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Abstract: In this work, we present a simple method for fabricating the 

microstructured Cu / Ni-W alloy coating by combining electroless and electro 

deposition. Field emission scanning electron microscopy (FESEM) results show that a 

layer of Ni-W alloy has uniformly covered on the conical surface of Cu microcone 

arrays, forming a multilayer coating. Tafel curve shows the prominent anti - corrosion 

property of the as-deposited Ni-W film. Wettability results reveal that the water 

contact angles can be increased from 106° to 153.2° by adjusting the electrodeposition 

time of Ni-W layer. The liquid-solid-air contact mode between the superhydrophobic 

Ni-W hemisphere decorated Cu microcone array and the water drop is briefly 

discussed. This work also showed the potential which can be used in a wide range of 

applications, such as the commercial production of anti-wetting and anti-corrosion 
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devices. 

 

1.Introduction 

 

Wettability is an important feature of a solid surface, which is determined by force 

balance between adhesive and cohesive forces. This property is usually described by 

measuring the contact angle, which is formed in the contact interface between the 

liquid and solid surface. Usually, the surface which contact angle is greater than 150 

degrees is defined as the superhydrophobic surface. Superhydrophobic surface has 

various functional applications in engineering materials, involving space, construction, 

automotive, aviation, microelectronics and transportation industry. Researches on the 

surface of engineering materials are of great significance to the superhydrophobic 

surface and its applications in industry. The wetting properties of the surface of 

engineering materials determine the adhesion of the materials. Superhydrophobicity 

possesses broad prospects for application in self - cleaning,
1
 fluid drag reduction,

2
 

anticorrosive,
3,4

 oil-water separation
5-7

 and so on. Therefore, it has gained the 

extensive concern of the researchers in recent years.
1,8,9

 

Structures at the nanometer and the micrometer scale are required to entrap air 

below water droplets and thus reduce the liquid-solid contact and cause 

superhydrophobicity. Jiang et al. reported that the surface of the lotus leaf is covered 

with dual-scale hierarchical structured protuberances.
10

 Zhang et al. reported that the 

superhydrophobic nanoporous polydivinylbenzene materials are synthesized.
11

 Mo et 

al.exhibited that the self-cleaning and superhydrophobicity can be realized on the 

Au-coated Ni nanocone arrays surface.
12
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As a commonly used material, compared with other metals and alloys, copper and 

copper alloy has more excellent electrical conductivity, thermal conductivity and 

electricity resistance transition. As a strategic metal material, it has the extremely 

widespread application in many fields. In our previous work, Zhang
13

 successfully 

fabricated dense copper microcones arrayed structure by electroless plating with 

crystal modification. However, Cu has a high affinity to oxygen and a soft texture, 

which lead to inferior device performance and failure. Therefore, one of the biggest 

challenges of Cu application is the prevention of Cu oxidation and corrosion.
14

 As an 

essential engineering material, Ni-W alloy has an excellent high-temperature 

corrosion resistance and low permeability to diffusion.
15-17 

When Ni-W alloy coating 

was deposited on Cu surface, it can protect Cu surface from corrosion and scratch.The 

addition of W to the Nickel film has attracted a great deal of attention in recent years, 

especially the Ni-W alloy film.
18,19

 The W atoms in Ni and their segregation to grain 

boundaries make the alloy film more stable. Till now, there are few reports about the 

surface morphology and superhydrophobic mechanism of Cu microcones / Ni-W 

alloy coating. 

In this work, we have prepared Cu / Ni-W multilayer coating with micro-posts 

arrayed surface by a facile two-step approach combining electroless with electro 

deposition. The micro-posts morphology after surface modification shows excellent 

superhydrophobicity. Furthermore, the contact model between contact angle and 

surface morphology is briefly discussion. The synthesis processes of different layers 

(Cu and Ni-W ) are expected to be appropriate for commercial applications. 
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2. Experiment 

 

Cu microcone arrays (MCAs) / Ni-W alloy coating was fabricated by a two-step 

deposition method. Firstly, Cu plates were electrochemically degreased for 1 min, 

acid-cleaned with 20% HCl for 20 s and PdCl2 activation for 60 s. After the 

pre-treatment, the copper microcone array was plated on the substrate in the bath 

solution by electroless deposition. The electrolyte was composed of analytical pure 

CuSO4·5H2O (0.03 mol/L), NiSO4·6H2O (0.0024 mol/L), NaH2PO2·H2O (0.24 

mol/L), Na3C6H5O7·2H2O (0.05 mol/L) and H3BO3 (0.50 mol/L) as well as 

crystallization modifier polyethylene glycol (5 ppm), which is referred to step one. 

