high efficiency and time-saving process, a rapid and reproducible 

ultrasound-accelerated polydopamine coating strategy is proposed to construct hierarchical-structured superhydrophobic 

surfaces on various commercial substrates. Benefiting from the rapid and repeated ultrasound-assisted process, it 

significantly prolongs the life-span of superhydrophobic surfaces in utilization of oil collection and oil/water separation.
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Highlights

 Ultrasound-accelerated polydopamine coating strategy is proposed to construct hierarchical superhydrophobic 

surfaces on various commercial sponges.

 Superhydrophobic sponges are promising candidates for oil collection from water.

 Hierarchical superhydrophobic surfaces can be recovered by repeating the ultrasound-assisted process.
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