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Abstract—Icing widely exists in aerospace, transportation, 

electric power communication, and other fields, causing great 

safety risks to people's production and life. Inhibiting icing is 

of great significance in practical engineering applications, and 

thus, employing an economical and efficient anti-icing method 

is a research hotspot. In this work, an anti-icing structured 

surface was fabricated by combining direct laser interference 

lithography (DLIL) with hydrothermal treatment. A micro-

pillar array structure on the tc4 substrate was easily fabricated 

by DLIL, and a layer of nano-grass structure on the micro-

pillar array was grown by hydrothermal treatment. These 

hierarchically textured surfaces exhibit low-temperature-

adaptive water repellency (150° at -10℃, which delays frozen 

time (DT~1h) and drops frozen temperature. The above 

conditions were analyzed from the angle of wettability and 

heat conduction, and the influence of structure and wettability 

on ice resistance was discussed. 

Keywords— laser interference lithography, hydrothermal 

treatment, Ti6Al4V,anti-icing 

I．INTRODUCTION 

Icing of aircraft components has always been a hidden 
danger to safety. Historically, there have been countless 
safety accidents caused by icing on the surface of aircraft 
structural materials. Therefore, anti-icing on the surface of 
aircraft is particularly important.[1-3] The traditional aircraft 
anti-icing technologies include electric anti-icing and 
mechanical de-icing. However, they are large energy 
consumption, limited anti-icing time, and de-icing is not 
complete and cause unnecessary damage to the body. 
Therefore, there is a need to propose an alternative passive 
anti-ice program that prevents ice from accumulating in key 
parts, which has advantages in energy and cost savings. With 
the rapid development of nanotechnology and biomimetic 
materials science, many studies have shown that 
superhydrophobic have a positive impact on the anti-icing 
performance,[4, 5] but the impact on super-hydrophobic 
properties of anti-icing is controversial. [6-11] 

In recent years, the discovery of the lotus leaf composite 
structure has opened the field of material bionic surface 
preparation, and the preparation of bionic structures has been 

endless. Inspired by lotus leaves, peanut leaves, cicada wings, 
and butterfly wings, researchers have prepared bionic 
surfaces with different composite structures and found that 
when they contact with water, many air pockets are 
formed.[6, 12-15] And it has a very high contact angle 
(greater than 150) and a very low rolling angle (not more 
than 10). Moreover, from theoretical analysis, researchers 
generally believe that there are three factors that affect anti-
icing: one is the contact area; the other is the ice adhesion 
strength; the third is the icing delay time. [11, 16, 17]The 
higher the contact angle can be considered to reduce the 
contact area of the water droplets; the extremely low rolling 
angle determines that the adhesion strength of the surface to 
the water droplets is very low; the large number of air 
pockets also greatly reduce the contact area; and the 
existence of air pockets greatly reduces heat transfer, 
effectively preventing the problem of freezing on low-
temperature surfaces with water. Therefore, researchers have 
always believed that superhydrophobic surfaces are the ideal 
choice for anti-icing applications, and in fact, most anti-icing 
surfaces are superhydrophobic. 

In this work, we have developed a hydrothermal 
treatment assisted laser interference lithography method to 
prepare a super-hydrophobic anti-icing surface with a 
hierarchical structure. Through ice adhesion experiment, 
icing delay experiment, low-temperature bounce experiment 
research, and analysis of its anti-icing ability. This work has 
guiding significance for the design of superhydrophobic 
surfaces with anti-icing properties. 

II．METHOD AND EXPERIMENT 

A. Preparation of anti-icing surface  

In this study, a German INNOLAS Light 2000 high-
power Nd: YAG laser (wavelength = 1064 nm, duration = 7–
9 ns) was used for laser interference lithography (LIL). 
Before the experiment, the Ti6Al4V samples were sonicated 
sequentially for 5min by acetone (AR:99%), alcohol 
(AR:99%) and deionized water. The laser beam was split 
into two or three beams, and the beams were guided by high-
reflective mirrors to interfere on the sample surface. The 



 

combination of a quarter-wave plate and a polarizer was 
used to control the pulse energy level of a single beam and 
the polarization direction of each beam. In order to obtain a 
large-area grating structure, we combine the micro-
displacement platform with the laser interference system. 

