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� � � � � �°¿Ò¼è° �ÖÈß¹º¼ �¯Àâ±­ÈÕÇ°¹ �(�C�h�l�o�r�i�n�a�t�e�d� �V�o�l�a�t�i�l�e� �O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� �;� �C�V�O�C�s�)�ºÀ �ÖÁÎ· �¼¼¤Áø°¤Á¡¿­¼ �è¹âÃÇµî¾ �öÁ¥Çé¸ �ÖÁ§ÀÇÀ �À¿¸Á �üÇº¼ �×¹ �º½ð¸×± �ß¹ý»ÇÀ �üÀ¸±¼Ã �ª¿ÒÇ»À �ÏÇÂ´ �Í°¸ÀÎ· �Ë¾Á·®Á �ÖÀÙ´[�1�]�.� �ÌÀ¯·ÑÇ �C�V�O�C�ÇÀ �¦ÁÅ°¦¸ �§ÀØÇ­¼ �P�t�/�A�l�2�O�3�[�2�-�4�]�,� �P�d�/�A�l�2�O�3�[�5�]�,� �C�r�O�x�/�A�l�2�O�3�[�6�]�,� �C�u�O�x�,� �M�n�O�x�,� �C�o�O�x�îµ[�7�-�8�]�ÇÀ �Í±Ý±Ó¼ �Ç¶Â´ �Ý±Ó¼ �ê»­È°¹ �ËÃÅ¸¡° �ÖÁÎ· �ÌÀë¿Çµú¾Â´¥µ,� �B�o�n�d�Í¿ �S�a�d�e�g�h�i�[�2�]�ÇÀ �¸ºí°¡¿ �ÇÀÏÇé¸ �1�.�5� �w�t�.�%� �P�t�/�A�l�2�O�3� �ËÃÅ¸ó»¡¿­¼ �C�H�2�C�l�2�,� �C�H�C�l�3�,� �C�C�l�4�,� �C�2�H�2�C�l�2�,� �C�2�H�C�l�3�×¹ �C�2�C�l�4�ÇÀ �Ï¿üÀ �ê»­ÈÝ¹ÀÀ»À �§ÀØÇ­¼Â´ �5�0�0�o�C� �ÌÀó»ÇÀ �í°Â¿ÌÀ �ä¿¸±Çµí° �Ý¹ÀÀ �Îºê»°¹Î· �P�C�E� �(�p�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�)�ÇÀ �ý»º¼ÌÀ �ü°ûÂÇµú¾Ù´.� �Ç¶ÑÇ �K�a�g�e�y�a�m�a�[�6�]�Â´ �C�1�-�C�1�0�ÇÀ �ÒÇÎ·Õ°·Á �ºÅ­Èö¼Ò¼ �¦ÁÅ°Ý¹ÀÀ¡¿­¼ �A�l�2�O�3�,� �S�i�O�2�,� �S�i�O�2�-�A�l�2�O�3�îµ¡¿ �ã´öÁÈµ �C�r�O�x� �ËÃÅ¸ó»¡¿­¼ �à¾7�0�%�ÇÀ �¦ÁÅ°°Èº¼»À �ü°ûÂÏÇ´¿Ù´.�


� � � � � �â±¸ÁÇÀ �P�t�ÌÀ �ã´öÁÈµ �©¿¯· �ËÃÅ¸ó»¡¿­¼Â´ �P�C�E�¡° �ß¹ý»ÉµÓ» �Æ¾Ï´ó¶,� �Îºê»°¹Î· �ý»º¼ÇµÂ´ �H�C�l�ºÀ �3�5�0�o�C� �ÌÀÏÇÇÀ �Ý¹ÀÀÂ¿µµ¡¿­¼ �P�t� �ËÃÅ¸ÇÀ �°Èº¼úÀÏÇ¦¸ �ß¾â±ÏÇÂ´¥µ,� �ÌÀ¦¸ �æ¹öÁÏÇâ± �§ÀØÇ­¼Â´ �4�5�0�o�C� �ÌÀó»ÇÀ �í°Â¿ÌÀ �ä¿¸±ÈµÙ´[�9�,�1�0�]�.� �ûµó¶­¼ �»º �¬¿¸±¡¿­¼Â´ �C�V�O�C�ÇÀ �¦ÁÅ°Ý¹ÀÀ¡¿­¼ �P�C�E�¡° �ý»º¼ÇµöÁ �Ê¾¸Àç¸,� �3�5�0�o�C� �ÌÀÏÇÇÀ �·³ºÀ �Â¿µµ¡¿­¼µµ �ì¿ö¼ÑÇ �¦ÁÅ°°Èº¼»À �¯ÀöÁÏÇÂ´ �©¿¯· �ã´¼Ã¡¿ �ã´öÁÈµ �Ý±Ó¼ �ê»­È°¹ �ËÃÅ¸¦¸ �¦Á¶ÁÏÇ©¿ �×± �Ý¹ÀÀ°Èº¼»À �ßÁÉ½¸ÀÎ· �¬¿¸±ÏÇ´¿Ù´.�
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�2�.� �Ç½ �èÇ


�


� � � � � �â±¸ÁÇÀ �¬¿¸±Í¿ �ñº³±ÏÇâ± �§ÀÏÇ©¿ �Õ¸úÀ �1� �w�t�.�%�ÇÀ �P�t�ÌÀ �ã´öÁÈµ �ËÃÅ¸Í¿ �ÔÇ²²,� �A�l�2�O�3�,� �T�i�O�2�,� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�,� �N�a�Y�,� �H�M�,� �Z�S�M�-�5�,� �Z�r�O�2�,� �S�i�O�2�-�A�l�2�O�3�Í¿ �°°ºÀ �©¿¯· �ã´¼Ãó»¡¿ �C�u�,� �N�i�,� �C�o�,� �F�e�,� �M�n�,� �C�r�°¿»À �üÀ¸±¼ÃÎ· �ÏÇ©¿ �i�n�c�i�p�i�e�n�t� �w�e�t�n�e�s�s� �æ¹ý¹¡¿ �ÇÀØÇ �1� �w�t�.�%�ÇÀ �Ý±Ó¼ �ê»­È°¹ �ËÃÅ¸¦¸ �¦Á¶ÁÏÇ´¿Ù´.� �¦Á¶ÁÈµ �ËÃÅ¸Â´ �1�0�0�o�C�¡¿­¼ �1�2�Ã½£° �¿µÈ¾ �Ç°¶ÁÃ½²Å �ÄÈ,� �P�t� �ËÃÅ¸Â´ �4�5�0�o�C�ÇÀ �ö¼Ò¼ �Ðº§Àâ±¡¿­¼ �5�Ã½£° �¿µÈ¾ �¯Èø¿ÏÇ´¿¸Àç¸,� �Ý±Ó¼ �ê»­È°¹ �ËÃÅ¸Â´ �¿µÏÀÑÇ �Â¿µµÇÀ �ø°â± �Ðº§Àâ±¡¿­¼ �1�2�Ã½£° �¿µÈ¾ �Ò¼º¼ÏÇ´¿Ù´.� �


� � � � � �3�/�8�(�ÇÀ �p�y�r�e�x�ü°¸ÀÎ· �Èµ �¬¿Ó¼åÈ§¸Ä½ �í°¤ÁþÃÝ¹ÀÀâ± �»³¡¿­¼ �7�8�0� �p�p�m�ÇÀ �T�C�E� �(�t�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e�,� �9�9�%�,� �J�a�n�s�s�e�n� �C�h�e�m�i�c�a�l� �C�o�.�)�»À �b�u�b�b�l�i�n�g�ÏÇ©¿ �ÌÀÇÀ �¦ÁÅ°°Èº¼»À �¶Áç»ÏÇ´¿Â´¥µ,� �ÌÀ§¶ �ø°â±ÇÀ �üÀ¼Ã¯À®· �(�6�0�0� �c�m�3�/�m�i�n�)�ºÀ �M�F�C� �(�B�r�o�o�k�s�,� �M�o�d�e�l� �5�8�5�0�E�)�¡¿ �ÇÀØÇ­¼ �¶ÁýÀÇµú¾¸Àç¸,� �ÌÀÂ´ �3�0�,�0�0�0�/�h�r�ÇÀ �Ý¹ÀÀâ± �ø°£°Ó¼µµ¡¿ �ØÇç´ÈµÙ´.� �Ý¹ÀÀ°¹ �×¹ �ý»º¼°¹ÇÀ �Ðº®¼ºÀ �F�I�D�Í¿ �T�C�D�¡° �ÎºøÂÈµG�C�(�H�e�w�l�l�e�t� �P�a�c�k�a�r�d� �5�8�9�0�A�)�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �


�


�3�.� �á°ú° �×¹ �í°ûÂ


�


�é¹Ý± �ËÃÅ¸ó»¡¿­¼ �T�C�E� �¦ÁÅ°Ý¹ÀÀ �


� � � � � �F�i�g�.� �1�ºÀ �©¿¯· �ã´¼Ãó»¡¿ �ã´öÁÈµ �P�t� �ËÃÅ¸ÇÀ �T�C�E� �¦ÁÅ°°Èº¼»À �µµÃ½ÑÇ �Í°¸ÀÎ· �T�i�O�2�(�r�u�t�i�l�e�)� �×¹ �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�¡¿ �ã´öÁÈµ �P�t� �ËÃÅ¸ó»¡¿­¼ �3�5�0�o�C� �ÌÀó»ÇÀ �Ý¹ÀÀÂ¿µµÏÀ �§¶,� �5�0�%� �ÌÀó»ÇÀ �T�C�E� �üÀ­È²ÀÌÀ �ü°ûÂÇµç¸ �Z�r�O�2�,� �A�l�2�O�3� �×¹ �S�i�O�2�-�A�l�2�O�3�ó»¡¿ �ã´öÁÈµ �P�t� �ËÃÅ¸ó»¡¿­¼µµ �4�5�0�o�C� �ÌÀó»¡¿­¼Â´ �8�0�%� �ÌÀó»ÇÀ �T�C�E� �¦ÁÅ°°Èº¼ÌÀ �ò¾î¾³ÁÙ´.� �ÌÀéµ �ËÃÅ¸ó»¡¿­¼ �Îºê»°¹Î· �ü°ûÂÇµÂ´ �P�C�E�ÇÀ �ý»º¼»À �F�i�g�.� �2�¡¿­¼ �¼º �ö¼ �ÖÀÂ´¥µ,� �P�t�/�T�O�2� �ËÃÅ¸ó»¡¿­¼Â´ �ó»ë´ûÀ¸ÀÎ· �Ò¼®·ÇÀ �P�C�E�¡° �ý»º¼ÈµÙ´ �ÒÇöÁó¶µµ �ã´¼ÃÇÀ �¾Áù·¡¿ �ü°è°ø¾ÌÀ �P�t� �ËÃÅ¸¡¿­¼Â´ �5�0� �p�p�m�ÌÀó»ÇÀ �P�C�E�¡° �4�0�0�o�C�ÇÀ �Ý¹ÀÀÂ¿µµ¡¿­¼ �ü°ûÂÇµú¾Ù´.�


��� �E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c� � �������


�F�i�g�.� �1� �T�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�c�t�i�v�i�t�y� �o�f� �T�C�E� � � � � � � � �F�i�g�.� �2� �T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �P�C�E� �o�v�e�r� �P�t� �


�o�v�e�r� �P�t� �c�a�t�a�l�y�s�t�s� �s�u�p�p�o�r�t�e�d� �o�n� �a�c�t�i�v�a�t�e�d� � � � � � � � � �c�a�t�a�l�y�s�t�s� �s�u�p�p�o�r�t�e�d� �o�n� �a�c�t�i�v�a�t�e�d� �


�c�a�r�b�o�n�(�Ü¡)�,� �T�i�O�2�(�à¡)�,� �Z�r�O�2�(�á¡)�,� �S�i�O�2�-�A�l�2�O�3� � � � � � � � �c�a�r�b�o�n�(�Ü¡)�,� �T�i�O�2�(�à¡)�,� �Z�r�O�2�(�á¡)�,�


�(�â¡)� �a�n�d� �A�l�2�O�3�(�Û¡)�.� � � � � � � � � � � � � � � � � � � � � � � � � �S�i�O�2�-�A�l�2�O�3�(�â¡)� �a�n�d� �A�l�2�O�3�(�Û¡)�.�


�


� � � � � �¦ÁÀ¿ó¶ÌÀ®Æ¡¿ �ã´öÁÈµ �P�t� �ËÃÅ¸ó»¡¿­¼µµ �P�C�E�¡° �ý»º¼Çµí°,� �4�5�0�o�C�¡¿­¼ �à¾ �8�0�%� �¤ÁµµÇÀ �T�C�E� �¦ÁÅ°°Èº¼ÌÀ �ü°ûÂÇµú¾¸Àç¸,� �ÌÀÍ¿ �¯Àç»ÑÇ �¬¿¸± �á°ú°¡° �C�h�a�t�t�e�r�j�e�e�Í¿ �G�r�e�e�n�e�[�1�1�]�¡¿ �ÇÀØÇ­¼ �¸ºí°Çµú¾Ù´.� �ÌÀ¯·ÑÇ �¬¿¸±Î·ÎºÍÅ �P�t�ËÃÅ¸ó»¡¿­¼Â´ �ã´¼ÃÇÀ �¾Áù·¡¿ �ü°è°ø¾ÌÀ �P�C�E�¡° �ý»º¼Çµç¸ �9�0�%� �ÌÀó»ÇÀ �T�C�E�¦ÁÅ°²À»À �ò¾â± �§ÀØÇ­¼Â´ �5�0�0�o�C� �ÌÀó»ÇÀ �í°Â¿ÌÀ �ä¿¸±Êµ»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �


�


�Ý±Ó¼ �ê»­È°¹ �ËÃÅ¸ó»¡¿­¼ �T�C�E� �¦ÁÅ°Ý¹ÀÀ


� � � � � �T�C�E� �¦ÁÅ°Ý¹ÀÀ¡¿ �ë´ØÇ �ì¿ö¼ÑÇ �°Èº¼»À �¸ºÎÀ �T�i�O�2�¦¸ �ã´¼ÃÎ· �ÏÇ©¿ �üÀÌÀÝ±Ó¼ �ê»­È°¹ �ËÃÅ¸ÇÀ �T�C�E� �¦ÁÅ°°Èº¼»À �Ë¾Æ¾¸ºÒ¾Ù´.� �F�i�g�.� �3�¡¿­¼ �Ë¾ �ö¼ �ÖÀíµÌÀ,� �»º �¬¿¸±¡¿­¼ �¶Áç»Èµ �ê»­È°¹ �ËÃÅ¸éµ �ßÁ¡¿­¼ �M�n�O�x�/�T�i�O�2� �ËÃÅ¸Â´ �4�5�0�o�C� �ÌÀó»¡¿­¼ �Å°ÇÀ �1�0�0�%�ÇÀ �¦ÁÅ°°Èº¼»À �¸ºÌÀöÁ¸¸ �üÀÝ¹ûÀ¸ÀÎ· �C�r�O�x�/�T�i�O�2� �ËÃÅ¸¡¿ �ñºØÇ­¼ �úÀÂ¿¡¿­¼ �·³ºÀ �°Èº¼ÌÀ �ü°ûÂÈµÙ´.� �×±¯·ª³ �C�r�O�x�/�T�i�O�2� �ó»¡¿­¼Â´ �3�5�0�o�C�¡¿­¼ �9�0�%� �ÌÀó»ÇÀ �ì¿ö¼ÑÇ �T�C�E� �¦ÁÅ°°Èº¼»À �¸ºÌÀç¸ �P�C�E� �ý»º¼ �Ç¶ÑÇ �ü°ûÂÇµöÁ �Ê¾Ò¾Ù´.� �


� � � � � �F�i�g�.� �4�¡¿­¼ �¸ºíµÌÀ,� �C�r�O�x� �ËÃÅ¸Â´ �ã´¼ÃÇÀ �¾Áù·¡¿ �ó»ü°ø¾ÌÀ �3�5�0�o�C�¡¿­¼ �8�0�%� �ÌÀó»ÇÀ �ì¿ö¼ÑÇ �°Èº¼ÌÀ �ü°ûÂÇµöÁ¸¸ �C�r�O�x�/�T�i�O�2� �ËÃÅ¸¡¿ �ñºÏÇ©¿ �üÀ �Ý¹ÀÀÂ¿µµ¡¿­¼ �à¾1�0�%� �¤ÁµµÇÀ �·³ºÀ �°Èº¼»À �ª³¸Å»³ú¾Ù´.� �Ç¶ÑÇ �1�2�.�5� �w�t�.�%�ÇÀ �C�r�O�x�/�A�l�2�O�3� �ËÃÅ¸Â´ �ó»÷¾­ÈÇµî¾ �Î³®¸ �ç»ë¿Çµí° �ÖÀÂ´¥µ[�1�0�,� �1�2�,� �1�3�]�,� �»º �¬¿¸±¡¿ �ÇÀÏÇé¸ �1� �w�t�.�%� �C�r�O�x�/�T�i�O�2� �ËÃÅ¸¡° �¸ºÙ´ �ì¿ö¼ÑÇ �C�V�O�C� �¦ÁÅ°ë¿ �ËÃÅ¸ÓÀ»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �×±¯·ª³ �â±¸ÁÇÀ �ó»÷¾ËÃÅ¸Í¿ �¿µÏÀÑÇ �C�r�O�x�ÔÇ®·¡¿ �ë´ÏÇ©¿ �ñº³±ÇµöÁ �Ê¾Ò¾â± �§¶®¹¡¿ �1�2�.�5� �w�t�.�%� �C�r�O�x�/�T�i�O�2� �ËÃÅ¸ÇÀ �T�C�E� �¦ÁÅ°º¼É´ÌÀ �¬¿¸±Çµî¾ß¾ �ÒÇ �Í°ÌÀÙ´.� �


��� �E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c� � �������F�i�g�.� �3� �T�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�c�t�i�v�i�t�y� �o�f� �T�C�E� �o�v�e�r� � � � �F�i�g�.� �4� �E�f�f�e�c�t� �o�f� �t�h�e� �c�a�t�a�l�y�s�t� �s�u�p�p�o�r�t�s� �


�t�h�e� �m�e�t�a�l� �o�x�i�d�e� �c�a�t�a�l�y�s�t�s� �s�u�p�p�o�r�t�e�d� �o�n� �T�i�O�2� � � � � � � �o�n� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�c�t�i�v�i�t�y� �o�f� �


�C�r�O�x�(�Û¡)�,� �M�n�O�x�(�Ü¡)�,� �C�o�O�x�(�à¡)�,� �C�u�O�x�(�â¡)�,� � � � � � � �T�C�E� �o�v�e�r� �C�r�O�x�-�b�a�s�e�d� �c�a�t�a�l�y�s�t�s� �:�
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