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壹、摘要
本局環安組蘇技士宏益於8月31日至9月3日赴日出席日台環境科學與技術交流研討會(Japan-Taiwan Bilateral Symposium on Environment Science and Technology)。本次研討會台灣地區尚有成功大學蔡俊鴻教授、林素真教授、張智華助理教授、王永福博士，及台北科技大學胡憲倫副教授、陳孝行教授、席行正教授、徐宏德先生、王凰瑾小姐，以及工業技術研究院張王冠博士與友達光電股份有限公司魏憶琳副理，亦有出席發表論文，與日方學術界交換環境科學與技術經驗。
本次會議在北九州學術研究都市(Kitakyushu Science and Research Park)舉行，由北九州產業學術推動機構（Kitakyushu Foundation for the Advancement of Industry, Science and Technology）主辦，主題訂為「大學、研究都市及生態城在持續成長的亞洲裡扮演的角色」(The Roles of Universities, Research Parks and Eco-Towns for Sustainable Growth in Asia)，期望藉由發表環境科學與技術之研究成果，交換心得與意見，於發展工業之餘，能提升保護環境之能力，以平衡經濟發展與環境保護。
本次會議中，本局蘇宏益技士以「高科技產業廢水處理廠產生之污泥資源再利用案例探討」（The Case Discussion For Recycle Of The Waste Sludge Produced By High-tech Industries’ Waste Water Treatment Process）為題，發表研究論文。

貳、目的
藉由本次研討會的交流與互動，不僅與日本環境保護相關組織保持良好溝通平台及友誼，更透過分享園區污泥再利用經驗，吸取日本再利用技術應用經驗，作為本局建構綠色園區之參考。
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參、過程

此行行程於99年8月31日下午5時25分班機飛往日本福岡機場，先至日方安排之飯店休息，隔日9月1日上午8時30分至北九州學術研究都市（KSRP）的北九州產業學術推動機構（FAIS）拜會，由該機構國武豐喜理事長親自接待歡迎，於FAIS短暫停留，9時30分前往遠距會議室，進行為期1天半的研討會議，直至9月2日上午11時30分結束，9月2日下午前往參訪J/POWER電源開發株式會社若松電力試驗廠以及三菱化學株式會社黑崎廠，結束後於北九州停留一夜，於9月3日上午搭機返國。

此次活動由北九州產業學術推動機構（FAIS）主辦，並獲得財團法人日台交流協會及國科會台北駐日經濟文化辦事處之協辦與經費贊助。
肆、北九州產業學術推動機構(FAIS)簡介
北九州產業學術推動機構（Kitakyushu Foundation for the Advancement of Industry, Science and Technology, FAIS）其前身為財團法人北九州市產業技術振興基金會（1990年3月成立），後於2001年3月1日改組、擴充，為以大學，研究機構和企業為主的北九州學術研究都市（Kitakyushu Science and Research Park），居中辦理各項相關協調工作，對中小企業、風險企業進行綜合性支援，努力振興北九州地區的各項產業。其成員如下：

一、當地產業界（北九州商會、北九州中小企業團體聯合會、九州機會工會振興會等）。

二、學術界（九北州市立大學、九州工業大學、早稻田大學、福岡大學）。

三、當地行政部門（北九州市、福岡縣）。

北九州產業學術推動機構主要業務包括：

一、產業技術的研究開發及學術研究。
二、為產業技術的研究開發及學術研究提供相關支援。
三、調查產業技術發展和促進科學研究。
四、提供有關工業技術發展和促進學術研究和資訊的各項交流計畫。
五、協助提供或移轉工業技術發展和學術研究之智慧財產權。
六、工業技術和學術研究管理設施的管理與運作。 

七、支援中小企業提升技術之相關調查、研究、診斷、諮詢。
八、其他要達到本機構目的之必要活動。
北九州學術研究都市作為北九州市邁向「新型製造業城市」的知識經濟基礎，其目標前瞻遠大而正確。並由成立財團法人北九州產業學術推進機構(FAIS)負責營運推廣，組織運作較具彈性值得參考。
伍、北九州學術研究都市（KSRP）簡介

學研都市的主要核心為各國立、公立、私立大學的理工學系，並有研究機構及產業公司進駐，利用高水準的教育研究環境下培育未來的菁英，並互相合作使用其設備技術，以進行更深入之教育研究與工業技術發展。組成單位如下：