The temperature was kept at 60°C and pH value was 8.5-9.0 (adjusted by 20% NaOH 

solution). 

Subsequently, Ni-W (25 wt.%) alloy coating was electroplated on the as-prepared 

copper microcone-arrayed substrate at a constant current density of 10A/dm
2
, which is 

referred to step two. The electrolyte for electro-plating of Ni-W alloy coating 

consisted of analytical pure NiSO4·6H2O (0.22 mol/L), NaWO4·2H2O (0.07 mol/L), 

Na3C6H5O7·2H2O (0.5 mol/L), NH4Cl (0.50 mol/L) and NaBr (0.15 mol/L), as 

previously reported.
20

 The deposition time varied from 0.5 min to 2.5 min and the 

solution temperature was 60°C. The morphology of the deposits was studied by the 

scanning electronic microscope (SEM; FEI Sirion 200 HR FE-SEM). X-ray 

diffraction (XRD; Rigaku D/MAX-IIIA) was used to identify the phases from 20° to 
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95° with Cu Ka radiation (λ=0.15418 nm). Water contact angles (CA) were measured 

using a sensile drop method of an optical contact angle measuring device (OCA20) at 

ambient temperature. A drop of 3µL was placed on the surface, and each reported 

angle datum is calculated as the average of five measurements in different points on 

the sample. The electrochemical analysis was performed in a three electrode-system 

setup at CHI 660c electrochemical work station at room temperature in 3.5 wt% NaCl 

solution as the corrosive medium. X-ray fluorescent spectroscopy (XFS; Fsiherscope 

X-Ray XUL-XYm) measurements were carried out to measure the thickness of Ni-W 

layer. Each data in this study was an average of five measurements of different 

regions in order to achieve more precise data. 

 

3.Results and discussions 

 

3.1 Morphological observation 

 

Fig.1 demonstrates the typical morphology of Cu MCAs deposit fabricated by 

electroless deposition. Cu MCAs are chemically deposited on the copper foil with a 

size of 2-4 µm in height and about 1 µm in bottom diameter. The copper deposits 

exhibit fine, dense, and uniform and typical cone shape. The tips of the MCAs are 

very sharp. This unique structure is closely related to the concentration and type of 

crystallization modifier which has been reported in our previous work.
21

 

 

Fig. 2 shows the surface morphology of the electroless plated Cu MCAs before 

and after the deposition of Ni-W alloy coating with different deposition time. Fig. 2 
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(A) illustrates the typical cone structure. Fig.2 (B)-(F) reveal the structure evolution 

corresponding to different deposition time. With the increasing of the Ni-W alloy 

deposition time, the tips of Cu MCAs become less sharp. And the microcones are 

gradually transforming to hemisphere-structure. This trend is extremely obvious after 

deposition time mounting to 1.5 min (Fig. 2(D)), from which we can see that the gaps 

among the Cu MCAs are filled up and the surface is inclined to be smoothness. As the 

layer of Ni-W alloy deposit become thicker, the original Cu MCAs totally disappear 

and the surface is finally coated with tightly packed micro-hemispheres, as shown in 

Fig. 2 (F). 

 

3.2 Influence of deposition time on thickness 

 

The relationship between thickness of Ni-W alloy layer and plating time is 

illustrated in Fig.3. Under each condition, 5 specimens were tested for statistic 

accuracy. When specimens plated for 0.5 min, 1 min, 1.5 min, 2 min and 2.5 min, the 

average thicknesses of the five conditions are measured to be 0.73 µm, 1.43 µm, 2.15 

µm, 2.88 µm and 3.59 µm, respectively. With deposition time increasing, the thickness 

of the Ni-W coating increases. The linear relationship between the thickness of Ni-W 

layer and depositing time accords with the following equation: 

	� = 1.43�                                (1) 

Where the symbol 	� represents the thickness and � is the depositing time. 

