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摘要 

 I

摘要 
 

近几年来，关于超疏水的研究飞速发展，人们成功开发出多种方法在材料表

面构筑粗糙结构以实现超疏水。但这些方法大多需要特殊的加工设备或复杂的工

艺过程，使应用受到限制。发展简单方便、可用于大面积制作的超疏水表面制备

技术以满足生产和生活各方面的需求仍然是一项具有挑战性的研究课题。另一方

面，将超疏水独特的表面性质应用于的生物技术和微流体技术，开拓超疏水应用

的新领域，成为超疏水研究一个新的发展趋势。 

本论文提出或建立了三种超疏水表面的制备技术，这些方法操作简单、成本

低廉、可用于大面积制作，并建立了三种超亲水/超疏水微图案表面的制作技术，

对微图案化表面的应用作初步探索。主要研究内容和获得结果如下： 

1. 首次提出以金相砂纸为模板制备超疏水表面。以金相砂纸为模板，通过

浇注、热压成型技术，制作二甲基硅氧烷等多种聚合物的粗糙表面，发现其中以

W5 和 W7 砂纸为模板可以得到具有超疏水性质表面。通过电镜和接触角实验考

察了不同粗糙度及精细结构对表面浸润性的影响，以及聚合物本体浸润性对粗糙

表面接触角的贡献。 

2. 建立纳米粒子填充法制备超疏水涂层。使用商品化的疏水型二氧化硅纳

米粒子与聚氯乙烯等几种常用聚合物混溶制备涂料，并涂覆在玻璃、纸张、纱布、

铜等各种固体表面形成超疏水涂层；研究了纳米粒子与聚合物的比例，涂料溶液

的浓度，聚合物的种类等因素对浸润性及表面精细结构的影响。 

3. 建立电化学方法制备超疏水氧化铝膜。通过简单的电化学阳极氧化的方

法制备氧化铝膜，氟硅烷修饰后获得超疏水表面。考察了氧化时间等对结构和浸

润性的影响。 

4. 建立三种超亲水/超疏水微图案化技术。分别以二氧化碳激光，准分子激

光，氧等离子体处理三种方式，将超疏水氧化铝表面的氟硅烷选择性去除，制备

超亲水/超疏水微图案化表面；并尝试利用微图案化表面在阵列芯片，开放式微

流控系统等方面进行初步的应用。 

关键词：超疏水；表面；模板法；纳米粒子填充法；阳极氧化法；微图案化 
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Abstract 
 

For the past few years, research on superhydrophobic surfaces has been 
developed rapidly and different techniques have been used to construct the rough 
structure that superhydrophobic surfaces require. However, either special equipment 
or complex process control is required in most case, these methods have been limited. 
It remains a great challenge to develop simple and convenient techniques that could 
be used as largely prepared of superhydrophobic surfaces so as to meet the need of 
superhydrophobic surfaces both in daily life and industry. On the other hand, because 
of the unique properties of the superhydrophobic surface, it is an uptrend of research 
to apply the superhydropobic surfaces in the newly-developed bio-technique and 
microfluidic devices.   

In this present thesis, three techniques for fabricating suerphdrophobic surfaces 
were established, all of which are very simple, costless, and could be used as mass 
production. Three techniques for fabricating superhydropilic/superhydrophobic   
micro-patterning surfaces were also established and the uses of the patterning surfaces 
were preliminary studied. Main work and results are as follows:  

 
1. Abrasive papers were proposed as molds for fabricating superhydrophobic. 

Rough surfaces of polymers were preparend by casting or hot embossing using the 
metallographic abrasive paper as molds. Superhydrophobic surfaces could be 
achieved when using types of W7, W5 abrasive papers, and the roughness of these 
surfaces could be controlled by selecting the abrasive papers used. SEM and contact 
angle measurement were employed to investigate the effect of roughness on the 
wetting properties and the contribution of the intrinsic wetting properties of polymer  
to the apparent CA on rough surfaces. 

 
2. Method to prepare superhydrophobic coating by nanoparticles was established. 

Coating solution was first prepared by mixing commercially available nano-silica 
particles with some common polymer, which was then cast on different kinds of 
substrate such as glass, papers, fabric, copper. The effects of the proportion of SiO2 to 
polymer, the concentration of the solution and the sorts of polymer on the wetteing 
properties and surfaces structure were investigated.  

