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	摘要(中)	潤濕現象與我們日常生活息息相關，了解潤濕現象的機制原理不僅可以解釋自然界生物特有的潤濕行為，亦可以對材料的啟發與改良上有所助益。本研究著重水滴於材質表面上的潤濕行為以及接觸角遲滯的探討，內容分為四大部分: 


(1)實驗設計一顆小液滴結合連通材質表面上的液滴與其位置旁洞內的液滴，一般認為由於重力的因素會使得整體液滴向洞內下方流動，然而，透過Young-Laplace 方程式還有對流性的 Ostwald ripening 的理論機制得知，我們可以藉由控制此兩個液滴的曲率來決定其流動方向，由無管壁的毛細現象實驗證實，洞內下方的液滴可以被上方較小曲率滑動中的液滴吸上來。結果推論，使用超親水孔洞表面將可移除微通道系統中吸附在內壁的液滴。 


(2)沙漠中的甲蟲傾斜身體迎向充滿水氣的風，藉此動作利用其背上超疏水表面相間親水區塊來收集珍貴的水滴，此過程包含水滴在此特殊表面停滯不前


(pinning)以及去潤濕(dewetting)的潤濕行為。本實驗經由在低遲滯超疏水表面


上設計一個特定形狀的親水區塊(如正方形、長方形與三角形)，探討液滴黏滯力(pinning force)、黏滯長度(pinning length)與親水區塊邊長長度以至於其方向的相互關係。實驗發現黏滯長度(wp)等於正方形或長方形親水區塊垂直於傾斜方向上的邊長長度(w)，對應黏滯力大小的臨界傾斜角(ac)亦與此邊長長度成正比；有別於正方形與長方形親水區塊，wp在三角形親水區塊上會隨著傾斜角增加而增加。然而，實驗證實正方形或長方形上w與sin(ac)的相對關係與三角形上wp與sin(a)的相對關係是相符合的；另一方面，模擬程式 Surface Evolver 利用自由能最小化計算方式成功模擬出與實驗結果一致。 


(3)實驗利用壓版法(compression-relaxation)量測水滴於壓克力表面之接觸角遲滯。壓版法利用上板為超疏水低遲滯表面緩慢向下擠壓接著向上鬆弛於待測材質表面上的水滴，藉此觀察接觸線向外擴張時的前進角與向內收縮時的後退角。實驗發現向下擠壓的程度小或大時，水滴在向上鬆弛的過程中，可分為接觸線停滯不前(contact line pinning regime) 或接觸線撤退收(contact line withdrawal regime)兩種潤濕行為。當向下擠壓程度較小，此時接觸角隨著超疏水板向上鬆弛而角度下降；當向下擠壓程度較大，於超疏水板向上鬆弛時，接觸角會下降至後退角並維持著後退角伴隨著接觸線向內撤退，本實驗亦利用Surface Evolver 的模擬來比對實驗結果。 


(4)實驗利用膠帶黏貼與撕開石墨片表面，製作出微米級粗糙度，石墨面變成疏水性，接著將石墨片放入丙酮溶液於超音波震盪，使得微米級結構上嵌入奈米級結構，以此來製作超疏水表面的石墨片。由於水潤濕入侵疏水性與超疏水性石墨表面的程度不同，接觸角遲滯在此兩表面的程度有明顯區別；另外，在超疏水石墨表面亦發現有對流性 Ostwald  ripening 與接觸角遲滯程度會隨著時間改變得特殊現象。
	摘要(英)	Wetting phenomena of a liquid droplet on various solid surfaces are everywhere in our daily life as well as in engineering and science. In this thesis, there are four major parts:


(1)When a sessile drop encounters a pendant drop through a hole, it is generally anticipated that they will coalesce and flow downward due to gravity. However, like “wall-free” capillarity, the pendant drop may be sucked up by a sliding drop instantaneously if the radius of the curvature of the former is smaller than that of the latter. This phenomenon can be explained by Young-Laplace equation and convective Ostwald ripening. Our results indicate that superhydrophilic perforated surface can be used as an effective way for the removal of small droplets adhering to the inner walls of microchannel systems.