In the hydrothermal treatment, the patterned Ti6Al4V 
substrates were placed upwards in the Teflon-lined. 
Subsequently, 30 mL of 1 M aqueous NaOH solution was 
injected into the tetrafluoroethylene reactor. The reactor was 
put in an oven and kept at 200 °C for 3 h. After the 
hydrothermal synthesis, the hydrothermal reactor was rinsed 
with flowing water for 15 min. When the reactor was cooled 
down, the surface was washed with deionized water, and 

then dried in an oven at 120 ℃ for 2 h. The sample was 

cleaned with O2 plasma cleaning for 10 min to enhance their 
chemical activities. Finally, the four different types of 
samples were put into a wide-mouth bottle including 1wt% 
1H,1H,2H,2H-perfluorooctyltriethoxysilane. (FAS-17) 
ethanol solution. Then, the bottle was kept in the oven at 
90 °C for 1 h.  

B. Test analysis  

A scanning electron microscope (FEI Helios G4) was 
used to observe the surface morphology of the sample The 
Kruss droplet shape analyzer (DSA100) is used to 
determine the contact angle and rolling angle, as well as the 

freezing delay time (DT) of 10 L water droplets under 
low-temperature conditions (-10 °C).  A PCO. dimax HS4 
high-speed camera is used to measure the low-temperature 
bounce experiment. Place the sample on a low temperature 
cold plate at -15°C and wait for it to stabilize. A drop of 5 

L water droplet drops with a drop of 1m/s to record the 
bounce state of the drop. 

III．RESULTS AND DISCUSSIONS 

Fig. 1 shows the process of preparing a functional 
surface with a hierarchical composite structure. First, we 
simulated the laser interference light field according to the 
designed structure, and used MATLAB software to simulate 
and calculate, and obtained the energy schematic diagram of 
the laser light field, as shown in Fig. 1a, according to the 
parameters obtained by simulation to build a two-beam laser 
interference system (see Fig. 1A). The energy of each laser 
beam is 80 mJ, and a single exposure is 7 s, the laser’s 

frequency is 10 Hz, and a multi-axis stage is used for large-
area exposure, then a microstructure with a stripe array 
structure was obtained, as shown in Fig. 1a`. Finally, the 
large-area sample is placed in a reactor containing 1 mol/L 
NaOH solution (see Fig. 1B) to obtain a nano-TiO2 film 
(see Fig. 1b).  

Surface icing is a potential safety hazard in many areas. 
Scientists have done thorough research on anti-icing 
surfaces. [18-25] There are three main points in evaluating 
the anti-icing performance of a surface structure: low-
temperature contact angle (or rolling angle), icing delay 
time, ice adhesion strength. In this work, we designed a 
hierarchical composite structure based on the principle of 
icing on the solid surface.  

 

Fig. 1. Flow chart for preparing hierarchical composite structure. (A) 
Schematic diagram of laser interference lithography system. (B) Schematic 

diagram of hydrothermal treatment. (A) Schematic diagram of MATLAB 

simulated laser interference light field. (a`) SEM image of fringe array 
prepared by laser interference lithography of Ti6Al4V. (b) SEM image of 

hierarchical composite structure produced by laser interference sample 

after hydrothermal treatment. 

This structure is composed of a micron-level stripe array 
produced by laser interference exposure and a nano-level 
grass-like structure grown by hydrothermal. After 
measuring, the hierarchical composite structure has a very 
high contact angle (170°) and a very low rolling angle (less 
than 5°). The substructure also exhibits superhydrophobic 
under low temperature conditions (its contact angle and 
rolling angle are about 150° and 15° at -10 °C). However, 
the other three structures did not show amazing 
hydrophobicity.  