 

3.3 XRD analysis 

 

Fig.4 shows the X-ray diffraction pattern of Cu MCAs / Ni-W (25 wt.%.) alloy 
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coating, demonstrating the existence of both Cu and Ni-W alloy. Three strong 

diffraction peaks near the diffraction angles of 43°, 50° and 74° are in accordance 

with diffractions of Cu crystal face (111), (200) and (220) respectively, which can be 

indexed as face-centered cubic (fcc) Cu (JCPDS File No.040836), as shown Fig.4 (A). 

It is clearly seen from Fig. 4 (B) that it appears three peaks near 44.3°, 51.8° and 

75.9°, indicating the formation of crystal structure. It is well acknowledged that three 

diffraction peaks of pure W are 2θ1 = 40.26°，2θ2 = 58.36°, 2θ3 = 73.38° and that of 

pure Ni are 2θ1 = 44.62°, 2θ2 = 51.94° , 2θ3 = 76.14°，corresponding to the diffractions 

of Ni crystal face (111), (200) and (220), which can be indexed as fcc Ni (JCPDS File 

No.040850). The result shows that the peak position and peak intensity of Ni-W alloy 

and pure Ni are extremely close, demonstrating that the alloy is a substitutional solid 

solution, in which Ni is the solvent and W is the solute. Since the W atom radius is 

larger than the radius of Ni atom, the Ni lattice expansion is caused by the formation 

of solid solution. It makes the interplanar spacing increase and the 2θ should be 

moved to the lower direction by the Prague formula, which is the same as the 

experimental results. 

 

3.4 Microhardness  

 

The vickers hardness of pure Cu is 369 Mpa far lower than that of Ni and W, 

while the vickers hardness of pure Ni and W are 638Mpa and 3430 Mpa respectively. 

Therefore, it can be inferred that the hardness value of Ni-W film on the surface of Cu 

MCAs is increased with the increase of the thickness of Ni-W film and the overall 
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hardness value of the substrate is increased.
22

 The surface hardness of the substrate 

was measured with a Vickers hardness tester. With deposition time increasing, the 

hardness value of surface increases because of the thickness of Ni-W alloy 

increasing,as shown in Fig. 5. This can improve the texture of copper and prevent 

scratching. 

 

3.5 Anti - corrosion property 

 

Tafel curve is established to explain the anti - corrosion property. In Tafel region 

of the electrode curve, the relationship of corrosion potential and corrosion current 

density can be described in terms of the equation: 

	 = 
 + � ∙ ���	[�]                                (2) 

where the symbol 		 is the overpotential, � the corrosion current density,	a and 	b  

are constant. It can be seen that the natural logarithm of current density is linear with 

the over potential in Tafel region. Therefore, the intersection of the corresponding 	 

is the corrosion potential Ecorr by the extension of the cathodic polarization curve and 

anodic polarization curve of the Tafel region and the corresponding I is the corrosion 

current density Icorr. The Tafel curves of the bare Cu MCAs and Cu MCAs coated 

Ni-W alloy film with the hemisphere-structure measured in 3.5 wt% NaCl solution 

are shown in Fig.6. The electrochemical analysis is recorded with a sweep rate of 

0.01V/s from -0.4 V to 0.1 V of the open circuit potential. From the curves we can see 

the Ecorr of Cu MCAs is -0.214 V while that of Cu MCAs coated 1.5 min Ni-W alloy 

film is -0.109 V, indicating that the Ecorr of Cu MCAs coated Ni-W alloy surface is 
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more positive than the bare Cu MCAs substrate. Meanwhile, the Icorr also decreased 

from 10.73 µA/cm
2
 to 0.85 µA/cm

2
. Since Icorr is proportional to the etching rate, the 

corrosion resistance is enhanced after the corrosion rate of Ni-W alloy coating Cu 

MCAs decreasing. In addition, the Icorr of the Ni-W alloy surface is approximately 8% 

that of the bare Cu MCAs substrate. It can be concluded that the as-prepared Ni-W 

alloy surface has excellent corrosion resistance that can protect the bare Cu MCAs 

substrate from corrosion effectively. The superior corrosion resistance of Ni-W alloy 

film was due to preferential dissolution of Ni and formation of W rich film on the 

surface, which inhibited further corrosion.
23

 

