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摘 要

本研究旨在探討以結合化學置換法及Fenton-like程序處理個別及混和之重金屬、染料及含異丙醇溶液之反應行為，針對不

同的反應條件（起始濃度、亞鐵離子與過氧化氫之劑量及比值、pH值、反應溫度等效應）、有機物物種（酸性染料 Acid

Orange 10、Acid Red 4、Acid Red 27、異丙醇）及重金屬（Cu2+）進行探討，以嘗試了解各因子在各氧化及還原系統中

所扮演的角色及其對反應之影響，據以求得氧化及還原反應之最佳條件，並建立反應動力速率式，作為未來應用研究之參

考。 實驗結果顯示，以化學置換法及Fenton-like程序處理含染料Orange 10、異丙醇水溶液時，污染物去除率隨鐵粉添加劑

量之增加、H2O2劑量之提高、污染物初始濃度之降低、攪拌器轉速之提高、水中溶氧量提高而升高，以及溶液pH值超

過3而降低，其中鐵粉添加劑量、H2O2劑量與溶液pH值為主要影響污染物氧化還原速率之反應因子。在Fenton-like程序中

，結合系統化學置換法及Fenton程序之反應動力式，所推導與建立之速率方程式及反應動力式，可合理模擬在各操作條件

下水中鐵離子溶出、異丙醇溶液之分解行為及濃度分佈情形，可做未來為處理程序改良之基礎。

關鍵詞 : 染料廢水 ; 異丙醇 ; 速率方程式

目錄

目錄 封面 簽名頁 授權書⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯iii 中文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯.⋯v 英文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯vi 誌謝⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯viii 目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ix 圖目錄⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯..xii 表目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯..⋯⋯xviii 第一章 前言⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯..1 1.1 研究動機⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.2 研究目的及內容⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯..⋯⋯⋯⋯..2 第二章 理論與文獻回顧⋯⋯⋯⋯.⋯⋯..⋯⋯⋯.⋯⋯⋯⋯⋯.⋯⋯.4 2.1 染整廢水特性簡

介⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯4 2.1.1 染料之化學結構及發色原理⋯⋯⋯⋯.⋯⋯⋯4 2.1.2 染整廢水之特性⋯⋯...⋯⋯⋯

⋯⋯⋯⋯⋯.⋯.6 2.1.3 一般染整廢水處理技術⋯⋯⋯..⋯⋯⋯⋯.⋯⋯⋯7 2.2 半導體業廢水特性簡介.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯9 2.2.1 半導體業廢水之危害性⋯⋯⋯.⋯⋯⋯⋯.⋯.⋯12 2.2.2 半導體業廢水之特性⋯⋯...⋯.⋯⋯⋯⋯⋯⋯.⋯12 2.2.3

一般含異丙醇半導體廢水處理技術⋯.⋯⋯⋯⋯.14 2.3 化學置換之處理程序.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯15 2.3.1 零價鐵-

還原之反應原理⋯⋯⋯⋯.⋯⋯⋯⋯...⋯15 2.3.2 化學置換反應之原理.⋯⋯⋯.⋯⋯...⋯⋯⋯⋯⋯15 2.2.3 影響鐵還原能力之因

素⋯⋯...⋯⋯..⋯⋯⋯⋯⋯16 2.4 Fenton程序⋯⋯⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯..⋯⋯....19 2.4.1 Fenton程序之理論⋯⋯....⋯⋯

⋯⋯⋯⋯⋯.....⋯19 2.4.2 Fenton程序之還原機制⋯⋯⋯⋯⋯.....⋯..⋯......20 2.4.3 影響Fenton程序之因素⋯⋯⋯⋯⋯.....⋯..

⋯......21 2.4.3.1 pH值的影響⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.........21 2.4.3.2鐵離子劑量的影響⋯⋯⋯⋯⋯.⋯⋯⋯⋯...22 2.4.3.3 H2O2

劑量的影響⋯⋯⋯⋯⋯⋯..⋯⋯.........23 2.5 結合化學置換及Fenton-like法之處理程序⋯...⋯⋯⋯24 2.5.1 混合程序的反應機

制⋯⋯.⋯⋯⋯⋯⋯⋯...⋯.⋯24 2.5.2 混合程序之影響因素⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯24 2.5.2.1 pH值的影響⋯⋯.⋯⋯⋯⋯⋯

⋯..........24 2.5.2.2 鐵粉與H2O2添加量及比例之影響⋯⋯..26 2.5.2.3 反應溫度的影響⋯⋯.⋯⋯⋯⋯⋯⋯..........28 第三章 研

究目的⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯..⋯.30 第四章 研究方法⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯..⋯.32

