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	摘要(中)	本研究為利用化學浴沉積法製備Cu-In-S三元化合物光電極薄膜，將其沉積於導電玻璃上，並將其應用於光電化學產氫系統；就製程而言，化學浴沉積法具備設備簡單、製程便宜、產生廢料少及可大面積生產等優點，為經濟效益高的化學製程；就材料而言，Cu-In-S三元化合物可吸收紫外光與可見光波段的能量，且不含貴重金屬，因此成本低，極具發展潛力。本研究改變反應物濃度與比例、反應溶液pH值、燒結溫度、油浴溫度、磁石攪拌轉速以及鍍膜層數等參數以進行薄膜的製備，並探討薄膜的材料特性，包括薄膜的結晶性、表面形態、光學及光電化學性質。所製備之Cu-In-S光電極薄膜，在銅銦比為一比二、銦離子濃度0.2M、pH值為0.5、燒結溫度400℃、油浴溫度80℃、磁石轉速750rpm及鍍膜層數兩層有較高之光電流效益，直接能隙值為1.47 eV，而在光電流量測方面，使用Na2S與K2SO3作為犧牲試劑，並利用100 mW/cm^2  (AM 1.5G)的模擬太陽光源照射，於無施加偏壓下，所量測到之光電流值為5.33mA/cm^2 。



	摘要(英)	Chemical bath deposition (CBD) is applied to deposit Cu-In-S compound photoelectrode thin film on indium tin oxide coated glass (ITO), which can be used as the photoelectrode in photoelectrochemical production of hydrogen. The advantages of chemical bath deposition method are simple equipment, inexpensive, less waste and large area deposition. Besides, Cu-In-S compound can absorb ultraviolet and visible light, and has non-precious metals so that it has potential to develope. In the experiment, we investigate the crystal structure, morphology, optic property, and PEC performance under various working parameters, such as： precursor ratio, [In3+] molar volume concentration, bath temperature, pH value, number of thin film, stirring rate, thermal treatment temperature. The results show that Cu-In-S photoelectrode thin film with the direct band gap decreasing from 1.47 eV. In PEC measurement, we use Na2S and K2SO3  as sacrificial reagents and 100 mW/cm^2 (AM 1.5G) simulation sunlight as the light source. The photocurrent density of Cu-In-S photoelectrode thin film is 5.33 mA/cm^2 .



	關鍵字(中)	
      	  ★ 產氫
★ 化學浴沉積法
★ 光電極
★ Cu-In-S	關鍵字(英)	
      	  ★ Cu-In-S
★ Photoelectrode
★ Chemical bath deposition
★ Hydrogen
	論文目次	摘要	I