(2)A desert beetle tilts its body forwards into the fog-laden wind to collect water by the hydrophilic patches on its superhydrophobic back. The pinning and dewetting mechanism of a tilted drop pinned by a designed patch on a superhydrophobic surface with negligible contact angle hysteresis (CAH) is explored both experimentally and theoretically. The patch is designed in different shapes including square, rectangle and triangle. For a square or rectangular patch, the uphill contact angle (CA) of the tilted drop varies with the inclined angle (a) of the plate. The drop remains pinned until the critical inclined angle (ac) is achieved. As a=ac, the uphill CA of the drop reduces to the receding angle of the patch. The magnitude of ac grows approximately linearly with the pinning length (wp), which is related to the patch size. It is found that wp equals the side-length (w) of square or rectangular patch perpendicular to the sliding direction. While wp on square patches remains essentially unchanged before sliding, wp on the triangular patch grows with increasing a. However, the relation between sin(a) and wp for the triangular patch is consistent with that between sin(ac)and w for square and rectangular patches. Surface Evolver simulations based on free energy minimization are performed to reproduce the wetting and dewetting behavior. The simulation outcomes agree quite well with the experimental results.


(3) The CAH of acrylic glass is experimentally and theoretically studied through the compression-relaxation process of droplets by using a superhydrophobic surface with negligible CAH effect. In contrast to the existing technique in which the volume of the droplet changes during the measurement of CAH, this procedure is carried out at a constant volume of the droplet. By observing the base diameter (BD) and the CA of the droplet during the compression-relaxation process, the wetting behavior of the droplet can be divided into two regimes, the contact line withdrawal and the contact line pinning regimes, depending on the gap thickness (H) at the end of the compression process. During the compression process, both regimes possess similar droplet behavior; the contact line will move outward and the BD will expand while the CA remains at the advancing angle. During the relaxation process, the two regimes are significantly different. In the contact line withdrawal regime, the contact line will withdraw with the CA remaining at the receding angle. In the contact line pinning regime, however, the contact line will be pinned at the final position and the CA will decline to a certain value higher than the receding angle. Furthermore, the advancing pinning behavior can also be realized through a successive compression-relaxation process. On the basis of the liquid-induced defects model, Surface Evolver simulations are performed to reproduce the behavior of the droplet during the compression-relaxation process; both contact line withdrawal and pinning regimes can also be identified. The results of the experiment and simulation agree with each other very well.


(4) A superhydrophobic graphite surface has been fabricated through two facile physical steps, peeling and ultrasonicating. Peeling yields micron-scale roughening, and thus a highly hydrophobic surface is obtained. Further ultrasonicating results in a superhydrophobic surface with nanostructure embedded in microstructure. The nanostructure leads to network-like pores on the superhydrophobic film and convective Ostwald ripening is observed. Owing to their distinct resistance to liquid imbibition, contact angle hysteresis on hydrophobic and superhydrophobic surfaces is fundamentally different. Moreover, the adhesive force on a superhydrophobic surface grows with the contact time, and such aging effect is absent on hydrophobic graphite surface.
	關鍵字(中)	
      	  ★ 液滴潤濕
★ 毛細現象
★ 接觸角遲滯
★ 超疏水
★ 超親水
★ 壓版法	關鍵字(英)	
      	  
	論文目次	Abstract                                                  I 


Contents                                                 VI 


List of Figures                                          IX 


Chapter 1 Introduction                                    1 


1.1   Wettability                                         1


1.2   Contact angle                                       1


1.3   Contact angle hysteresis, CAH                       3


1.4   Origin of CAH                                       3


1.5   Measurement of CAH                                  5


1.6   Thesis organization                                 6


Reference                                                11


Chapter 2 Wall free capillarity and pendant drop removal 13 


2.1   Background                                         13


2.2   Experimental section                               13


2.3   Results and discussion                             14


Reference                                                22 


Chapter 3 A drop pinned by a designed patch on a tilted 


superhydrophobic surface: Mimicking desert beetle                                              23