 

Fig. 2. The SEM images of two structures. (A) The SEM image of the microstructure exposed by laser interference. (B) The SEM image of composite 

structure produced by hydrothermal treatment after laser interference exposure. 



 

 

Fig. 3. Photos taken by a high-speed camera. The photo shows the bounce 

state of 5 microliters of water droplets at room temperature.  

The low-temperature bounce test was performed to 
evaluate the anti-icing ability of sample surface with room 
temperature and low-temperature (-15 °C) at a speed of 

1m/s. In Fig. 3, the 5 L droplet of tap water was dropped 
on four different samples (S, M, N, MN). The results show 
that the contact time required for water droplets to reach the 
surface to leave the surface. The average contact time of the 
M surface is over 9 ms, the average contact time of the N 
surface is 8 ms, and the MN structure is about 6 ms. 
Coincidentally, this result corresponds to their hydrophobic 
properties. The hydrophobicity of sample MN is the best, 
which exhibits a contact angle greater than 170° and a 
minimum contact time of 6 ms; the hydrophobicity of 
sample N is second, it shows a contact angle of about 157°, 
and a contact time of 7 ms; the hydrophobicity of sample M 
is the lowest among the three sample(N, M, and MN). 
However, its rolling angle (10°) is much larger than that of 
the sample N (5°). 

Subsequently, we conducted a low-temperature bounce 
test (T: -15 °C, RH: 70%), and the results showed that only 
the surface of sample MN bounced, and the contact time 
was 20 ms (more than double the contact time at room 
temperature). However, other structures did not rebound, 
indicating that their water repellency under low temperature 
conditions is not as good as a hierarchical structure. This is 
consistent with our low-temperature contact angle rolling 
angle test structure. The sample MN’s contact angle and 
rolling angle also were measured at -10 °C. We found that 
its contact angle is still 150°, which further illustrates the 
stable that is, superhydrophobic performance of the MN 
surface at low-temperature environments. However, the 
contact angle of other structures is about 120°, and it is 
difficult to roll, even without rolling. 

 

Fig. 4. Photos taken by a high-speed camera. The photo shows the bounce 

state of 5 L of water droplets under low temperature conditions. In this 

state, only the hierarchical structure will bounce, while other structures will 

not bounce.  

 

Fig. 5. Image of icing delay time. Comparison of DT of water droplets into 
ice at temperatures below -10 °C. The DT of the MN surface is 3732 s (see 

the last row, the DT of the N surface is 1053 s (see the third row), the DT 

of the M surface is 87 s (see the second row), and the DT of the S surface 
is 18 seconds (See the first row). 

The previous test can reflect the resistance to water 
droplets at low temperatures. This direction alone is not 
enough to show that the surface has excellent anti-icing 
performance. It is also necessary to check the time that the 
droplets stay on the surface before freezing. The icing delay 
experiment can illustrate the problem with this song. Place 
the sample on a refrigerated table at -10°C, and after it 

stabilizes, drip 4 L of water droplets and observe the state 
of the water droplets.  



 

At first, all droplets are transparent. After 18 seconds, 
the droplet freezes on the S surface and becomes opaque. 
After 87 s, another droplet freezes on the surface of M and 
becomes opaque. After 1053 s of DT, the droplet also 
became opaque on the N surface. Before 3709 s, the 
droplets on the MN surface were still transparent. In the 
next 23 s, the droplets gradually freeze and the 
transmittance decreases. At 3732 s, the droplet became 
transparent. 

IV．CONCLUSION 

In summary, we used a combination of laser interference 
lithography and hydrothermal treatment to construct a 
super-hydrophobic surface with hierarchical micro-nano 
hair structure on the surface of the ti6al4v substrate. In 
addition, the anti-icing, freezing delay time, it is concluded 
that the hierarchical composite structure has obvious 
advantages over other structures, and has good water 
repellency in low temperature and high humidity 
environments. Even under the condition of -10°, there is a 
high contact angle, and water droplets can bounce. 
Therefore, the super-hydrophobic surface with hierarchical 
composite structure has good anti-icing ability, even in 
extreme environments.  
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