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第242屆美國化學學會國際研討會與展示會，大會依研究領域及特殊主題，分為25個部門(Division)進行研討，此外，大會也安排約300家來自世界各地的儀器廠商及出版社參展，介紹各公司的最新儀器及技術，讓與會者也能得到最新的資訊，可說是目前世界化學技術領域的縮圖。本次會議相當大的特色就是面對21世紀全球氣候暖化，溫室氣體引起全球平均溫度上升，造成全球氣候變異，災難不斷，會議期間作者發表綠色能源LED散熱界面材料論文一篇，獲得現場之學者肯定，未來可以應用於LED替代白熾燈泡，並可以應用於汽車產業之高功率車燈，此一研究有助於節省能源，另外，相當多的機構研究發表太陽能、燃料電池、LED等綠色能源相關技術發展趨勢論文，開發煤及石油等化石燃料替代綠色能源，可以節省能源，降低二氧化碳等溫室氣體排放量，以減緩地球暖化的溫室效應。
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經濟部高值化學品技術開發與應用計畫出國報告
壹、目的

   中山科學研究院化學研究所執行經濟部軍民通用科技專案「高值化學品技術開發與應用計畫」之「導熱化學品技術開發」分項計畫，主要工作內容為應用節省能源與降低成本的燃燒合成方法，開發具有高導熱係數與不導電之氮化鋁導熱材料及其製程技術，並開發高導熱絕緣高分子膠材與氮化鋁陶瓷基板，提供高功率LED綠色能源之散熱系統應用，提升產品散熱效果，以增加LED整體發光效率與元件壽命，以達到節省能源之目的，並達成關鍵性技術自主之目標，可帶動國內相關產業鏈之產業增值效益。推進化學組於推進燃料燃燒技術已有30多年經驗與相關檢測設備，可充分掌握成品狀況，並將此燃燒技術轉化應用於氮化鋁燃燒合成與LED綠色能源之散熱系統。為了解目前國際研發現況、未來發展趨勢及相關技術應用領域，並強化研發之能量與後續研究方向，於100年8月27日至9月3日赴美國科羅拉多州丹佛市參加第242屆美國化學學會國際研討會與展示會(242nd American Chemical Society National Meeting and Exposition)(附件1)，並於會中發表海報論文(附件2)，藉由此一論文發表機會，得以直接與現場之學者進行經驗與意見交流，以了解目前研究之盲點與改進方向，並希望藉此提升本院國際之能見度與提升經濟部科專案執行績效。此外，於研討會議期間多方參與其他相關技術領域專題研討與商品展覽相關資訊(附件3)，目的在觀摩、學習與蒐集國外最新研究之資料與實際應用成品，以掌握研發目標，了解新技術與目前市場發展趨勢，以利本計劃之執行及作為未來研發方向之參考。
貳、過程
    此次公差安排赴美國科羅拉多州丹佛市會議中心參加第242屆美國化學學會國際研討會與展示會(242nd American Chemical Society National Meeting and Exposition)，此會議為化學學門相當重要的會議之ㄧ，每年舉辦二次，每次均有約一萬人左右參加，此次會議共收錄超過5000篇論文，由於論文相當多，因此大會依研究領域及特殊主題，分為25個部門(Division)進行研討，發表形式以口頭演講與海報論文展示為主，此外，大會也安排約300家來自世界各地的儀器廠商及出版社參展，介紹各公司的最新儀器及技術，讓與會者也能得到最新的資訊。最後一天更特別針對本次演講與海報之內容與創意進行評比與頒獎。
國外工作日程表如下所示：
	項
次
	時
間
	地
點
	交往接觸人士及機關
	洽談內容紀要

	
	
	
	姓名
	機關及地址
	

	1
	0827
	桃園→

美國丹佛市
	
	
	出國，經美國洛衫磯轉機



	2
	0828
	美國丹佛市
	Dr. Pieter Trans
	242nd American Chemical Society National Meeting and Exposition
	參加第242屆美國化學學會國際研討會與展示會第一天會議，完成會議報到，發表論文一篇。

	3
	0829
	美國丹佛市
	Dr. Stanley E. Manahan
	242nd American Chemical Society National Meeting and Exposition
	參加第242屆美國化學學會國際研討會與展示會第二天會議，蒐集溫室氣體與全球暖化等相關資訊。

	4
	0830
	美國丹佛市
	Dr. Zhiwen Ma
	242nd American Chemical Society National Meeting and Exposition
	參加第242屆美國化學學會國際研討會與展示會第三天會議，蒐集太陽能綠色能源與應用等相關資訊。

	5
	0831
	美國丹佛市
	Dr. Alla V. Bailey
	242nd American Chemical Society National Meeting and Exposition
	參加第242屆美國化學學會國際研討會與展示會第四天會議，蒐集燃料電池綠色能源與應用等相關資訊。。

	6
	0901
	美國丹佛市
	Dr. Melissa A. Vandiver
	242nd American Chemical Society National Meeting and Exposition
	參加第242屆美國化學學會國際研討會與展示會第五天會議，蒐集奈米科技技術與光電應用等相關資訊。

	7
	0902
	美國→桃園
	
	
	回程由美國丹佛機場出發，洛衫磯轉機。

	8
	0903
	桃園
	
	
	返抵中正機場。


參、心得

由於近200年來，人類工業與農業的活動，使用大量碳與石油等化石燃料，經由燃燒產生二氧化碳等溫室氣體，引起全球平均溫度上升，造成全球氣候變異，災難不斷，本次會議相當大的特色就是由美國加州大學柏克萊分校地球與行星科學系大氣科學中心主任(UC Berkeley Department of Earth and Planetary Science and Director of the Berkeley Atmospheric Science Center)羅納德柯恩(Ronald Cohen)發起空氣、空間與水相關化學議題，主題包括：(1)因為化學作用對空氣與水產生毒素對人類的影響。(2)化學對溫室氣體排放與氣候的影響。(3)如何以化學方法加強清潔飲用水的供應。(4)其他星球的大氣化學。本次會議也有相當多的機構研究發表太陽能、燃料電池、LED等綠色能源相關論文，開發煤及石油等化石燃料替代綠色能源，可以節省能源，降低二氧化碳等溫室氣體排放量，以減緩地球暖化的溫室效應，經由搜集獲得資料一批，詳如附件，相關內容與心得綜整後詳述如下：

(1) Pieter Trans發表〝Current and Future Forcing of Climate Change by Emissions of CO2〞論文一篇，表示目前大氣中二氧化碳含量的增加，已經有很多證據顯示出是來自人類的活動，是來自於煤與石油等化石燃料的燃燒。圖1為美國科羅拉多州NOAA地球系統研究中心(Earth System Research Laboratory)使用二氧化碳氣體吸收與放射光譜儀，並擬定取樣計畫在全球各地選定不同地點分別蒐集樣品(圖2)，在不同地點連續3年量測二氧化碳氣體濃度結果，圖3為Mouna Loa地點的二氧化碳氣體濃度，資料顯示出該地區的二氧化碳氣體濃度有逐年成長現象，圖4將Mouna Loa地點的二氧化碳氣體濃度與以往大氣中二氧化碳氣體濃度做比較，顯示大氣中二氧化碳氣體濃度增加明顯，主要原因是由於人類活動中燃燒煤與石油等化石燃料產生大量二氧化碳氣體，造成地球平均溫度逐年上升(圖5)，美國阿拉斯加的冰川海灣在1940年清晰可見，2004年已經因為地球平均溫度上升，完全消失。作者呼籲，必須盡快設法降低二氧化碳氣體排放量，減緩地球平均溫度上升，拯救地球。
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20  