3.1   Background                                         23


3.2   Experimental and simulation methods                26


    3.2.1    Materials                                   26


    3.2.2    Experimental methods                        27


    3.2.3    Surface Evolver simulation                  28


3.3   Results and discussion                             30


    3.3.1    Square patch                                31


    3.3.2    Rectangular patch                           34


    3.3.3    Free energy analysis and contact angle      


             distribution                                35


    3.3.4    Isosceles triangular patch                  39


Reference                                                54


Chapter 4 Droplet compression and relaxation by a 


superhydrophobic surface: Contact angle hystersis        56


4.1   Background                                         56


4.2   Experimental and simulation methods                58


    4.2.1    Materials                                   58


    4.2.2    Experimental method                         59


    4.2.3    Surface Evolver simulation                  60


4.3   Results and discussion                             61


    4.3.1    CAH-liquid induced defect                   61


    4.3.2    Two regimes associated with the compression- 


             relaxation process                          61


    4.3.3    Successive compression-relaxation process: 


             Advancing pinning                           67


4.4   Surface Evolver simulation                         68


Reference                                                83


Chapter 5 Anomalous wetting on a superhydrophobic 


graphite surface                                         85


5.1   Background                                         85


5.2   Experiments                                        86


5.3   Results and discussion                             88


Reference                                                97


Chapter 6 Conclusions                                    99 


 


 


 


 


 


 


 



	參考文獻	Chapter 1 


[1]    Young, T. Philos. Trans. R. Soc. London 1805, 95, 65.


[2]    Wenzel, R. N. Ind. Eng. Chem. 1936, 28, 988.


[3]    Cassie, A. B. D.; Baxter, S. Trans. Faraday Soc. 1944, 40, 546.


[4]    Sheng, Y.-J.; Jiang, S.; Tsao, H.-K. J. Chem. Phys. 2007, 127, 234704.


[5]    Israelachvili, J. N. Intermolecular and Surface Forces; Academic Press: New York, 1985.


[6]    de Gennes, P.-G.; Brochard-Wyart, F.; Quéré, D. Capillarity and Wetting Phenomena, Drops, Bubbles, Pears, Waves; Springer: New York, 2004.


[7]    Joanny, J. F.; de Gennes, P. G. J. Chem. Phys. 1984, 81, 552.


[8]    Chang, F.-M.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. Appl. Phys. Lett. 2009, 95, 064102.


[9]    Bormashenko, E.; Bormashenko, Y.; Whyman, G.; Pogreb, R.; Musin, A.; Jager, R.; Barkay, Z. Langmuir 2008, 24, 4020.


[10]    Hong, S.-J.; Chang, F.-M.; Chou, T.-H.; Chan, S. H.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2011, 27, 6890.


[11]    Shanahan, M. E. R. Langmuir 1995, 11, 1041.


[12]    Erbil, H. Y.; McHale, G.; Rowan, S. M.; Newton, M. I. Langmuir 1999, 15, 7378.


[13]    Bourgès-Monnier, C.; Shanahan, M. E. R. Langmuir 1995, 11, 2820.


[14]    Tavana, H.; Yang, G.; Yip, C.; Appelhans, D.; Zschoche, S.; Grundke, K.; Hair, M. L.; Neumann, A. W. Langmuir 2006, 22, 628.


[15]    Good, R. J. In: Mittal KL (eds) Contact angle, wettability and adhesion; Utrecht: The Netherlands, 2004.


[16]    Erbil, H. Y. In: Birdi KS (ed) Handbook of surface and colloid chemistry; CRC: Boca Raton, 1997.


[17]    Extrand, C. W.; Kumagai, Y. J. Colloid Interface Sci. 1997, 191, 378.