一、大學、研究所（4所）
(一)國立－九州工業大學 生命體工學研究所。
(二)公立－北九州市立大學 國際環境工學研究所。
(三)私立－早稻田大學情報生產系統研究所、福岡大學工學研究所。
二、研究機構（14家），如，
(一)早稻田大學資訊生產系統研究中心（Information, Production and Systems Research Center, WASEDA UNIVERSITY）。
(二)福岡回收系統研究中心（Fukuoka Research Center for Recycling Systems）。
(三)九州技術機構，先進生態技術研究中心（Kyushu Institute of Technology, Research Center for Advanced Edo-fitting Technology）。
(四)英國克里福蘭(Cranfield)大學北九州研究所（Cranfield University at Kitakyushu）
三、產業（55家）。

四、財團法人：北九州產業學術推進機構

北九州學術研究都市（KSRP）目標為：
A.一體化經營、共同使用設備技術

B.成為亞洲核心、學術研究的據點

C.推進產業合作

D.創造產業、革新技術

E.開放的學術校園
陸、研討會議程

一、9月1日

	時間
	議程

	9:00-9:30
	接待會

	9:30-10:00
	開幕式及專題演講.

講者：Prof. Kunitake, Toyoki [國武 豊喜] (Kitakyushu Foundation for the Advancement of Industry Science and Technology)
題目：Kitakyushu Science and Research Park: Achievements and Future Plans

	10:00-11:50
	「環境管理與科學」領域

	
	講者：Mr. Hanada, Suehiro [花田 末広] (Kitakyusyu City Office)
題目：Development of Kitakyushu-Ecotown Recycle-Industry-Park

	
	講者：Prof. Hu, H. Allen [胡 憲倫] (National Taipei University of Technology)
題目：Incorporating Carbon Management into Supplier Selection in the Green Supply Chain: Experience from an Electronics Manufacturer in Taiwan

	
	講者：Prof. Kato, Takaaki [加藤 尊秋] (University of Kitakyushu)
題目：Citizens’ attitudes towards international intercity environmental cooperation

	
	講者：Prof. Watada, Junzo [和多田 淳三] (Waseda University) and Tai, Yu-Lien
題目：The Collaborative Innovation Networks of Small and Medium Enterprise in Collaborative Research and Development

	
	講者：Dr. Wei, Yilin [魏 憶琳] (AU Optronics Corporation)
題目：Green Strategy and Green Solutions

	12:00-13:00
	午餐

	13:00-13:40
	海報展示

	13:40-15:00
	「水科學」領域

	
	講者：Mr. Su, Hung-Yi [蘇 宏益] (Southern Taiwan Science Park Administration)
題目：The Case Discussion of the Disposal Sludge Produced by High-Tech Industries’ Waste Water Treating Process

	
	講者：Prof. Nishihama, Syouhei [西浜 章平] (University of Kitakyushu)
題目：Adsorptive Separation Process of Tetramethyl Ammonium Hydroxide from Waste Solution

	
	講者：Prof. Chang, Chih-Hua [張 智華] (National Cheng Kung University)
題目：A Four Year Study of the Tsengwen Reservoir Water Quality with Formosat-2 High-Spatiotemporal-Resolution Imagery

	
	講者：Mr. Naka, Daisuke [中 大輔] (University of Kitakyushu)
題目：Sophisticated Prediction on Inorganic Composition of Anaerobic Digestion Liquor

	15:10-16:30
	「催化工程」領域

	
	講者：Mr. Hsu, Hung-Te [徐 宏德] (National Taipei University of Technology)
題目：Removal of Chromium (VI) and Naphthalenesulfonic Acid by Nitrogen-Doped TiO2 Nano-Powder with Visible Light Photocatalysis Processes

	
	講者：Prof. Yamamoto, Katsutoshi [山本 勝俊] (University of Kitakyushu)
題目：Development of Iron Catalysts for Fischer-Tropsch Synthesis as a Low Pressure BTL Process

	
	講者：Prof. Chen, Shiao-Shing [陳 孝行] (National Taipei University of Technology)
題目：Removal of Nonylphenol Ethoxylate by Two-Stage Reduction/Oxidation Processes

	
	講者：Dr. Wang, Yung-Fu [王 永福] (National Cheng Kung University)
題目：Benzene Biodegradation with Carbon Electrode as the Final Electron Acceptor via the Endogenous Mediator

	16:40-18:00
	「生物監測與生物防治」領域

	
	講者：Prof. Kadokami, Kiwao [門上 希和夫] (University of Kitakyushu
題目：Occurrence of Micro-Pollutants in Sediments and Evaluation of Their Effects on Benthic Animals in an Enclosed Sea, Dokai Bay, Japan

	
	講者：Prof. Wakisaka, Minato [脇坂 港] (Kyushu University of Technology)
題目：Potential of Marine Biomass

	
	講者：Prof. Kawano, Tomonori [河野 智謙] (University of Kitakyushu)
題目：Impacts of Photochemical Oxidants on Living Plants in Kitakyushu (Use of Model Plants under Photochemical Smog Alert after May 2007)