             圖1 二氧化碳氣體吸收與放射光譜儀與測試數據

[image: image50.wmf]
            圖2在全球各地選定不同地點取樣計畫蒐集空氣樣品
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        圖3 在Mouna Lao連續3年二氧化碳含量變化
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圖4 Mouna Lao二氧化碳含量與以往大氣中二氧化碳含量比較
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           圖5 地球平均溫度上升趨勢圖
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   圖6阿拉斯加冰川海灣1940年存在但2004年已經消失

(2) Kevin E Trenberth發表〝Climate Variability and Water: Today and Future Prospects〞論文一篇，指出我們生存的地球，氣候已經在改變，1970年以後，全球平均溫度隨著二氧化碳濃度的增加而升高(圖7)，因為全球平均溫度升高，依據基本的物理定律，大氣中水蒸氣的含量會增加，平均溫度每上升1℃，大氣中水蒸氣的含量會增加7%(圖8)，由紀錄顯示，1970年全球平均溫度上升0.55℃，大氣中水蒸氣的含量會增加4%，這意謂溫室氣體二氧化碳濃度的增加，大氣中會有更多的水蒸氣可以使用，因為氣流流動時帶動更多的水氣，將導致氣候異常現象加劇(圖9)，乾燥的地區會更乾燥，下雨的時候也會加劇，造成洪水災難，2010~2011年全球各地不斷傳出乾旱與洪水的現象(圖10~12)，作者提出1950年世界有25億人口，2000年人口增加至60億，預估2050年人口將達到93億(?)，未來20年，如何因應全球氣候異常現象與如何管理水資源，將是一個嚴肅的議題。
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       圖7 全球平均溫度隨著二氧化碳濃度的增加而升高
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     圖8大氣中水蒸氣的含量會隨著地球平均溫度增加而增加
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   圖9 氣候異常現象模式：乾燥的地區會更乾燥，下雨時也會加劇
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        圖10全球各地2010~2011年乾旱與洪水記錄
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             圖11印度2010年7月發生洪水災難
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        圖12澳洲Queensland 2011年1月發生洪水災難
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      圖13 氣候異常現象加劇，水管理是一個重要的挑戰
(3) Richard A. Feely發表〝Ocean Acidification and Climate Change in the Oceans〞論文一篇，指出大氣中的二氧化碳濃度是影響地球輻射熱平衡的重要溫室氣體，過去200年來，人類工業與農業活動的結果，造成大氣中的二氧化碳濃度增加約40%，圖14顯示工業活動中煤與石油等化石燃料燃燒以及農業活動產生的二氧化碳，經由大氣與海洋產生循環，海洋已經變成二氧化碳與熱的最大儲存場所，研究顯示，海洋因為溫度增加與二氧化碳濃度增加，已經造成海洋酸化，圖15顯示大氣中的二氧化碳與海洋中的水經過化學反應產生碳酸氫鈉，改變水中的酸鹼值，2000年時，水的酸鹼值已經上升30%，若不改善現在的情形，預估2100年將上升100~150%。圖16為在新幾內亞(New Guinea)的Milne海灣進行的實驗，水中的酸鹼值為8.1時，海底生物可以正常生長，當水中二氧化碳濃度增加，酸鹼值降至7.8~8.0時，海底生物受到汙染，當水中二氧化碳濃度再增加，酸鹼值降至7.7時，海底生物受到嚴重汙染，影響海底生物生態，圖17顯示單細胞海藻Coccolithopores在水中二氧化碳濃度為280~380ppm時可以正常生長，當水中二氧化碳濃度增加為780~850ppm時，外殼鈣化程度將降低9~18%。圖18顯示海底生物受到嚴重汙染後，魚吃了將造成食物鏈的影響。作者表示，二氧化碳濃度增加造成海洋酸化將衝擊海底生物生態。
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圖14經由工業活動、農業活動、大氣與海洋產生二氧化碳循環
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圖15大氣中的二氧化碳與海洋中的水經過化學反應產生海洋酸化
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        圖16水中的酸鹼值對海底生物生態的影響
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圖17單細胞海藻Coccolithopores外殼鈣化與二氧化碳濃度關係
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圖18海底生物受到嚴重汙染後，魚吃了將造成食物鏈的影響

(4) Stanley E. Manahan發表〝Four decade of Environmental Chemistry and Global Climate Change〞論文一篇，指出環境化學是了解全球氣候改變的重要因素，並提出影響的原因與預防方法，圖19顯示1975年開始，全球平均溫度開始逐步上升，2011年7月美國有2755個地區的氣溫創下最高點紀錄，有763個城市有以往未有的高溫紀錄，地球溫度取決於太陽光輻射進入與流出地球的平衡(圖20)，太陽光穿透大氣層時，一部份被反射出去，一部分被大氣層吸收，圖21顯示大氣層中二氧化碳的含量有上升的趨勢，在1972年時二氧化碳的含量只有329ppm，2011年上升到390 ppm，這是導致全球平均溫度上升的重要原因之ㄧ，圖22顯示要減緩全球暖化現象的方法，必須降低二氧化碳溫室氣體的排放，最重要的是降低煤與石油等化石燃料的使用，減少農業活動中甲醇的排放，儘快開發綠色化學與不產生二氧化碳的綠色能源，圖23顯示使用太陽能或風力的能源將水電解產生氫氣，再與二氧化碳反應成化學有機物質，是可以將二氧化碳轉化為有用的物質，降低二氧化碳含量的方法之ㄧ。
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               圖19 全球平均溫度逐步上升趨勢
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   圖20 地球溫度取決於太陽光輻射進入與流出地球的平衡
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         圖21大氣層中二氧化碳的含量上升的趨勢
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              圖22 減緩全球暖化現象的方法
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           圖23 二氧化碳轉化為有用的物質的方法

(5) Janq K. Chen發表〝Preparation and Characterization of HTPB/AlN Thermal Paste for Application of Thermal Interface Material in High Power LED〞論文一篇(附件2)，本文作者有一篇壁報論文發表，被安排在高分子材料科學與工程部門(Division of Polymeric Materials: Science and Engineering)，介紹高導熱絕緣高分子膠材，提供高亮度LED散熱系統應用，白光LED對照明技術是一個革命性的突破，LED產品因具有節能、省電、體積小、壽命長、不含汞的優點，被視為未來的節能明星產業，前景一片看好。聯合國的跨政府氣候變化評估小組(Intergovernmental Panel on Climate Change)對地球暖化氣溫上升，造成氣候變遷，災難不斷，在2009年哥本哈根會議中世界各國已經達成共識，降低二氧化碳溫室氣體的排放量，並儘速開發綠色能源技術與產業，降低地球暖化的現象。隨著白光LED產品亮度的提昇，並朝輕、薄、短、小方向發展，所產生的熱對於整個元件的壽命及信賴度也會產生不好的影響，所以及時散熱能力成為影響LED功能與使用壽命的關鍵限制因素，表1為不同物質的熱傳導係數，絕緣導熱膠材是一種高分子與導熱粉體組成的複合材料，使用於發熱源與散熱器的中間，當作熱界面材料，傳統低階散熱界面材料使用Al2O3(熱傳導係數20W/m-K)、ZnO(熱傳導係數20 W/m-K)等金屬氧化物當作導熱填充料，散熱效果不佳，無法滿足高亮度LED散熱的需求，高階散熱界面材料(熱傳導係數≧4.0 W/m-K)使用Ag(熱傳導係數429W/m-K)當作導熱填充料，散熱效果佳，但是會導電，有使電路板的電路產生短路的疑慮。

