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ABSTRACT

This research is aimed at the internal impurities removal of nature quartz from different areas. According to the forming conditions

are not alike, the ingredients, distribution, and content of metal impurities are also different. If one can use a simple process to purify

the quartz and still maintain the α-quartz crystal structure. It is believed that many practical applications for the solar energy and

photoelectric industries will be achieved. First, the natural quartz should be crushed, sieved, magnetic separated, acidic leaching,

washing and dried to be the experimental material. Following treated with low temperature water quenching process to promote the

cracking along the grain boundary which due to the residual stress of quenching. Since the grain boundary cracks created and

impurities exposed, the process of acidic leaching together with ultrasonic cleaning was applied. If the effect of acidic leaching not

remarkable enough, still other purification methods can be proceed which included frequency conversion ultrasonic cleaning, low

temperature high pressure (hydrothermal), high temperature negative pressure or high temperature high vacuum processes. From

experimental results shown that, the best purified processes are after 600℃ water quenching, followed by hydrothermal treatment

mixed with the hydrochloric acid and hydrofluoric acid in the ratio of 4:2. The outcome data showed that the impurity elimination

rate of De-hua quartz powder achieved 76%, respectively. Even the high crystallinity and perfect crystal structure Sri Lanka quartz

powder could also achieve 31% elimination rate. Comparing the purity of purified De-hua quartz powder with the standard of

American UNIMIN highest solar grade powder, found that almost all metal impurities and total amount impurity have conformed

the standard except the sodium content. Therefore, we believed that De-hua powder should be satisfied the needs of manufacturing

the poly silicon quartz crucible, even fitting the requirement of outer layer quartz powder for single silicon quartz crucible for solar

and/or semiconductor industries.

Keywords : Water Quenching、Acidic Leaching、Hydrothermal Process、Purification、α-Quartz、Impurity Elimination Rate

Table of Contents

封面內頁 簽名頁 中文摘要...iii ABSTRACT...iv 誌謝...vi 目錄...vii 圖目錄...x 表目錄...xii 第一章 前言...1 第二章 文獻回顧...3

2.1 石英簡介...3 2.1.1 石英的用途...3 2.2 二氧化矽的簡介...5 2.3 二氧化矽的晶體與轉變...7 2.3 石英玻璃簡介...10 2.3.1 雜質

對石英玻璃品質的影響...11 2.4 石英中包裹體的形成機理及分類...12 2.4.1 石英包裹體的形成機理...12 2.5 相關石英礦雜質移

除研究之文獻回顧...15 第三章 實驗方法...35 3.1 實驗材料...35 3.2 實驗規劃...37 3.3 實驗前處理...41 3.4 高溫、低溫水淬實

驗...42 3.6 低溫高壓水熱酸洗處理...44 3.7 高溫負壓處理...45 3.8 高溫高真空處理...47 3.9 石英試樣之檢測設備...48 第四章 實

驗結果分析與討論...52 4.1 粒徑0.25~0.50 mm 連城石英粉料高溫水淬酸洗效果分析...52 4.2 不同粒徑連城石英粉料低溫水淬

酸洗效果分析...54 4.2.1 小粒徑連城石英粉經低溫水淬之SEM結晶形貌觀察...57 4.3 第二階段石英礦純化參數效果分析...59

4.3.1 低溫水淬粉料經超音波變頻爆洗(共振)效果分析...59 4.3.2 低溫水淬粉料經由低溫高壓(水熱)效果分析...61 4.3.3 低溫水

淬粉料經由高溫負壓(進氣)效果分析...62 4.3.4 低溫水淬粉料經由高溫高真空(氣化揮發)效果分析...63 4.3.5 第二階段石英礦

純化參數效果討論...64 4.4 第三階段石英礦純化參數效果分析...66 4.4.1 一次水淬粉料經不同酸液配比、低溫高壓水熱處理

實驗...66 4.4.2 多次水淬粉料經不同酸液配比、低溫高壓水熱處理實驗...69 4.4.3 多次水淬粉料與不同酸液配比經低溫高壓

水熱處理實驗...72 4.4 石英粉料經最佳參數組合之試驗結果分析...75 4.4.1 水熱製程對於不同地區石英粉料金屬雜質去除率

之整體分析...75 4.5 德化透明石英粉經各階段製程處理後之晶體結構分析...78 4.6 最佳參數純化石英粉與美國UNIMIN太陽

能等級標準相比較...80 第五章 結論...81 參考文獻...83

REFERENCES

[1]石英，維基百科(2012)， http://zh.wikipedia.org/zh-tw/。�

[2]石英材料特性，百度文庫， http://wenku.baidu.com/。�

[3]矽產業原料-矽石簡介，山東辛化硅膠有限公司。�

[4]二氧化矽，維基百科(2012)， http://zh.wikipedia.org/zh-tw/。�

[5]二氧化硅，百度百科， http://baike.baidu.com/。�

[6]洪璐，“石英原料中雜質的高溫去除方法研究”，蘇州大學材料 與化學化工學部碩士論文，2006。�



[7]SiO2的晶體及轉化，生意社資訊，2009。�

[8]玻璃，維基百科(2012)， http://zh.wikipedia.org/zh-tw/。�

[9]石英玻璃，百度百科， http://baike.baidu.com/。�

[10]茆令文，谷翠紅，吳建新，于永琪，“脈石英替代水晶生產高純石英砂試驗研究”，蚌埠玻璃工業設計研究院，建材世界2010年第

三十一卷第一期。�

[11]H.L. Zhao, D.X. Wang, Y.X. Cai, F.C. Zhang, “Removal of iron from silica sand by surface cleaning using power ultrasound”, Materials

Engineering 20, pp.816-818, 2007.�

[12]J. Dietl, “Hydrometallurgical purification of metallurgical grade silicon”, Solar Cells, pp.145-154, 1983.�

[13]F.H. Du, J.S. Li, X.X. Li, Z.Z. Zhang, “Improvement of iron removal from silica sand using ultrasound-assisted oxalic acid”, Ultrasonics

Sonochemistry 18, pp.389-393, 2011.


