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Abstract. To improve the hydrophobic properties of the metal substrate and the using range, wire cut 
electrical discharge machining(WEDM) processes aluminum alloy 6061 plane twice in this paper. 
Under electrical discharge machining for the first time in the processing parameters of the pulse width 
12μs, pulse interval 84μs, without the low surface energy materials, the static contact angles improve 
from 76.5°on the smooth aluminum alloy plane to 112.5°, reaching the hydrophobic state. On the basis 
of the processing, WEDM under 10 groups of different machining parameters processes the aluminum 
alloy plane for the second time, the static contact angel of up to 153.1°, achieving super-hydrophobic 
state. The aluminum alloy surfaces processed have micron grade similar pit craters with nanoscale 
structures under scanning electron microscopy(SEM). This kind of micro-nano structures make the 
aluminum alloy surface have the hydrophobic and super-hydrophobic properties. 

Introduction 
Since the discovery of “lotus effect”, Superhydrophobic surface refers to the water droplets on the sold 
surface contact angle of 150°above. There are a lot of super-hydrophobic phenomena in nature. The 
static contact angle of the water droplets on the surface of lotus leafs, rice leafs red rose petals, water 
strider legs, butterfly wings, fish scales et al.[1] are greater than 150°, showing the superhydrophobic 
property. The water droplets are easy to tumble from the surface, because the areas of the surface in 
contact with the water droplets are very small, so the super-hydrophobic surface has the self-cleaning, 
anti-corrsion, waterproof, anti-stiction pollution prevention and other functions[2-5].Based on the 
super-hydrophobic having the broad application prospects, nowadays more and more experts and 
scholars at home and abroad pay attention to the preparation and usage of the superhydrophobic 
surface. Jiang Lei et al.[6] used polystyrene dimethyl acrylamide solution to prepare miecr/nano coarse 
structures of super hydrophobic surface of polystyrene through the electrospinning method, which 
made the static contact angle be 160°. Liao et al.[7] took the method of layer-by-layer self-assembly 
with aminated multiwall carbon(MWNT) to obtain the materials with superhydrophobic property. 
Gurav et al.[8,9] prepared the transparent super-hydrophobic surface at room temperature by using 
soi-gel process. Lee et al.[10] let nickel take place of polymer to prepare imitation bamboo surface of 
super-hydrophobic surface through the template printing method. Zhang et al.[11] stretched  Teflon 
membrane to get the superhydrophobic surface with a large number of nanoscale hole. 

Chang Chun University of Science and Technology[12] used WEDM to machine 
sub-millimeter-scale groove structure in the aluminum alloy surface to reach super-hydrophobic state. 
Hower, due to the directional groove structure, the static contact angle was 158° in the direction 
perpendicular to the grooves, and the static contact angle was 145° in the direction parallel to the 
grooves. This paper also adopts WEDM to process the aluminum alloy plane. Due to the uniform 
discharge between wire electrode and workpiece in the process, the surface structures are not 
directional, so the static contact angles of water droplets on the surface are not directonal. WEDM 
processes aluminum alloy plane twice to construct micro-nano structures, improving the surface 
contact angle up to the superhydrophobic effect. 
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The test method 
This article mainly uses the high-speed WEDM(DK7732) for the preparation and improvement of the 
hydrophobic property of aluminum alloy 6061 surface. The processing steps are as follows: In the 
processing parameters of the pulse width 12μs, pulse interval 84μs, WEDM preliminary processed 
aluminum alloy plane; then changing the processing parameters to process the plane processed for the 
first time so as to study the influence of the different processing parameters on the wettability of 
aluminum alloy plane(the ratio of between pulse width and pulse interval is 1/7), the specific processing 
parameters such as Table 1: 

Table 1 Processing parameters(μs) 
Test-piece 

 

Parameters 
1 2 3 4 5 6 7 8 9 10 

Pulse width 32 24 16 12 8 6 4 3 2 1 

Pulse interval 224 168 114 84 56 42 28 21 14 7 

 
The test-pieces after processed were cleaned by ultrasonic cleaning machine in acetone, alcohol, 

deionezed water for 5 minutes, then air-drying. JCJ-001 Contact Angle Measurement Instrument 
measured the static contact angles of the test-piece surfaces with 5μl water drop, as showed in Fig. 1. 