4.1 實驗設備與儀器⋯..⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯32 4.2 實驗藥品⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯..33 4.3 

實驗裝置⋯.⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯36 4.4 實驗步驟..⋯..⋯..⋯..⋯..⋯..⋯..⋯⋯⋯⋯.⋯⋯⋯⋯38 4.4.1 背景

實驗..⋯..⋯..⋯..⋯⋯⋯⋯⋯⋯⋯.⋯⋯.⋯38 4.4.2 污染物之背景實驗設計⋯⋯⋯⋯⋯.⋯⋯⋯⋯⋯40 3.4.3 以化學置換法

及Fenton-like程序處理模擬廢水溶液⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯43 4.5 分析測定方法⋯.⋯.⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯.⋯46 第五章 結果與討論⋯⋯⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯...49 5.1 以化學置換法處理模擬廢水之反

應行為⋯⋯⋯⋯⋯..49 5.1.1 銅離子廢水..⋯..⋯..⋯..⋯⋯⋯⋯⋯⋯⋯.⋯⋯⋯50 5.1.2 染料廢水⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯

⋯⋯⋯58 5.1.3 含異丙醇廢水⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯73 5.2 以Fenton-like程序處理模擬廢水之反應行為⋯...⋯⋯82

5.2.1染料廢水⋯⋯⋯⋯⋯⋯⋯⋯..⋯⋯⋯⋯⋯⋯⋯⋯.83 5.2.2含異丙醇廢水⋯⋯⋯⋯⋯⋯⋯⋯..⋯⋯⋯⋯⋯⋯.90 5.2.3反應機

制探討⋯⋯⋯⋯⋯⋯⋯⋯..⋯⋯⋯⋯⋯105 5.3動力模式之推導與驗證⋯..⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯..112 第六章 結論⋯⋯⋯..⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.117 6.1 結論⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯117 6.2 建議⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯.⋯⋯⋯⋯⋯⋯⋯118 參考文獻⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯119 附錄⋯⋯.⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯124



參考文獻

[01] 高思懷、詹益臨，”Fenton法處理污整元廢水之研究”， 第十八屆廢水處理技術研究討論會論文集，851-861 (1993)。�

[02] 張芳淑、高思懷、吳嘉麗，”pH值在Fenton系統中所扮演的角色探討”第二十屆廢水處理技術研討會論文集，61-67 (1995)。�

[03] 工業技術研究院化學工業研究所「半導體業環境技術手冊」，民國八十八年。�

[04] 許育維，” Fe0/H2O2/UV程序同時脫硝礦化之研究”， 淡江大學水資源及環境工程學系，民國八十九年。�

[05] 王春盛，“ 半導體高濃度廢水之高級氧化處理與有機廢液之異丙醇回收”，元智大學化工所，民國九十一年。�

[06] 王冠中，” 以連續迴流式紫外線/過氧化氫程序處理含染料及異丙醇廢水之光反應器設計研究”，碩士論文，大葉大學環工所，民

國九十二年。�

[07] Angelidis T., Fytianos K., Vasilikiotis G., Jannakoudakis D., “Lead Recovery from Aqueous Solution and Wastewater by Cementation

Utilizing an Iron Rotating Disk,” Resources Conservation and Recycling 2, 131 (1989).�

[08] Annamalai V., Hiskey J.B., Murr L.E., “The Copper Deposits Cemented on Pure Aluminum Discs: a Scanning Electron Microscopic Study,

” Hydrometallurgy 3, 163 (1978).�

[09] Anuradha R., Santhiti T., “Batch-Mixed Iron Treatmant of High Arsenic Water,” Wat. Res. 35, 18, 4474-4479 (2001).�

[10] Andreozzi R., Marotta R., “Removal of Benzoic Acid in Aqueous Solution by Fe(III) Homogeneous Photocatalysis”, Wat. Res. 38,

1522-1236 (2004).�

[11] Benitze F.J., Acero J.L., “The Role of Hydroxyl Radicals for The Decomposition of p-Hydroxy Phenylaceyic Acid in Aqueous Solutions”,

Wat. Res. 35, 5, 1338-1343 (2001).�

[12] Bergendahl J.A., Thies T.P., “Fenton’s Oxidation of MTBE with Zero-valent Iron”, Wat. Res. 38, 327-334 (2004).�

[13] Bielski B.H.J., Cabelli D.E., Arudi R.L., “ Reactivity of H2O2=O2- Radicals in Aqueous Solution”, J Phys Chem Ref Data 14(4), 1041-100

(1985).�

[14] Buxton G.V., Greenstock C.L., Helman W.P., Ross A.B., ”Critical Review of Rate Constants for Reactions of Hydrated Electrons,

