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Abstract 

Recently, superhydrophobic surface has attracted increasing attention because of its possible application prospect on self-
cleaning, anti-icing, drag-reduction and corrosion-resistance. Although the main route to fabricate superhydrophobic surfaces is 
first constructing the micro-structures and then lowering the surface energy, the lack of effective method to large-area fabricate 
suitable micro-structures limits its application. Here, we developed an electro-brush flow plating method to high-effectively 
fabricate micro-structures and superhydrophobic surfaces on stainless steel mesh substrate. The processing parameters including 
the plating voltage, plating time and brush speed which have significant influences on the superhydrophobicity of substrate were 
discussed. Under the proper parameters, the water contact angle on the prepared surface reaches to 158° and the water sliding 
angle is less than 10°. The SEM and XRD results demonstrate that the wires of superhydrophobic mesh were coated with 
micro/nano hierarchical Ni structures which trapped enough air to support water droplet and provide high mechanical robustness 
because of the high hardness of the coating.  
© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 19th CIRP Conference on Electro Physical and Chemical Machining. 
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1. introduction 

Superhydrophobic surfaces are defined as surfaces with 
contact angles of water greater than 150° [1]. It can be further 
divided into two types according to the size of the water 
sliding angle. One is the low adhesive superhydrophobic 
surfaces with the water sliding angle less than 10°. And the 
other is the high adhesive superhydrophobic surfaces where 
water droplets won’t slide even turning the surfaces upside 
down. The water contact angle [2] is the angle at the 
intersection point of gas, liquid and solid, where the tangent 
of the gas-liquid interface passes through the liquid and 
intersects the solid-liquid boundary to form an angle (as 
shown in figure 1). The water sliding angle is an inclined 
angle. It can be measured by putting the droplets on the 
material surface, and then tilting the material surface 
gradually from the horizontal. When the water droplets begin 
to slide, the inclined angle is called the water contact angle.    

 

 
Figure. 1. The scheme map of the water contact angle 

 
Superhydrophobic surfaces have been widely studied by 

more and more researcher due to its excellent properties [3-8], 
since superhydrophobic surfaces have been observed on 
surfaces of some plant surfaces and animal surfaces in nature 
[9-10], such as lotus leaves, rice leaves and water-strider legs 
etc. Generally, superhydrophobic surfaces are dominated by 
constructed micro/nano-structures and low surface energy 
materials. To date, many methods are proposed to fabricate 
superhydrophobic surfaces, including chemical etching [11-
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13], chemical deposition [14-15], electrochemical deposition 
[16-18], anodic oxidation process [19-20], sol–gel technique 
[21], laser processing [22] and so on. 

Stainless steel mesh is one of the most widely used metal 
mesh in daily life because of its low cost, superior physical 
and mechanical properties. In particularly, researchers often 
chose stainless steel mesh for oil/water separation, so it is of 
great significance to study the stainless steel meshes with 
superhydrophobic properties. Delightedly, using the most 
conventional methods mentioned above, superhydrophobic 
surfaces can be obtained on stainless steel mesh [23-28]. 
However, most of the reported methods still have some 
limitations remaining, such as requiring expensive facilities 
[23], having poor mechanical property [24], being inefficient 
[25] and having too complicated processes [26]. 

In this paper, we report a facile electro-brush flow plating 
method to fabricate superhydrophobic surfaces on stainless 
steel mesh substrates. The electro-brush flow plating 
technology is efficient, simple and it can obtain high bonding 
strength coatings. By this method, high hardness coating has 
been fabricated, which is crucial to maintain the 
superhydrophobic structure. Moreover, the prepared stainless 
steel meshes could be used for the oil/water separation 
through an easy and time-saving process. 

2. Experimental section 

2.1. Preparation of superhydrophobic stainless steel meshes 

The stainless steel meshes (type 304) were initially cleaned 
ultrasonically, then oil was removed from stainless steel mesh 
surfaces by means of electrocleaning. After that, the backing 
layer is prepared by preplating process to enhance the 
adhesion between the substrate and the coating. The 
electrocleaning and preplating process parameters are shown 
in Table 1 and the required solution composition are shown in 
Table 2. Afterwards, the coating was obtained using fast-
speed nickel plating solution (Table 2) under different 
parameters to observe the influence of different parameters on 
the coating. After each step, the sample should be rinsed with 
deionized water. Finally, the sample was dried in a dry box at 
120  for 15 minutes and then modified by 0.05 mol/L 
ethanol solution of stearic acid (STA) for 20 minutes to obtain 
the superhydrophobic surfaces. 

