©ÅÒ·è° �ËÃÅ¸¦¸ �ÌÀë¿ÑÇ �P�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�ÇÀ �ÐºØÇÝ¹ÀÀ


�


�í°¿µØÁ,� �ÓÀº¼ë´,� �ÔÇº¼ø¿,� �²³ÎÀÄ½


�÷Æ×Çê»÷¾ú°ÐÇ¬¿¸±ø¿ �¯Èæ°ËÃÅ¸¬¿¸±ÀÆ �/� �÷Æ×Çø°ú°ë´ÐÇ³± �­ÈÐÇø°ÐÇú°,� �¯Èæ°ø°ÐÇÎº


�


�C�a�t�a�l�y�t�i�c� �D�e�s�t�r�u�c�t�i�o�n� �o�f� �P�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e� �o�v�e�r� �C�r�-�b�a�s�e�d� �C�a�t�a�l�y�s�t�s�


�


�D�o�n�g� �J�u�n� �K�o�h�,� �S�u�n�g� �D�a�e� �E�e�m�,� �S�u�n�g�-�W�o�n� �H�a�m� �a�n�d� �I�n�-�S�i�k� �N�a�m�


�E�n�v�i�r�o�n�m�e�n�t�a�l� �C�a�t�a�l�y�s�i�s� �T�e�a�m�,� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �o�f� �I�n�d�u�s�t�r�i�a�l� �S�c�i�e�n�c�e� �&� �T�e�c�h�n�o�l�o�g�y� �/� �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�,� �S�c�h�o�o�l� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �P�o�h�a�n�g� �U�n�i�v�e�r�s�i�t�y� �o�f� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�


�


�­¼Ð·


�°¿Ò¼è° �¯Àâ±­ÈÕÇ°¹ºÀ �ë¿Å¸Î·­¼ÇÀ �É´Â·ÌÀ �Ù¶î¾ª³í° �ô³ºÀ �ÖÈß¹º¼ú° �úÀÎÀ­Èº¼ �îµÇÀ �¯Æ¡Â»À �®°í° �ÖÀî¾­¼ �ê»÷¾è° �©¿¯·Ðºß¾¡¿­¼ �¯Àâ±ë¿¦Áª³ �¼¼¤Á¦Á �îµ¸ÀÎ· �Î³®¸ �ç»ë¿Çµí° �ÖÀÙ´.� �×±¯·ª³ �ÌÀéµ �°¹úÁºÀ �ÖÈß¹º¼ �îµ¸ÀÎ· �ÎÀØÇ �ë´â±ßÁ¸ÀÎ· �¯ÀâÃÇµî¾ �ø°â±¦¸ �À¿°¿Ã½³Å �Ó»¸¸ �Æ¾Ï´ó¶ �×± �ÚÀ¼Ã¡° �¶µº¼»À �®°í° �ÖÀâ± �§¶®¹¡¿ �¸Èö¼ÏÇÅ°ª³ �¦ÁÅ°Çµî¾ß¾ �ÑÇÙ´.� �


�ÌÀ¸·Ô° �è¹âÃÇµÂ´ �°¿Ò¼è° �¯Àâ±­ÈÕÇ°¹»À �¦ÁÅ°ÏÇÂ´ �æ¹ý¹¸ÀÎ·Â´ �í°Â¿¬¿Ò¼æ¹ý¹ú° �ËÃÅ¸ê»­Èæ¹ý¹ÌÀ �ÌÀë¿Çµî¾ �Ô¿Ù´.� �­¿¡¿ �ÇÀÑÇ �í°Â¿¬¿Ò¼æ¹Ä½ºÀ �1�0�0�0�o�C�ÌÀó»ÇÀ �ô³ºÀ �Â¿µµ¡° �ÊÇä¿ÏÇâ± �§¶®¹¡¿[�1�]� �æ°¦ÁûÀÌÀöÁ �ø¸ÑÇ �Ü´¡ÁÌÀ �ÖÀ¸Àç¸,� �Ù´ÌÀÁ¿Å½ú° �°°ºÀ �¯À¶µº¼ �°¹úÁÌÀ �ý»º¼Éµ �ö¼µµ �ÖÀÙ´.� �ËÃÅ¸ê»­Èæ¹Ä½ºÀ �ñº³±ûÀ �·³ºÀ �Â¿µµ¡¿­¼ �î¿üÀÌÀ �Çµâ± �§¶®¹¡¿ �¬¿á·ñº¡° �üÀ¼Ã �¶Á÷¾ñºÇÀ �à¾ �4�0�%�¦¸ �÷ÂöÁÏÇÂ´ �í°Â¿¬¿Ò¼ý¹[�2�]�¡¿ �ñºØÇ �¡¿Ê³öÁ �Ò¼ð¸¡° �©ÅÔ° �ÙÁî¾çµÙ´.� �ûµó¶­¼ �ÐºøÁÌÀª³ �ËÃÅ¸ �ÇÇ¶µ �îµÌÀ �®¹¦Á¡° �ÇµöÁ �Ê¾Â´ �åÀÒ¼¡¿­¼Â´ �ËÃÅ¸ê»­Èæ¹Ä½ÌÀ �ÎÈÀ¾ �¯À®¸ÏÇÙ´.�


�ÌÀ¯·ÑÇ �ê»­ÈÝ¹ÀÀ¡¿ �ç»ë¿ÇµÂ´ �ËÃÅ¸éµºÀ �C�r�,� �F�e�,� �C�o�,� �C�u�,� �M�n� �îµÇÀ �üÀÌÀÝ±Ó¼ �ê»­È°¹éµú° �P�t�,� �P�d� �îµÇÀ �Í±Ý±Ó¼ �ã´öÁ �ËÃÅ¸ �îµÌÀ �Ë¾Á·®Á �ÖÀÙ´[�3�]�.� �×±¯·ª³ �Í±Ý±Ó¼ �ã´öÁËÃÅ¸Â´ �Ý¹ÀÀ¡¿ �ÇÀØÇ �ý»º¼Èµ �C�l�2�ª³ �H�C�l�¡¿ �ÇÀØÇ �ÇÇ¶µÇµÂ´ �Í°¸ÀÎ· �Ë¾Á·®ÁÖÀÙ´[�1�,�4�]�.� �ûµó¶­¼ �°¿Ò¼è° �¯Àâ±­ÈÕÇ°¹ÇÀ �ÐºØÇ¡¿Â´ �C�r�2�O�3�/�A�l�2�O�3�[�2�,�5�]�,� �h�o�p�c�a�l�i�t�e�[�6�]�,� �p�e�r�o�v�s�k�i�t�e�[�7�]�Í¿ �°°ºÀ �Ý±Ó¼ê»­È°¹ �ËÃÅ¸éµÌÀ �¹¸ÌÀ �¬¿¸±Çµî¾ �Ô¿Ù´.�


�»º �¬¿¸±¡¿­¼Â´ �ÖÈß¹º¼ �¯Àâ±­ÈÕÇ°¹ �¦ÁÅ°¡¿ �¹¸ÌÀ �ç»ë¿ÇµÂ´ �©ÅÒ·è° �ËÃÅ¸¦¸ �ÌÀë¿ÏÇ©¿ �°¿Ò¼è° �¯Àâ±­ÈÕÇ°¹ÇÀ �â±ó» �Ï¿üÀê»­ÈÝ¹ÀÀ¡¿ �ë´ÏÇ©¿ �¬¿¸±ÏÇ´¿Ù´.� �Ý¹ÀÀ°¹Î·Â´ �ÌÀßÁá°ÕÇ¸ÀÎ· �ÌÀç·î¾øÁ �­³ÐºØÇº¼ �°¹úÁÎÀ �P�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�(�C�2�C�l�4�)�»À �ç»ë¿ÏÇ´¿í°,� �©¿¯·¡°öÁ �ã´¼Ã¡¿ �©ÅÒ· �ê»­È°¹»À �ã´öÁÏÇ©¿ �×± �¯Æº¼»À �Ë¾Æ¾¸ºÒ¾Ù´.�


�


�Ç½èÇ


�ËÃÅ¸Â´ �i�n�c�i�p�i�e�n�t� �w�e�t�n�e�s�s� �æ¹ý¹¡¿ �ÇÀØÇ �¦Á¶ÁÇµú¾¸Àç¸,� �ã´¼ÃÎ·Â´ �T�i�O�2�,� �A�l�2�O�3�,� �M�g�O�,� � �s�i�l�i�c�a�-�a�l�u�m�i�n�a� �îµÌÀ �ç»ë¿Çµú¾Ù´.� �ã´¼ÃÂ´ �1�0�0�o�C�¡¿­¼ �1�2�Ã½£° �ÌÀó» �Ç°¶ÁÃ½²Å �ÄÈ �ç»ë¿ÏÇ´¿¸Àç¸,� �õÁù·ö¼¡¿ �©ÅÒ·ÇÀ �üÀ¸±¼ÃÎÀ �C�r�(�N�O�3�)�3�.�9�H�2�O�¦¸ �ã´¼ÃÇÀ �«¹Ô°¡¿ �ë´ØÇ �ø¿ÏÇÂ´ �ç¾¸¸­Å �ì³ÎÀ �ÄÈ �ã´¼Ã¡¿ �ã´öÁÏÇ©¿ �1�0�0�o�C�¡¿­¼ �1�2�Ã½£° �Ç°¶ÁÃ½×ÄÙ´.� �Ç°¶ÁÈµ �ËÃÅ¸Â´ �ø°â±¦¸ �êÈÁ·ÖÁé¸­¼ �4�5�0�o�C�¡¿­¼ �5�Ã½£° �Ò¼º¼ÏÇ©¿ �ç»ë¿ÏÇ´¿Ù´.� �©ÅÒ·ÇÀ �ã´öÁ®·ºÀ �1�~�2�0�w�t�%� �ÌÀú¾Ù´.� �Í±Ý±Ó¼ �ã´öÁËÃÅ¸Í¿ÇÀ �ñº³±¦¸ �§ÀÏÇ©¿ �P�t�Í¿ �P�d�¦¸ �°°ºÀ �æ¹ý¹¸ÀÎ· �T�i�O�2�¡¿ �ã´öÁÑÇ �ËÃÅ¸¦¸ �¦Á¶ÁÏÇ´¿Ù´.�


�Ý¹ÀÀÇ½èÇºÀ �í°¤ÁþÃ �¬¿Ó¼ �åÈ§¸Ä½ �Ý¹ÀÀåÀ¡Ä¡¿­¼ �àÇÏÇ´¿Ù´.� �Ý¹ÀÀ°¹ÎÀ �C�2�C�l�4�Â´ �m�a�s�s� �f�l�o�w� �c�o�n�t�r�o�l�l�e�r�¦¸ �ç»ë¿ÏÇ©¿ �úÁÒ¼ �â±¼Ã¦¸ �C�2�C�l�4�¡° �éµî¾ÖÀÂ´ �s�a�t�u�r�a�t�o�r�¡¿ �ëÅú°Ã½²Å �ÄÈ �ø°â±Í¿ �¥ÈÕÇÏÇ©¿ �Ý¹ÀÀâ±¡¿ �ÖÁÔÀÏÇ´¿Ù´.� �S�a�t�u�r�a�t�o�r�ÇÀ �Â¿µµÂ´ �R�e�f�r�i�g�e�r�a�t�e�d� �c�i�r�c�u�l�a�t�o�r�¦¸ �ÌÀë¿ÏÇ©¿ �ÏÀ¤ÁÏÇÔ° �¯ÀöÁÏÇ´¿¸Àç¸,� �Ý¹ÀÀâ±¡¿ �ÖÁÔÀÈµ �C�2�C�l�4�ÇÀ �ó³µµÂ´ �3�0�p�p�m�ÌÀú¾Ù´.� �Ý¹ÀÀ°¹ú° �Ý¹ÀÀý»º¼°¹ÇÀ �Ðº®¼ºÀ �o�n�-�l�i�n�e�¸ÀÎ· �¬¿á°Èµ �¡°º½ �©ÅÎ·¶¸äÅ×±¡·ÇÇÇÀ �T�C�D�Í¿ �F�I�D�¦¸ �ç»ë¿ÏÇ´¿Ù´.�


�


�á°ú° �×¹ �äÅÐ·


�P�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�ÇÀ �Ï¿üÀê»­ÈÝ¹ÀÀºÀ �Ù´½Àú° �°°ÌÀ �ÌÀç·î¾øÁÙ´.�


�	�C�2�C�l�4� � �+� � �2� �O�2� � �-�-�-�>� � �2� �C�O�2� � �+� � �2� �C�l�2�


�F�i�g�.�1�ºÀ �ÖÈß¹º¼ �¯Àâ±­ÈÕÇ°¹ �¦ÁÅ° �îµ �ÏÀÝ¹ûÀ¸ÀÎ· �ê»­ÈÝ¹ÀÀ¡¿ �¹¸ÌÀ �ç»ë¿ÇµÂ´ �¸ÅÌÀ¸ÅÏ´Æ¾¡¿ �ã´öÁÈµ �Í±Ý±Ó¼ �ËÃÅ¸éµÇÀ �Ý¹ÀÀÂ¿µµ¡¿ �ûµ¥¸ �p�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e� �ÐºØÇ°Èº¼»À �C�r�O�x�/�T�i�O�2� �ËÃÅ¸ÇÀ �°Èº¼ú° �ñº³±ÏÇ©¿ �ü°ûÂÑÇ �á°ú°ÌÀÙ´.� �ÏÀÝ¹ûÀ¸ÀÎ· �Í±Ý±Ó¼ �ËÃÅ¸¡° �ê»­ÈÝ¹ÀÀ¡¿ �ì¿ö¼ÑÇ �°Èº¼»À �¸ºÌÀÂ´ �Í°¸ÀÎ· �Ë¾Á·®Á �ÖÀöÁ¸¸ �»º �¬¿¸±¡¿­¼Â´ �°°ºÀ �ã´öÁ®·¡¿µµ �Òº¸±ÏÇí° �©ÅÒ· �ã´öÁ �ËÃÅ¸¡° �é¹Ý±ÌÀª³ �ÈÆó¶ãµ �ã´öÁËÃÅ¸¸ºÙ´ �õ´ �ô³ºÀ �°Èº¼»À �ª³¸Å»³í° �ÖÀÙ´.� �ÌÀ¯·ÑÇ �á°ú°Â´ �«È[�8�]�ÌÀ �t�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e�¡¿ �ë´ØÇ �ò¾ºÀ �á°ú°Í¿ �ÏÀ¡ÄÑÇÙ´.�


�©ÅÒ· �ã´öÁ �ËÃÅ¸¡¿­¼ �ã´¼ÃÇÀ �µ¿âÇ»À �Ë¾Æ¾¸ºâ± �§ÀØÇ �î¸¡°öÁ �ã´¼Ã¡¿ �©ÅÒ·»À �ã´öÁÑÇ �ËÃÅ¸ÇÀ �°Èº¼»À �F�i�g�.�2�¡¿ �ª³¸Å»³ú¾Ù´.� �ð¸çµ �ËÃÅ¸¡¿­¼ �p�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�ºÀ �Ï¿üÀê»­ÈÇµú¾¸Àç¸,� �M�a�n�n�i�n�g�[�2�]�ÇÀ �á°ú°³Ã³· �C�r�O�2�C�l�2� �îµÇÀ �üÇº¼¡¿ �ÇÀÑÇ �Ã½£°¡¿ �ûµ¥¸ �ËÃÅ¸ÇÀ �ñº°Èº¼­È �öÇó»ºÀ �ü°ûÂÇµöÁ �Ê¾Ò¾Ù´.� �ËÃÅ¸ÇÀ �°Èº¼ºÀ �C�r�O�x�/�M�g�O� �<� �C�r�O�x�/�T�i�O�2� �<� �C�r�O�x�/�A�l�2�O�3� �<� �C�r�O�x�/�S�i�-�A�l�ÇÀ �ø¼­¼Î· �ô³Ò¾¸Àç¸,� �ã´¼ÃÇÀ �ê»º¼µµ¡¿ �ûµó¶ �°Èº¼ÌÀ �ô³Æ¾öÁÂ´ �æ°âÇ»À �ª³¸Å»³ú¾Ù´.� �ûµó¶­¼ �ã´¼ÃÇÀ �ê»¡ÁÌÀ �Ý¹ÀÀ¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �Ë¾Æ¾¸ºâ± �§ÀØÇ �ã´¼Ãéµ¸¸»À �®°í° �Ý¹ÀÀ°Èº¼»À �øÃ¤ÁÏÇ´¿Ù´.� �Ý¹ÀÀá°ú° �ã´¼Ã �ÚÀ¼ÃÇÀ �°Èº¼ºÀ �·³Ò¾öÁ¸¸ �§ÀÍ¿ �°°ÌÀ �ê»º¼µµ¡¿ �ûµó¶ �°Èº¼ÌÀ �õÁ¡°ÏÇÂ´ �°°ºÀ �á°ú°¦¸ �ª³¸Å»³ú¾Ù´.� �¯Æ÷È,� �s�i�l�i�c�a�-�a�l�u�m�i�n�a�ÇÀ �æ°ì¿ �4�0�0�o�C�¡¿­¼ �à¾ �4�0�%�ÇÀ �üÀ¯È²À»À �¸º´¿Ù´.� �ûµó¶­¼ �I�m�a�m�u�r�a� �îµ[�9�]�ÌÀ �d�i�c�h�l�o�r�o�e�t�h�a�n�e�ÇÀ �ê»­ÈÝ¹ÀÀ¡¿ �ë´ØÇ �¸ºí°ÑÇ �Í°³Ã³· �ËÃÅ¸ÇÀ �ê»¡ÁÌÀ �»º �Ý¹ÀÀ¡¿ �µ¿âÇ»À �Ì¹¡ÄÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� �


�


�����


�F�i�g�.�1�.� �D�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �P�C�E� �o�v�e�r� �v�a�r�i�o�u�s� �c�a�t�a�l�y�s�t�s�.�


�F�i�g�.�2�.� �E�f�f�e�c�t� �o�f� �s�u�p�p�o�r�t�s� �o�n� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �P�C�E� �o�v�e�r� �C�r�-�b�a�s�e�d� �c�a�t�a�l�y�s�t�s�.�


�


�©ÅÒ·ÇÀ �ÔÇ®·¡¿ �ûµ¥¸ �ËÃÅ¸ÇÀ �°Èº¼ �¯º­È¦¸ �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �¢° �ËÃÅ¸éµ¡¿ �ë´ÏÇ©¿ �©ÅÒ·ÇÀ �ã´öÁ®·»À �Ù¹ã² �Ç½èÇÏÇ´¿Ù´.� �X�R�D�Î· �ü°ûÂÑÇ �á°ú° �©ÅÒ·ÇÀ �ÔÇ®·ÌÀ �2�0�w�t�%�î±öÁ �õÁ¡°ÏÇ©¿µµ �©ÅÒ·ÇÀ �ÇÇ©Å �­°µµÂ´ �Å¸ì¿ �à¾ÏÇ©¿ �ã´¼Ã �§À¡¿ �©ÅÒ·ÌÀ �Å¸ì¿ �ßÀ �Ðºê»Çµî¾ �ÖÀí°,� �ë´ÎºÐºÇÀ �©ÅÒ·ºÀ �«¹¤ÁüÇ¸ÀÎ· �¸ÁçÀÏÇÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �Ý¹ÀÀÇ½èÇ �á°ú° �ð¸çµ �ËÃÅ¸¡¿­¼ �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �õÁ¡°ÔÇ¡¿ �ûµó¶ �Ý¹ÀÀ°Èº¼ÌÀ �õÁ¡°ÏÇÂ´ �Í°¸ÀÎ· �ª³¸Åµ³í°,� �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �5�w�t�%�ÏÀ �§¶Â´ �s�i�l�i�c�a�-�a�l�u�m�i�n�a�¡¿ �ã´öÁÑÇ �ËÃÅ¸¡° �°Èº¼ÌÀ �ô³Ò¾¸Àª³ �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �¹¸»À �æ°ì¿Â´ �Ë¾ç·Ì¹ª³¡¿ �ã´öÁÑÇ �ËÃÅ¸ÇÀ �°Èº¼ÌÀ �¡°åÀ �ÁÁÒ¾Ù´.� �C�r�O�x�/�A�l�2�O�3� �ËÃÅ¸ÇÀ �æ°ì¿ �F�i�g�.�3�³Ã³· �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �·³»À �§¶Â´ �°Èº¼ÌÀ �Å¸ì¿ �·³¸Àª³ �©ÅÒ· �ÔÇ®·ÌÀ �õÁ¡°ÔÇ¡¿ �ûµó¶ �¯Æ÷È �úÀÂ¿¡¿­¼ÇÀ �Ý¹ÀÀ°Èº¼ÌÀ �Þ±Ý°÷È �õÁ¡°ÏÇ©¿ �Ù´¥¸ �ã´¼Ã¡¿ �ã´öÁÑÇ �ËÃÅ¸éµ¸ºÙ´ �õ´ �ô³ºÀ �°Èº¼»À �ª³¸Å½³Ù´.� �×±®¸í°,� �1�2�.�5�w�t�%� �ÌÀó»ÇÀ �©ÅÒ·ÌÀ �ã´öÁÇµú¾»À �§¶Â´ �õ´ �ÌÀó»ÇÀ �°Èº¼ �õÁ¡°¦¸ �¸ºÌÀöÁ �Ê¾Â´Ù´.� �


�C�r�O�x�/�T�i�O�2� �ËÃÅ¸¡¿ �ë´ÑÇ �«È[�8�]�ÇÀ �X�R�D�Í¿ �X�P�S� �Ðº®¼á°ú°¡¿ �ûµ£¸é¸ �ã´¼Ãó»¡¿ �©ÅÒ·ºÀ �ë´ÎºÐº �«¹¤ÁüÇ¸ÀÎ· �¸ÁçÀÏÇí°,� �+�3�ú° �+�5�,� �+�6�ÇÀ �¼¼¡°öÁ �ê»­Èó»ÂÅÎ· �¸ÁçÀÑÇÙ´.� �×±®¸í°,� �ã´öÁ®·¡¿ �ûµó¶ �©ÅÒ·ÇÀ �ê»­Èó»ÂÅÇÀ �ñº²ÀÌÀ �Þ´ó¶öÁí°,� �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �õÁ¡°ÒÇ �ö¼Ï· �t�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e�ÇÀ �ê»­ÈÝ¹ÀÀ¡¿ �°Èº¼¡Á¸ÀÎ· �ßÃ¤ÁÇµÂ´ �C�r�+�5�ÇÀ �ÔÇ®·ÌÀ �õÁ¡°ÏÇÂ´ �Í°¸ÀÎ· �¸ºí°ÏÇ´¿Ù´.� �ûµó¶­¼ �»º �¬¿¸±¡¿­¼ �©ÅÒ·ÇÀ �ã´öÁ®·ÌÀ �õÁ¡°ÔÇ¡¿ �ûµó¶ �ËÃÅ¸ÇÀ �°Èº¼ÌÀ �õÁ¡°ÏÇÂ´ �Í°ºÀ �©ÅÒ· �ÔÇ®· �õÁ¡°¡¿ �ûµó¶ �»º �Ý¹ÀÀ¡¿ �°Èº¼ûÀ¸ÀÎ· �ÛÀë¿ÏÇÂ´ �ê»­Èó»ÂÅÇÀ �©ÅÒ·ÌÀ �¹¸ÌÀ �ý»º¼Çµâ± �§¶®¹¸ÀÎ· �ßÃ¤ÁÈµÙ´.� �ûµó¶­¼,� �©ÅÒ·ÇÀ �ê»­Èó»ÂÅ¡¿ �ûµó¶ �Ý¹ÀÀ°Èº¼ÌÀ �î¾»¶Ô° �Þ´ó¶öÁÂ´¡°¦¸ �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �©ÅÒ· �ã´öÁ �ËÃÅ¸¦¸ �¯Èø¿Ã½²ÅÄÈ �Ý¹ÀÀÇ½èÇ»À �àÇÏÇ´¿Ù´.�


�


�����


�F�i�g�.�3�.� �D�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �P�C�E� �o�v�e�r� �C�r�O�x�/�A�l�2�O�3� �c�a�t�a�l�y�s�t�s�.�


�F�i�g�.�4�.� �C�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �o�x�i�d�i�z�e�d� �a�n�d� �r�e�d�u�c�e�d� �C�r�O�x�/�A�l�2�O�3� �c�a�t�a�l�y�s�t�s�.�


�


�F�i�g�.�4�Â´ �1�2�.�5�%�C�r�O�x�/�A�l�2�O�3� �ËÃÅ¸¡¿ �ë´ÏÇ©¿ �ê»­ÈÈµ �ó»ÂÅÇÀ �ËÃÅ¸ÇÀ �°Èº¼ú° �ÌÀ¦¸ �4�5�0�o�C�¡¿­¼ �¯Èø¿ÑÇ �Ù´½ÀÇÀ �ËÃÅ¸ �°Èº¼»À �ñº³±ÏÇ©¿ �ª³¸Å½³ �Í°ÌÀÙ´.� �ê»­Èó»ÂÅÇÀ �ËÃÅ¸ÇÀ �°Èº¼ºÀ �Â¿µµ¦¸ �Ã¿®¸Å°ª³ �»³®¸Â´¥µ �ûµ¥¸ �°Èº¼ÇÀ �÷ÂÌÀ¡° �ø¾ú¾¸Àª³,� �¯Èø¿ó»ÂÅÇÀ �ËÃÅ¸Â´ �ê»­Èó»ÂÅÇÀ �ËÃÅ¸¸ºÙ´ �°Èº¼ÌÀ �·³»À �Ó»¸¸ �Æ¾Ï´ó¶ �Â¿µµ �õÁ¨°¡¿ �ûµó¶ �°Èº¼ÌÀ �Þ´ó¶³ÁÙ´.� �¯Æ÷È,� �Â¿µµ¦¸ �Ã¿®¸é¸­¼ �Ç½èÇÒÇ �æ°ì¿ �ê»­Èó»ÂÅÇÀ �ËÃÅ¸Í¿ �Þ´®¸ �ÏÀ¤ÁÂ¿µµ¡¿­¼ �Ý¹ÀÀÃ½ �Ã½£°¡¿ �ûµó¶ �°Èº¼ÌÀ �õÁ¡°ÏÇÂ´ �æ°âÇ»À �ü°ûÂÒÇ �ö¼ �ÖÀú¾¸Àç¸,� �à¾ �2�Ã½£°ÌÀ �öÁª³ß¾ �¤Áó»ó»ÂÅ¡¿ �µµÞ´ÏÇ´¿Ù´.� �ÌÀÂ´ �ê»­È �Ðº§Àâ±¡¿­¼ �Ý¹ÀÀÌÀ �ÌÀç·î¾öÁâ± �§¶®¹¡¿ �¯Èø¿ó»ÂÅÇÀ �ËÃÅ¸¡° �Ý¹ÀÀÌÀ �øÁàÇÊµ¡¿ �ûµó¶ �ÏÀ¤ÁÑÇ �Ã½£°ÌÀ �öÁª³ß¾ �×± �Â¿µµ¡¿­¼ �È¾¤ÁÑÇ �ê»­Èó»ÂÅÎ· �¡°â± �§¶®¹¸ÀÎ· �í°Á·ÈµÙ´.� �×±®¸í°,� �Â¿µµ¦¸ �»³±¸§¶ÇÀ �ËÃÅ¸ �°Èº¼ÌÀ �Ã¿±¸§¶ÇÀ �°Èº¼¸ºÙ´ �ô³ºÀ �Í°µµ �Â¿µµ¦¸ �Ã¿®¸é¸­¼ �4�0�0�o�C�î±öÁ �Ý¹ÀÀÔÇ¡¿ �ûµó¶ �©ÅÒ·ÌÀ �»Á �õ´ �ê»­ÈÇµú¾â± �§¶®¹¸ÀÎ· �©¿Ü°øÁÙ´.� �ÌÀ¯·ÑÇ �á°ú°Î·ÎºÍÅ �©ÅÒ·ÇÀ �ê»­Èó»ÂÅ¡° �Ý¹ÀÀ �°Èº¼¡¿ �©ÅÔ° �µ¿âÇ»À �Ì¹¡ÄÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� �×±®¸í°,� �¢° �ã´¼Ãéµ¡¿ �ë´ÏÇ©¿ �©ÅÒ· �ã´öÁ®·¡¿ �ûµó¶ �¢°¢°ÇÀ �°Èº¼ÌÀ �÷ÂÌÀ¡° �ª³Â´ �Í°µµ �°°ºÀ �ã´öÁ®·¡¿ �ë´ÏÇ©¿ �ã´¼Ãéµ¶¸Ù´ �©ÅÒ·ÇÀ �ê»­Èó»ÂÅ¡° �Ù´£¸â± �§¶®¹¸ÀÎ· �ßÃ¤ÁÈµÙ´.�


�


�á°Ð·


� � �©¿¯·¡°öÁ �ã´¼Ã¡¿ �©ÅÒ·»À �ã´öÁÑÇ �ËÃÅ¸¡¿ �ë´ÏÇ©¿ �ã´¼ÃÍ¿ �©ÅÒ·ÇÀ �ã´öÁ®·¡¿ �ûµ¥¸ �p�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�ÇÀ �ê»­ÈÝ¹ÀÀ �¯Æº¼¡¿ �ë´ÏÇ©¿ �¬¿¸±ÏÇ´¿Ù´.� �Ý¹ÀÀ �°Èº¼ºÀ �ËÃÅ¸ÇÀ �ê»º¼µµÍ¿ �ã´öÁÈµ �©ÅÒ·ÇÀ �ê»­Èó»ÂÅ¡¿ �©ÅÔ° �µ¿âÇ»À �Þ¹Â´ �Í°¸ÀÎ· �ª³¸Åµ³¸Àç¸,� �©ÅÒ·ÇÀ �ê»­Èó»ÂÅ¡° �ô³Æ¾üÁ¡¿ �ûµó¶ �Ý¹ÀÀ°Èº¼ÌÀ �õÁ¡°ÏÇ´¿Ù´.�


�


�üÂí°®¹åÇ


�H�u�a�n�g�,� �S�.� �L�.� �a�n�d� �P�f�e�f�f�e�r�l�e�,� �L�.� �D�.�:� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�.�,� �2�3�,� �1�0�8�5�(�1�9�8�9�)�.�


�M�a�n�n�i�n�g�,� �M�.� �P�.�:� �H�a�z�a�r�d�o�u�s� �W�a�s�t�e�,� �1�,� �4�1�(�1�9�8�4�)�.�


�S�p�i�v�e�y�,� �J�.� �J�.�:� �I�n�d�.� �E�n�g�.� �C�h�e�m�.� �R�e�s�.�,� �2�6�,� �2�1�6�5�(�1�9�8�7�)�.�


�F�r�e�i�d�e�l�,� �I�.� �M�.�,� �F�r�o�s�t�,� �A�.� �C�.�,� �H�e�r�b�e�r�t�,� �K�.� �J�.�,� �M�e�y�e�r�,� �F�.� �J�.� �a�n�d� �S�u�m�m�e�r�s�,� �J�.� �C�.�:� �C�a�t�a�l�y�s�i�s� �T�o�d�a�y�,� �1�7�,� �3�6�7�(�1�9�9�3�)�.�


�K�a�g�e�y�a�m�a�,� �Y�.�:� �U�.� �S�.� �P�a�t�e�n�t�,� �3�,� �9�7�2�,� �9�7�9� �(�1�9�7�6�)�.�


�M�u�s�i�c�k�,� �J�.� �K�.� �a�n�d� �W�i�l�l�i�a�m�s�,� �F�.� �W�.�:� �I�n�d�.� �E�n�g�.� �C�h�e�m�.�,� �P�r�o�d�.� �R�e�s�.� �D�e�v�.�,� �1�3�,� �1�7�5�(�1�9�7�4�)�.�


�S�c�h�n�e�i�d�e�r�,� �R�.�,� �K�i�e�s�s�l�i�n�g�,� �D�.�,� �H�a�f�t�e�n�d�o�r�n�,� �M�.�,� �K�r�a�a�k�,� �P�.�,� �H�a�c�k�e�n�b�e�r�g�e�r�,� �M�.� �a�n�d� �W�e�n�d�t�,� �G�.�:� �“�E�n�v�i�r�o�n�m�e�n�t�a�l� �C�a�t�a�l�y�s�i�s�”�,� �S�C�I� �P�u�b�.�,� �R�o�m�e�,� �5�8�7�(�1�9�9�5�)�.�


�H�o�n�g�,� �C�.� �H�.�:� �M�.� �S�.� �D�i�s�s�e�r�t�a�t�i�o�n�,� �P�O�S�T�E�C�H�,� �P�o�h�a�n�g�,� �K�o�r�e�a�(�1�9�9�6�)�.�


�I�n�a�m�u�r�a�,� �S�.�,� �T�a�r�u�m�o�t�o�,� �H�.� �a�n�d� �I�s�h�i�d�a�,� �S�.�:� �I�n�d�.� �E�n�g�.� �C�h�e�m�.� �R�e�s�.�,� �2�8�,� �1�4�4�9�(�1�9�8�9�)�.�


