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摘 要

本研究探討以纖維素(Cellulose)進行改質，並配合不同改質方法，吸附重金屬銅(Cu2+)廢水之反應行為與效率研究。實驗之

設計可分成三階段，第一階段為改質纖維素之製備與探討，主要利用檸檬酸表面修飾(單獨改質與複合改質)、磷酸及硫酸

表面修飾四種方法進行改質。第二階段為最佳化條件進行表面改質之探討，利用不同改質濃度(0.3、0.6、0.9、1.2 M)、溫

度(90、120、150、180℃)、時間(60、120、180、240 min)影響因子探討反應行為與效率研究。第三階段為針對不同實驗因

子如pH效應(pH 3、4、5)、劑量效應(0.5、1.0、2.5 g/L)、濃度效應(10、20、40 mg/L)、背景離子強度效應(0、0.1 N NaCl)

以及平衡吸附以溫度效應(15、25、35℃)之改變，探討與分析其對Cu2+吸附處理效果之影響。 本研究利用SEM、BET、界

達電位以及FTIR對吸附劑做詳細物化分析測定。SEM分析顯示，未改質纖維素呈現片狀不規則物且大小不一，經由檸檬

酸表面修飾(單獨改質與複合改質)、磷酸及硫酸表面修飾纖維素呈現桿狀物且大小與長度不一，顯示以不同表面修飾纖維

素方法，證實會改其微觀結構。未改質纖維素BET為0.30 m2/g，經由磷酸與檸檬酸單獨表面修飾纖維素方法，提供改質纖

維素更多比表面積，分別為2.44與0.43 m2/g。未改質纖維素等電點為pH 5.4，而其改質纖維素樣品皆無等電點表現，其界

達電位皆為負值。FTIR穿透光譜分析之光譜波峰分佈，纖維素在3200-3600 cm-1出現O-H之特性吸收峰，在 2850-2970

cm-1出現C-H之特性吸收峰，在2364 cm-1 -NH之特性吸收峰，在1610-1680 cm-1出現C=C之特性吸收峰，在1340-1470

cm-1出現C-H之特性吸收峰，在1050-1300 cm-1出現C-O之特性吸收峰，在600-800 cm-1出現C-Cl之特性吸收峰。 利用不同

動力學模式(Bangham's equation、Pseudo- first -order kinetic model 、Pseudo-second-order kinetic model以及Intrapariticle

diffusion model)、等溫吸附模式(Langmuir、Freundlich、Redlich-Paterson、Dubinin-Radushkevich以及Temkin)以及熱力學分

析實驗數據。實驗結果在趨近於pH值金屬沉降、吸附劑劑量越高、被吸附質濃度越低、無離子強度干擾及高溫環境條件

下，其對檸檬酸單獨表面修飾Cellulose Cu2+吸附效果越佳。動力學模式以Bangham's equation與實驗數據趨勢相符。平衡

吸附模式以Freundlich線性回歸模擬，最符合等溫吸附模式。利用Dubinin-Radushkevich等吸附模式，求得在25℃時Ea吸附

自由能為11.95 kJ/mol，顯示檸檬酸單獨改質纖維素對Cu2+吸附為離子交換吸附。利用Langmuir等溫吸附模式，算出Cu2+

在25℃時最大吸附量約為15.13mg/g，且Langmuir之RL值介於0與1之間，且Freundlich之n值>1，顯示檸檬酸單獨改質纖維

素對Cu2+吸附為有利吸附。吸附熱力學算出 ΔH°與ΔS°，分別為11.85 kJ/mol和 0.13 kJ/mol/K，代表此反應為吸熱且

自發之反應，此吸附質容易吸附至吸附劑上，故檸檬酸單獨表面修飾纖維素容易吸附Cu2+。

關鍵詞 : 表面改質、纖維素、吸附、銅

目錄

封面內頁 簽名頁 中文摘要......................................iii 英文摘要......................................v 誌謝.........................................vi 目

錄.........................................vii 圖目錄.......................................x 表目錄.......................................xiii 第一章 緒

論...................................1 第二章 文獻回顧................................4 2.1纖維素.....................................4 2.2吸附理

論...................................11 2.2.1吸附原理.................................11 2.2.2影響吸附能力之因素........................12 2.3吸附動力

學.................................14 2.3.1 Bangham's equation.....................14 2.3.2 Pseudo–first–order kinetic model.......15 2.3.3 Pseudo

–second–order kinetic model......15 2.4.4 Intraparticle diffusion model..........16 2.4吸附等溫線.................................16 2.4.1

Freundlich吸附模式......................17 2.4.2 Langmuir吸附模式........................18 2.4.3 Redlich–Paterson吸附模式................18

2.4.4 Dubinin-Radushkevich吸附模式............19 2.4.5 Temkin吸附模式..........................20 2.5吸附熱力學.................................21 

第三章 實驗材料與方法..........................22 3.1 實驗材料..................................22 3.2 實驗儀器與設備.............................23 3.3 吸

附劑表面改質.............................23 3.3.1 檸檬酸表面改質...........................23 3.3.2 磷酸及硫酸表面改質........................25 3.4 批

