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摘 要

奈米膠態矽及膨皂土已成功應用在造紙濕端.保留系統，來 提升纖細物及填料的留存。奈米蒙托土雖然與奈米膠態矽及膨

皂 土性質類似，主要化學組成為氧化矽及氧化鋁，但未廣泛使用在 造紙產業。目前有少數研究將奈米膠態矽、膨皂土及

蒙脫土應用 在污泥脫水。飛灰主成份為氧化矽及氧化鋁，已被使用在脫水助 劑，但脫水機構仍未被探討。本實驗所使用

的一次污泥及二次生 物汙泥取自台灣中部生產文化用紙及工業用紙的某造紙廠。 第一階段研究，使用傳統陽性高分子及

奈米膠態矽(膨皂 土)，單獨或混合添加來探二種污泥的脫水效率。污泥脫水效率指 標為比過濾阻力(SRF)、虹吸抽吸時

間(CST)及膠體溶解電荷(PCD) 等。應用23階層實驗設計來探討添加量及添加順序的主效應及相 互效應。階層分析CST

、SRF及PCD等實驗結果顯示，對於一次污 泥而言，三種主效應都統計明顯，但相互效應都統不明顯。對於 生物污泥而

言，只有陽性高分子主效應統計明顯，其餘主效應及 相互效應皆統計不明顯。添加順序實驗中顯示陽性高分子必須先 添

加，再添加奈米膠態矽(膨皂土)。假如先添加奈米膠態矽(膨皂 土)，再添加陽性高分子，會破壞一級污泥的脫水效率。 第

二階段研究，使用陽性高分子單獨添加及.脫水助劑(陽 性高分子與奈米膠態矽、膨皂土、奈米蒙脫土及飛灰)來探討添加 量

及添加順利的最適條件。實驗結果顯示，.脫水助劑系統較單 脫水助劑系統具有較佳的脫水效率。依據上述實驗結果，建

議在 .污泥脫水系統中，奈米膠態矽、膨皂土、奈米蒙脫土及飛灰等 在污泥脫水機構中提升脫水效率所扮演的角色。

關鍵詞 : 奈米膠態矽、膨皂土、奈米蒙脫土、飛灰、一級污泥、 生物污泥、比過濾阻力(SRF)、虹吸抽吸時間(CST)、膠體

溶解電荷(PCD)。

目錄

授權書 ........................................ iii ABSTRACT ....................................... iv 中文摘要 ....................................... vi

ACKNOWLEGMENTS ............................... viii TABLE OF CONTENTS .............................. ix LIST OF FIGURES

............................... xii LIST OF TABLES ................................ xvi ABBREVIATION ................................ xviii CHAPTER I.

INTRODUCTION ......................... 1 CHAPTER II. BACKGROUND .......................... 4 2.1. Sludge dewatering ........................

4 2.1.1. Water distribution in sludge .......... 4 2.1.2. Sludge conditioning methods ........... 7 2.1.3. Aggregation mechanisms of

particles in sludge conditioning systems ....... 16 2.1.4. Methods to evaluate the properties of sludge dewaterability ............. 20 2.2.

Nanosilica, bentonite and polymer background .............................. 26 2.2.1. Nano-silica .......................... 26 2.2.2. Bentonite

............................ 28 2.2.3. Polymer .............................. 39 2.3. Factorial design ........................ 42 CHAPTER III. LITERATURE

REVIEW ................. 47 3.1. Components affect sludge dewaterability . 47 3.1.1. Cations .............................. 47 3.1.2. Mixing

............................... 48 3.1.3. ECP (extracellular polymers) ......... 49 3.1.4. Effect of type, dosage and addition sequence of

conditioners .... 49 3.2. Conditioning systems .................... 52 3.3. Nanosilica and bentonite applications to sludge dewatering

.................... 58 3.3.1. Nano-silica .......................... 58 3.3.2. Bentonite ............................ 59 CHAPTER IV. EXPERIMENTAL

MATERIALS AND APPARATUS ............................. 61 4.1. Materials ............................... 62 4.1.1. Sludge ............................... 62

4.1.2. Conditioners-Polymer;Nano-silica, Bentonite, Nano-montmorillonite and Fly ash .......................... 62 4.2. Conducted

experiments and apparatus ..... 66 4.2.1. Specific resistance to filter (SRF) test ................. 66 4.2.2. Capillary suction time (CST) test

.... 68 4.2.3. Colloidally dissolved (particles) (PCD) test ........................... 71 4.3. Experimental stages ..................... 75 CHAPTER V.