        表1 不同物質的熱傳導係數與密度 
	物質
	熱傳導係數(W/m.K)
	密度
(g/ml3)

	Diamond
	2000
	3.5

	Ag
	429
	10.5

	Cu
	380~401
	8.9

	Al
	150~230
	2.7

	AlN
	220
	3.26

	BN
	60
	1.9~2.2

	Al2O3
	20
	3.9

	ZnO
	20
	5.68


氮化鋁(熱傳導係數220W/m-K)具有良好的導熱效果並且具有不導電的特性，氮化鋁可以應用於高亮度LED散熱系統之導熱界面材料當作導熱不導電之高階導熱填充材料，圖24為HTPB高分子在惰性氣體環境中，每分鐘加熱10℃，在不同溫度下的紅外線光譜圖，HTPB高分子在260℃開始分解，到達420℃，碳雙鍵的性質完全消失，圖25顯示HTPB高分子在氧氣環境下，146℃開始與氧氣作用產生放熱反應，最大放熱反應溫度在210℃，添加抗氧化劑可以提升HTPB高分子對氧氣體的熱安定性，圖26為HTPB高分子中添加不同粒徑與不同重量氮化鋁，HTPB/AlN導熱膠黏度的變化，使用10μm與1μm兩種粒徑氮化鋁匹配，可以得到較高的固體添加量與較低的黏度，使用HTPB/AlN導熱膠在高功率LED中當作熱界面材料(圖27)，可以迅速、及時的將發熱元件累積的熱量，傳遞給散熱設備，保障LED的功能能夠可靠運作與延長其使用壽命。
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    圖24在惰性氣體中，每分鐘加熱10℃，HTPB高分子紅外線光譜圖
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          圖25 抗氧化劑對HTPB高分子熱安定性的影響
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圖26添加不同粒徑與不同重量氮化鋁，HTPB/AlN導熱膠的黏度變化
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           圖27 HTPB/AlN導熱膠在高功率LED中當作熱界面材料

(6) Zhiwen Ma發表〝Integration of Wind and Concentrating Solar Power with Energy Storage for Baseload Renewable Power Generation〞論文一篇，介紹太陽光可以產生的能源途徑(圖28)，太陽輻射的光譜主要是以可見光為中心，波長從0.3微米的紫外光到數微米的紅外光為主要的分布範圍，可以分成好幾種方式轉換為電能使用：進行光合成(photosynthesis)產生化學能，電化學程序(electrochemical process)轉換成燃料電池，再儲存為電能；由太陽輻射的熱能(thermal energy) 轉換成電能；由太陽的溫度引起風與海洋的流動產生機械能(mechanical energy)，轉換成電能；由半導體與太陽光作用，經由光伏太陽能電池(photovoltaic solar cell)的光電效應產生電能。圖29為不同形式電池用來儲存電能，可以用來將電能先儲存起來，提供尖峰用電時使用，並可將多餘的電能儲存起來，在適當的時機使用，圖30為可再生使用的太陽能與風力產生的能源整合系統，可以將太陽能與風力產生的能源儲存到電池堆中，當作發電機使用，如果再將太陽能電池發電系統與民生用電結合，成為市電並聯型太陽能發電系統(圖31)，我們就可以從傳統的電力系統與太陽能電池發電系統這兩種方式取得電力，此一發電系統可以蘇緩籌建大型發電廠的壓力，近年來，太陽能電池不斷有新的結構與製造技術開發出來，其目的是希望能降低成本，並提高效率，如此太陽能電池才可能普及化，成為電力系統的重要來源。
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           圖28太陽光可以產生的能源途徑
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          圖29不同形式電池用來儲存電能
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     圖30可再生使用的太陽能與風力產生的能源整合系統
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    圖31太陽能電池發電系統與民生用電結合之發電系統

(7) Ana L. Moore發表〝Design of Photoelectrochemical Cells for the Splitting of Water and Production of Fuel〞論文一篇，設計一套系統可以透過光觸媒，吸收太陽能將水分解成為氫氣或燃料。圖32為植物的樹葉，可以吸收太陽光經過光合作用產生化學反應，光合作用的效率低於1%，研究中顯示植物的樹葉中有一種酵素PSII(圖33)可以利用太陽能將水分子分解成氧氣與還原性物質，作者參考酵素結構合成出一種光觸媒P680(圖34)，並設計一套光敏電池(Dye sensitized cell)，經實驗結果，能夠將水分解生成氫氣產生電能(圖35)。
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        圖32植物樹葉可以吸收太陽光經過光合作用產生化學反應
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圖33植物樹葉中酵素PSII可以利用太陽能將水分子分解成氧氣
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   圖34模仿樹葉中PSII人工合成之光觸媒P680結構
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       圖35光敏電池將水分解生成氫氣產生電能

(8) Alla V. Bailey發表〝Fundamental Chemistry Courses for Workforce Development in Clean Energy: Hydrogen/Fuel Cells〞論文一篇，Bailey獲得紐約州能源研究與發展管理局(New York State Energy Research and Development Authority)經費支持，組成技術團隊開發清潔能源(Clean Energy)與氫燃料電池(Hydrogen Fuel Cell)，氫能源(燃料電池)是以零污染的特色成為重要的石油替代能源，氫能源科技的應用包括直接燃燒與使用電化學原理的燃料電池兩種，圖36為質子交換膜燃料電池(Proton Exchange Membrane Fuel Cell)，是以氫氣與氧氣為反應物，其透過觸媒使陽極氫分子(H2)催化分解成氫離子和電子，電子由陽極內部導至外面，經由外電路形成電流，供發電使用後導至陰極，氫離子由陽極透過可導離子(電子絕緣體)之高分子質子交換膜抵達陰極，空氣或氧氣輸送至陰極，其中氧分子(O2)經催化劑與電子(e-)及氫離子(H+)反應產生水，整個過程的產物有水、電能(理論1.23V)和熱能。圖37為燃料電池模組與電化學反應方程式，質子交換膜燃料電池的核心組件可分為薄膜(membrane)、電極(electrode)觸媒層(catalyst layer)、氣體擴散層(gas diffusion layer)及雙極板(bipolar plates)。其中薄膜它是導質子的高分子膜，其兩面分別為正、負電極的觸媒層，也就是陰極與陽極中間夾了一層質子交換膜，可經熱壓程序製作成型，電極(觸媒層)與雙極板間則還有一層氣體擴散層(gas diffusion layer)，圖38顯示使用氫化鎂當原料，與水反應產生氫氣的燃料電池，可以產生電能。
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                    圖36質子交換膜燃料電池(PEMFC)
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            圖37燃料電池模組與電化學反應方程式
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                  圖38使用氫化鎂當原料與水
(9) Jennifer Mawdsley發表〝Aluminum Bipolar Plate with Composite Coating for Proton Exchange Membrane Fuel Cells〞論文一篇，介紹燃料電池的雙極板(Bipolar Plate)，希望能開發出經過表面處理的燃料電池鋁雙極板，能夠比石墨雙極板重量輕並且耐久，比不繡鋼雙極板重量輕65%以上，作者使用氟系高分子(Fluoropolymer)添加導電且耐腐蝕的TiC填充料，成功開發出表面被覆高分子複合材料，圖39為TiC材料耐腐蝕性能的實驗結果，使用0.001M硫酸，酸鹼值為3，溫度為80℃的環境下，TiC具有極佳的耐酸性。圖40為不同鋁合金耐腐蝕試驗，實驗結果顯示3000系列鋁合金在質子交換膜燃料電池(Proton Exchange Membrane Fuel Cell)的使用條件下，具有最佳的耐腐蝕性，使用表面被覆氟系高分子高分子添加TiC的複合材料，製作成燃料電池 (圖41)，試驗結果發現性能良好具有實用性。
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                   圖39 TiC材料耐酸性實驗
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               圖40為不同鋁合金耐腐蝕試驗
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  圖41燃料電池表面被覆添加TiC的氟系高分子高分子複合材料
(10) Melissa A. Vandiver發表〝Synthesis and Characterization of Polymer Anion Exchange Membranes for Fuel Cell Application〞論文一篇，當質子交換膜燃料電池(Proton Exchange Membrane Fuel Cell)使用甲醇當作燃料時，甲醇在酸性介質中會有逐漸氧化的問題產生(圖42)，如果將質子交換膜改良成鹼金屬離子交換膜，可以增加甲醇在鹼性介質的反應速率，但是會有導電度與離子移動速度降低的挑戰產生(圖43)，作者使用3M公司的商品sulfonyl perfluorocarbon ionomer，進行合成改良，開發合成方法，成功製造出陰離子聚氟高分子(圖44)，使用紅外線光譜儀分析比較反應後產生的的新官能基(圖45)，確定有發生接枝化學反應，最後進行鹼金屬離子交換膜導電度試驗，圖46顯示具有良好的導電度，可以應用在甲醇燃料電池產生電能。
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         圖42質子交換膜燃料電池使用甲醇當作燃料