Abstract	II


目錄	IV


表目錄	VII


圖目錄	VIII


第一章	緒論	1


1-1 前言	1


1-2 文獻回顧	3


1-2-1	光觸媒文獻回顧	3


1-2-2	Cu-In-S材料特性文獻回顧	4


1-2-3	Cu-In-S製程方法文獻回顧	6


1-2-4	化學浴沉積法文獻回顧	8


1-3 研究目的	10


第二章	理論基礎	11


2-1 太陽能產氫機制	11


2-2 光電極	14


2-3 化學浴沉積法原理	15


2-3-1	化學浴沉積法反應機制	15


2-3-2	離子濃度積與溶解度積	15


2-3-3	沉積成核機制	18


2-3-4	薄膜成長過程	19


第三章	實驗步驟與方法	22


3-1	實驗流程與參數設定	22


3-2	實驗材料及實驗裝置	22


3-2-1 實驗基材	22


3-2-2 實驗藥品	22


3-2-2-1反應鍍液使用之藥品	23


3-2-2-2電性分析時配製電解質溶液使用之藥品	24


3-2-3 實驗設備	24


3-3	實驗步驟	25


3-3-1	基材清洗	25


3-3-2	鍍液配製	26


3-3-3	反應鍍液調配方法	27


3-3-4	鍍膜之反應過程	28


3-3-5	光電極薄膜之後處理	28


3-4	薄膜物性量測分析	29


3-4-1 XRD(X-ray Diffraction, X光粉末繞射儀)	29


3-4-2 SEM(Scanning electron microscope,掃描式電子顯微鏡)	30


3-4-3 UV-visible(紫外/可見光光譜儀)	30


3-4-4 光電化學(光電流)性質量測分析	31


第四章	結果與討論	33


4-1	反應物比例([ ]/[ ])對薄膜的影響	33


4-2	反應物濃度對薄膜的影響	35


4-3	pH值( 含量)對薄膜的影響	37


4-4	燒結溫度對薄膜的影響	39


4-5	油浴溫度對薄膜的影響	40


4-6	磁石轉速對薄膜的影響	43


4-7	鍍膜層數對薄膜的影響	44


第五章	結論與建議	47


5-1	結論	47


5-2	未來展望	49


參考文獻	50



	參考文獻	1.聯合國政府間氣候變遷問題小組(IPCC)，http://www.ipcc.ch/。


2.歐嘉瑞 (經濟部能源局)，我國再生能源發展策略，(2010)。


3.吳怡萱，再生能源概論，五南，台北市，(2008)。


4.曲新生、陳發林，氫能技術：二十一世紀是氫能世紀，五南，臺北市，(2006)。


5.A. Kudo, “Development of photocatalyst materials for water splitting”, International Journal of Hydrogen Energy, Vol. 31, pp.197-202 (2006)。


6.國際能源總署(IEA)，http://www.iea.org/。


7.A. Fujishima, and K. Honda, “Electrochemical photolysis of water at a semiconductor electrode,” Nature, Vol.238, Number 5358,pp. 37-38, (1972)。


8.A. Kudo, “Recent progress in the development of visible light-driven powdered photocatalysts forwater splitting”, International Journal of Hydrogen Energy, Vol. 32, pp.2673–2678, (2007)。


9.A. Kudo, and Y. Miseki, “Heterogeneous photocatalyst materials forwater splitting”, Chemical Society Reviews, Vol. 38, pp.253-278, (2009)。


10.H. Kato, and A. Kudo, “Visible-light-response and photocatalytic activities of   and   photocatalysts codoped with antimony and chromium”, Journal of Physical Chemistry B, Vol. 106,pp.5029, (2002)。


11.P. Guha, D. Das, A.B. Maity, D. Ganguli, and S. Chaudhuri, “Synthesis of   by chemical route:optical characterization”,Solar Energy Materials & Solar Cells ,Vol 80,pp.115–130, (2003)。


12.Y.B.He, “  thin films for photovoltaic:RF reactive sputter deposition and characterization” , Physikalisches Institut Justus-Liebig-Universität, Gießen,(2003)。


13.F. Hergert, R. Hock, and S. Schorr, “Pentanary chalcopyrite compounds without tetragonal deformation in the heptanary system  ”, Solar Energy Materials & Solar Cells ,Vol. 91,pp.44–46, (2007)。


14.Y. Hamakawa, “thin film solar cells-Next Generation Photovoltaics and its Application”, Springer-Verlag Berlin Heidelberg, NewYork ,(2003)。


15.A. Joswig, M. Gossla, H. Metzner, U. Reislo¨hner, T. Hahn, W. Witthuhn, “Sulphurization of single-phase   precursors for   solar cells”,Thin Solid Films,Vol. 515, No.15 ,pp. 5921–5924 ,(2007)。


16.S.Takeuchi, S. Endo and T. Irie, “Semiconducting properties of   single crystals II. Near infrared absorption”,Journal of Physics and Chemistry of Solids ,Vol. 46, Issue 8, pp. 887-893, (1985)。


17.L. V. Makhova, I. Konovalov, and R. Szargan, “Growth and characterization of   and  thin films”, phys. stat. sol. (a) ,Vol.201, No. 2, pp.308– 311, (2004)。


18.http://theglassblog.files.wordpress.com/2011/02/solar-spectrum1.jpg , (2011)。


19.K .Kenchi, S .Nakamura , H. Sano, H .Hirasawa, and K .Sato, “Solar Energy Materials and Solar Cells”, Vol 49, pp.327,(1997)。


20.X.-P. Liu, L.-X. Shao, “Reactive sputtering preparation of   thin films and their optical and electrical characteristics”, Surf. Coat. Technol., Vol.201, pp. 5340-5343, (2007)。


21.J. Eberhardt, H. Metzner, R. Goldhahn, F. Hudert, U. Reislfhner, C. Hqlsen, J. Cieslak, Th. Hahn, M. Gossla, A. Dietz, G. Gobsch, and W. Witthuhn, Thin Solid Films,“Defect-related photoluminescence of epitaxial  ”, Vol.480-481, pp. 415-418, (2005)。