EXPERIMENTAL RESULTS ................ 77 AND DISCUSSION ................................. 77 5.1. Properties of primary sludge

............ 77 5.2. Factorial design ........................ 78 5.2.1. Primary sludge ....................... 78 Polymer/Nano-silica ......................... 78

Polymer/Bentonite ........................... 84 5.2.2. Bio-sludge ........................... 89 Polymer/Nano-silica ......................... 89

Polymer/Bentonite ........................... 95 5.3. Dewaterability of co-conditioners system 101 5.3.1. Primary sludge ...................... 101

Single-Polymer system ...................... 101 Polymer/Nano-silica ........................ 103 Polymer/Bentonite .......................... 112

Polymer/Nano-montmorillonite................ 121 Polymer/Fly ash ............................ 131 5.3.2. Bio-sludge .......................... 136

Single-Polymer system ...................... 137 Polymer/Nano-silica ........................ 139 Polymer/Bentonite .......................... 148

Polymer/Nano-montmorillonite................ 158 Polymer/Fly ash ............................ 165 CHAPTER VI. PROPOSED

DEWATERING MECHANISM OF .. 171 THE CO-CONDITIONERS SYSTEM .................... 171 6.1. Co-conditioners system

used polymer and nano-silica (bentonite, nanomontmorillonite) .............................. 171 6.2. Co-conditioners system used polymer

and fly ash ............................ 175 CHAPTER VII. CONCLUSIONS AND SUGGESTIONS ...... 178 7.1. Conclusions



............................ 178 7.2. Suggestions ............................ 179 REFERENCES .................................... 181 APPENDIX

...................................... 188

參考文獻

1. Akzo Nobel Inc. 2003. Bindzil case study: sludge dewatering. 2. Albertson OE, Burris BE, Reed SC, Semom JA, Smith JE, Wallace AT. 1991.

Dewatering Municipal Wastewater Sludges. Noyes Data Corporation. New Jersey, U.S.A. 3. American Public Health Association (APHA),

American Water Works Association and Water Environment Federation. 1995. Standard Methods for the Examination of Water and Wastewater,

2710 G. Capillary Suction Time. 19th Ed., Washington, D.C. 4. Arhan Y, Ozturk I, Ciftci T. 1996. Settling and dewatering characteristics of

sludge from baker’s yeast production wastewater treatment. Wat Sci Technol 34 (3-4):459-467. 5. Baskerville RC, Gale RS. 1968. A simple

automatic instrument for determining the filterability of sewage sludge. Wat Poll Con 67:233-241. 6. Benitez J, Rodriguez A, Suarez A. 1993.

Optimization technique for sewage sludge conditioning with polymer and skeleton builders. Wat Sci Technol 28(10):2067-2073. 7. BTG Mutek

GmbH. 2003. SZP 06 operation manual. 8. Catalano E. 1969. Comment on some of the physical chemical quenstions associated with the analysis

of water in earth material. Lawrence Livermore National Laboratory, Livermore, Calif, UCRL-50630, U.S.A. 9. Cetco Poland. 2003. Sodium

bentonite-its structure and properties. Colloid environmental technologies company. Korpele nr 13A-Strefa, 12-100 SZCZYTNO, Poland. 10.

Chang GR, Liu JC, Lee DJ. 2001. Co-conditioners and dewatering of chemical sludge and waste activated sludge. Wat Res 35(3):786-794. 11.

Chang MC, Lin HL, Huang CL, Wang YY, Wan CC. 1998. Conditioning characteristics of kaolin sludge with different cationic polymers.

Physicochem Eng Aspects A139:75-80. 12. Chu CP, Lee DJ, Chang B, You CH, Liao CS, Tay JH. 2003. Anaerobic digestion of polymer

flocculated waste activated sludge. Chemosphere 53:757- 764. 13. Colin F, Gazbar S. 1995. Distribution of water in sludges in relation to their

mechanical dewatering. Wat Res 29(8):2000-2005. 14. David HB, Eleftherios NP. 2000. Viscous behavior of sludge centrate in response to polymer

conditioning. Wat Res 34(1):354-358. 15. Dentel SK, Abu-orf MM, Walker CA. 2000. Optimization of slurry flocculation and dewatering based on

electrokinetic and rheological phenomena Chem Eng 80 (1-3):65–72. 16. Dignac MF, Urban V, Rybacki D, Bruchet A, Snidaro D, Scribe P.