[18]    Wolfram, E.; Faust, R. In: Padday JF (ed) Wetting, spreading and adhesion; Academic: London, 1978.


[19]    Rotenberg, Y.; Boruvka, L.; Neumann, A. W. J. Colloid Interface Sci. 1984, 102, 424.


[20]    Extrand, C. W.; Kumagai, Y. J. Colloid Interface Sci. 1995 170, 515.


[21]    Penn, L. S.; Miller, B. J. Colloid Interface Sci. 1980, 78, 238.


[22]    Neumann, A. W.; Spelt, J. K. (eds) In: Applied surface thermodynamics; Marcel Dekker: New York, 1996.


[23]    Eriksson, L. G. T. J. Colloid Interface Sci. 1997, 191, 264.


Chapter 2 


[1]    Metz, T.; Paust, N.; Müller, C.; Zengerle, R.; Koltay, P. Sens. Actuators. A 2008, 143, 49.


[2]    Zhang, F. Y.; Yang, X. G.; Wang, C. Y. J. Electrochem. Soc. 2006, 153, A225.


[3]    See supplementary material at http://dx.doi.org/10.1063/1.3420647 for movie files of Figs. 1, 2, 4, and 6 listed as Figs. S1, S2, S4, and S6.


[4]    de Gennes, P. G.; Brochard-Wyart, F.; Quéré, D. Capillarity and Wetting Phenomena, Drops, Bubbles, Pearls, Waves; Springer: New York, 2004.


[5]    Sheng, Y.-J.; Jiang, S.; Tsao, H.-K. J. Chem. Phys. 2007, 127, 234704.


[6]    Chang, F.-M.; Sheng, Y.-J.; Cheng, S.-L.; Tsao, H.-K. Appl. Phys. Lett. 2008, 92, 264102.


[7]    Chang, F.-M.; Sheng, Y.-J.; Chen, H.; Tsao, H.-K. Appl. Phys. Lett. 2007, 91, 094108.


[8]    Lai, J.; Sunderland, B.; Xue, J.; Yan, S.; Zhao, W.; Folkard, M.; Michael, B. D.; Wang, Y. Appl. Surf. Sci. 2006, 252, 3375.


Chapter 3


[1]    Parker, A. R.; Lawrence, C. R. Nature 2001, 414, 33.


[2]    Prakash, M.; Quéré, D.; Bush, J. W. M. Science 2008, 320, 931.


[3]    Lam, P.; Wynne, K. J.; Wnek, G. E. Langmuir 2002, 18, 948.


[4]    Feng, L.; Zhang, Y.; Xi, J.; Zhu, Y.; Wang, N.; Xia, F.; Jiang, L. Langmuir 2008, 24, 4114.


[5]    Chang, F.-M.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. Appl. Phys. Lett. 2009, 95, 064102.


[6]    Young, T. Philos. Trans. R. Soc. London 1805, 95, 65.


[7]    de Gennes, P.-G.; Brochard-Wyart, F.; Quéré, D. Capillarity and Wetting Phenomena, Drops, Bubbles, Pears, Waves; Springer: New York, 2004.


[8]    Israelachvili, J. N. Intermolecular and Surface Forces; Academic Press: New York, 1985.


[9]    Naidu, S. G. J. Insect Phys. 2001, 47, 1429.


[10]    Oliver, J. F.; Huh, C.; Mason, S. G. J. Colloid Interface Sci. 1997, 59, 568.


[11]    Chang, F.-M.; Sheng, Y.-J.; Tsao, H.-K. Appl. Phys. Lett. 2009, 95, 204107.


[12]    Chang, F.-M.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. J. Phys. Chem. C 2010, 114, 1615.


[13]    MacDougall, G.; Ockrent, C. Proc. R. Soc. London Ser. A 1942, 180, 151.


[14]    Kawasaki, K. J. Colloid Sci. 1960, 15, 402.


[15]    Furmidge, C. G. L. J. Colloid Sci. 1962, 17, 309.


[16]    Extrand, C. W.; Kumagai, Y. J. Colloid Interface Sci. 1995, 170, 515.


[17]    Miwa, M.; Nakajima, A.; Fujishima, A.; Hashimoto, K.; Watanabe, T. Langmuir 2000, 16, 5754.


[18]    Roura, P.; Fort, J. Phys. Rev. E 2001, 64, 011601.


[19]    Le Grand, N.; Daerr, A.; Limat, L. J. Fluid Mech. 2005, 541, 293.


[20]    Berejnov, V.; Thorne, R. Phys. Rev. E 2007, 75, 066308.


[21]    Chou, T.-H.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2012, 28, 5158.


[22]    Zhai, L.; Berg, M. C.; Cebeci, F. C.; Kim, Y.; Milwid, J. M.; Rubner, M. F.; Cohen, R. E. Nano Lett. 2006, 6, 1213.


[23]    Garrod, R. P.; Harris, L. G.; Schoﬁeld, W. C. E.; McGettrick, J.; Ward, L. J.; Teare, D. O. H.; Baydal, J. P. S. Langmuir 2007, 23, 689.


[24]    Dorrer, C.; Rühe, J. Langmuir 2008, 24, 6154.


[25]    Li, X.; Cao, Z.; Liu, F.; Zhang, Z.; Dang, H. A novel method of preparation of superhydrophobic nanosilica in aqueous solution. Chemistry Letters 2006, 35, 94-95.


[26]    Brakke, K. Exp. Math. 1992, 1, 141.


[27]    Chou, T.-H.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. J. Phys. Chem. B 2010, 114, 7509.


[28]    Chou, T.-H.; Hong, S.-J.; Liang, Y.-E.; Tsao, H.-K.; Sheng, Y.-J. Langmuir 2011, 27, 3685.


[29]    Hong, S.-J.; Chang, F.-M.; Chou, T.-H.; Chan, S. H.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2011, 27, 6890.


[30]    Hong, S.-J.; Chou, T.-H.; Chan, S. H.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2012, 28, 5606.


Chpater 4


[1]    Cho, S. K.; Moon, H.; Kim, C.-J. Journal of Microelectromechanical Systems 2003, 12, 70.


[2]    Luan, L.; Evans, R. D.; Jokerst, N. M. IEEE Sensors Journal 2008, 8, 628.


[3]    Vogel, M. J.; Steen, P. H. PNAS 2010, 107, 3377. 


[4]    Young, T. Philos. Trans. R. Soc. London 1805, 95, 65.


[5]    De Gennes, P.-G.; Brochard-Wyart, F.; Quéré, D. Capillarity and Wetting Phenomena, Drops, Bubbles, Pears, Waves; Springer: New York, 2004.


[6]    Israelachvili, J. N. Intermolecular and Surface Forces; Academic Press: New York, 1985.


[7]    Berthier, J. Microdrops and Digital Microfluidics; Norwich: William Andrew Pub., 2008.


[8]    Lafuma, A.; Quéré, D. Nat. Mater. 2003, 2, 457.


[9]    De Souza, E. J.; Gao, L.; McCarthy, T. J.; Arzt, E.; Crosby, A. J. Langmuir 2008, 24, 1391.


[10]    Bormashenko, E.; Bormashenko, Y.; Whyman, G.; Pogreb, R.; Musin, A.; Jager, R.;  Barkay, Z. Langmuir 2008, 24, 4020.


[11]    Joanny, J. F.; de Gennes, P. G. J. Chem. Phys. 1984, 81, 552.


[12]    Chang, F.-M.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. Appl. Phys. Lett. 2009, 95, 064102.


[13]    Robert J. Good. J. Am. Chem. Soc. 1952, 74, 5041. 


[14]    Shanahan, M. E. R. Langmuir 1995, 11, 1041.