	
	講者：Ms. Wang, Huang-Chin [王 凰瑾] (National Taipei University of Technology)
題目：Evaluation and Prediction of Indoor Airborne Fungi and Bacteria Concentrations in Office Buildings


二、9月2日

	時間
	議程

	9:30-11:10
	「排放控制」領域

	
	講者：Prof. Tsai, Jiun-Horngi [蔡 俊鴻] (National Cheng Kung University)
題目：CO2 and Air Toxic Emissions from Motorcycles Powered by Ethanol Fuel

	
	講者：Prof. Hsi, Hsing-Cheng[席 行正] (National Taipei University of Technology)
題目：Influences of Surface Modification on Physical/Chemical Properties and the Low-Concentration Hg Removal Performance of Adsorbents from Coal-Fired Power Plants

	
	講者：Prof. Lin, Sue-Jane [林 素貞] (National Cheng Kung University)
題目：Strategies for Reducing Industrial CO2 Emissions

	
	講者：Prof. Yoshizuka, Kazuharu [吉塚 和治] (University of Kitakyushu)
題目：Chromatographic Removal of Arsenic from Geothermal Water

	
	講者：Dr. Chang, Wang-Kuan [張 王冠](ITRI)
題目：Water Technology Development in ITRI Corresponding to Environmental Issues in Taiwan


	11:10-11:30
	閉幕式

  Prof. Tsai, Jiun-Horngi [蔡 俊鴻] (National Cheng Kung University)

  Prof. Hu, H. Allen [胡 憲倫] (National Taipei University of Technology)

	11:30-11:50
	未來合作事宜討論


柒、論文發表
    本次研討會論文講者含括產官學界人士，主要多數仍為日、台兩方學術機構之學者及博士生，另有工業技術研究院、友達光電股份有限公司及本局等產、官人士發表論文，學界有來自日本的九州工業大學、北九州大學及早稻田大學學者10人，台灣的成功大學、台北科技大學學者及博士生等9位，工業技術研究院、友達光電股份有限公司及本局合計3位，日台雙方發表論文數相當。從論文內容分析，與「環境管理與科學」相關的有5篇，「水科學」相關的4篇，「催化工程」相關的4篇，「生物監測與生物防治」相關的4篇，「排放控制」相關的5篇，共計22篇論文從環境科學與技術不同的領域交換雙方意見，並進行相關研討，為本次研討會增色不少。
    本局蘇宏益技士於9/1下午的「水科學」領域場次，發表「高科技產業廢水處理產生之污泥資源再利用案例探討」(The Case Discussion For Recycle Of The Waste Sludge Produced By High-tech Industries’ Waste Water Treatment Process)論文，並與與會之專家學者交換意見。
[image: image18.emf]近年來台灣高科技產業快速成長，尤其台南園區以積體電路產業及光電產業等大用水量之產業為主，由於產業的成長，園區廢水量亦逐年升高，廢水處理過程中所產生之廢棄污泥，將可能造成環境之衝擊，往年台灣產業所產生之廢棄污泥以掩埋進行最終處置為主，隨著掩埋場容積逐年飽和，污泥之後續處理已面臨無處可去之窘境，因此廢棄污泥之處理與處置成為需要迫切解決之問題，在國家永續發展及推動綠色科學園區政策下，污泥處理更應朝向資源化方向進行利用。
污泥的資源再利用在國內大多為研發階段，少數有進行實際應用，蘇宏益技士於論文中說明台南園區污水處理廠產出的污泥，配合污泥再利用機構試運轉階段，實際將污泥於設定條件下進行乾燥、造粒、燒結之過程，將有機污泥無害化、穩定化，再生成營建材料，並進而配料製成各式磚製品，磚製品經各項試驗顯示，其品質、強度可取代由天然礦材所製成之同等級產品，除創造污泥再利用實質經濟效益，同時也減少廢棄污泥對環境之衝擊。
捌、工廠參訪
一、J/POWER電源開發株式會社若松電力試驗廠
9月2日下午約2時整參訪J/POWER電源開發株式會社若松電力試驗廠，J/POWER電源開發株式會社總部坐落於東京市銀座區，轄下設置有火力發電事業部、水利及運輸事業部、核能發電事業部、技術研發中心、合作及經營事業部及國際事業部等各部門，J/POWER電源開發株式會社成立於1952年9月，截至2010年3月底止員工約2200餘人，截至2010年5月底止，在日本共有67座電廠(包括59座水力發電廠、7座火力發電廠及1座地熱發電廠)，總發電量共16.99GW，為日本第六大發電量之電力公司，其中水力發電更為全日本第一名，發電傳輸線共達2407.7公里長，不僅電力技術保持先進，也積極於全世界各地收購及投資電力事業，截至2009年為止共計投資海外達23座相關電廠，是全日本及世界上擁有最先進CO2減量經驗的公司，連非屬本業之環境品質監測儀器亦投入研發，並取得技術領先及建立企業環保形象。