All experiments were carried out at room temperature and 
the power supply is direct current. austenitic stainless steel 
1Cr18Ni9Ti was used as the anode, whereas stainless steel 
mesh was used as the cathode and the distance between anode 
and cathode is fixed to 2 mm [29]. 

Table 1. Pretreatment process of electro-brush flow plating 

Serial 
number 

Process Solution Voltage 
(V) 

Speed 
(m/min)

Time 
(s) 

1 Electrocleaning Electrocleaning 
solution 

12 8 20 

2  Special nickel 
plating solution

12 8 60 

 

 

Table 2. The required solution  

Solution Reagent Content; g/l 

Electrocleaning solution NaOH 25 

 Na2CO3 23 

 

 

Special nickel plating solution 

 

 

 

Fast-speed nickel plating solution 

Na3PO4 12H2O 

NaCl (36%) 

NiSO4 6H2O 

NiCl 6H2O 

CH3CH2COOH 

HCl (36%) 

NiSO4·6H2O 

C6H5O7(NH4)3 

NH3·H2O (25%) 

Na2SO4 

C2H4O2 

50 

2.5 

396 

15 

69 

21 

265 

50 

105 

20 

30 

2.2. Characterisation 

The water contact angle (CA) and water sliding angle (SA) 
were measured using an optical contact angle meter (Kruss, 
DSA100, Germany) at room temperature with 5 L deionized 
water droplets. The average value of five measurements at 
different positions was adopted as the final CA. The SA is 
defined as the average angle in five different places where 
water droplets start sliding down the surface. The 
morphological and elemental analyses of the samples were 
observed by scanning electron microscopy (SEM; JSM-
6360LV, Japan), 

. 

3. Result and discussion 

3.1. Surface morphology and wettability analysis of coating 

Figure 2a shows morphology of water droplets on 
superhydrophobic stainless steel mesh surface. With the 
optimum flow plating parameters, that is, plating for 5 
minutes with 16 V voltage at a brush speed of 8 m/min, the 
contact angle of water drops can reach to 158°, and the rolling 
angle of water drops is as low as 6°. Figure 2b and d show the 
SEM images of stainless steel mesh without any treatment, 
whereas Figure 2c and e show the SEM images of 
superhydrophobic stainless steel mesh surface. Contrasting 
Figure 2b and c, large amounts of Ni are deposited on the 
surface of stainless steel mesh. As shows in Figure 2e, the 
surface of the coating is composed of a large number of 
micro/nano mastoid structures and microscopic cracks 
between them, which plays a crucial role in the generation of 
superhydrophobicity on stainless steel mesh substrate. Figure 
2f is the EDS image of the coating surface treated with low 
surface energy material. According to the mass fraction and 
atomic fraction, the main component of the coating is Ni. 
Figure 2g shows the XRD pattern of the coating, the grain 
size of the coating can be calculated as follows, according to 
Scherrer formula [30]. 
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                                                     (1) 

Where  is the size of grain,  is constant,  = 0.89;  
is the grazing emission angle,  is the wavelength of X rays, 

 is the full width at half maximum. Since  = 0.154nm, 
and talking the full width at half maximum of (111) plane, 
where and  are 0.302° and 21.902°. Then  = 
28.026 nm. That means the grain size of the coating reached 
to nanometer scale.  
 

 
Figure. 2. Surface morphology and chemical composition of stainless steel 
meshes. (a) Water droplets on the treated stainless steel meshes. (b, d) SEM 

images of untreated stainless steel meshes. (c, e) SEM images of treated 
stainless steel meshes. (f, g) EDS spectra and XRD patterns of the coating 

after 0.05 mol/L STA treated for 20 minutes. 

3.2. Effects of plating voltage on surface superhydrophobicity 

Figure 3 shows the effects of flow plating voltage on 
surface superhydrophobicity. The plating voltage varied from 
0 V to 20 V, meanwhile, flow plating time is 5 minutes and 
the brush speed is 8 m/min. As shows in Figure 3a, when the 
voltage is 0, the initial untreated substrate has a water contact 
angle of 126° after low surface energy treatment. And with 
the increase of voltage, the contact angle also increases 
gradually. When the voltage is 16 V, the contact angle reaches 
the maximum, which is 158°, then the contact angle decreases 
slowly as the voltage increases. Figure 3b shows the variation 
in the water sliding angle with the plating voltage. Until the 

voltage is 8 V, the water droplets begin to roll, and the water 
sliding angle has a decreasing tendency as the voltage 
increases. Figure 3c reveals the micromorphology of the 
coating surface varies with the voltage. With increasing 
voltage, the mastoid structure increases, the grains become 
more and more refined. Combined with Figure 3a, it is 
obvious that the hydrophobic property is relevant to the 
coating roughness, the porosity as well as the size of grains. 
Rough surfaces, more porosity and refined grains are very 
powerful for obtaining large contact angle. 
 