[15]    Gao, L.; McCarthy, T. J. Langmuir 2006, 22, 6234.


[16]    Lam, C. N. C.; Wu, R.; Li, D.; Hair, M. L.; Neumann, A. W. Advances in Colloid and Interface Science 2002, 96, 169.


[17]    Hong, S.-J.; Chang, F.-M.; Chou, T.-H.; Chan, S.-H.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2011, 27, 6890.


[18]    Li, X.; Cao, Z.; Liu, F.; Zhang, Z.; Dang, H. Chemistry Letters 2006, 35, 94.


[19]    Chou, T.-H.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. J. Phys. Chem. B 2010, 114, 7509.


[20]    Brakke, K. Exp. Math. 1992, 1, 141.


[21]    Chou, T.-H.; Hong, S.-J.; Liang, Y.-E.; Tsao, H.-K.; Sheng, Y.-J. Langmuir 2011, 27, 3685.


Chapter 5


[1]    Novoselov, K. S.; Geim, A. K.; Morozov, S. V.; Jiang, D.; Zhang, Y.; Dubonos, S.V.; Grigorieva, I.V.; Firsov, A. A. Science 2004, 306, 666.


[2]    Berger, C.; Song, Z.; Li, X.; Wu, X.; Brown, N.; Naud, C.; Mayou, D.; Li, T.; Hass, J.; Marchenkov, A. N.; Conrad, E. H.; First, P. N.; de Heer, W. A. Science 2006, 312, 1191.


[3]    Kim, K. S.; Zhao, Y.; Jang, H.; Lee, S. Y.; Kim, J. M.; Kim, K. S.; Ahn, J.-H.; Kim, P.; Choi J.-Y.; Hong, B. H. Nature 2009, 457, 706.


[4]    Sheng, Y.-J.; Jiang, S.; Tsao, H.-K. J. Chem. Phys. 2007, 127, 234704.


[5]    Chang, F.-M.; Hong, S.-J.; Sheng, Y.-J.; Tsao, H.-K. Appl. Phys. Lett. 2009, 95, 064102.


[6]    Wenzel, R. N. Ind. Eng. Chem. 1936, 28, 988.


[7]    Cassie A. B. D.; Baxter, S. Trans. Faraday Soc. 1944, 40, 546.


[8]    Kogan, M. J.; Dalcol, I.; Gorostiza, P.; Lopez-Iglesias, C.; Pons, R.; Pons, M.; Sanz, F.; Giralt, E. Biophys. J. 2002, 83, 1194.


[9]    Zhang, X.; Wan, S.; Pu, J.; Wang, L.; Liu, X. J. Mater. Chem. 2011, 21, 12251.


[10]    Lau, K. K. S.; Bico, J.; Teo, K. B. K.; Chhowalla, M.; Amaratunga, G. A. J.; Milne, W. I.; McKinley, G. H.; Gleason, K. K. Nano Lett. 2003, 3, 1701.


[11]    Journent, C.; Moulinet, S.; Ybert, C.; Purcell, S. T.; Bocquet, L. Europhys. Lett. 2005, 71, 104.


[12]    Raﬁee, J.; Raﬁee, M. A.; Yu, Z.-Z.; Koratkar, N. Adv. Mater. 2010, 22, 1.


[13]    Chang, F.-M.; Sheng, Y.-J.; Cheng, S.-L.; Tsao, H.-K. Appl. Phys. Lett. 2008, 92, 264102.


[14]    Hong, S.-J.; Chang, F.-M.; Chou, T.-H.; Chan, S. H.; Sheng, Y.-J.; Tsao, H.-K. Langmuir 2011, 727, 6890.


[15]    Moser, J.; Verdaguer, A.; Jiménez,D.; Barreiro, A.; Bachtold, A. Appl. Phys. Lett. 2008, 92, 123507.
	指導教授	
      	  曹恆光(Heng-Kwong Tsao)
      	 	審核日期	2013-1-17
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