[image: image37.jpg]Alkali anion exchange membrane as a direct

methanol fuel cell

Anode:
CH.OH ~60H — €O, +5H, 0= 6z
Cathode:
-%o; +3H.0+6¢ —60H"
Overall:
CH.0H =340, - 2H.0+ (O
» AAEM Advantages:

— Increased kinetics of alkali media

Fuel:
CH;OH |

— Non-Pt based catalysts

!

- Reduction in methanol crossover
and electro-osmotic drag

Anode Cathode » AAEM Challenges:

- Cation degradation issues

H,0 + CO,4m

Alkali Anion Exchange Membrane

- Reduced conductivity and ionic
transport compared to PEM

) coLorADO: MINES1





   圖43鹼金屬離子交換膜交換膜燃料電池使用甲醇當作燃料
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             圖44陰離子聚氟高分子合成方法
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     圖45紅外線光譜儀分析比較反應物與生成物的的官能基
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            圖46鹼金屬離子交換膜導電度試驗
(十一) 綜合效益分析

此次赴美國參加第242屆美國化學學會國際研討會與展示會，蒐集許多溫室氣體與綠色能源太陽能、燃料電池、LED等技術發展趨勢相關資料，收穫豐富，有利於本計畫之執行及未來產品開發、研發、新建案方向之參考，具體效益如下： 

一、赴美國參加第242屆美國化學學會國際研討會與展示會，面對21世紀全球氣候暖化，溫室氣體引起全球平均溫度上升，造成全球氣候變異，災難不斷，搜集獲得相當多的機構發表如何開發替代化石燃料之綠色能源太陽能、燃料電池、LED等相關技術發展趨勢資料，以減緩地球暖化的溫室效應，這些技術資料對筆者有相當程度的幫助與啟發，有助於技術提升與未來本院科專案「高值化學品技術開發與應用計畫」研發目標之掌握及長程規劃之參考。 

二、此次出國發表綠色能源LED散熱界面材料論文一篇，與會學者有不少是此些領域的專家，藉由此一論文發表機會，得以直接與現場之學者進行經驗與意見交流，會議中獲得現場之學者肯定，並提供未來可以應用於LED替代白熾燈泡，並可以應用於汽車產業之高功率車燈等建議，此一研究有助於節省能源，並藉此發表論文機會，提升本院國際之能見度與提升經濟部科專案執行績效。
三、Zhiwen發表太陽能與風力能源整合系統，了解太陽能、風力、電池堆發電機組裝設計及與民生用電結合系統概念，由傳統的電力系統與太陽能電池發電系統這兩種方式取得電力，近年來，太陽能電池不斷有新的結構與製造技術開發出來，其目的是希望能降低成本，並提高效率，本院具有深厚的系統整合經驗與資源，值得本院未來研發與建案規劃之參考。
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肆、建議事項

一、美國化學學會國際研討會與展示會是全世界化學學門相當重要的會議，每次均有一萬人左右參加，發表論文超過5000篇，依研究領域及特殊主題進行研討，另外，也安排超過300家來至世界各地的儀器廠商，介紹各公司最新儀器及技術，可以學習到很多創新技術與獲得新觀念，提升本院技術能量，建議本院同仁能有機會出國發表論文參與美國化學學會國際研討會與展示會，觀摩與學習並蒐集國外最新研究資料與實際應用成品，並提升本院國際能見度與提升經濟部科專案執行績效。

二、近200年來，人類使用大量煤與石油等化石燃料，經由燃燒產生二氧化碳等溫室氣體，引起全球平均溫度上升，造成全球氣候變異，災難不斷，開發太陽能、燃料電池、LED等綠色能源，可以節省能源，降低溫室氣體排放量，減緩地球暖化的溫室效應，近年來，太陽能、燃料電池、LED等綠色能源不斷有新的結構與製造技術開發出來，希望能降低成本，並提高效率，但是，目前成本依然高居不下，需要政府政策補助與支持，建議本院利用深厚的系統整合經驗與資源，研發與整合太陽能、燃料電池、LED等綠色能源。
附件

	附件1
	第242屆美國化學學會國際研討會與展示會會議議程表

	附件2
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附件1、第242屆美國化學學會國際研討會與展示會會議議程表
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2 - Extended view of ozone and chemistry in the atmosphere of Mars.

Ramsoy L Smith?, Ramsey.L.Smithanasa.gov, Kely £ Fast’, Theosor Kostukd, Franck Lafeure?, Tisk Howsgarma
Livengood. (1) Paretary Systems Laboratary, NASA Goddard Space Fight Canter, Greenbelt, MD 20771, United States, (2) LATHOS,
as, paris, France, (3) Uniersity of Maryiand, Coliege Park, MD 20742, United States, (4) Nationsl Center for Earth and Space Sciance
Education, Capitol Heights, MD 20791, United States

We present an ongoing effort to characterize chemistry in Mars' atmosphere in mutiple seasons on timescales longer than spaceflight
missions through coordinated effrts by GSFC's HIPWAC spectrometer and Mars Express SPICAM, archival measurements, and
tests/application of photochemical models. The trace species ozone (0) is an effective probe of Mars® atmospheric chemistry becauss it

is destroyed by odd-hydrogen species (HO,, from water vapor photolysis). Observed ozone is a critical test for specific predictions by 3-D
photachemical models (spatial, diurnal, seasonal). Coordinated measurements by HIPWAC and SPICAM quantitatively linked mission data to
the 23-year GSFC ozone data record and also revealed unanticipated inter-decadal variabilty of same-season ozone abundances, 3
possible indicator of changing cloud activity (heterogeneous sink for HO,). A detaled study of long-term conditions is critical to
charscterizing the predictability of Mars' seasonal chemical behavior, particularly in light of the implications of and the lack of explanation
for reported mathane behavior.