本次參訪J/POWER電源開發株式會社位於福岡縣若松綜合試驗所的高效率燃煤試驗電廠及太陽能電廠，此二電廠由該公司技術開發中心若松綜合試驗所進行開發，發展更高效率與低碳排放之發電技術，及因應CO2的大量排放所衍生的暖化效應，開發CO2分離回收技術，以下就參訪內容拮要說明如下。
(一)高效率燃煤試驗電廠
J/POWER電源開發株式會社於1963年在北九州開始該公司第1座燃煤火力發電廠的商業運轉，自此展開日本國內火力發電廠業務，並致力提升環境監測與發電效率，煤礦的特點在世界各地煤礦蘊藏量豐富，亦為重要的能源來源，然而燃煤將釋放CO2進而導致地球暖化，因此削減CO2排放量成了首要之務，高效率的發電技術及CO2分離回收技術將是最有效的方案。J/POWER電源開發株式會社於若松綜合試驗所成立「多目的煤炭能源技術開發專案」（Coal Energy Application for Gas,Liquid & Electricity, EAGLE專案），發展多目的煤炭產氣技術，以作為未來朝燃煤高利用率及零排放的電廠方向邁進。

J/POWER電源開發株式會社多年來積極開發煤炭高效率發電技術，包括微碳粉火力發電、煤炭氣化複合發電（IGCC：Integrated Gasification Combined Cycle）、煤氣化燃料電池複合發電（IGFC：Integrated Coal Gasification Fuel Cell Combined Cycle），IGCC為利用煤炭產製煤炭氣（H2、CO等），並經燃燒後廢氣用以驅動氣動渦輪機（gas turbine）發電，廢氣及煤炭氣產製過程中的廢熱用來產生高溫、高壓蒸汽以進[image: image19.jpg]


行發電；IGFC為IGCC上增加燃料電池，利用煤炭氣中H2發電，燃料電池所產生的水，則回收至蒸汽系統後製蒸汽。IGCC可提升發電效率達51~53%，單位發電量之碳排放量降低約13%，IGFC則可進一步提升發電效率達60%，單位發電量之碳排放量降低約30%左右。J/POWER電源開發株式會社以多目的煤炭利用及CO2零排放為終極目標，除採IGCC、IGFC發電外，另可產製合成燃料、氫氣進行其他應用，並將電廠廢氣CO2分離回收，存放至地底碳層。

為發展上述技術，J/POWER電源開發株式會社擬定3階段進行研發：
第一階段：煤碳氣製造技術開發，1995~2006年。

目標有二，一為開發吹噴流床型煤炭氣化設備，另為煤炭氣淨化精製技術（供燃料電池用）。

第二階段：多目的煤碳氣製造技術開發，2007~2009年。

目標有三，一為建立CO2分離回收技術（化學吸收法），一為擴大試驗合適之煤炭種類，另為調查微量物質流向。
第三階段：革新的CO2回收型煤炭氣化技術開發，2010~2013年。

預期目標，一為高壓分離回收CO2技術開發（物理吸附法），一為新式CO2分離回收技術試驗。
J/POWER電源開發株式會社於若松設置燃煤量150公噸/日的試驗電廠，以實際試運轉第二階段之技術開發成果，如吹噴流床型煤炭氣化設備、煤炭氣淨化精製設備以及CO2分離回收設備（化學吸收法），試驗運轉IGCC發電技術及CO2分離回收技術。電廠系統流程如下：
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J/POWER電源開發株式會社於2009年7月與中國電力公司共同出資，於日本廣島縣豐田郡大崎上島町興建發電量170 MW，燃煤量1,100公噸/日級的示範電廠，經驗證吹噴流床型煤炭氣化爐的可靠性、經濟性及可操作性後，隨即進行CO2分離回收技術測試，以實現高效率燃煤火力發電廠創新的零排放目標。
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(二)響灘太陽能發電場
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同樣位於J/POWER電源開發株式會社若松綜合試驗所內的響灘太陽光發電所，是九州最大的太陽能發電場，其總發電量為1000 kW，係採用多晶矽太陽能電板進行發電，於2008年2月完成興建，佔地約200公尺×100公尺，由48片太陽能電板（cell）組合成1個太陽能光電模組（PV Module），140個光電模組合成1個太陽能發電陣列（array），響灘太陽能發電場內共有40個太陽能發電陣列（5600光電模組），最大可產生1000 kW發電量。統計該太陽能發電場2009年發電量約1,164,600 kWh，光電轉換效率約13.3%，自2008年完工發電以來，已發電2,843,900 kWh，平均光電轉換效率約13.5%。

