üÀ³Ã®¸Èµ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ¡¿ �ÇÀÑÇ �ßÁÝ±Ó¼ÌÀÂ¿ÇÀ �¦ÁÅ°


�


�ÌÀë´àÇ1�,� �µÃ´ºø¼2�,� �ç¾çÀ£È2�,� �®¹ �ñÈ1�


�üÀ²³ë´ÐÇ³± �ø°÷¾ø°ÐÇú°1�,� �üÀ²³ë´ÐÇ³± �­ÈÐÇø°ÐÇú°2�


�


�R�e�m�o�v�a�l� �o�f� �h�e�a�v�y� �m�e�t�a�l�s� �b�y� �p�r�e�t�r�e�a�t�e�d� �n�a�t�u�r�a�l� �z�e�o�l�i�t�e�s�


�


�D�a�e� �H�a�n�g� �L�e�e�*�,� �B�y�u�n�g� �S�o�o�n� �C�h�e�n�*�*�,� �J�a�i� �H�o� �Y�a�n�g�*�*�,� �H�e�e� �M�o�o�n�*�


�*� �D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �T�e�c�h�n�o�l�o�g�y�,� �C�h�o�n�n�a�m� �N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y�,� �K�w�a�n�g�j�u�,� �5�0�0�-�7�5�7�


�*�*� �D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �C�h�o�n�n�a�m� �N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y�,� �K�w�a�n�g�j�u�,� �5�0�0�-�7�5�7�


�


�­¼ �Ð·


�ÇÇõÇ,� �üÀöÁ �×¹ �µµÝ±»À �Ù´ç·Â´ �ê»÷¾¼ÃÇÀ �óÆö¼,� �¤±ê»óÆö¼,� �ý»°ÈÏÇö¼,� �²¾¹·â± �Å¸³¸åÀ �§ÄâÃö¼ �îµ¸ÀÎ·ÎºÍÅ �êÈ¯·ª³À¿Â´ �ßÁÝ±Ó¼ºÀ �¯Èæ°ÄÆ«±ÇÀ �ä¿ÎÀÌÀç¸,� �ì¿®¸¡° �ç»Â´ �ý»°È¯Èæ°ú° �ý»ÂÅè°¦¸ �Å¸ì¿ �§ÀùÇÏÇí° �ÖÀÙ´.� � �ÌÀ±· �ßÁÝ±Ó¼»À �¦ÁÅ°ÏÇâ± �§ÀÑÇ �æ¹ý¹ßÁ �ÌÀÂ¿³±¯ÈÌÀª³ �íÈøÂºÀ �î¾²¶ �°¹úÁÇÀ �±¼ÃÅûÀÎÀ �¦ÁÅ°¡° �ÊÇä¿ÑÇ �æ°ì¿ �ç»ë¿Çµç¸,� �2�÷Âø°ØÇ¦¸ �¯Àß¹ÏÇöÁ �Ê¾í° �Ù´¥¸ �­ÈÐÇà¾°ÇÌÀª³ �¡¿Ê³öÁ¦¸ �ç»ë¿ÏÇöÁ �Ê¾Æ¾ �Å¸ì¿ �æ°¦ÁûÀÎÀ �æ¹ý¹ÌÀó¶ �ÒÇ �ö¼ �ÖÀÙ´.� � �ßÁÝ±Ó¼ �ÌÀÂ¿ÇÀ �¦ÁÅ°¦¸ �§ÀÑÇ �íÈøÂ¦ÁÎ·Â´ �ÕÇº¼¦ÁÃ¿ó¶ÌÀ®Æ �×¹ �ÌÀÂ¿³±¯Èö¼öÁ¡° �ç»ë¿Çµí° �ÖÀ¸Àª³,� �íÈøÂë¿®·ÌÀ �ì¿ö¼ÑÇ �Ý¹é¸ �¡°Ý°ÌÀ �Ê³«¹ �ô³Æ¾ �æ°¦Áº¼ÌÀ �³¶î¾øÁÙ´.� � �ûµó¶­¼ �ë´Ô±ð¸ �³Ã®¸¦¸ �§ÀØÇ­¼ �Å¸åÀ®·ÌÀ �¹¸í° �ª°ÌÀ �Ñ½ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ¦¸ �ûÀç´ÑÇ �üÀ³Ã®¸ �ú°¤Á»À �Å°ÄÃ �íÈøÂë¿®·»À �õÁ¡°Ã½°Åé¸ �Å¸ì¿ �Å¸Â·ûÀÎÀ �íÈøÂ¦Á¡° �ÈµÙ´.� � �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ¦¸ �ÌÀë¿ÑÇ �ßÁÝ±Ó¼ÇÀ �¦ÁÅ°Â´ �Ü´ø¼ÑÇ �°¹®¸ûÀÎÀ �íÈøÂ¡¿ �ÇÀØÇ­¼¸¸ �ÌÀç·î¾öÁÂ´Ô° �Æ¾Ï´ó¶ �¦ÁÃ¿ó¶ÌÀ®Æ �¸±º¼ �º¼ÐºÇÀ �¯º­È,� �ïÁ �ÌÀÂ¿³±¯È �Ç¶Â´ �­ÈÐÇíÈøÂ¡¿ �ÇÀØÇ �Ý¹ÀÀÌÀ �ÏÀî¾¯³ �ö¼µµ �ÖÀí°,� �©¿â±¡¿ �°¹®¸ûÀÎÀ �íÈøÂî±öÁ �ÔÇ²² �¿µÝ¹ÒÇ �ö¼¡° �ÖÀÂ´ �Í°ÌÀÙ´.� � �ûµó¶­¼ �¾ÁÕÇûÀÎÀ �¬¿¸± �×¹ �òÆ¡°¡° �ÊÇä¿ÏÇç¸ �Ç½èÇÚÀá· �ØÇ®¼ÇÀ �ÐÃ¡ÁºÀ �©¿¯·¡°öÁ �¹ºÕÇ �öÇó»»À �í°Á·ÏÇ©¿ �ûÀë¿ÒÇ �ÊÇä¿¡° �ÖÀÙ´.� � �»º �¬¿¸±¡¿­¼Â´ �æ°Ïº �¸±æ·÷Æ �ÎºÙ±¡¿ �Å¸åÀÈµ �H�e�u�l�a�n�d�i�t�e�è°­¿ �C�l�i�n�o�p�t�i�l�o�l�i�t�e�üÇ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ¦¸ �ê»(�H�C�l�)�,� �Ë¾«Ä®¸(�N�a�O�H�)� �×¹ �ßÁº¼°¿(�N�a�C�l�)� �³Ã®¸ÏÇ©¿ �«ÄåµÅ¹,� �³³,� �¸±®¸,� �¼¼·½ �îµÇÀ �ßÁÝ±Ó¼ �ÌÀÂ¿³±¯È(�íÈøÂ)� �É´Â·»À �Ë°äÅÏÇí°,� �üÀ³Ã®¸Ã½ �Ý±Ó¼º¼Ðºéµ£°ÇÀ �­ÈÐÇûÀ �ÛÀë¿,� �×±®¸í° �X�-�r�a�y� �D�i�f�f�r�a�c�t�i�o�n�,� �S�E�M� �îµÇÀ �â±â±Ðº®¼ûÀÎÀ �ÚÀá·¦¸ �ñº³± �Ë°äÅÏÇ©¿ �ÌÀÂ¿³±¯È �öÇó»»À �Ô±í¸ÏÇç¸,� �Ü´ÏÀº¼ÐºÇÀ �íÈøÂòÆüÇÌÀÐ·¡¿ �ÇÀÑÇ �ð¸ç»¦¸ �ëÅØÇ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ¦¸ �ÌÀë¿ÑÇ �ßÁÝ±Ó¼ �¦ÁÅ°ÇÀ �Ç½¦Áø°¤Á¡¿ �ÖÀî¾­¼ �â±ÊÃÚÀá·Î· �°Èë¿ �¡°É´äÅÏ· �ÏÇÂ´¥µ �ñ¸ûÀÌÀ �ÖÀÙ´.�


�


�


�Ç½ �èÇ


�µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �¯Æº¼ � � �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �ÖÁä¿¯Æº¼ºÀ �íÈøÂë¿µµ,� �M�o�l�u�c�u�l�a�r� �S�i�e�v�e�ë¿µµ,� �ç¾ÌÀÂ¿ �³±¯È¼ÃÎ·­¼ÇÀ �ë¿µµÌÀí° �­ÈÐÇûÀÎÀ �¶Áº¼ºÀ �<�¥Ç �1�>�ú° �°°Ù´.���


�<�¥Ç1�>� �C�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n�s� �o�f� �n�a�t�u�r�a�l� �z�e�o�l�i�t�e�


�º¼ � �Ðº�
�S�i�O�2��
�A�l�2�O�3��
�F�e�2�O�3��
�M�g�O��
�C�a�O��
�N�a�2�O��
�K�2�O��
�P�2�O�5��
�H�2�O�(�+�)��
��
�ÔÇ®·(�%�)��
�6�6�.�5��
�1�4�.�7��
�1�.�6�8��
�1�.�2�5��
�1�.�8�2��
�1�.�9�0��
�3�.�2�5��
�0�.�0�4��
�8�.�0�4��
��
�


�


� � �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �òÆÕ± �m�i�c�r�o�p�o�r�e� �©Åâ±Â´ �3� �-� �1�0�Å� �¤ÁµµÌÀí° �ç¾ÌÀÂ¿ �³±¯ÈÉ´ÌÀ �1�0�0�M�e�/�1�0�0�g� �ÌÀó»ÇµÂ´ �ª°»À �¡°öÁí° �ÖÀÙ´.� � �ö¼ë¿×¾ó»ÇÀ �ö¼Ò¼ÌÀÂ¿ó³µµ(�p�H�)�Â´ �à¾ �7�.�2�¤ÁµµÌÀí°,� �Ð¹µµÂ´ �1�.�9�1� �-� �2�.�9�1� �g�/�c�m�3�,� �ñºßÁºÀ �1�.�7� �-� �1�.�8� �¤ÁµµÌÀÙ´.�


���Ç½èÇ �×¹ �Ã½á·Ðº®¼ � � �ê»,� �Ë¾«Ä®¸,� �ßÁº¼°¿³Ã®¸ �îµ �3�¡°öÁ �æ¹ý¹¡¿ �ÇÀÏÇ´¿í°,� �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ(�N�/�Z�)�ÇÀ �©Åâ±Â´ �1�6�/�3�0�m�e�s�h�(�0�.�5�9� �-� �1�.�1�9� �m�m�)�Î·­¼ �A�S�T�M� �¥ÇØÁ¼ÃÎ· �Ðº®¸ÑÇ �ÄÈ �ÊÃø¼ö¼Î· �Ä¾í° �øÁø°Ç°¶Á �Ã½²Å �ÄÈ �í°¤ÁþÃ �®Ä³·»À �ëÅú°Ã½ÑÄ �5�m�l�/�m�i�n� �¯ÀÓ¼¸ÀÎ· �2�4�Ã½£°¿µÈ¾ �üÀ³Ã®¸ÏÇ´¿Ù´.� � �ë¿×¾ßÁÇÀ �ó³µµÐº®¼¡¿Â´ �N�a�I� �S�c�i�n�t�i�l�l�a�t�i�o�n� �c�o�u�n�t�e�r�Í¿ �I�C�P�¦¸ �ç»ë¿ÏÇ´¿í°,� �X�-�r�a�y� �D�i�f�f�r�a�c�t�i�o�n�,� �S�E�M�Ðº®¼ �îµ»À �Ç½Ã½ÏÇ´¿Ù´.� � �ßÁÝ±Ó¼ �P�b�,� �C�d�,� �C�s�,� �C�u�,� �îµÇÀ �ÊÃâ±ó³µµÂ´ �0�.�0�5� �m�o�l�/�m�3� �-� �3�0� �m�o�l�/�m�3�ÌÀí°,� �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �ç¾ºÀ �0�.�5�g�,� �íÈøÂë¿×¾ÇÀ �ç¾ºÀ �1�0�0�m�l�»À �ç»ë¿ÏÇ´¿í°,� �4�8�Ã½£° �¿µÈ¾ �Ã½á·¡° �ã´ä± �ï»¢°ÃÇó¶º½©Å¦¸ �×ÇÂ¿³±Ý¹â±¦¸ �ÌÀë¿ÏÇ©¿ �3�0�o�C�Î· �¯ÀöÁÏÇé¸­¼ �³±Ý¹Ã½ÑÄ �ÖÃ¾Á �òÆüÇó³µµ¡¿ �µµÞ´ÒÇ �ö¼ �ÖÀµµÏ· �ÏÇ´¿Ù´.�����


�á°ú° �×¹ �äÅÐ·


�B�E�T� �íÈøÂîµÂ¿±¼ � � �1�N� �N�a�C�l�,� �N�a�O�H�,� �H�C�l� �îµ �3�¡°öÁ �ë¿×¾¸ÀÎ· �üÀ³Ã®¸ÑÇ �ÄÈ �B�E�T� �íÈøÂîµÂ¿±¼»À �øÃ¤ÁÑÇ �á°ú° �H�C�l�³Ã®¸ÑÇ �æ°ì¿ �¥Çé¸ûÀÌÀª³ �P�o�r�e� �V�o�l�u�m�e�ÌÀ �¡°åÀ �©Åí° �°¹®¸ûÀÎÀ �íÈøÂ®·ÇÀ �³°ä³¸ÀÎ· �¼º§¶ �íÈøÂ �¦ÁÅ°²ÀÌÀ �¡°åÀ �¬ÅÍ°¸ÀÎ· �â±ë´Åµú¾Ù´.� � �×±¯·ª³ �Ç½¦Á �òÆüÇÇ½èÇ¡¿ �ÇÀÑÇ �á°ú°¦¸ �¸ºé¸ �üÀôÇ �Ý¹ë´ÇÀ �öÇó»ÌÀ �ª³¸Å²³»À �Ë¾ �ö¼¡° �ÖÀÙ´.� � �©¿â±¡¿­¼ �í°Á·ÒÇ �ç»×ÇºÀ �ßÁÝ±Ó¼ �¦ÁÅ°ÇÀ �Þ¸«ÄÏ´òÁÌÀ �íÈøÂöÇó»¡¿ �ÇÀØÇ­¼¸¸ �ÌÀç·î¾öÁöÁ �Ê¾Â´Ù´Â´ �Í°ÌÀÙ´.� � �¼¼ø°Ðº÷Æ¦¸ �ñº³±ØÇ �¸ºé¸ �N�a�C�l�¡¿ �ÇÀØÇ �üÀ³Ã®¸ÑÇ �æ°ì¿¡° �Ù´¥¸ �æ°ì¿¡¿ �ñºØÇ �m�i�c�r�o� �p�o�r�e�¡° �ÎÈÀ¾ �õ´ �ß¹Þ´ØÇ �ÖÀ½À»À �¼º �ö¼ �ÖÀÙ´.� � �òÆÕ± �m�i�c�r�o� �p�o�r�e�ÇÀ �©Åâ±Â´ �5�Ê¡¤ÁµµÎ· �ßÁÝ±Ó¼ø¿ÚÀ¦¸ �±¼ÃÅûÀ¸ÀÎ· �¦ÁÅ°ÒÇ �ö¼¡° �ÖÀÙ´[�×±²¸1�]�.� � �


�üÀ³Ã®¸ �ÄÆú°Ç½èÇ � � �1�m�o�l�/�¤§ÇÀ �N�a�C�l�,� �N�a�O�H�,� �H�C�l�ë¿×¾¡¿ �ÇÀØÇ �üÀ³Ã®¸ÑÇ �æ°ì¿ �Ý±Ó¼ó³µµ¦¸ �Ã½£°¡¿ �ûµó¶ �Ðº®¼ÑÇ �á°ú° �N�a�C�l�¡¿ �ÇÀÑÇ �æ°ì¿Â´ �S�i�4�+�ª³ �A�l�3�+� �îµÌÀ �Å°ÇÀ �ë¿âÃÇµöÁ �Ê¾Ò¾í°,� �N�a�O�H�ÇÀ �æ°ì¿Â´ �ÊÃâ±¡¿ �Ò¼®·ÇÀ �A�l�3�+�ÌÀ �ë¿âÃÇµú¾¸Àç¸,� �H�C�l�³Ã®¸ÑÇ �æ°ì¿Â´ �A�l�3�+�,� �F�e�2�+�,� �M�g�2�+�,� �N�a�+�,� �C�a�+�,� �K�+� �îµ �ÌÀÂ¿ÌÀ �ë¿âÃÇµî¾ �ª³Ô¿Ù´.� � �H�C�l�³Ã®¸ÑÇ �æ°ì¿Â´ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �â±»º �ñ°Ý°»À �ÌÀç·í° �ÖÀÂ´ �Ý±Ó¼î±öÁ �ÌÀÂ¿³±¯ÈÃ½ÑÄ �ñº¥Çé¸ûÀÌÀ �¡°åÀ �­Å¡¿µµ �Òº¸±ÏÇí° �¡°åÀ �·³ºÀ �ÌÀÂ¿³±¯È®·»À �ª³¸Å»³ú¾Ù´[�×±²¸2�]�.� � �N�a�O�H�³Ã®¸ÑÇ �æ°ì¿µµ �à¾£°ÇÀ �ñ°Ý°¯ºüÇÌÀ �ý»â±ª³ �ÌÀÂ¿³±¯È®·¡¿ �ÖÀî¾­¼Â´ �âÇó»Çµú¾Ù´.� � �N�a�C�l�Î· �³Ã®¸ßÇ»À§¶Â´ �C�a�,� �K�,� �M�g� �îµÌÀ �N�a�¸ÀÎ· �ÌÀÂ¿³±¯ÈÇµî¾ �ñº¥Çé¸ûÀ»À �õÁ¡°Ã½×Ä»À �Ó» �Æ¾Ï´ó¶ �ÌÀÂ¿³±¯ÈÉ´»À �¹¸ÌÀ �âÇó»Ã½ÑÄ­¼ �ßÁÝ±Ó¼¦ÁÅ° �¿Èú°¡° �¡°åÀ �ÁÁÒ¾Ù´.� � �üÀ³Ã®¸ �ó³µµ(�1�m�o�l�/�¤§,� �2�m�o�l�/�¤§,�3�m�o�l�/�¤§)� �¯º­È¡¿ �ûµ¥¸ �C�a�,� �K�,� �M�g�Ý±Ó¼ �ë¿âÃ®·ºÀ �¶ÁÝ±¿¾ �õÁ¡°ÏÇ´¿¸Àª³,� �ÌÀ¦¸ �ÌÀë¿ÑÇ �òÆüÇÇ½èÇ¡¿­¼Â´ �ßÁÝ±Ó¼ �¦ÁÅ°É´¡¿ �ÖÀî¾ �«Å �÷ÂÌÀ¡° �ø¾ú¾Ù´.� �


�X�-�r�a�y� �×¹ �S�E�M� �Ðº®¼ � � �X�-�r�a�y� �Ðº®¼á°ú°¦¸ �¸ºé¸,� �ç»ë¿Èµ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÂ´ �H�e�u�l�a�n�d�i�t�e�,� �C�a�n�c�r�i�n�i�t�e�,� �P�h�i�l�l�i�p�s�i�t�e� �îµÌÀ �ÔÇ¯ÀÈµ �C�l�i�n�o�p�t�i�l�o�l�i�t�e�Î·­¼ �N�a�C�l�,� �N�a�O�H� �³Ã®¸ÑÇ �æ°ì¿Â´ �N�a�ÔÇ¯À®· �õÁ¡°Î· �ÎÀØÇ �C�l�i�n�o�p�t�i�l�o�l�i�t�e�ÇÀ �¯Æº¼ÇÇ©Å¡° �¿ÄöÁí° �H�e�u�l�a�n�d�i�t�e�ÇÀ �¯Æº¼ÇÇ©ÅÂ´ �ÛÀÆ¾öÁÂ´ �Í°»À �¼º �ö¼ �ÖÀú¾Ù´.� � �


�


�


�H�C�l�³Ã®¸ÑÇ �æ°ì¿ �C�l�i�n�o�p�t�i�l�o�l�i�t�e�Í¿ �H�e�u�l�a�n�d�i�t�e�ÇÀ �¯Æº¼ÇÇ©ÅÂ´ �¨°Ò¼ÔÇ»À �®ÈÎÀÒÇ �ö¼ �ÖÀú¾Ù´.� � �S�E�M� �Ðº®¼¡¿ �ûµ£¸é¸ �H�C�l�³Ã®¸ÑÇ �æ°ì¿Â´ �¥Çé¸ÌÀ �ÒºÔ±¢ÄÏÇÔ° �ì³Æ¾ÖÀÂ´ �çÈûÀ»À �¼º �ö¼¡° �ÖÀí°,� � �N�a�C�l� �³Ã®¸ÑÇ �æ°ì¿Â´ �á°¤ÁÝ°ÚÀ �¸±¶Á¡° �¹¸ºÀ �·¸ë´¡° �÷Æ³°®Á �ÖÀÂ´ �üÇó»¸ÀÎ· �ÌÀÂ¿³±¯ÈÌÀ �±½Ô° �ÌÀç·î¾ �öÁµµÏ· �ØÇÖÁÂ´ �Í°¸ÀÎ· �¸ºÎÀÙ´.� � �


���òÆüÇÇ½èÇ � � �³³,� �«ÄåµÅ¹,� �¸±®¸,� �¼¼·½ �¢° �º¼Ðº¡¿ �ë´ÑÇ �òÆüÇÇ½èÇ �á°ú°Â´ �³³ú° �¼¼·½ÇÀ �æ°ì¿Â´ �C�h�a�b�a�z�i�t�e�¡° �¡°åÀ �ÌÀÂ¿³±¯ÈÉ´ÌÀ �Ù¶î¾ª³í°,� �N�a�C�l�,� �N�a�O�H�,� �N�/�T�,� �H�C�l�ÇÀ �ø¼¸ÀÎ· �¨°Ò¼ÔÇ»À �¸º©¿ÖÁú¾Ù´[�×±²¸3�]�.� � �×±¯·ª³ �«ÄåµÅ¹ú° �¸±®¸ÇÀ �æ°ì¿Â´ �N�a�C�l�³Ã®¸ÑÇ �Í°ÌÀ �ó»÷¾ë¿ÎÀ �C�h�a�b�a�z�i�t�e�(�A�W�-�5�0�0�)�¸ºÙ´ �ÌÀÂ¿³±¯ÈÉ´ÌÀ �Ù¶î¾²³»À �¸º©¿ �ÖÁú¾Ù´[�×±²¸4�]�.� � �¹±»³ê» �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®Æ(�C�l�i�n�o�p�t�i�l�o�l�i�t�e�)�¦¸ �N�a�C�l� �üÀ³Ã®¸ÏÇ©¿ �ç»ë¿ÏÇÂ´ �Í°ºÀ �æ¹ý¹ÌÀ �£°Ü´ÏÇí°,� �ñºë¿µµ �úÀÅ·ÏÇç¸ �í°¡°ÎÀ �ó»÷¾ë¿ �C�h�a�b�a�z�i�t�e�¡¿ �ö¹Ý±¡°Â´ �ßÁÝ±Ó¼ �¦ÁÅ°¿Èú°¡° �ÖÀî¾ � �ÌÀ �æ¹ý¹¡¿ �ÇÀÑÇ �³Ã®¸ø°¤ÁÇÀ �Ç½ë¿­ÈÂ´ �Å¸ì¿ �¯Àë¿ÑÇ �æ¹ý¹ÌÀ �ÉµÍ°¸ÀÎ· �ý»¢°ÈµÙ´.� � �H�C�l� �³Ã®¸ÑÇ �æ°ì¿ �ñº¥Çé¸ûÀÌÀ �¡°åÀ �©ÅöÁ¸¸ �¡°åÀ �·³ºÀ �á°ú°¦¸ �¸º©¿ÖÁÂ´Í°ºÀ �µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �¦ÁÅ° �Þ¸«ÄÏ´òÁÌÀ �íÈøÂ¡¿ �ÇÀØÇ �¦ÁÅ°Çµâ± �¸ºÙ´Â´ �Å°ÇÀ �ÌÀÂ¿³±¯È¡¿ �ÇÀØÇ �ÌÀç·î¾öÁí°,� �ÌÀÂ¿³±¯Èú° �ÔÇ²² �°¹®¸ûÀÎÀ �ÛÀë¿¸ÀÎ· �ÎÀØÇ �íÈøÂöÇó»ÌÀ �ßÁÝ±Ó¼ �¦ÁÅ°É´»À �ó¾¶¸£° �õÁ¡°Ã½°ÅÂ´ �Í°¸ÀÎ· �¸ºÎÀÙ´.� � �H�C�l�³Ã®¸ÑÇ �æ°ì¿¡¿Â´ �ÌÀÂ¿³±¯È¸ºÙ´Â´ �íÈøÂÇÀ �µ¿âÇ»À �¹¸ÌÀ �Þ¹Â´Í°¸ÀÎ· �¼º �ö¼¡° �ÖÀÙ´.� � �×± �ÌÀ¯ÀÂ´ �ÌÀÂ¿³±¯È �Çµî¾ �ª³Â¿ �C�a�,� �K�,� �M�g� �Ý±Ó¼ÌÀÂ¿éµÇÀ �ç¾ÌÀ �Ë¾®Ä®¸ �×¹ �ßÁº¼°¿ �³Ã®¸ÑÇ �æ°ì¿¸ºÙ´ �ÎÈÀ¾ �ÛÀâ± �§¶®¹ÌÀÙ´.� � �òÆüÇÇ½èÇ �á°ú°¦¸ �S�i�p�s�Ä½¡¿ �ÇÀØÇ �ð¸ç»ØÇ �»º �á°ú° �E�r�r�o�r�¡° �à¾ �1�0�%� �ÌÀ»³Î· �P�r�e�d�i�c�t�i�o�n�ÌÀ �¡°É´ÏÇª³,� �Ç½¦ÁÎ·Â´ �ÌÀÂ¿³±¯Èú° �íÈøÂ»À �¿µÃ½¡¿ �í°Á·ÑÇ �ÌÀÐ·Ä½ÇÀ �ûÀë¿ÌÀ �ÊÇä¿ÏÇ®¸ó¶ �ÇÆÜ´ÈµÙ´.�
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�K�a�h�n�,� �S�.� �A�.�,� �R�e�h�m�a�n�,� �R�.� �a�n�d� �K�h�a�n�,� �M�.� �A�.�,� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �1�5�,� �2�7�1�(�1�9�9�5�)�


�C�o�r�a�p�c�i�o�g�l�u�,� �M�.� �O�.� �a�n�d� �H�u�a�n�g�,� �C�.� �P�.�,� �“�T�h�e� �A�d�s�o�r�p�t�i�o�n� �o�f� �H�e�a�v�y� �M�e�t�a�l�s� �o�n�t�o���H�y�d�r�o�u�s� �A�c�t�i�v�a�t�e�d� �C�a�r�b�o�n�”�,� �W�a�t�e�r� �R�e�s�.� �2�1�,� �1�0�3�1�(�1�9�8�7�)�


�P�r�a�d�a�s�,� �E�.� �G�.�,� �S�a�n�c�h�e�z�,� �M�.� �V�.�,� �e�t�c�,� �“�A�d�s�o�r�p�t�i�o�n� �o�f� �C�a�d�i�m�i�u�m� �a�n�d� �Z�i�n�c� �f�r�o�m� �A�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�n� �N�a�t�u�r�a�l� �a�n�d� �A�c�t�i�v�a�t�e�d� �B�e�n�t�o�n�i�t�e�”� �J�.�C�h�e�m�.�T�e�c�h�.�B�i�o�t�e�c�h�n�o�l�.�,�5�9�,� �2�8�9�(�1�9�9�4�)�


�B�u�d�i�n�o�v�a�,� �T�.� �K�.�,� �G�e�r�g�o�v�a�,� �K�.� �M�.� �e�t�c�.�,� �“�R�e�m�o�v�a�l� �o�f� �M�e�t�a�l� �I�o�n�s� �f�r�o�m� �A�q�u�e�o�u�s� �S�o�l�u�t�i�o�n� �b�y� �A�c�t�i�v�a�t�e�d� �C�a�r�b�o�n�s� �O�b�t�a�i�n�e�d� �f�r�o�m� �D�i�f�f�e�r�e�n�t� �R�a�w� �M�a�t�e�r�i�a�l�s�”� �J�.� �C�h�e�m�.� �T�e�c�h�.� �B�i�o�t�e�c�h�n�o�l�.�,� �6�0�,� �1�7�7�(�1�9�9�4�)�


�C�o�r�a�p�c�i�o�g�l�u�,� �M�.� �O�.� �a�n�d� �H�u�a�n�g�,� �C�.� �P�.�,� �“�T�h�e� �A�d�s�o�r�p�t�i�o�n� �o�f� �H�e�a�v�y� �m�e�t�a�l�s� �o�n�t�o� �H�y�d�r�o�u�s� �A�c�t�i�v�a�t�e�d� �C�a�r�b�o�n�”� �W�a�t�.� �R�e�s�.� �V�o�l�.� �2�1�,� �N�o�.� �9�,� �1�0�3�1�(�1�9�8�7�)� �


�K�w�a�n�,� �S�.� �H�.�,� �K�i�m�,� �G�.� �W�.�,� �e�t�c�.�,� �“�A�d�s�o�r�p�t�i�o�n� �o�f� �H�e�a�v�y� �M�e�t�a�l� �I�o�n�s�(�C�d�,� �e�t�c�.�)� �u�s�i�n�g� �C�h�i�t�o�s�a�n� �B�e�a�d�”� �K�o�r�e�a�n� �J� �S�a�n�i�t�a�t�i�o�n�,� �V�o�l�.� �1�1�,� �N�o�.� �3�,� �1�(�1�9�9�6�)�


�L�e�e�,� �H�.� �G�.� �“�A�d�s�o�r�p�t�i�o�n� �o�f� �A�q�u�e�o�u�s� �R�a�d�i�o�a�c�t�i�v�e� �C�s� �a�n�d� �S�r� �o�n�t�o� �Z�e�o�l�i�t�e�s�”� �P�h�D� �t�h�e�s�i�s�,� �D�e�p�t�.� �o�f� �I�n�d�.� �&� �E�n�g�.� �C�h�e�m�i�s�t�r�y�,� �C�h�o�n�n�a�m� �N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y�(�1�9�9�7�)� �


�P�a�b�a�l�a�n�,� �R�.� �T�.�,� �“�N�o�n�i�d�e�a�l�i�t�y� �E�f�f�e�c�t�s� �o�n� �t�h�e� �I�o�n� �E�x�c�h�a�n�g�e� �B�e�h�a�v�i�o�r� �o�f� �t�h�e� �Z�e�o�l�i�t�e� �M�i�n�e�r�a�l� �C�l�i�n�o�p�t�i�l�o�l�i�t�e�”� �M�a�t�.� �R�e�s�.� �S�o�c�.� �S�y�m�p�.� �P�r�o�c�.�,� �V�o�l�.� �2�1�2�,� �5�5�9�(�1�9�9�1�)�


�P�e�r�o�n�a�,� �J�.� �J�.�,� �"�M�o�d�e�l� �f�o�r� �S�r�-�C�s�-�C�a�-�M�g�-�N�a� �I�o�n�-�E�x�c�h�a�n�g�e� �E�q�u�i�l�i�b�r�i�a� �o�n� �C�h�a�b�a�z�i�t�e�,�"� �A�I�C�h�E� �J�o�u�r�n�a�l�,� �3�9�(�1�0�)�,� �p�p�.� �1�7�1�6�-�1�7�2�0�,� �1�9�9�3�


�Z�a�m�z�o�w�,� �M�.� �J�.�,� �E�i�c�h�b�a�u�m�,� �B�.� �R�.�,� �e�t�c�.�,� �“�R�e�m�o�v�a�l� �o�f� �H�e�a�v�y� �M�e�t�a�l�s� �a�n�d� �O�t�h�e�r� �C�a�t�i�o�n�s� �f�r�o�m� �W�a�s�t�e�w�a�t�e�r� �u�s�i�n�g� �Z�e�o�l�i�t�e�s�”� �S�e�p�.� �S�c�i�.� �&� �T�e�c�h�.�,� �2�5�(�1�3�-�1�5�)�,� �1�5�5�5�(�1�9�9�0�)�


�è±­ÈßÁ �Ü¿ �3�ÎÀ,� �“�µÃ¬¿¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �ó»Ô±í¸ �×¹ �Ï¾ð¸Ï´Æ¾ �¦ÁÅ° �¯Æº¼”�,� �J�.� � �K�o�r�e�a�n� �I�n�d�.� �&� �E�n�g�.� �C�h�e�m�i�s�t�r�y�,� �V�o�l�.�7�,� �N�o�.�1�,� �p�p�.�4�3�-�5�0�(�1�9�9�6�)�
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