Tuesday, August 30, 2011 11:10 AM
Chemistry as a Tool for Space Exploration and Discovery at Mars (08:30 AM - 11:50 AM)
Location: Colorado Convention Center

Room: 102




附件2、第242屆美國化學學會國際研討會與展示會會議發表論文
Preparation and Characterization of HTPB/AlN Thermal Paste for Application of Thermal Interface Material in High Power LED

Janq-Kang Chen 1, Yi-Hao Lin 1, Yen-Shou Lin 1, and Mann-Fu Rau 2 

1 Chemical Systems Research Division, Chung Shan Institute of Science and Technology, Lungtan, Taoyuan, Taiwan, Republic of.China 

2 AG materials Inc., Taoyuan, Taiwan, Republic of China
Abstract

Hydroxyl-terminated polybutadiene (HTPB) is OH group terminating polymer with mixture of cis, trans, and 1,2-vinyl structures. Aluminum nitride (AlN) is an advanced ceramic material which exhibits high thermal conductivity, electrical resistivity, low thermal expansion coefficient close to that of silicon, and resistance to oxidation.  HTPB polymer filled with electrically insulating and thermally conductive AlN was investigated to be used as thermal interface material in high power light emitting diode (LED). In this study differential scanning calorimetry and Fourier transform infrared spectrometer were used to investigate the effects of temperature on HTPB polymer. The protection against oxidation of HTPB was also investigated. 2, 2’methylene bis(4-methyl-6-tert-butyl phenol) is an effective antioxidant in increasing the thermal stability of HTPB. The effects of the solid content of AlN fillers and blend ratios of bimodal AlN on the viscosity of HTPB/AlN thermal paste were also investigated by Brookfield viscometer. The thermal conductivity of HTPB/AlN paste was measured by thermal interface material tester. 
Keywords: thermal interface material, light emitting diode, polymer, aluminum nitride
1. Introduction
Light emitting diode (LED) is an environmental illuminating light source, which can save more power and have longer service life time than the traditional light source. Based on the conversion efficiency, the incandescent light bulb of 100 watts has 5% visible light, 83% infrared radiation, and 12% heat dissipation. The LED has 15% ~ 25% visible light and heat generated from the remainder. The heat produced by lighting the LED will lead to the decrease of service life time, the drift of wavelength and produce too high temperature. The high temperature may produce large enough thermal stresses caused by materials with different thermal expansion coefficients to damage the LED. Consequently, the thermal management to improve the heat dissipation becomes an important issue in increasing the efficiency of the LED (1). Thermal interface material is a material that is positioned at the interface between two proximate surfaces for the purpose of improving the thermal contact between the two surfaces. The valleys of the topography of the proximate surfaces are never perfectly smooth. The thermal paste will displace the air between two proximate surfaces. Since air is thermally insulating, the displacement of thermal paste will improve the thermal contact. Because the topography is frequently in the micrometer scale, the thermal paste needs to be able to fill valleys in a fine scale and conform to the topography of the proximate surfaces. In the present work differential scanning calorimetry (DSC) and Fourier transform infrared spectrometer (FTIR) were used to investigate the effects of temperature on hydroxyl-terminated polybutadiene (HTPB) polymer. The effects of the solid content of AlN fillers and blend ratios of bimodal AlN on the viscosity of HTPB/AlN thermal paste were also investigated by Brookfield viscometer. HTPB filled with electrically insulating and thermally conductive AlN is used as thermal interface material for improving the thermal contacts to increase the reliability and performance in high power LED.

2. Experimental
2.1. Materials 
AlN was supplied by AG materials Co., Taiwan. AlN was produced from combustion process and was ground at the laboratory by ball mill. The average particle sizes were 1 μm, 10 μm, and 100 μm. HTPB polymer was supplied by Arco Co., U. S. A., with viscosity about 50 poises at 30 ℃. Antioxidant 2,2’methylene bis(4-methyl-6-tert-butyl phenol) (AO2246) was supplied by American Cyanamide, U. S. A., with specific gravity 1.08.

2.2. Experimental procedures
The HTPB polymer solution was prepared by adding 1 weight % of 2,2’methylene bis(4-methyl-6-tert-butyl phenol) into HTPB polymer, the viscosity measured was 34 poise at 60 ℃. To the prepared HTPB polymer solution, properly weighted AlN of different sizes were transferred as the fillers. The HTPB/AlN paste was mixed for 2 hr at 60 ℃. The viscosity of HTPB/AlN paste was then measured at the same temperature by using a viscometer (Brookfield Engineering Laboratories, Inc., Model LVT Dial-Reading Viscometer).

3. Results and Discussion
3.1. Effect of temperature on HTPB polymer
HTPB is OH group terminating polymer with mixture of cis, trans, and 1, 2-vinyl structures. The equivalent weight of HTPB is 1300 g which implies that for every 24 butadiene units there is an OH end group. The trans-1, 4-structure constitutes 54.8% of the weight while the cis-1, 4-structure is 20.2% and the 1, 2-vinyl structure is 25%. Considerable work has been conducted on the thermal decomposition of polybutadiene at a heating rate of several ℃/min (2~6). These results are quite useful for characterizing the behavior of HTPB. The effects of temperature on HTPB polymer under argon and oxygen atmosphere were undertaken so that the oxidative degradation HTPB could be compared. Figure 1 shows the infrared spectrum of the residue when HTPB was heated in the thermogravimetry (TG) furnace under an argon flow rate of 20 ml/min at a heating rate of 10℃/min. The infrared spectra of HTPB and polybutadiene at room temperature are similar. For a non-conjugated alkene such as HTPB, =CH stretching occurs at 3702 and 3001 cm-1 and C=C stretching occurs at 1637 cm-1. The deformation vibrations of alkene =CH occur at 721 cm-1 (cis R-CH=CH-R), 909 and 991 cm-1 (1, 2-vinyl =CH2), 963 cm-1 (trans R-CH=CH-R). The alkane C-H stretching vibrations occur at 2915 and 2842 cm-1. The alkane C-H deformation band occurs at 1437 cm-1. A broad band of –OH stretching is observed at 3330 cm-1. For HTPB in an argon atmosphere the absorption at 1694 cm-1 appears at 260 ℃ that is characteristic of an α, β-unsaturated carbonyl group. There are three possible types of –OH functional groups in HTPB fragments because the parent molecule contains cis, trans, and 1, 2-vunyl units. They can lose H to oxidize into α, β-unsaturated carbonyl group. The absorption intensity of C=O mode is very large which explains why C=O mode can be detected even though there is only one –OH group per 24 butadiene units in HTPB. At 360 ℃ the cross-linking and cyclization reactions are indicated by the modes at C=C (1637 cm-1), cis R-CH=CH-R (721 cm-1), 1, 2-vinyl =CH (909 and 991 cm-1), trans R-CH=CH-R (963 cm-1), and =CH (3001 and 3072 cm-1). A carbonyl stretching frequency will increase when an adjacent double bond becomes saturated. The modes characteristic of C=C are absent at 420 ℃. Volatilization of unsaturated fragments, such as butadiene occurs by this temperature and contributes to the disappearance of modes associated with unsaturation. The mechanism of the thermal degradation of HTPB is similar to the mechanism of polybutadiene degradation. Figure 2 shows the infrared spectrum of the residue when HTPB was heated in the thermogravimetry (TG) furnace under an oxygen flow rate of 20 ml/min at a heating rate of 10℃/min. For HTPB the temperature of oxidation occurs at 160 ℃. The intensity of the peak characteristic of C=O at 1694 cm-1 and OH at 3330 cm-1 increased while the absorption peaks at 3072 and 3001 cm-1 (=CH stretching), 1637 cm-1 (C=C stretching), 721 cm-1 (cis R-CH=CH-R), 909 and 991 cm-1 (1, 2-vinyl =CH), 963 cm-1 (trans R-CH=CH-R) decreased. HTPB is very easy to oxidize in oxygen atmosphere. The oxidative reaction of the unsaturated polymer will form brittle product.