二、三菱化學株式會社黑崎廠
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9月2日下午約3時30分至三菱化學株式會社黑崎廠參訪，因該廠內管制相機拍攝，茲僅以文字說明參訪內容。

三菱化學株式會社隸屬於三菱化學集團，總部位於東京都港區，黑崎廠位於福岡縣北九州市八幡西區，於1935年10月開始營運，其前身可追溯至1934年8月成立的日本焦油工業株式會社，三菱化學集團歷史沿革如下表。

	年份
	沿革

	1950 
	成立日本化成工業株式會社（後來更名為三菱化成株式會社） 

	1956 
	三菱集團與殼牌集團共同出資，成立三菱油化株式會社 

	1994 
	三菱化成株式會社與三菱油化株式會社合併，成立三菱化學株式會社 

	2001 
	三菱制藥株式會社成立 

	2005 
	三菱化學株式會社與三菱制藥株式會社共同成立三菱化學控股株式會社 


三菱化學株式會社黑崎廠面積190公頃，統計至2009年4月止，員工人數1,375人，生產成就人類生活，如繁榮社會的基礎、健康和豐富的生活方式、電子資訊科技的基礎等相關產品，並研究開發提升生活與環境品質的新原料，總計39個產品組，約2200項產品，簡述如下：
(一)繁榮社會基礎
(1)炭黑：可應用於製造印刷報紙的油墨或其他印刷材料，以及高質感的鋼琴與汽車表面塗裝。
(2)丙烯醯胺：用於提升書本、雜誌紙張強度的添加劑。
(3)聚丙烯醯胺：為丙烯醯胺的聚合物，用於污水處理廠以混凝去除水中污染物。

(4)工業用氣體：如液態氧氣、液態氬氣、液態氮氣、…等。
(5)氨系產品：硝酸，以及製造光學玻璃和火藥的硝酸鉀。

(二)健康和豐富的生活方式
(1)尼龍粉：用於生產食品包裝、釣魚線、漁網。

(2)醫用原料藥：醫療疾病有關的原料藥。

(3)碳酸製品：液態二氧化碳，可應用於生產啤酒、汽水的碳酸飲料，另也作食品冷卻之用。
(4)肥料：種植稻米、蔬菜及水果之相關肥料。

(三)電子資訊科技的基礎

(1)高純度化學品：用於精密電子廠，如半導體產業、LCD液晶面板產業的高純度硝酸、硫酸、氨水等。
(2)離子交換樹脂：用於核電廠、半導體廠內製造大量超純水，供工廠內製程之用。

(3)聯苯四羧酸二酐(BPDA)：為聚醯亞胺製造廠的原料，生產一種工業用高級塑料，作為許多電子通訊產品如手機的關鍵元件。
(4)雙酚A(BPA)：為製造聚碳酸樹脂（光碟片成分之一）製品的原料。
(5)彩色光阻：用於液晶面板彩色濾光片的著色劑。

(6)機能色材：如噴墨印表機的色墨。

(7)聚碳酸樹脂：用來生產CD、DVD及汽車零組件。
(8)人工石英：生產光纖，及半導體廠內常用的石英玻璃。

玖、心得與建議

(一)日本產官學三方關係緊密結合

日本於二次大戰後，積極發展化學、機械、電子等重工業，為更進一步因應產業資訊化與國際化之結構性演變，日本官方與民間以結合學術單位、研究單位、產業機構及官方行政資源，匯集於研究園區(都市)，以學術研究帶領產業、產業支撐學術研究之方式，透過科技研究開發提昇產業技術，進而提升產業競爭力，就環境面，則以更具環境友善之技術取代既有技術，以求產業之永續發展。

在北九州學術研究都市，各相關產業、學術、研究及官方資源由財團法人九北州產業學術推動機構統合運用與協調，產官學三方之關係相當緊密，產業可使用學術與研究機構之檢測、實驗室資源，提升、開發新技術，學術及研究機構則自產業界獲得經費挹注，持續進行相關研究，地方行政部門則依產業及學術之發展，給予適度之支持與補助。
財團法人九北州產業學術推動機構雖為民間機構，但其在學術研究都市裡所扮演的產官學交流平台的角色，與管理局於園區內設置育成中心，引進大學等學術機構進駐之目的有異曲同工之意，FAIS在北九州之作法相當值得我們借鏡。

(二)不斷精進之節能減碳技術及環境友善技術
日本電廠環保工作較台灣起步甚早，經營態度亦相關積極進取，不僅在電力技術保持先進，在其污染防治技術及其相關替代品之努力上也投入甚多，如本次參訪所見之高效率燃煤試驗電廠、響灘太陽能發電場，顯示J/POWER電源開發株式會社在提升發電效率及降低單位發電量所排放溫室氣體排放量上之不斷努力精進，未來將積極開發二氧化碳貯存技術，追求燃煤發電達到二氧化碳零排放之終極目標，使經濟發展與環境永續兼容並進。

拾、附件

論文全文
The Case Discussion For Recycle Of The Waste Sludge Produced By High-tech Industries’ Waste Water Treatment Process
Hung Yi Su 
 and Chih Hao Kuo 

Abstract

Recently the high-tech industries especially the semiconductor industry and the Optics-Electro industry are developing quickly in Taiwan. Because of the high-speed growing of industries, the waste water increase year by year respectively. Therefore large amount of waste sludge produced by the waste water treatment process may cause the impact to the environment. Waste sludge becomes a problem needed to be resolved immediately and it must be applied in reuse and recycling ways.

Currently the sludge reuse mostly stays in the stage of research and development but doesn’t be put into practical use. In this study, we select the waste sludge coming from Tainan Science Park Waste Water Treatment Plant and cooperate with a sludge recycling organization which is under test run. In particular conditions, the sludge is via drying、pelletizing、sintering、granulating into regeneration construction materials and then being produced to be every kind of bricks. The test carried on in those processes indicates the bricks made by reuse materials can take the place of the ones made by natural mineral materials. It not only creates economical benefit but reduces the impact to the environment in the future.
Keywords: reuse and recycling、sinter、bricks

Introduction
According to the high-tech development policy introduced by the government of Taiwan, Relatively ,The technologies have improved greatly. In terms of waste water treatment, it had been discovered that there is an increase in production of sewerage sludge due to increase in numbers of industries . Since it has became difficult to find a suitable place to treat the waste sludge, the treatment of waste sludge become the center focus of current environmental issue.

In today’s world, the waste sludge treatment and recycling can be classified into three different types: final disposal, reducing treatment, and recycling. In Taiwan’s case, due to the difficulty in obtaining sufficient natural resource and an ideal landfill site, the ideal treatment method for waste sludge remained as recycling. In our record, Taiwan’s domestic recycling technology for waste sludge is still requiring more research. In this research, our aim is to recycle waste sludge and make it into usable materials such as bricks and aggregate for construction uses.

In this research, the main source of waste sludge comes from Southern Taiwan Science Park Wastewater Treatment Plant which containing chemical and biological processes. The primary aim of this research is to create recycled aggregate from the process of sludge drying, granulating and sintering. Afterward, the aggregate is then mixed with a certain ratio of cement and create a variety of construction bricks. After testing, these result aggregates and bricks were capable of meeting CNS standard and can be used on construction purpose.
Test Methods and Equipments
1.1 Analysis of sludge sources and basic characteristics
1. Analysis of sludge characteristics
   The sludge in this study mainly comes from Tainan Science Park Waste Water Treatment Plant. The three basic components and heating value of the sludge are analyzed as shown in Table 1.
Table 1 Analysis of sludge characteristics
	Items
	Value

	Three components (%)
	Water
	78.40

	
	Ash
	9.75

	
	Combustible
	11.85

	Heating value(kcal/kg)
	Heating value
	-1,560


 2. Analysis of sludge components

  The components of sludge ash in this study show in the Table 2. The sludge ash contains 52.8% SiO2. The components of sludge are similar to the clay. From different sewage sludge ash sources researched by studies, the specific weight of the sludge ash is about between 1.8 to 2.9 (Tay & Yip, 1989 [2] ; Tay, 1987[3]; Khanbilvardi and Afahari,1995〔4〕), which is classified a kind of porous and lightweight pellet whose structure isn’t hard and absorbs water easily.（Bhatty and Reidt,1989〔5〕）
Table 2. Sludge components

	Components
	Sludge of this study
	Clay

	SiO2(％)
	52.8
	50~60

	Al2O3、Fe2O3(％)
	25.6
	24~40

	CaO(％)
	12.4
	0~10


   1.2Result of Toxicity Characteristic Leaching Procedure (TCLP)

    In order to get the heavy metal volume in the sludge, the sludge is tested via TCLP and the result shows in Table 3. The average concentration of Pb is between ND to 0.007mg/L、As is between 0.042mg/L and the concentration of the other heavy metals are ND. The value of each heavy metal is below the ROC TCLP standard and this sludge supposes to be general waste.   

Table 3. The sludge TCLP result

	Items
	Average
	MDL
	ROC Standard

	Pb(mg/L)
	0.007
	0.007
	<5.0

	Cd(mg/L)
	ND
	0.001
	<1.0

	Cu(mg/L)
	ND
	0.006
	<15

	Cr(mg/L)
	ND
	0.004
	<5.0

	Cr6+(mg/L)
	ND
	0.2
	<2.5

	As(mg/L)
	0.042
	0.009
	<5.0

	Hg(mg/L)
	ND
	0.0005
	<0.2

	Se(mg/L)
	ND
	0.011
	<1.0


1.3 Sludge treatment equipments

  1.Drying Machine   

We directly heat the sludge at 300~350℃ temperature to decrease sludge’s moisture content to 20 %.( Fig. 1)

  2. Grinding Machine

This machine grinds hard or lump of sludge into small pieces of ones. (Fig. 2)

  3.Granulating Machine

The sludge grinded is granulated into average size pellets by this machine. (Fig. 3)

  4. Sintering Machine

This machine sinters the dry and granulated pellets at 900~1200℃ temperature into aggregates. (Fig. 4)

  5. Slow Cooling Machine

After sintering, the temperature of aggregates will be slowly decreased by the warming machine to prevent from breaking due to quick decreasing of temperature. (Fig. 5)
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Final result and discussion

References (6), indicates the incineration bottom ash of sludge can be formed construction bricks generated by extruding and combustion process in 1,050℃. Those bricks which have the characteristics of hard and durable can be used on pavement and parking lot.

The main composition of the waste sludge were SiO2、Al2O3、Flux（Fe2O3、CaO、MgO、N2O）in this study and is similar to that of the clay. Therefore, in this study we are capable of conducting the real plant using waste sludge. We set drying temperatures from 350℃(Range of temperature records site 345~366℃) sintering temperature set 1000℃(Range of temperature records site 947~1,020℃) and sintering temperature 5~6 hours. After, the product is then transferred to temperature adjust which has temperature controlled at around 600~800℃.The lightweight aggregate would be generated via above processes and conditions. then continuously mixed with of bricks. The testing result of aggregate and bricks generated from above processes is as followed:

2.1 Aggregate

       The aggregate which were produced in this study is shower as Fig.6 
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(1) Aggregate quality test result

     The final product is as illustrated in table 4; test result showed that the particle size, maximum dry unit weight, lost of ignition, organic composition, burned particle, and soil composition were all qualified for CNS 3691 standard. In addition, the particle unit weight, absorption test were also qualified for CNS 11824 standard. Lastly, the analysis for Aggregate particle analysis is as illustrated in table 5, the test result qualified for CNS 436 sand backfill standard.  
Table 4  Aggregate quality test 
	Test Items
	Final Result
	CNS  Standards
	CNS Standards code

	Aggregate Scale
(mm)
	7.77
	<4.75   Fine Aggregate

2.36~25 Coarse Aggregate
	CNS 3691 structure concrete of lightweight

	Maximum of dry pine

Unit weight
(kg/m3)
	990
	1120  Fine Aggregate

880   Coarse Aggregate

1040  Mix Aggregate
	CNS 3691 structure concrete of lightweight

	Lost of ignition(%)
	3.3
	Shall not exceed 5
	CNS 3691 structure concrete of lightweight

	Organic Mixture
	Inorganic
	Little and harmless concrete of matter
	CNS 3691 structure concrete of lightweight

	Clay block (%)
	No Clay block
	Shall not exceed

the total dry weight 2%
	CNS 3691 structure concrete of lightweight

	Aggregate Unit weight
(kg/m3)
	1,658
	1,350 above
	CNS 11824 concrete of lightweight a blast furnace slag coarse aggregate

	Absorption(%)
	4.4
	6 above
	CNS 11824 concrete of lightweight a blast furnace slag coarse Aggregate


Table 5  Fine aggregate sieve analysis 

	Asphalt concret
	Final result
	Value standards Standards
	Test method

	19.0mm
	100
	-
	CNS486

	12.5mm
	99.2
	-
	

	9.50 mm
	97.0
	-
	

	4.75 mm
	79.4
	50-100
	

	2.36 mm
	51.0
	-
	

	2.00 mm
	45.6
	-
	

	1.18 mm
	26.2
	-
	

	600μm
	7.6
	-
	

	0.42mm
	5.0
	-
	

	300μm
	2.5
	-
	

	150μm
	1.4
	-
	

	75μm
	0.8
	0-15
	


(2)Aggregate TCLP and total metal concentration test 

In this study test of aggregate TCLP and total metal concentration Final result In table 6~7, The final result are comply with ROC.EPA TCLP and soil pollution control limits. 
Table 6  Aggregate TCLP final result 
	Items
	Test value
	MDL
	TCLP standards 