Hydrogen Atoms and Hydroxyl Radicals(OH-/O-．) in Aqueous Solution”, J Phys Chem Ref Data17(2), 513-886 (1988).�

[15] Chamarro E., Marco A., “Use of Fenton Reagent to Improve Organic Chemical Biodegradability”, Wat. Res. 35, 4, 1047-1051 (2001).�

[16] Choe S., Chang Y.Y., Hwang K.Y., Khim J., “Kinetics of Reductive Denitrification by Nanoscale Zero-valent Iron”, Chemosphere 41,

1307-1311 (2000).�

[17] Das S., Bhattacharya A., Mandal P.C., Rath M.C., ”One-electron Reduction of 1,2-dihydroxy-9,10-anthraquinone and Some of its

Transition Metal Complexes in Aqueous Solution and in Aqueous Isopropanol-acetone-mixed Solvent: a Steady-state and Pulse Rediolysis Study

”, Radiation Physics and Chemistry 65, 93-100 (2002).�

[18] Kang S.F., Liao C.H., Po S.T., “Decolorization of Textile Wastewater Carbonate”, Journal of the American Society 100, 7, 2987-2991

(2000).�

[19] Ku Y., Chen C. H., “Kinetic Sstudy of Copper Deposition on Iron by Cementation Reaction”, Separation Science and Technology 27(10),

1259-1275 (1992).�

[20] Liao C.H., Kang S.F., Hsu Y.W., “Zero-valent Iron Reduction of Nitrate in the Presence of Ultraviolet Light, Orange Matter and Hydrogen

Peroxide”, Wat. Res. 37, 4109-4118 (2003).�

[21] Lin S.H., Lin C.M., Leu H.G., “Operating Characteristics and Kinetic Studies of Surfactant Wastewater Treatment by Fenton Oxidation”,

Wat. Res. 33, 7, 1735-1741 (1999).�

[22] Linsdsey M.E., Tarr M.A., “Quantitation of Hydroxyl Radical during Fenton Oxidation following a Single Addition of Iron and Peroxide”,

Chemosphere 41, 409-417 (1999).�

[23] Lunar L., Sicilia D., Rubio S., Perez-Bendito D, Nickel U., “Degradation of Photogradation Developers by Fenton’s Reagent: Condition

Optimization and Kinetic for Metol Oxidation”, Wat. Res. 34, 6, 1791-1802 (2000).�

[24] Martell A.E., Smith R.M., Motekaitis R.J., “ NIST Critical Stability Constants of Metal Complex Database”, NIST Standard Reference

Data, Gaithersburg, MD, USA (1993).�

[25] Oh S.Y., Chiu P.C., “Fenton and Photo-Fenton Oxidation of Textile Effluents”, Wat. Res. 367, 2703-2710 (2002).�

[26] P’erez M., Torrades F., “Enhancing Fenton oxidation of TNT and RNT through Pretreatment with Zero-valent iron”, Wat. Res. 37,

4275-4283 (2003).�

[27] Rose A.L., Waite T.D., “Kinetic Model for Fe(II) Oxidation in Seawater in the Absence and Presence of Natural Organic Matter”, Environ

Sci Technol 36, 433-444 (2002).�

[28] Rush J.D., Bielski B.H.J., “Pulse Radiolytic Studies of the Reactions of HO2/O2- with Fe(II)/Fe(III) ions”, “The Reactivity of HO2/O2-

with Ferric Ions and its Implication on the Occurrence of the Haber—Weiss Reaction”, J Phys Chem 89, 5062-5066(1985) [29] Rivas F.J.,

Beltran F.J., Frades J., Buxeda P., “Oxidation of Phydroxybenzoic Acid by Fenton’s Reagent”, Wat. Res. 35(2), 378-396 (2001).�

[30] Sangkil N., Tratnyek P.G., “Reduction of Azo Dyes with Zero-Valnet Iron,” Wat. Res. 34, 6, 1837-1845 (2000).�

[31] Snook M. E., Hamilton A.G., “Oxidation of Fragmentation of Some Phenyl-Substituted Alcohols and Ethers by Peroxydisulfate and Fenton



Reagest”, Journal of the American Chemical Society Vo96, 860 (1974).�

[32] Tang W.Z., Chen R.Z., “Decolorization Kinetic and Mechanisms of Commerical Dyes by H2O2/Iron Power System”, Chemosphere 32,

5, 947-958 (1996).�

[33] Truong G.L., Laat J.D., Legube B., “Effect of Chloride and Sulfate on the Rate of Oxidation of Ferrous Ion by H2O2”, Wat. Res. 38,

2383-2393 (2004).