 

 
Figure. 3. The effects of flow plating voltage on surface superhydrophobicity. 

(a, b) Variation of water contact and sliding angles on coating surfaces at 
different plating voltage after 0.05 mol/L STA modification for 20 minutes. (c) 
The micromorphology of the coating surface varies with the plating voltage. 

3.3. Effects of plating time on surface superhydrophobicity 

Figure 4 shows the diversification in the water contact 
angle, water sliding angle and the micromorphology of the 
coating surface according to the plating time. Obtained under 
the conditions of plating voltage for 16 V and brush speed for 
8 m/min. It can be found from Figure 4a, the contact angle 
reach to 149° merely treated for 1 min, then the contact angle 
increases slowly, and the contact angle reaches the maximum 
when the time is 5 minutes. Correspondingly, the contact 
angle is positively related to the grain refinement (Figure 4c). 
As seen in Figure 4b, the water sliding angle decreases 
sharply with the increase of time at first, then it increases very 
slowly. 
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Figure. 4. The effects of plating time on surface superhydrophobicity. (a, b) 
Variation of water contact and sliding angles on coating surfaces at different 

plating time after 0.05 mol/L STA modification for 20 minutes. (c) The 
micromorphology of the coating surface varies with the plating time. 

3.4. Effects of brush speed on surface superhydrophobicity 

Figure 5 shows the influences of different brush speed on 
surface superhydrophobicity of stainless steel mesh. Selecting 
the optimized parameters according to the above which is 
plating voltage for 16 V and plating time for 5 minutes. When 
the brush speed is less than 6 m/min, too much Ni deposited 
on the substrate, making the distance between anode and 
cathode reduced, resulting in serious electrode overheating, 
and because the deposition process is too fast, the coating 
structure is pretty loose, which will seriously affect the plating 
quality, so the minimum brush speed is set to 6 m/min. As can 
be seen in Figure 5a, the water contact angle changes little 
while brush speed varies from 6 m/min to 12 m/min, this can 
be explained in terms of microstructure from Figure 5c, where 
the microstructure is extremely similar. The relation between 
plating speed and water sliding angle is shown in Figure 5b, 
with the increase of brush speed, the water sliding angle 
firstly decreases slightly, then increases gradually, and the 
best water sliding angle is 6°, when brush speed is 8 m/min. 
 

 

 
Figure. 5. The effects of brush speed on surface superhydrophobicity. (a, b) 
Variation of water contact and sliding angles on coating surfaces at different 

brush speed after 0.05 mol/L STA modification for 20 minutes. (c) The 
micromorphology of the coating surface varies with the brush speed. 

3.5. Surface friction test of the coating 

Figure 6a shows the friction resistance test of the coating. 
In order to truly reflect the friction resistance, the sandpaper 
(800 Cw) used for coarse grinding in daily experiments is 
selected in the test. A sample is placed face-down to the fixed 
sandpaper with a load of 40mm in diameter and 118g in 
weight. Then dragging the sample horizontally with the load 
on it and moving them at a certain distance of 10cm for 10 
times. Figure 6b shows water droplets on the stainless steel 
meshes after friction resistance test. It can be seen that the 
surface of the sample has hardly changed. After testing, the 
average contact angle is still above 150°, indicating that the 
sample still has superhydrophobic properties.  
 

 

 
Figure 6.  (a) The scheme map of friction resistance test on sandpaper. (b) 
Water droplets on the stainless steel meshes after friction resistance test. 
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4. Conclusions 

In this paper,  coating was successfully 
fabricated on stainless steel mesh substrate via electro-brush 
flow plating technology. The optimum parameters were 
obtained by investigating their effects on the surface 
micromorphology and superhydrophobicity. Under suitable 
processing conditions, the water contact angle can reach to 
158°, and the water sliding angle can be as low as 6°. And the 
test of friction resistance shows that coating surfaces have an 
excellent mechanical property. Using the austenitic stainless 
steel 1Cr18Ni9Ti anode, will enable the large-area and 
continuous production of superhydrophobic Stainless steel 
meshes with new industrial applications. 
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