3.2. Effect of antioxidant on oxidation stability of HTPB polymer
Figure 3 shows the DSC trace of HTPB heated in differential scanning calorimetry (DSC) under an argon (or oxygen) flow rate of 5 ml/min at a heating rate of 10℃/min. The temperature at the beginning of the exothermal reaction of HTPB in an argon atmosphere is 270 ℃. The maximum of the exothermal reaction occurred at 380 ℃. The initial exothermal reaction is resulted from the positive energy balance of the endothermic depolymerization process and the exothermic cyclization and cross-linking process of the HTPB that has not undergone depolymerization. These processes are essentially the same as those that occur in polybutadiene. The second step is endothermic because of the predominance of bond-breaking (depolymerization) in the residue and desorption of the fragment. The effects of antioxidant 2,2’methylene bis(4-methyl-6-tert-butyl phenol) (AO2246) on the oxidation stability of HTPB were measured by dynamic DSC method under oxygen flow rate of 5 ml/min at a heating rate of 10℃/min. Without antioxidant and in an oxygen atmosphere HTPB becomes less stable. The temperature at the beginning of the exothermal reaction of HTPB shifts to 146 ℃. The maximum of the exothermal reaction occurred at 210℃. The oxidation stability can be explained by the reactivity of 1, 2 – vinyl units in HTPB. For C=C bonds the 1, 2 – vinyl units are more reactive than cis and trans units, thus making attack on the C=C bonds by oxygen easier. HTPB is easily oxidized in oxygen atmosphere. This is in good agreement with the results of Fourier transform infrared spectrum of HTPB. The temperature at the beginning and the maximum of the exothermal reaction of the DSC trace of HTPB in an oxygen environment shift to higher temperature in accordance with the amount of antioxidant 2,2’methylene bis(4-methyl-6-tert-butyl phenol) added in HTPB. The oxidative reaction of the unsaturated polymer will form brittle product. Adding antioxidant 2,2’methylene bis(4-methyl-6-tert-butyl phenol) has a considerable delaying effect on the oxidative reaction to protect 1, 2 – vinyl units in HTPB against oxidation to increase the oxidation stability.
3.3. Fillers for thermal interface material
A thermal paste is a dispersion of fine particles in a liquid medium to be used as thermal interface material. Thermal interface material is a material that is positioned at the interface between two proximate surfaces for the purpose of improving the thermal contact between the two surfaces. The particles should be uniformly distributed with little tendency of sinking or floating. The solid component in the thermal paste is typically in the form of particles. The particles should be sufficiently small in size in order to fill the small valleys in the surface topography. The electrical and thermal conductivity of thermal paste can be modified over a wide range by using additives (7~10). Table 1 shows the thermal conductivity coefficients and density of different fillers. Adding silver particle or metal particles into HTPB polymer can increase both electrical and thermal conductivity. In contrast, there are only a few ways of increasing thermal conductivity while retaining the very low electrical conductivity required for high power LED applications. Diamond is particularly attractive in the combination of exceptionally high thermal conductivity and electrical non-conductivity, however, it is expensive. Beryllium oxide (BeO) has high thermal conductivity; however, it is a toxic material. Zinc oxide (ZnO) or aluminum oxide (Al2O3) is less expensive, but it is less thermally conductive, so it is not considered to be attractive for use as thermal interface material in high power LED. Ceramics such as boron nitride (BN) and aluminum nitride (AlN) are not as thermally conductive as diamond, but they are thermally conductive to various degrees and are all electrically non-conductive, and are much less expensive than diamond. Aluminum nitride (AlN) has higher thermally conductive than boron nitride (BN) (11, 12).

3.4. HTPB/AlN thermal paste
HTPB/AlN thermal paste is positioned at the interface between two proximate surfaces for the purpose of improving the thermal contact between the two surfaces. The valleys of the topography of the proximate surfaces are never perfectly smooth. The HTPB/AlN thermal paste will displace the air between two proximate surfaces. The thicker is a thermal interface material; the higher is the thermal resistance in the direction of the thickness. Therefore, the thermal paste is preferred to attain a small thickness (ideally just enough to fill the valleys in the topography of the proximate surfaces). The liquid medium may be aqueous (water-based) or non-aqueous substance. The type of liquid medium affects the ability to form a suspension, as different liquid mediums interact with the solid particles differently. The water in aqueous suspensions has disadvantage to evaporate in the suspension. In addition, water tends to promote corrosion, particularly the corrosion of metals. The thermal interface material must withstand the elevated temperatures associated with the hotter of the two proximate surfaces that sandwich the interface material during use. In high power LED, the elevated temperature is usually up to 120 ℃. In some applications, it can be up to 150 ℃. Therefore, thermal stability is another requirement of a thermal interface material. The thermal stability of a paste is most governed by that of the liquid medium, which is less thermally stable than the solid component. The choice and modification of the liquid medium are typically used to improve the thermal stability of a thermal paste. HTPB is polymer having numerous hydroxyl groups with relatively high polarity and relatively low volatility. The addition of one or more antioxidants to HTPB polymer can improve the thermal stability. It is a non-aqueous liquid medium attractive for high temperature applications.

 The HTPB polymer solution was prepared by adding 1 weight % of 2,2’methylene bis(4-methyl-6-tert-butyl phenol) into HTPB polymer. To the prepared HTPB polymer solution, properly weighted AlN of different sizes were transferred as the fillers. Figure 4 shows the relative size of particles with different diameters. Comparing 10μm diameter particle with 1μm diameter particle, the ratio of surface area is 100, and the ratio of volume becomes 1000. Table 2 and Figure 5 show the effect of the solid content of AlN fillers on the viscosity of HTPB/AlN thermal paste. The viscosity of thermal paste is largely influenced by the particle size and the solid content of AlN fillers (13). The effect of blend ratios of bimodal AlN on the viscosity of HTPB/AlN thermal paste is shown in Table 3. The lowest viscosity occurs at the point where the ratio of coarse particle to fine particle is 50 to 30. The viscosity describes the resistance to shear deformation. It is commonly used to describe the behavior of pastes (14). The rheological characteristics are important to the process ability and the conformability behaviors of the thermal paste. Although the thermal conductivity of a thermal paste increases with the conductive solid content, the viscosity of the paste decreases with increasing solid content above certain level. In other words, an excess solid content is detrimental to the viscosity of the paste, although it helps the thermal conductivity within the paste. Therefore, the solid content needs to be optimized in order to attain a compromise between thermal conductivity and viscosity. The thermal conductivity of HTPB/AlN thermal paste is measured by thermal interface material tester known as the guarded hot plate method (ASTM method D5470). HTPB/AlN thermal pastes are sandwiched between the 1 inch x 1 inch (25 mm x 25 mm) proximate surfaces of two copper blocks (both 1 inch x1 inch surfaces of each block having a controlled degree of roughness). The heat is provided by a 3 inch x 3 inch copper block that has two embedded heating coils. During the period of temperature rise, the heating rate is controlled by using a temperature controller. At equilibrium, the temperature of the hot block is in the range of 70-90℃, that of the cold block is in the range of 50-70℃, while that of the HTPB/AlN thermal paste is in the range of 60-80℃. The pressure in the direction perpendicular to the plane of the thermal interface is controlled by using a hydraulic press. The thermal conductivity of 80 weight % of AlN with 20 weight % of HTPB thermal paste is 4 W/m.K. Figure 6 shows the applying position of HTPB/AlN thermal paste used as thermal interface material (TIM) in high power light emitting diode (LED). HTPB/AlN thermal paste can displace the air between heat source and heat sink. Since air is thermally insulating, the displacement of thermal paste will improve the thermal contact to increase the reliability and performance in high power LED. 
4. Conclusions
HTPB is polymer having numerous hydroxyl groups with relatively high polarity and relatively low volatility. It is a non-aqueous liquid medium attractive for high temperature LED applications. Without antioxidant and in an oxygen atmosphere HTPB becomes less stable. It will form a brittle film on the surface. Adding antioxidant 2,2’methylene bis(4-methyl-6-tert-butyl phenol) will improve the thermal stability considerably.