1998. Chemical description of extracellular polymers: implication on activated sludge floc structure. Wat Sci Technol 38(8-9):45-53. 17. Douglas

CM. 2005. Design and Analysis of experiments. 6th Ed., John Wiley & Sons, U.S.A 18. Elisabeth N, Jan B, Raf D, Bart DH. 2004. Advanced

sludge treatment affects extracellular polymeric substances to improve activated sludge dewatering. J Haz Mat 106B(2-3):83-92. 19. Eriksson L,

Alm B. 1993. Characterization of activated sludge and conditioning with cationic polyeletrolytes. Wat Sci Technol 28(1):203-212. 20. Gill RIS.

1991. Developments in retention aid technology. Paper Tech 32 (8):32-41. 21. Grim RE. 1968. Clay Mineralogy. 2nd Ed., McGraw Hill, New

York, U.S.A. 22. Heukelekian H, Weisberg E. 1956. Bound water and activated sludge bulking. Sew Ind Was 28(4):558-574. 23. Huisman M,

VanKesteren WGM. 1998. Consolidation theory applied to the capillary suction time (CST) apparatus. Wat Sci Technol 37(6-7):117-124. 24. Hwa

TJ, Jeyaseelan S. 1997. Conditioning of oily sludge with municipal solid wastes incinerator fly ash. Wat Sci Technol 35(8):231-238. 25. Jaime B,

Abraham R, Alejandro S. 1994. Optimization technique for sewage sludge conditioning with polymer and skeleton builders. Wat Res 28(10):2067-

2073. 26. Jill RP, Chih PH, Miny HC, Kung CL, Cheng FL. 2003. Correlation between dewatering index and dewatering performance of three

mechanical dewatering devices. Adv Env Res 7:599-602. 27. Kawatra SK, Ripke SJ. 2001. Developing and understanding the bentonite fiber

boding mechanism. Min Eng 14(6):647-659. 28. Langer SJ, Klute R, Hahn HH. 1994. Mechanisms of floc formation in sludge conditioning with

polymers. Wat Sci Technol 30(8):129-138. 29. Lee CH, Liu JC. 2001. Sludge dewaterability and floc structure in dual polymer conditioning. Adv

Env Res 5:129-136. 30. Lee CH, Liu JC. 2000. Enhanced sludge dewatering by dual polymers conditioning. Wat Res 34(18):4430-4436. 31. Lurie

M, Rebhun M. 1997. Effect of properties of polyelectrolytes on their interaction with particulates and soluble organics. Wat Sci Technol 36(4):93-

101. 32. Maria RB, Laura DA, Giancarlo DC. 2004. Environmental quality of primary paper sludge. J Haz Mat 108B(1-2):125-128. 33.

Mohammad MA, Steven KD. 1997. Effects of mixing on the rheological characteristics of conditioned sludge: full-scale studies. Wat Sci Technol

36(11):51-60. 34. Mikklesen LH. 2001. The shear sensitivity of activated sludge relations to filterability, rheology and surface chemistry.

Physicochem Eng Aspects 182A:1-14. 35. Murthy SN, Novak JT, De Haas RD. 1998. Monitoring cations to predict and improve activated sludge

settling and dewatering properties of industrial wastewaters. Wat Sci Technol 38(3):119-126. 36. Murthy SN, Novak JT. 1998. Effects of postassium

ion sludge settling, dewatering and effluent properties. Wat Sci Technol 37(4-5):317-324. 37. Neyens E, Baeyens J. 2003. A review of thermal

sludge pre-treatment processes to improve dewateralibity. J Haz Mat 98B(1):51-67. 38. Novak JT, Prendevill JF, Sherrard JH. 1998. Mixing

intensity and polymer performance in sludge dewatering. J Env Eng 114(1):190-198. 39. Park C. 2002. Cations and activated sludge floc structure.

MSc thesis. Faculty of Environmental Engineering, Virginia Polytechnic Institute and State University, U.S.A. 40. Pere J, Alen R, Viikari L,

Eriksson L. 1993. Characterization and dewatering of activated sludge from the pulp and paper industry. Wat Sci Technol 28(1):193-201. 41.