 

3.6 Superhydrophobicity and weather-resistance 

 

The static contact angle was measured to evaluate the wettability of the Ni-W 

alloy coating. As shown in Fig. 7, the Cu MCAs surface shows a contact angle of 

106°. The hydrophobicity of coating deposited with Ni-W alloy reaches a climax 

showing a contact angle of 153.2°. However, as the deposition of Ni-W alloy 

continues, the water contact angle of the surface reduced instead. In order to evaluate 

the effect of various corrosive solutions on the wettability of the Ni-W alloy coating 

(desposition time is 1.5 min), the water contact angles after immersion in solutions 

with different pH values for 2h have been measured (Fig. 8). The contact angle is 

larger than 150° when the pH is 1 or 14. Other conditions, like freezing 2h, 200°C 2h 

and 2 months (Fig. 8), were also shown to have little influence on the 
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superhydrophobicity. 

 

Combining results above, it can be concluded that the superhydrophobicity of the 

resulting Cu MCAs surface must be closely correlative with the surface roughness. 

Liquids are assumed to only contact the sharp tips of the cones and air pockets are 

trapped beneath the liquid, which gives a composite state. In this state, the air parts of 

the surface can be considered completely non-wetting. According to Cassie`s equation, 

smaller area fraction of the vapor on the surface will lead to the decrease of contact 

angle.
24,25

 Therefore, with the increase of Ni-W alloy deposition time, the air volume 

beneath the water droplet decreases,which lead to the decrease of contact angle. 

According to Nosonovsky and Bhushan’s theory,
26

 the hemispherical top is more 

desirable for maximum contact angles than cones since sharp edges may lead to 

pinning of triple line and the grooves may act as open capillaries to reinforce wetting. 

Besides, the spaces among the micro-hemispheres can hold more air pocket thus 

preventing the droplet from touching the valley between microcones. Fig.9 illustrates 

the contact modes of water droplets on two different micro-structured surfaces. This 

prominent property of films can be applied to self-cleaning and corrosion prevention. 

 

4. Conclusions 

 

In summary, the Cu MCAs / Ni-W alloy coating with a hemisphere top is 

fabricated by the employment of electroless and electro deposition. With different 

deposition times, the morphology can be modified and the related growth mechanism 

is studied. It shows superhydrophobicity with a water contact angle of 153.2°. The 
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hemispherical top of the micro-post avoids the pinning of triple line and plays an 

important role in superhydrophobicity. Tafel curve shows that the Cu MCAs coated 

Ni-W alloy film reveals the excellent anti-corrosion property. This research may 

enrich our understanding of the metallic materials and microstructures, which may 

have broad prospects in the fields like anti-wetting materials fabrications. 
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Figures 

 

 

 

 

 

 

 

Fig.1 Low (A) and high (B) magnification SEM images of copper microcone arrayed 

structures surface. 
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Fig. 2. SEM images of Cu MCAs surface after deposition of Ni-W alloy coating for (A) 0 min, 

(B) 0.5 min, (C) 1 min, (D) 1.5 min,(E) 2 min and (F) 2.5 min. 

 

Page 15 of 20 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

 

 

Fig.3. Thickness of Ni-W alloy coating with differentg plating time. 

 

Fig. 4. XRD diffraction patterns of (A) Cu MCAs and (B) Cu MCAs with Ni-W(25 wt.%) alloy 

coating 
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Fig.5. Hardness of Cu MCAs coated Ni-W coating varied plating time. 

 
Fig.6. Tafel curves of CuMCAs and CuMCAs coated Ni-W alloy in 3.5 wt% NaCl solution. 
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Fig. 7. Optical graphs of water droplets (3µL) on Cu MCAs / Ni-W alloy coating surface 

corresponding to the deposition time of Ni-W alloy. 

 

 

 

Fig.8. Contact angle of the superhydrophobic surface under different environment. 

Page 18 of 20RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



6 

 

 

 

Fig.9. Schematics of two different wetting modes on (A) Cu MCAs and (B) Cu MCAs / Ni-W 

micro-posts arrayed structures. 
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