The viscosity of HTPB/AlN thermal paste is largely influenced by the particle size and the solid content of AlN fillers. The lowest viscosity occurs at the point where the ratio of coarse particle to fine particle is 50 to 30. HTPB/AlN thermal paste can displace the air between heat source and heat sink for improving the thermal contact to increase the reliability and performance of high power LED.
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Table 1. Thermal conductivity coefficients of different fillers. 

	Filler
	Thermal conductivity coefficient
(W/m.K)
	Density

(g/ml3)

	Diamond
	2000
	3.5

	Ag
	429
	10.5

	Cu
	380~401
	8.9

	Al
	150~230
	2.7

	BeO
	230
	3.0

	AlN
	220
	3.26

	BN
	60
	1.9~2.2

	Al2O3
	20
	3.9

	ZnO
	20
	5.68


Table 2. Effect of solid content of AlN fillers on the viscosity of HTPB/AlN thermal paste

	Weight ratio of AlN / HTPB 
	1:1
	2:1
	3:1
	4:1
	5:1

	AlN 1μm (poise)
	139
	156
	2330
	18700
	

	AlN 10μm (poise)
	52
	139
	330
	2000
	18000

	AlN 100μm (poise)
	50
	100
	270
	1680
	8530

	AlN 10μm/1μm=7:3 (poise)
	52
	69
	174
	591
	4470


Table 3. Effect of weight ratios of bimodal AlN on viscosity of HTPB/AlN thermal paste

	HTPB solution 
	20
	20
	20
	20
	20
	20
	20

	AlN 10μm
	80
	70
	60
	56
	50
	40
	20

	AlN 1μm
	0
	10
	20
	24
	30
	40
	60

	Viscosity (poise)
	2000
	573
	365
	355
	348
	539
	3150
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Figure 1. Infrared spectrum of the residue of HTPB heated in the thermogravimetry (TG) furnace under an argon atmosphere at a heating rate of 10℃/min.
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Figure 2. Infrared spectrum of the residue of HTPB heated in the thermogravimetry (TG) furnace under an oxygen atmosphere at a heating rate of 10℃/min
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     Figure 3. DSC trace of HTPB with different amount of antioxidant AO2246 at a heating rate of 10℃/min under an argon (or oxygen) atmosphere
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                Figure 4. Relative sizes of particles with different diameters
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Figure 5. Effect of solid content of AlN fillers on the viscosity of HTPB/AlN thermal paste
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Figure 6. Position of HTPB/AlN thermal paste (TIM) in high power LED 
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[image: image63.png]7 - Ocean acidification and climate change in the aceans
Richard A. Feely, Richard.A.Fesly@nosa.gov, NOAA, Pacific Marine Environmental Laboratory, Seattie, WA 98125, United States

Carbon dioside is one of the most impartant *graen-houss" gases in the atmasphers affecting the radiative heat balancs of the earth. As a
diract result of the industrial and agricultural activities of humans over the past two centuriss, atmospheric CO, concentrations have

increased by about 40%. The global oceans are the largest long-term reservair for this excess heat and CO,, absorbing approximately 85%

of the heat and 30% of the anthropogenic carbon released into the atmosphere since the beginning of the industrial era. Recent research
has demonstrated that both the temperature increases and the increased concentrations of CO, in the oceans are causing significant

hanges in our marine ecosystems. Many marine organisms are already affected by these anthropogenic stresses, including impacts dus to
ocean acidification. The present and future implications of increased CO, levels on the health of our ocean ecosystems and related

ocean-based economies wil be discussed.

Sunday, August 28, 2011 10:55 AM
Global Climate Change (08:35 AM - 12:00 PM)
Location: Colorado Convention Center
Room: 205
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6 - Current and future forcing of climate change by emissions of €O,

Pietor p. Tans, Pister. Tans @noas.gov, NOAA Earth System Research Laboratory, Boulder, CO 80305, United States.

& number of independent lines of evidence show that, without a doubt, the current increase of atmospheric CO, is entirely due to human
activities, in particular the combustion of fossil fuels. The impact of the increases of CO, and other greenhouse gases on the energy

budgat of the earth can be calculated with well-understood physics of absorption/emission of radiation by gaseous malscules and radiative
transfer models. Emitted CO, wil remain in the atmosphere-ocean system for thousands of years. The response of the atmosphere and

oceans, assuming no changes in ocean circulation and biology, can be predicted from known carbonate chemistry. The implied commitment
of today's CO, emissions to long-term changes in the earth heat balance, and thus cimate change, wil be presented.

Sunday, August 28, 2011 10:25 AM
Global Climate Change (08:35 AM - 12:00 PM)
Colorado Convention Center
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3~ Four decades of environmental chemistry and global climate change.
‘Stanley E. Manahan, manahans@missouri.ed, Department of Chernistry, University of Missouri, Columbia, MO 65201, United States

Environmental chemistry is crucial to understanding global clmate change including causes, prevention, and dealing with effects that may
occur. Based upon the speaker's more than four decades in environmental chemistry education, environmental chemistry as it relates to
climate change is presented within the context of fie interdepandent and mutually interacting environmental spheres: (1) Hydrosphere,
(2) atmosphere, (3) geosphere, (4) biosphere, and (5) anthrosphers, that part of the environment constructed and operated by humans.
In dealing with glabal cimate change and with sustainabilty in general, chemistry professionals need a fundamental understanding of
environmental chemistry. Interet resources to aid such an understanding are discussed. In addition to the challenges that global cimate
change may bring, the application of environmental chemistry to dealing with potential climate change presents significant oppartunities
for chemists in areas such as the development of renewable altematives to fossil fuels.

Sunday, August 28, 2011 08:40 AM
Global Climate Change (08:35 AM - 12:00 PM)
Location: Colorado Convention Center
Room: 205
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7 - Climate variability and water: Today and future prospects
Kevin £ Trenberth, trenbart@ucar.edu, NCAR, Eoulder, CO 80307, United States

Human-induced
climate change is already with us. Over the U.S. it has become 3 lot

wetter and cloudier, after the 19705, and without the increased rainfall,
conditions would be much hotter and dier, and drought more common. Further
warming is projected to occur, leading to increased risk of both flooding, and heat
waves and drought. Dry conditions set the stage for drought, heat waves

and wid fires. The changes in extremes of precipitation come about because of
incraased drying and increased water holding capacity of the atmasphera with
warming. Increased moisture fesds

storms and guarantses increased intansity of precipitation (both rain- and
snow-fall), but with increased dry spells in between. Increased intensity of
hurricanes and heavy rains is also liksly. Water management bacomes a

major issue of how to save water from times of excess for the increased dry.
spells in between.