	Pb (mg/L)
	ND
	0.009
	<5.0

	Cd(mg/L)
	ND
	0.004
	<1.0

	Cu(mg/L)
	2.71
	－
	<15

	Total Cr(mg/L)
	0.023
	－
	<5.0

	Cr6+(mg/L)
	ND
	0.0026
	<2.5

	Total As(mg/L)
	0.212
	－
	<5.0

	Total Hg(mg/L)
	ND
	0.00047
	<0.2

	Total Se(mg/L)
	ND
	0.027
	<1.0


Table7  Aggregate total metal test result 
	Items
	Test value
	MDL
	Soil pollution control limit

	Total Pb (mg/kg)
	248
	－
	＜2000

	Total Cd(mg/kg)
	3.40
	－
	＜20

	Total Cu(mg/kg)
	240
	－
	＜400

	Total Cr(mg/kg)
	141
	－
	＜250

	Total As(mg/kg)
	17.9
	－
	＜60

	Total Hg (mg/kg)
	ND
	0.028
	＜20


2.2 Bricks

The aggregates sintered from waste sludge are mixed with 15~20% cement or resin concrete to make bricks like the ones in Fig 7 to Fig 9.The test result of bricks shows as below:
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(1) Unconfined compressive strength  

 Increasing the sintering temperature can build up the tester’s inner density and compressive strength. As a result, compressive strength can be an indicator for reuse and recycling. The compressive strength of the brick tested in the study can reach to 215kgf/cm2. In the national standard of CNS382, the compressive strength of the first-grade brick has to be more than 150 kgf/cm2 and the second-grade must be more than 100 kgf/cm2. The compressive strength of the bricks made by the sludge all conforms with standards.

(2) Absorption

  During sintering, open pores will appear in the tester. The volume of pores is in the positive relationship with moisture content. The more pores are, the higher moisture content is. If the tester shrinks more, the pores will reduce and moisture content will become less too. The study shows if the sintering temperature becomes higher, the moisture content of the tester tends to reduce. (Souza et al., 2004[8]) Therefore sintering temperature is one of important parameters of moisture content. The moisture content of the brick tested in the study can reach to 11%. The national standard of CNS382 stipulates that the moisture content of the first-grade brick has to be less than 15% and the second-grade must be less than 19%. The moisture content of the brick all conforms to standards.

(3)Maximum dry unit weight

  The maximum dry unit weight of the brick is 1,640kg/m3 .The standard of CNS3691 lightweight granulated concrete is between 1,600 to 1,760 kg/m3. The standard of CNS8905 the concrete hollow brick is between 1,362 to 1,682 kg/m3. The maximum dry unit weight of the brick all conforms to standards.

(4)Shrinkage ratio 

  The shrinkage ratio of the brick is 0.02%. The standard of CNS3691 lightweight granulated concrete stipulates that the shrinkage ratio can’t larger than 0.07% and the CNS2220 sand brick can’t larger than 0.03%. The shrinkage ratio of the brick all conform to standards.

Conclusion

This research is implemented in a real recycle plant. We apply the technique which is using the sintered waste sludge to produce lightweight aggregates and then 15 to 20% cement or resin concrete are added follow-up to make bricks. In the meanwhile, each product is tested to effectively understand the characteristic of lightweight aggregates and bricks. The test report accords with standards and demonstrates the process can apply to practical ways. Moreover, the recycling economical value is also created simultaneously.    

1.From the analysis of waste sludge ash chemical components ,the main components are SiO2 、Al2O3 and flux（Fe2O3、CaO）,etc. The proportion of those main components is similar to ones of clay that we can diagnose the waste sludge ash is potential to be made into light weight aggregates. This study demonstrates by controlling operation conditions the lightweight phenomenon of aggregates can be obtained.   

2.Sludge sintering has the advantage of reducing bulk and weight effect and it can produce stable lightweight aggregates. By adding a fixed proportion of cement and resin concrete into the aggregates can make standard bricks.

3.The heavy mental quantity in products sintered from waste sludge is tested by TCLP and the result shows the quantity is lower than standards. Therefore the sintered waste sludge reuse and recycling won’t have second pollution in the future.

4.Via basic tests and the real plant, sludge produced from Tainan Science Park Wastewater Treatment Plant can be made into standard aggregates and bricks that are able to be applied in practical situation and be beneficial for reuse and recycling. In the future it will provide a long-time and stable way to deal with waste sludge from high-tech industries.    
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Fig 9 Bricks sintered from waste sludge (Tiles)





Fig 8 Bricks sintered from waste sludge (Ditch cover)





Fig 7 Bricks sintered from waste sludge (Hollow brick、Path brick)





 Fig. 6 Waste sludge pass through sintering process into aggregate

































































   Fig. 5  Slow Cooling Machine





 Fig. 3  Granulating Machine





Fig. 4 Sintering Machine





Fig.1 Sludge Drying Machine





Fig. 2  Grinding Machine
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