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Effect of Micro/Nano Structure on Condensation Characteristics of
Hierarchical Superhydrophobic Silicon Surface

DONG Jian, DONG He, LONG Zhi-jian, GUO You-hai, YE Sen-bin

(Zhejiang University of Technology, Hangzhou 310023, China)

ABSTRACT: The work aims to study the influence of microstructure center distance on heat transfer performance of micro-
nano hierarchical superhydrophobic silicon surface. The wet etching was applied to construct micro-nano pyramid structures
with center distance of 22, 24, 26, 28 and 30 um on the silicon surface and then sol-gel method was used to coat hydrophobic
nano silica particles to obtain micro-nano hierarchical superhydrophobic surface. The wettability and microtopography
characteristics of the superhydrophobic silicon surface were analyzed by contact angle meter and scanning electron microscope.
Spontaneous migration of small condensate droplets was observed by optical microscope. The electronic balance was used to
measure the mass of the collected condensation water. For the same nanostructure, with the increase of microstructure center
distance, the static contact angle of droplets became smaller, the spontaneous migration of small condensate droplets became
slower and the average water collection efficiency decreased within the same period. Flooding was observed when relative
humidity was larger than 90%. The water collection efficiency of the micro-nano structured hierarchical superhydrophobic

silicon surface (22 um micro-distance) was 1.38 times as large as that of the monolayer microstructure Si surface, 1.27 times as
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large as that of the monolayer nanostructure hydrophobic surface, 1.75 times as large as that of the hydrophobic smooth Si

surface and 3.6 times as large as that of the hydrophilic smooth SiO, surface. For the same nanostructure, reducing the micro-

structure spacing is helpful to enhance the surface heat exchange efficiency of hierarchical superhydrophobic silicon surface.

KEY WORDS: micro-nano hierarchical structure; superhydrophobic; silicon surface; condensate droplets; spontaneous

migration; water collection efficiency
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Fig.3 SEM images of micro-nano structured hierarchical superhydrophobic silicon surface: a) SEM image of micro-nano
structure surface; b) Micro-semi-pyramidal structure and nanostructure; ¢) SEM image of nanostructure
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Tab.1 Apparent contact angles of different sample surfaces

Apparent contact angle on
monolayer microstructure
hydrophobic Si surface/(°)

Apparent contact angle on
micro-nano structured
hierarchical superhydrophobic

Measurements of apparent contact angle/(°)

Microstructure Si surface/(°)
spacing/um Monolayer
Theoreti.cal Measurements Theoreti.cal Measurements nanostructure Hydrophobic Hydrophilic
calculation calculation hydrophobic Si Si surface Si0, surface
surface

22 130.1 133.242.8 166.0 161.9+£2.2

24 128.4 129.4+£2.6 159.6 159.1£2.1

26 127.1 127.3£2.5 155.6 156.842.3 139.1£1.6 120.0+0.8 65.3£1.2

28 126.1 126.5+2.1 152.7 155.1£2.5

30 125.3 125.1£2.2 150.7 154.7+2.9
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Fig.4 Spontaneous migration of small condensate droplets on the micro-nano structured hierarchical silicon
surface (1000-time optical microscope images)
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Microstructure Relative

spacing/pm humidity/% Frequency/Hz
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28 80+3 13
30 80+3 9
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Fig.5 Big droplet that is hard to remove on the hierarchical silicon surface (1000-time optical microscope images)
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Tab.3 Spontaneous migration rates and amount of water collected on the micro-nano structured hierarchical surface
with different relative humidity (the center distance of micro structures is 22 pm)

Microstructur  Relative Frequency The mass of water collected by the surface/g

e spacing/um  humidity/% /Hz 0~15min  15~30 min  30~45min  45~60 min  60~75 min  75~90 min
22 40+3 9 6.8 13.1 19.4 25.5 31.6 36.8
22 60+3 18 10.1 19.5 28.9 38.1 47.0 54.7
22 8043 30 13.2 25.6 38 50.1 61.9 72.0
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(200 fifL2 Wi EE )
Fig.6 Flooding appearance during condensation of droplets
on the micro-nano structured hierarchical surface
(200-time optical microscope image)
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Fig.7 Mass of collected water on different micro-nano
structured hierarchical surfaces
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Tab.4 Average water collection efficiency of different micro-nano structured hierarchical surfaces within different periods

Microstructure Average water collection efﬁciency/(g-min'l)
spacing/um 0~15 min 15~30 min 30~45 min 45~60 min 60~75 min 75~90 min
22 0.880 0.827 0.827 0.807 0.787 0.673
24 0.867 0.820 0.807 0.800 0.707 0.620
26 0.827 0.780 0.773 0.720 0.693 0.567
28 0.807 0.767 0.740 0.727 0.587 0.580
30 0.720 0.700 0.687 0.633 0.627 0.513
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