Tuesday, August 30, 2011 11:05 AM
A Sustainable Future: Interface of Energy, Food, Water, and Climate Sustainabiity (08:30 AM - 12:00 PM)
Location: Hyatt Regency Denver Convention Center
Room: Capitol 4

sday, August 30, 2011
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105 - Integration of wind and concentrating solar power with energy storage for baseload renewable power generation
Zhiwon Ma, zhiwen.magnrel.gov, NREL, Golden, CO 80401, United States

Economicaly storing largs quantities of solar- and wind-generated electricity is considerad important approach for significant grid
penstration by renewable power. The combination of renewable power generation and energy storage could overcome the variabilty of
renswable generation alons and create the oppartunity for renawable power to provids base load power. The integration of renewable
power and storage of excess electricity for paak power usage improves the peak load response, and to coordinate the electricity supply
and demand over the grid. Several energy storage tachnologies include mechanical, chamical, and slectrical msthods may be in use or
under development. Comparison of their efficiencies and economic uses for different scales and applications will help use the right
technology for the right purpose. This work studies the possibiity of using thermal energy storage to serve solar- and wind-generation for
baseload power generation. The study will describe its configurations and operational efficiencies, and introduce application and
development needs for large-scale electricity storage. The work also compares different lectricity storage methods ranging from
batteries, compressed air energy storage, pumped hydro, and thermal energy storage, to discuss their applications and economic impacts.
on renewable implementation

Monday, August 29, 2011 10:00 AM

Emerging Energy and Fuel Technologies: Batteries, Solar Cels, and Altemative Fuels (08:15 AM - 12:15 PM)
Location: Embassy Suites

Room: Crestone Ballroom A
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269 - Design of photoelectrochemical cells for the
splitting of water and production of fuel

Ana L. Moore, amocre@asu.ed, Jackson 0. Meggiato, Jesse Bergkamp, Benjamin D Sherman, Smiths Aill, Dalvin Mendez, Thomas A
Moore, Devens Gust. Chemistry & Biochemistry, Arizona State University, Tempe, Arizona 85257-1604, United States

The objactive of this ressarch s the design of bioinspired schemes that couple solar energy canversion to the oxidation of water and
subsequent use of reducing equivalents to synthesize energy-rich compounds such as hydrogen or fuels based on reduced carbon. To
establish the design principles for a tandem, twe-junction

photochemical cel, we are assembling Gratzel-type photoslectrodes sensitized

by pigments inspired by those used in water-oxidizing photosyster 11 (PSII) and

in bacterial photosynthesis. The photoanode, inspired by PSII, will contain

mimic of the water oxidizing side of PSII reaction center. Upon photoexcitation, electrons are injected into semiconductors such as Sn0,.
‘The photoelectrode model of bacterial reaction centers wil be sensitized by low potential naphthalacyanines/phthalocyanines, which
absorb light in the near IR region of the spectrum. Upon photoexcitation, these dyes are designed to injsct electrons into semiconductors
having sufficiently negative conduction bands to effectively drive the reduction of protons to hydrogen.

Tuesday, August 30, 2011 01:35 PM
Emerging Energy and Fuel Technologies: Solar Hydrogen Production (01:30 PM - 0S:50 PM)
Location: Embassy Suites

Room: Crestone Ballroom A
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122 - Fundamental chemistry courses for workforce development in clean energy: Hydrogen/fuel cells

Alla v. Bailey, avbscherit.edu, Massoud 3. Mir, Roman J. Press, K. $ .V. Santhanam, Gerald A. Takacs. Department of Chemistry,
Rochester Institute of Technalogy, Rochester, New York 14623, United States

ur team developed educational components on clean energy and, in particular, hydrogen fusl cel technology. Among thess is our.
textbook titled “Introduction to Hydrogen Technology” (1]. We also introduced, about three years 3o, 3 new course with the same title
offered by our Department of Chemistry. It includes 2 lab session, in which the students assemble a fuel cell and record its characteristics.
such as load curves and efficiency. More recently, we designed and started teaching this course in distance learning format causing
further interest to students. For this online course, we use RIT's MyCourses site for presentation slides, discussion forums, exercises and
exams 35 pedagogic tools. We received 3 portion of 3 major grant focusing on the education of clean energy funded by NYSERDA (New
York State Energy Research and Development Authority). As part of our continuing activities, we are developing  lab Course consisting of
eight experiments relating to hydrogen fuel cell technology.

(1] R. 3. Press, K. S. V. Santhanam, M. J. M, A. V. Bailey and G.A. Takacs, “Introduction to Hydrogen Technology”, John Wiley & Sons,
Inc. (2009).

Monday, August 29, 2011 10:50 AM
Creating Innovation by Collaboration in Green Chemistry Between Industry University Centers and Students (08:30 AM - 11:25 AM)
Location: Sheraton Denver

Room: Spruce,




[image: image70.png]407 - Aluminum bipolar plates with composite coatings for proton exchange membrane fuel cells

Jonnifer Mawdsioy”, mawdsiey @anigov, 3. David Carter’, Suhas Nyog?, Xiaoping Wang', John Vaughey, Rasit koc?. (1) Oiision of
Chemical Sciences and Engineering, Argonne National Laboratory, Argonne, IL 60439, United States, (2) Department of Mechanical
Engineering and Energy Processes, Southern lincis University Carbondale, Carbondae, L 62901, United States

Aluminum-based bipolar plates for proton sxchange membrane fusl cells offar high strangth and durability while weighing up 65% less than
Stainless steel. Aluminum is not, however, corrosion resistant. We have made and tested electrically conductive, protective coatings that
are 3 composite of a fluoropolymer and one or more conductive inorganic filers. The coatings were applied to the aluminum substrate by
wet-spraying followed by heat treatment, and then tested for through-plane electrical conductivity and electrochemical corrosion
resistance in sulfuric acid at 80°C. The coating materials have also baen tested individually for acid and electrochemical stabilty. We have
found that the coatings with the lowest through-plane resistivity are those containing 3 combination of graphite and titanium carbide as
filer, both of which materials tested wellin the acid stabilty tests. Coatings with multiple layers that were made with intermediate
sintering steps performed better in the corrosion test.

Thursday, September 1, 2011 11:20 AM
Fusl Calls Chemistry and Operation (08:00 AM - 12:05 PM)
Location: Embassy Suites

Room: Crestone Ballroom B




[image: image47.png]









22��








系統識別號C10004317























第 40 頁，共 57 頁
PAGE  
第 3 頁，共 57 頁

[image: image71.png]Velu Su

Tuesday, August 30, 2011

240 - Synthesis and characterization of polymer anion exchange membranes for fuel cell applications

Molissa A Vandiver, myandive@mymailmines.edy, Ashley M Maes, amass@mymai.mines.ec, Benjamin R Caire,
beaire@mymail.mines.edu, James L Horan, Matthew W Liberators, Andrew M Herring. Chemical Enginsering, Colorado School of Mines,
Golden, CO 80401, United States

Whils proton exchange membranes in fuel calls have been the primary focus in polymer based fuel calls, anion exchange membranss have
the potential to dramatically lower the cost of fuel cels by utiizing non-noble catalysts and a variety of fuel sources. Historically, anion
exchangs membranes have suffersd from low condustivity, chemical instabilty of the cation in alkali solutions, and mechanical instabiity
over the lifetime of the membrane. In our research we will functionalize perfluorocarbon polymers with 3 variety of quaternary ammonium
cations and test their stability and conductivity potential. In-plane conductivity tests will be performed in 3 multi-channel potentiostat
under temperature and humidity control. Various fim preparation technigues will be explored and morphologies wil be verified by both
microscopy and scattering. The goal of the project i to obtain fundamental understanding of cations and processing, which will lead to
the development of robust anion exchange membranes.

Tuesday, August 30, 2011 03:50 PM
Fusl Calls Chemistry and Operation (01:30 PM - 05:35 PM)
Location: Embassy Suites

Room: Crestone Ballroom B
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