次吸附試驗...............................25 第四章 實驗結果與討論...........................27 4.1吸附劑物化分析..............................27 4.1.1掃描

式電子顯微鏡分析.......................27 4.1.2比表面積測定..............................30 4.1.3界達電位測定..............................31 4.1.4傅立

葉轉換紅外線光譜儀.....................32 4.2 吸附劑表面改質.............................36 4.2.1 改質幾丁質與纖維素之製備與探

討.............36 4.2.2 最佳化條件進行檸檬酸單獨表面改質纖維素......39 4.3 最佳化改質表面對銅吸附之變因探討.............44

4.3.1動力吸附.................................44 4.3.2吸附動力學...............................48 4.3.3平衡吸附.................................57 4.3.4吸附等溫

式...............................59 4.3.5吸附動力學與等溫式之誤差分析...............67 4.4吸附熱力學.................................71 4.5生物吸附劑

吸附銅離子相關文獻整理比較..........73 第五章 結論...................................80 5.1 結論.....................................80 5.1建

議......................................83 參考文獻.....................................84 附錄.........................................90 符號說



明......................................110

參考文獻

中文部分 1. 施英隆。環境化學。2000。五南圖書出版股份公司。 2. 張修齊。2010。大葉大學。咖啡渣吸附銅離子之研究。台灣。 3. 廢

水處理專責人員訓練教材。無機性廢水處理。2009。行政院 環境保護署環境保護人員訓練所。 4. 廖啟文。2010。相思樹纖維素能源化

研究。第13-15頁。大葉大 學。台灣。 5. 劉興鑑、孫逸民、陳玉舜、趙敏勳、謝明學。2007。儀器分析。 全威圖書有限公司。 6. 練易

鑫。2008。以幾丁聚醣混合矩陣式基材及磺化幾丁聚醣基 材作為銅離子吸附劑之評估。國立台灣大學。台灣。 7. 魏欣儀、李俊男、林

素卿、趙敏楠、黃詩婷、劉憲燭。2001。 纖維素與幾丁聚醣在溶劑下之特性探討。大葉大學。台灣。 8. 賴怡伶。2008。含纖維素之生

物吸附劑對重金屬吸附之研究。 國立中央大學。台灣。 英文部分 1.Acemioglu, B. and Alma, M. H. 2001. Equilibrium studies on adsorption

of Cu(II) from aqueous solution onto cellulose. Journal of Colloid and Interface Science 243:81-84. 2.Acemioglu, B. 2004, Adsorption of Congo red

from aqueous solution onto calcium-rich fly ash. Journal of Colloid and Interface Science 274:371-379. 3.Aharoni, C., Sideman, S and Hoffer, E.

1979. Adsorption of phosphate ions by collodion-coated alumina. Journal of Chemical Technology and Biotechnology 29:404-412. 4. Benguella, B.

and Benaissa, B. 2002. Cadmium removal from aqueous solutions by chitin : kinetic and equilibrium studies. Water Research 36:2463-2474. 5.

Benguella, B. and Benaissa, B. 2002. Effects of competing cations on cadmium biosorptionby chitin. Colloids and Surfaces Physicochemical and

Engineering Aspects 201:143-150. 6. Dolphen, R., Sakkayawong, N., Thiravetyan, P. and Nakbanpote, W. 2007. Adsorption of Reactive Red 141

from wastewater onto modified chitin. Journal of Hazardous Materials 145:250-255. 7. Eloussaief, M., Jarraya, I. and Benzina, M. 2009.

Adsorption of copper ions on two clays from Tunisia: pH and temperature effects. Applied Clay Science 46:409-413. 8. Erdem, B., Ozcan, A., Gok,

O. and Ozcan A. S. 2009. Immobilization of 2,2-dipyridyl onto bentonite and its adsorption behavior of copper(II) ions. Journal of Hazardous

Materials 163:418-426. 9. Filho, E. C. da S., Melo, J. C. P. de, Fonseca, M. G. da and Airoldi, C. 2009. Cation removal using cellulose chemically

modified by a Schiff base procedure applying green principles. Journal of Colloid and Interface Science 340:8-15. 10. Ghaee, A., Shariaty-Niassar,

M., Barzin, J. and Matsuura, T. 2010. Effects of chitosan membrane morphology on copper ion adsorption. Chemical Engineering Journal

165:46-55. 11. Gupta, V. K. and Ali, I. 2004. Removal of lead and chromium from wastewater using bagasse fly ash: A sugar industry waste.

Journal of Colloid and Interface Science 271:321-328. 12. Gurgel, L. V. A., Junior, O. K., Gil, R. P. de F. and Gil, L. F. 2008. Adsorption of

Cu(II), Cd(II), and Pb(II) from aqueous single metal solutions by cellulose and mercerized cellulose chemically modified with succinic anhydride.

Bioresource Technology 99:3077-3083. 13. Helferrich, F. 1962. Ion-exchange. McGraw Hill, New York, U.S.A. 14. Hequet, V., Ricou, P.,

Lecuyer, I. and Cloirec, P. L. 2001. Removal of Cu2+ and Zn2+ in aqueous solutions by sorption onto mixed fly ash. Fuel 80:851-856. 15. Ho, Y.