 
Fig. 1 The image of the static contact angle on different surfaces (a) the smooth surface (b) the surface 
processed for the first time (c) the surface of the first test-piece (d) the surface of the ninth test-piece 

Test analysis 
After the aluminum alloy were processed by WEDM for the first time, the static contact angles of water 
droplets improved from 76.5°on the smooth aluminum alloy plane to 112.5°(Fig.1a, b). The static 
contact angles of test-pieces are shown in Fig. 2 
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Fig 2 The summary line chart of the static contact angle 

Observe the aluminum alloy surface microstructures in FEI Quanta 250 FEG environmental SEM, 
as shown in Fig. 3. 

 

 
Fig. 3 SEM image of different surfaces (a) the surface processed for the first time (b) the surface of the 
forth test-piece (c) the surface of the first test-piece (d) the surface of the ninth test-piece 

Fig. 3b,c,d comparing with Fig 3a, the micro-nano structures on former surface are less than the 
latter on account of WEDM process[13]. When WEDM works, there is a plasma channel between wire 
electrode and workpiece due to the role of the strong electric field, where electronics with a high 
kinetic energy bombard the workpiece, resulting in that the surface of workpieces form micron grade 
similar craters, which the size of are decided by the pulse width of electric sparkle. And splashes of 
liquid metal condense into nanoscale structures on their surfaces. 

WEDM processed aluminum alloy plane twice to construct micro-nano composit structures similar 
to the lotus leaf. These micro-nano composite structures retained the air between the water droplets 
and aluminum alloy plane, forming a layer of “air cushion” to make the water droplets not completely 
dip into the aluminum alloy surface, thus increasing the water contact angle. In the test-pieces from 1 to 
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4, the static contact angle on the surface of the aluminum alloy gradually decreased with the decrease of 
the pulse width, and the static contact angle of the forth test-piece is minimal,131.9°. The reason is that 
in the first 4 set of test-pieces, the second processing pulse width was greater than the first one, 
destroying the micron grade structures constructed for the first time(Fig. 3c), however, increasing the 
nanoscale structures which increased with the decrease of the pulse width. In the test-pieces from 5 to 
9, the static contact angle gradually increased with the decrease of the pulse width, and the static 
contact angle of the ninth test-piece was maximum, 153.1°. The reason was that in these 5 test-pieces, 
the second processing pulse width was smaller than the first one, constructing the smaller micron grade 
structures on the micron structures built for the first time(Fig.3d), and increasing the nanoscale 
structures, consequently resulting in increasing the static contact angle. When the tenth piece-test was 
processed, the second processing pulse width was far less than first one, hardly having effect on the 
surface processed for the first time., which maked the static contact angle be smaller than one of the 
ninth test-piece. 

Conclusions 
(1)WEDM processed aluminum alloys plane twice to improve the hydrophobic property of their 

surfaces. 
(2)WEDM, under 10 groups of different processing parameters, processed the aluminum alloy 

planes for the second time, which were processed in the processing parameters of the pulse width 12μs, 
pulse interval 84μs. The static contact angle on the surface of the aluminum alloy gradually decreased 
with the decrease of the pulse width, the static contact angle minimum 131.9° in the pulse width of 
12μs, then gradually increased with the decrease of the pulse width, the static contact angle minimum 
153.1° in the pulse width of 2μs. 

(3)WEDM processed aluminum alloy planes to construct the micro-nona composite structures 
which maked aluminum alloy surfaces with the superhydrophobic properties. 
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