¥ 52% A5 10 FmF AR
2023 4F 10 A SURFACE TECHNOLOGY - 295 -

55 B i) 72 1 [ SR AL 3R T O 1
B HAEERETR R
SURTEL', WA, ISR, TRE BB, A5

RER', iR, =, @7, MFE"
(1. BERMTMAKRE VB, BR 210016; 2.5BWMMASE N I1IEER, &8 999077)

WE. BY 4hahaikmisse B4, RERFRA, RE—FATHERKERGFTHBBEELET, ZAH
B R BRI IE L, ik EAS R BIRABATIAIE . ot TR K KA @ AR O AL 28 Feigt
e LA FKBE, 43 LA RIFMmEEEG A RAET ., RASRE M ® 402Kt
R Rn, R MAERERBEENRS, AOREAN RO EEN BHEAH “RHERENT,
re o R MR B R BT ), FRABMHSE/RAY 1500AEKZE 107° A4, 5EMKRERRIKRE
TAATILRE ., B8, MERMRFENIEM, REEE O MREHHIN 112%% E 7.7%, F ¥R 0HK
17.6%% £ 10.6%, &ALX@EAHR Y, FEEA@AE F AL GBI AL 55, -8k @KL %
&, RIAARTHESRRIRGATH B E AT Lagriz e B TiA %) 61 mm, AR THARKERK, 75
T 34%., £ KRR E A KA BRI T R ik AR R KR, MR TATHS
FARBRGBENEAR, RHELTHERKERGBEEAT Lz ke /Fa 250G, &R a A,
Eefe kB AR E R | BRREF T EEAA T AR,

K AR MEGKAR; WU FEAKREE;, WEEES; HiEMK; TaHiE

FESES: TQ022.1 XEitRIE: A  XEHS: 1001-3660(2023)10-0295-09

DOI: 10.16490/j.cnki.issn.1001-3660.2023.10.025

Fabrication of Gradient Wetting Patterned Surface and Its
Performance in Transportation

LIU Qian-kai', ZHANG Jie', SUN Peng-cheng"?, WANG Jian-ping", ZHAO Wei*, YANG Yin-fei,
ZHAO Guo-long*, CHEN Ni?, LI Liang', HE Ning', HAO Xiu-ging"

(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016,
China; 2. Department of Mechanical Engineering, City University of Hong Kong, Hong Kong 999077, China)

ABSTRACT: Spontaneous transportation of liquid on wetting pattern has promising applications in water-harvesting

W EH: 2022-10-23; EITHH: 2022-12-27

Received: 2022-10-23; Revised: 2022-12-27

EETH: it 74 A AAFESRFFF LA (BK20190066 ); B X A KA F K4 (51875285); F &k &AL AL 4 & (NE2020005 );
FERAHFT RS AZ[RFFHITESL (20193218210002, 171045)

Fund: The Natural Science Foundation of Jiangsu Province, China (BK20190066); The National Natural Science Foundation of China

(51875285); The Fundamental Research Funds for the Central Universities (NE2020005); College Young Teachers Fund of the Fok Ying Tung
Education Foundation (20193218210002, 171045)

BlxcA&: X aTon, KA, IR, £ B EHEEEEELEGO RS AL MEEERS LI REEAK, 2023, 52(10): 295-303.

LIU Qian-kai, ZHANG lJie, SUN Peng-cheng, et al. Fabrication of Gradient Wetting Patterned Surface and Its Performance in Transportation[J].
Surface Technology, 2023, 52(10): 295-303.

*E{51E& ( Corresponding author )



- 296 * wm #H R

2023 4£ 10 A

devices, heat transfer equipment, etc. However, the technology is limited due to the expensive and complex processing
techniques, and weak transportation capacities. An arrow-shaped patterned surface based on a gradient hydrophobic
substrate is proposed to address the problems of short transportation distance and slow speed, which can effectively
improve liquid transportation performance.