S. and McKay, G. 1999. Pseudo-second order model for sorption processes. Process Biochemistry 34:451-465. 16. Issabayeva, G., Aroua, M. and

Sulaiman, N. M. 2010. Study on palm shell activated carbon adsorption capacity to remove copper ions from aqueous solutions. Desalination

262:94-98. 17. Kamari, A. and Wan Ngah, W. S. 2009. Isotherm, kinetic and thermodynamic studies of lead and copper uptake by H2SO4

modified chitosan. Colloids and Surfaces B: Biointerfaces 73:257-266. 18. Kapoor, A. and Yang, R. T. 1989. Correlation of equilibrium adsorption

data of condensable vapours on porous adsorbents. Gas separation and purification 3:187-192. 19. Kuo, C. Y., Wu, C. H., Wu, J. Y. 2008.

Adsorption of direct dyes from aqueous solutions by carbon nanotubes: Determination of equilibrium, kinetics and thermodynamics parameters.

Journal of Colloid and Interface Science 327:308-315. 20. Lagergren, S. 1989. About the theory of so called adsorption of soluble substances. Ksver

Veterskapsakad Handl 24:1-6. 21. Li, J., Wen, Z., Xu, X. and Zhang, J. 2007. Synthesis and characterization of Li ion conducting

La2/3-xLi3xTiO3 by a polymerizable complex method. Ceramics International 33: 1591-1595. 22. Li, N. and Bai, R. 2005. Copper adsorption on

chitosan–cellulose hydrogel beads: behaviors and mechanisms. Separation and Purification Technology 42:237-247. 23. Liu, Z. and Zhou, S.

2010. Adsorption of copper and nickel on Na-bentonite. Process Safety and Environmental Protection 88: 62-66. 24. Lu, D., Cao, Q., Li, X., Cao,

X., Luo, F. and Shao, W. 2009. Kinetics and equilibrium of Cu(II) adsorption onto chemically modified orange peel cellulose biosorbents.

Hydrometallurgy 95:145-152. 25. Mall, I. D., Srivastava, V. C. and Agarwal, N. K. 2006. Removal of Orange-G and Methyl Violet dyes by

adsorption onto bagasse fly ash-kinetic study and equilibrium isotherm analyses. Dyes and Pigments 69:210-223. 26. Marshall, W. E., Wartelle, L.

H., Boler, D. E., Johns, M. M. and Toles, C. A. 1999. Enhanced metal adsorption by soybean hulls modied with citric acid. Bioresource

Technology 69: 263-268 27. Ngah, W. S. W. and Hanafiah, M. A. K. M. 2008. Adsorption of copper on rubber (Hevea brasiliensis) leaf powder:

Kinetic, equilibrium and thermodynamic studies. Biochemical Engineering Journal 39:521-530. 28. Nassar, M. M., Hamoda, M. F. and Radwan,

G. H. 1995. Adsorption equilibria of basic dyestuff onto palm fruit particles. Water Science and Technology 32:31-41. 29. Ofomaja, A. E. 2010.

Equilibrium studies of copper ion adsorption onto palm kernel fibre. Journal of Environmental Management 91:1491-1499. 30. Ozcan, A., Ozcan,

A. S., Tunali, S., Alar, T. and Kiran, I. 2005. Determination of the equilibrium, kinetic and thermodynamic parameters of adsorption of copper(II)

ions onto seeds of Capsicum annuum. Journal of Hazardous Materials B124:200-208. 31. Rieman, W. and Walton, H. 1970. Ion-exchange in

analytical chemistry international series of monographs in analytical Chemistry. Pergamon Press, Oxford, England. 32. Sag, Y. and Aktay, Y. 2002.

Kinetic studies on sorption of Cr(VI) and Cu(II) ions by chitin, chitosan and Rhizopus arrhizus. Biochemical Engineering Journal 12:143-153. 33.

Schneider, P. 1995. Adsorption isotherm of microporous mesoporous solids revisited. Applied Catalysis A : General 129:157-165. 34. Temkin, V. I.

and Pyzhev, V. 1940. Kinetics of ammonia synthesis on promoted iron catalysts. Acta Physicochimica URSS 12:327-356. 35. Vaughan, T., Seo, C.

W. and Maeshall, W. E. 2001. Removal of selected metal ions from aqueous solution using modified corncobs. Bioresource Technology



78:133-139. 36. Vazquez, G., Calvo, M., Freire, M. S., Gonzalez-Alvarez, J. and Antorrena, G. 2009. Chestnut shell as heavy metal adsorbent:

Optimization study of lead, copper and zinc cations removal. Journal of Hazardous Materials 172:1402-1414. 37. Zhou, D., Zhang, L., Zhou, J.

ang Guo, S. 2004. Cellulose/chitin beads for adsorption of heavymetals in aqueous solution. Water Research 38:2643-2650. 網路文獻 維基百科

http://www.wikipedia.tw/