22.C. Guillén, and J. Herrero,“Polycrystalline growth and recrystallization processes in sputtered ITO thin films ”, Vol.510, pp.260-264, (2006)。


23.W. Calvet, C. Lehmann, T. Plake, and C. Pettenkofer,“Epitaxial   on Si(111) using di-tert-butyl disulfide as sulphur precursor”, Thin Solid Films, Vol.480, pp. 347-351, (2005)。


24.Y. Shi, Z. Jin, C. Li, H. An, J. Qiu,“Effect of [Cu]/[In] ratio on properties of   thin films prepared by successive ionic layer absorption and reaction method”, Appl. Surf. Sci., Vol.252, pp.3737-3743, (2006)。


25.M. Krunks, A. Mere, A. Katerski, V. Mikli, and J. Krustok,“Characterization of sprayed   films annealed in hydrogen sulfide atmosphere”, Thin Solid Films, Vol.511, pp. 434-438, (2006)。


26.M. B. Rabeh, M. Kanzari, B. Rezig,“Role of oxygen in enhancing N-type conductivity of   thin films”, Thin Solid Films, Vol.515, pp.5943-5948, (2007)。


27.A. Antony, A. S. Asha, R. Yoosuf, R. Manoj, and M. K. Jayaraj,“Growth of   thin films by sulphurisation of  Cu–In alloys”, Sol. Energy Mater. Sol. Cells, Vol.81, pp.407-417, (2004)。


28.B. Berenguier, H. J. Lewerenz, “Efficient solar energy conversion with electrochemically conditioned CuInS2 thin film absorber layers.”,Vol. 8, pp.165-169, (2006)。


29.P. K. Nair, M. T. S. Nair, V. M. Garcoa, O. L. Arenas, Y. Pena, A. Castillo, I. T. Ayala, O. Gomezdaza, A. Sanchez, J. Campos, H. Hu, R. Suarez, and M. E. Rincon, “Semiconductor thin films by chemical bath deposition for solar energy related applications”, Solar Energy Materials and Solar Cells, Vol. 52, pp.313-344,(1998)。


30.V. Rakovics , Zs. J. Horváth, Zs. E. Horváth, I. Bársony, C. Frigeri , and T. Besagni, “Investigation of CdS/InP heterojunction prepared bychemical bath deposition”, Physica Status Solidi C, Vol. 4, pp. 1490-1493, (2007)。


31.B. Pejova, M. Najdoski, I. Grozdanov, and S. K. Dey, ” Chemical bath deposition of nanocrystalline (111) textured   thin films”, Materials Letters, Vol. 43, pp.269-273, (2000)。


32.D. Hariskos, M. Powalla, N. Chevaldonnet, D. Lincot, A. Schindler , and B. Dimmler, “Chemical bath deposition of CdS buffer layer: prospects of increasing materials yield and reducing waste”, Thin Solid Films, Vol. 387, pp.179-181, (2001)。


33.U. Gangopadhyay, K. Kim, D. Mangalaraj, and J. Yi, “Chemical and structural modifications of laser treated iron surfaces: investigation of laser processing parameters”, Applied Surface Science, Vol. 230 , pp.364-370, (2004)。


34.S. Biswas, M. F. Hossain, T. Takahashi, Y. Kubota, and A. Fujishima, “Photocatalytic activity of high-vacuum annealed CdS-  thin film”, Thin Solid Films, Vol. 516, pp.7313-7317 , (2008)。


35.T. Ishiyama, T. Arai, Y. Sato, K. Shinoda, B. Jeyadevan, and K. Tohji,“Photocatalytic efficiency of CdS film synthesized by CBD method”, American Institute of Physics Conference Proceedings, Vol. 833, pp.23-26, (2006)。


36.H. Liu, and L. Gao, “Synthesis and properties of CdSe-sensitized rutile   nanocrystals as a visible light-responsive photocatalyst”, Journal of the American Ceramic Society, Vol. 88, pp.1020-1022, (2005)。


37.R. S. Mane, and C. D. Lokhande, “Chemical deposition method for metal chalcogenide thin films”, Materials Chemistry and Physics, Vol. 65, pp.1-31, (2000)。


38.T. Bak, J. Nowotny, M. Rekas, and C. C. Sorrell, “Photoelectrochemical hydrogen generation from water using solar energy. Materialsrelated aspects”, International Journal of Hydrogen Energy, Vol. 27, pp.991-1022, (2002) 。