Pre-treatment, laser processing substrate, low surface energy modification treatment, and laser processing wetting
pattern were sequentially performed on the aluminum alloy surface to obtain a patterned surface with good transportation
performance. Firstly, the pretreated aluminum alloy plate was placed on a processed platform, and the gradient hydrophilic
substrate was formed by processing the substrate with a grid-like structure and applying laser directly on aluminum alloy
surfaces at a gradient scanning speed. Then, the dried processed surface was soaked in fluorinated liquid (FAS-17) for one
hour to get low surface energy surfaces. Finally, an arrow-shaped hydrophilic patterned surface was processed on the
gradient hydrophobic substrate by laser at a uniform scanning speed for droplet transportation. The processing equipment
used in the process was a nanosecond laser with a wavelength of 1 064 nm, a pulse width of 200 ns, a maximum power of
20 W and a frequency from 20 kHz to 100 kHz. The effects of laser scanning speed on the microstructures and wettability
of the aluminum alloy surface were investigated. The wettability, microstructures, chemical compositions, and droplet
transportation performance of patterned surfaces were tested and analyzed with the help of analytical and testing
equipment such as a contact angle meter, scanning electron microscope, 3D optical profiler, and industrial camera.

With the increase of laser scanning speed, the surface microstructure gradually shifted from "micro- and nano-layered
structure" to "sub-micron structure", and the roughness of aluminum alloy surfaces gradually became smaller, which led to
the decrease of static contact angle from 150° to 107°, and the dynamic contact state of shifting from rolling state to
pinned state. In addition, with the increase of scanning speed, the mass fraction of O of surfaces decreased from 11.2% to
7.7%, and the mass fraction of F of surfaces decreased from 17.6% to 10.6%, which indicated the gradual decrease of
surface oxide, resulting in the weakening of the adsorption capacity of F-containing organics, and thus the decrease of the
hydrophobicity of surfaces. Further, the transportation performance of droplets on gradient wetting arrow-shaped
patterned surfaces with different average wetting gradients was investigated, and the result showed that the droplet
transportation distance on the arrow-shaped patterned surface based on gradient hydrophobic substrates could reach 61
mm, which was 34% higher than that of the uniform hydrophobic substrate.

The gradient scanning speed and low surface energy modification treatment can be used to fabricate gradient hydrophobic
substrates easily and quickly. Compared with the arrow-shaped patterned surface based on a uniform hydrophobic substrate, the
droplet transportation performance of the arrow-shaped patterned surface based on a gradient hydrophobic substrate is
significantly improved. The spontaneous and directional high-performance transportation of droplets has promising applications
in water collection devices and heat transfer devices.

KEY WORDS: nanosecond laser; gradient hydrophobic substrate; arrow-shaped patterned surface; transportation distance;

wettability; directional transportation
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Tab.1 Laser parameters of different hydrophobic substrates for preparation of arrow-shaped patterned surfaces

Wetting gradient Scanning speed/ . Hatching
Value &/ [ (°)-mm ) (mm-s ) Hatching loop  Power/W Frequency/kHz distance/um

0 200 Cross scan once 16 20 80
200, 250, 300, 350, 400, 450, 500, 550,

0.28 600. 650, 700, 750, 800 Cross scan once 16 20 80
200, 300, 400, 500, 600, 700, 800, 900,

0.38 1,000, 1 100, 1200, 1 300, 1 400 Cross scan once 16 20 80

052 200, 400, 600, 800, 1 000, 1 200, 1 400, Cross scan once 16 20 30

1 600, 1 800, 2 000, 2 200, 2 400, 2 600
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Tab.2 Laser parameters for the preparation of
hydrophilic patterns

Laser Scanning Hatching Power/ Frequency/ Hatchlng
speed/ distance/
parameters (mm~sfl) loop w kHz
pm
Value 1 2 20 20 30
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Fig.8 Wettability of different positions of arrow-shaped patterned surfaces based on different hydrophobic
gradient substrates: a) static contact angle; b) sliding angle
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Fig.9 Analysis of the driving forces on droplets:
a) force analysis on droplets at the arrowhead;
b) force analysis on droplets at the arrow shaft
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