Perng YS, Wang IC, Yu ST, Gong HY, Luyen D, Kuo LS. 2006. Application of nano-silica to paper mill sludge dewatering. Taiwan J For Sci

21(3):353-362. 42. Pitman AR. 1999. Management of biological nutrient removal plant sludgeschange the paradigm. Wat Res 33(5):1141-1146. 43.

Pyper JW. 1985. The determination of moisture in solids. Analitica Chim Acta 170:159-175 44. Raats MHM, Diemen AJG, Laven J, Stein HN.

2002. Full scale electrokinetic dewatering of waste sludge. Physicochem Eng Aspects 210A:231-241. 45. Rehmat T, Branion R, Duff S, Groves M.

1997. A laboratory sludge press for characterizing sludge dewatering. Wat Sci Technol 35(2-3):189-196. 46. Rolf E, Halde. 1979. Sewage sludge

characterization by vacuum drying. Fil Sep 5:238-242. 47. Senthilnathan PR, Sigler RG. 1993. Improved sludge dewatering by dual polymer



conditioning. Wat Sci Technol 28(1):53-57. 48. Smollen M. Categories of moisture content and dewatering characteristics if biological sludges. 4th

World Filtration Congress p14-35. 1986, Brussels, Belgium. 49. Smollen M, Kafaar A. 1997. Investigation into alternative sludge conditioning prior

to dewatering. Wat Sci Technol 36(11):115-119. 50. Somasundaran P, Yu X. 1994. Flocculation/dispersion of suspensions by controlling

adsorption and conformation of polymers and surfactants. Adv Col Inter Sci 53:33-49. 51. Stefan JL, Rudolf K, Hermann HH. 1994. Mechanisms

of floc formation in sludge conditioning with polymers. Wat Sci Technol 30(8):129-138. 52. Murthy SN, Novak JT, De Haas RD. 1998.

Monitoring cations to predict and improve activated sludge settling and dewatering properties of industrial wastewaters. Wat Sci Technol

38(3):119-126. 53. Tsang KR, Vesilind PA. 1990. Moisture distribution in sludges. Wat Sci Technol 22(12):135-142. 54. Vanerek A, Alince B,

Vandeven TGM. 2006. Bentonite delamination induced by pulp fibers under high shear. Physicochem Eng Aspects 280A:1–8. 55. Van OH.

1977. An Introduction to clay colloid chemistry. 2nd Ed., John Wiley and Sons, New York, U.S.A. 56. Vesilind PA, Hsu CC. 1997. Limits of sludge

dewaterability. Wat Sci Technol 36(11):87-91. 57. Wang S, Viraraghavan T. 1997. Wastewater sludge conditioning by fly ash. Was Man

17(7):443-450. 58. Water Environment Federation-601 Wythe Street, Alexandria, VA 22314- 1994 USA. 1994. Wastewater treatment plant design

(Student book). Co- Published by IWA publishing, London, UK. 59. William FS. 1996. Principles of wet end chemistry. 2nd Ed., Tappi Press,

Atlanta, U.S.A. 60. Wu CC, Chilpin H, Lee DJ. 1995. Effects of polymers dosage on alum sludge dewatering characteristics and physical

properties. Physicochem Eng Aspects 122A:89-96. 61. Yin X, Han PF, Lu AP, Wang YR. 2004. A review on the dewaterability of activated sludge

and ultrasound pretreatment. Ultra Sonochemi 11:337-348. 62. Yu X, Somasundaran P. 1993. Enhanced flocculation with double flocculants. Col

Surf 81A:17-23. 63. Yu X, Somasundaran P. 1996. Role of polymer conformation in interparticle bridging dominated flocculation. J Col Inter Sci

177:283-287. 64. Zhang GM, Zhang PY, Chen YM. 2006. Entrasonic enhancement of industrial sludge settling ability and dewatering ability.

Tshinghua Sci Tech 11(3):374- 378. 65. Zhao YQ. 2002. Enhancement of alum sludge dewatering capacity by using gypsum as skeleton builder.

Physicochem Eng Aspects 211A:205-/212. 66. Zhao YQ, Bache DH. 2001. Conditioning of alum sludge with polymer and gypsum. Physicochem

Eng Aspects 194A:213–220. 67. Zhao YQ, Bacheb DH. 2002. Integrated effects of applied pressure, time, and polymer dosages on alum sludge

dewatering behaviour. Was Man 22:813–819. 68.  http://www.patentstorm.us/patents/5681480.html.