39.呂宗昕，圖解奈米科技與光觸媒，商周出版，臺北市，(2003)。


40.R. S. Mane, and C. D. Lokhande, “Chemical deposition method for metal chalcogenide thin films”, Materials Chemistry and Physics, Vol. 65, pp.1-31, (2000)。


41.C. D. Lokhande, A. Ennaoui, P. S. Patil, M. Giersig, K. Diesner, M. Muller, and H. Tributsch,“Chemical bath deposition of indium sulphide thin films: preparation and characterization”, Thin Solid Films, Vol.340, pp.18-23, (1999)。


42.M. Chen, Y. Xie, H. Chen, Z. Qiao, and Y. Qian,“Preparation and Characterization of Metal Sulfides in Ethylenediamine under Ambient Conditions through a r-Irradiation Route”, J. Colloid Interface Sci., Vol.237, pp.47-53 , (2001)。


43.J. Moller, C. H. Fischer, H. J. Muffer, R. Konenkamp, I. Kaiser, C. Kelch, and M. C.Lux-Steiner,“A novel deposition technique for compound semiconductors on highly porous substrates: ILGAR” , Thin Solid Films, Vol.361, pp.113-117, (2000)。


44.P. O.Brien and J. McAleese, “Developing an understanding of the processes controlling the chemical bath deposition of ZnS and CdS”, Journal of Material Chemistry, Vol. 8, pp.2309–2314, (1998)。


45.H. Y. Xu, H. Wang, T. N. Jin, and H. Yan, “Rapid fabrication of luminescent Eu:   films by microwave-assisted chemical solution deposition”, Nanotechnology, Vol. 16, pp.65-69, (2005)。


46.B. D. Cullity, and S. R. Stock, Elements of X-ray diffraction (International edition), Prentice-Hall, New Jersey, (2001)。


47.D. Chen and J. Ye, “Photocatalytic   evolution under visible light irradiation on   photocatalyst”, Journal of Physics and Chemistry of Solids, Vol. 68, pp.2317-2320, (2007)。


48.W. S. Chang, C. C. Wu, M. S. Jeng, K. W. Cheng, C. M. Huang, and T. C. Lee, “Ternary Ag-In-S polycrystalline films deposited using chemical bath deposition for photoelectrochemical applications”, Materials Chemistry and Physics, Vol. 120, pp.307-312, (2010)。


49.S. O. Kasap, Optoelectronics and photonics: principles and practices, Prentice Hall, pp.255-273, (2001)。


50.J. I. Pankove, Optical Process in Semiconductor, Prentice Hall, New York, (1971)。


51.F. M. Cui, L. Wang, Z. Q. Xi ,Y. Sun, D. Yang, “Fabrication and characterization of   films by chemical bath deposition in acid conditions”, J Mater Sci: Mater Electron ,Vol.20, pp.609 –613 ,(2009)。


52.K. W. Cheng, C. M. Huang, G. T. Pan, J. C. Huang, T. C. Lee, and T. C. K. Yang, “The photoelectrochemical performances of Sb-doped   film electrodes prepared by chemical bath deposition”, Journal of Photochemistry and Photobiology A: Chemistry, Vol. 202, pp.107–114, (2009)。


53.C. D. Lokhande, A. Ennaoui, P. S. Patil, M. Giersig, K. Diesner, M. Muller, and H. Tributsch, “Chemical bath deposition of indium sulphide thin films: preparation and characterization”, Thin Solid Films, Vol. 340, pp.18-23, (1999)。


54.R. Zhai, S. B. Wang, H. Y. Xu, H. Wang, and H. Yan, “Rapid formation of CdS, ZnS thin films by microwave-assisted chemical bath deposition”, Materials Letters, Vol. 59, pp.1497-1501, (2005)。


55.郭俊麟，利用CBD法製備銅摻雜之硫系列光觸媒材料研究，碩士論文，國立中央大學機械工程研究所，桃園縣中壢市，(2008)。


56.鄭 亨，以化學水浴法製備AgInS2可見光光電極及其摻雜銅之硏究，碩士論文，國立中央大學能源工程硏究所，桃園縣中壢市，(2009)。


57.蔡佳霖，以化學浴沉積法製備四元化合物光電極薄膜之研究，碩士論文，國立中央大學能源工程硏究所，桃園縣中壢市，(2010)。



	指導教授	
      	  洪勵吾(Lih-Wu Hourng)
      	 	審核日期	2011-6-13
	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



	