 
3. Method to prepare superhydrophobic alumina membrane was established. 

Alumina membrane with nano-porous was prepared through a single-step anodization 
procedure. Superhydrophobic surfaces were achieved after the treatment of  
membrace by fluoroalkyl. The effect of the time of oxidation on the wetteing 
properties and the roughness of the membrane was investigated. 

 
4. Three techniques to fabricate superhydropilic/superhydrophobic 

micro-patterning surfaces were established. CO2 laser etching, excimer laser etching 
and oxygen plasma treatment were employed to selectively remove the fluoroalkyl on 
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the superhydrophobic alumina membrane. Superhydrophilic/superhydrophobic 
patterning surfaces could achieve by optimizing the process parameter. The 
application of these wetting heterogeneous surfaces in microarray, open microfluidic 
chip and micromixer were preliminary studied.   

Key words: Superhydrophobic; Surfaces; Mold; Nanoparticle; Anodization;     

Micro-patterning
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第一章 绪论 

 1

第一章 绪论 

 

§1-1 超疏水表面现象 

 

浸润性是指液体在固体表面的润湿行为，是最为常见的一类界面现象，与自

然界中动、植物的生命活动以及人类的日常生活和工农业生产密切相关，如农药

杀虫、织物的印染和防水、矿物的泡沫浮选、金属焊接、机器用的润滑油、油漆

的流干性能等。 

浸润性可以通过液体与固体表面的接触角来衡量。以液体水为例，通常将与

水接触角小于90°的固体表面称为亲水表面，大于90°称为疏水表面；特别地，与

水接触角大于150°的表面称为超疏水表面，与水的接触角小于15°的表面称为超

亲水表面。具有超疏水或超亲水性能的特殊浸润性表面是近年的研究热点。 

自然界中，许多物质表面显示出超疏水性。如莲叶的超疏水以及自清洁的性

质很早为人所知，中国古代称其为“出淤泥而不染”，水滴在莲叶表面几乎成球

形状并且很容易滚落。Barthlott及Neinhuis[1]首次通过观察莲叶表面的微观结构认

为，这种自清洁的特征是由粗糙表面的微米尺度乳突及表面蜡状物的存在共同引

起的。江雷研究小组[2]利用电子显微镜对莲叶进一步研究发现，在大小约为5-9μm

的突起上有许多纳米结构，莲叶表面具有的微米-纳米双阶结构的协同作用是超

疏水的根本原因。此外，有些杂草叶子比如新西兰的金雀花表面有一层具有微细

结构的蜡状物质，从而使其很难被水溶液的除草剂润湿，达到保护自己的目的[3]。 

 

 

 

 

 

 

 

 

   

图 1-1-1 莲叶表面扫描电镜图（A.微米级的乳突，B.乳头的纳米结构） 

图片来源：L. Feng, S.H. Li, Y.S. Li, et al. Adv. Mater. 2002

BA 
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除了植物外，许多昆虫如蝴蝶、蝉等的翅膀，水黾的腿表面也具有超疏水性

质，它们可以很容易去除灰尘，露珠，水滴以防止污染。蝶类翅膀上的粉末表面

并不光洁，由100μm左右的扁平囊状物组成，囊状物是由很多对称的几丁质组成

的角质层，这些结构使蝴蝶翅膀色彩斑斓并且具有良好疏水性的原因[4]。蝉的翅

膀有许多纳米级的柱状阵列，柱子直径约为70nm，柱间距90nm[5]。研究发现水

黾的腿上有许多微米尺度的针状刚毛，而每根刚毛上还有更精细的纳米结构的凹

槽，这种双阶的结构以及表面的蜡状物质赋予腿超疏水性，水黾由于它的腿具有

超疏水性因而可以非常轻松站立在水上。据测验，水黾的每只腿可以承受高达152

达因的力，是其体重的15倍[6]。 

 

         

 

 

 

 

 

 

 

§1-2 超疏水理论 

 

§1-2-1 静态接触角 

液体在平滑、组成均匀、平衡且各向同性的理想固体表面（如图1-2-1）时，

其接触角（θ，称为本征接触角）主要由固体的表面自由能决定，可以通过杨氏

方程来评价： 

cos θ = (γsv-γsl)/ γlv 

式中，γsl,γsv和γlv分别为单位面积液-固界面，固-气界面，液-气界面的界面自由

能。 

图 1-1-2 水黾腿部扫描电镜图 A 刚毛，B 刚毛上的凹槽 

图片来源：X. F. Gao, L. Jiang. Nature, 2004

A 

20µm 

B

200nm 
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