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�ÊÃÓÀè°Ç°¶ÁÂ´ �ÌÀÌ¹ �ò¾î¾øÁ �½½¯·®¸ �3�8�.�0�g�»À �a�u�t�o�c�l�a�v�e�»³¡¿ �Ö³í° �ÌÀê»­ÈºÅÒ¼¦¸ �ÌÀë¿ÏÇ©¿ �Â¿µµ¦¸3�3� �É¡,� �Ð¾Â·»À �7�.�4� �M�P�a�¸ÀÎ· �¯ÀöÁÏÇ©¿ �1�Ã½£°¿µÈ¾ �¯ÀöÁÏÇ©¿ �»³ÎºÇÀ �ö¼Ðºú° �ÌÀê»­ÈºÅÒ¼¡° �òÆüÇ»À �ÌÀç·µµÏ· �ÑÇ �ÄÈ¡¿ �ÎºøÂÈµ �ë¹êº¦¸ �ÌÀë¿ÏÇ©¿ �Ð¾Â·»À �¦ÁÅ°ÏÇ´¿Ù´.� �ÌÀ§¶ �è¹âÃÇµÂ´ �³°º½ÇÀ �ö¼ÐºÐº®¼»À �ëÅØÇ �ó»ë´À½µµ¡° �1� �%�ÌÀÏÇÎ· �Éµ§¶î±öÁ �Ý¹¹ºÏÇ©¿ �ÊÃÓÀè°Ç°¶ÁÇÀ �¾Áá°¡Á¸ÀÎ· �ëÃÏÇ´¿Ù´.� �Ç¶ÑÇ �¿µá°Ç°¶Á¡¿­¼Â´ �¿µÏÀÑÇ �½½¯·®¸3�8�.�0�g�»À �¨°Ð¾Ç°¶Áâ±¡¿ �Ö³í°,� �×¾¼ÃúÁÒ¼¦¸ �ÌÀë¿ÏÇ©¿ �Â¿µµ¦¸ �-�7�0� �É¡ÌÀÏÇÎ· �¯ÀöÁÃ½²Å �ÄÈ¡¿ �Ç°¶Áâ±ÇÀ �Ð¾Â·»À �1� �t�o�r�r�Î· �»³È·Ù´.� �Ç°¶ÁÇÀ �¾Áá°ºÀ �øÁø°ßÆÁÇ¡¿ �ÇÀØÇ �è¹âÃÇµÂ´ �³°º½ÇÀ �ö¼ÐºÐº®¼»À �ëÅÏÇ©¿ �ó»ë´À½µµ¡° �1� �%�ÌÀÏÇÎ· �ÇµÂ´ �¡Á¡¿­¼ �¿µá°Ç°¶Á¡° �Ï¿á·Èµ �Í°¸ÀÎ· �Ç½èÇÏÇ´¿Ù´.� �Ç¶ÑÇ �ëÅó»ÇÀ �¡°­¿Ç°¶ÁÂ´ �í°¼Ã.�×¾¼Ã �¥ÈÕÇó»»À �3�8�.�0� �g�»À �ëÃÏÇ©¿ �m�u�f�f�l�e� �f�u�r�n�a�c�e�¡¿ �Ö³ºÀ �ÄÈ �1�0�É¡/�m�i�n�ÇÀ �Ó¼µµÎ· �1�2�0�É¡î±öÁ �Â½Â¿ÑÇ �ÄÈ �2�4�Ã½£°¿µÈ¾ �¯ÀöÁÏÇ©¿ �¡°­¿Ç°¶Á¦¸ �¾Áá·ÏÇ´¿Ù´.�


�ó»â±ÇÀ �¼¼ �¡°öÁ �æ¹ý¹¡¿ �ÇÀØÇ �Ç°¶ÁÈµ �Ðº»¸éµ»À �¢°¢°7�.�6�5�g� �ëÃÏÇ©¿m�u�f�f�l�e� �f�u�r�n�a�c�e�»³¡¿­¼ �1�0�É¡/�m�i�n�ÇÀ �Ó¼µµÎ· �1�2�0�É¡î±öÁ �Â½Â¿ÏÇ©¿ �2�Ã½£°¿µÈ¾ �¯ÀöÁÑÇ �ÄÈ,� �¢°¢° �1�0�,� �3�0�,� �6�0�×¹ �3�5�0�É¡/�m�i�n�ÇÀ �Â½Â¿Ó¼µµ¡¿ �ûµó¶ �3�5�0�É¡î±öÁ �Â¿µµ¦¸ �ô³´¿Ù´.� �3�Ã½£°¯ÀöÁÄÈ,� �5�0�0�É¡(�Â½Â¿Ó¼µµÂ´ �1�0�É¡/�m�i�n�Î· �ëÅÏÀ)�¡¿­¼ �2�4�Ã½£°¿µÈ¾ �¯ÀöÁÃ½ÑÄ �°Èº¼ÐºÌÀÜ¿ÇÀ �°¹úÁ»À �¦ÁÅ°ÑÇ �ÄÈ �Ðº®¼ÏÇ´¿Ù´.� �ïÁ �Ç°¶Áý¹ �×¹ �Ò¼á°Ã½ �Â½Â¿Ó¼µµ¡¿ �ûµó¶ �¦Á¶ÁÈµ �ËÃÅ¸ÇÀ �¯Æº¼»À �B�E�T�ÇÀÑÇ �¥Çé¸ûÀú° �â±ø°ÇÀ �òÆÕ±©Åâ±,� �â±ø°ÇÀ �Ðº÷Æ �×¹ �üÇó»¡¿ �ë´ÑÇ �í°ûÂ»À �ÏÇ´¿Ù´.� �×±®¸í° �c�h�e�m�i�s�o�r�p�t�i�o�n�»À �ëÅØÇ �C�O�2�Í¿ �H�2�ÇÀ �­ÈÐÇíÈøÂ®·»À �ü°ûÂÏÇ´¿í°,� �X�P�S�(�X�-�r�a�y� �p�h�o�t�o�e�l�e�c�t�r�o�n� �s�p�e�c�t�r�o�s�c�o�p�y�)�¦¸ �ëÅÏÇ©¿ �F�e�¡¿ �ü°ÏÇ©¿ �ü°ûÂÏÇ´¿Ù´.� � � � � �


��� �E�M�B�E�D� �W�o�r�d�.�P�i�c�t�u�r�e�.�6� � �������


�F�i�g�.� �1� �.� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �f�i�x�e�d� �b�e�d� �t�u�b�u�l�a�r� �r�e�a�c�t�o�r� �s�y�s�t�e�m� �.�


�


�ËÃÅ¸ÇÀ �°Èº¼Ç½èÇ»À �§ÀÏÇ©¿ �¢°¢°ÇÀ �¶ÁÇ°¡¿­¼ �¦Á¶Á,� �Ò¼º¼Èµ �ËÃÅ¸¦¸C�I�P�(�C�o�l�d� �i�s�o�s�t�a�t�i�c� �p�r�e�s�s�)�Î· �º¼üÇÑÇ �ÄÈ �Ðºâ¼ÏÇ©¿ �2�0�~�4�0�m�e�s�h�©Åâ±ÇÀ �ÔÀÚÀ¦¸ �±¼°ºÏÇú¾Ù´.� �ËÃÅ¸ �0�.�5�g�»À �Ý¹ÀÀâ±¡¿ �æÃøÁÏÇí° �4�5�0�É¡¡¿­¼ �5�0�m�l�/�m�i�n�¸ÀÎ· �ö¼Ò¼¦¸ �ëÅú°Ã½°Åç¸ �1�4�Ã½£°¿µÈ¾ �¯Èø¿»À �ÏÇ´¿Ù´.� �


�ÌÀÄÈ �Ý¹ÀÀâ±Â¿µµ �×¹ �Ð¾Â·»À �3�0�0�É¡,�1�0�a�t�m�¸ÀÎ· �¯ÀöÁÃ½°Åí° �Ý¹ÀÀ³°º½¦¸ �9�5�0�m�l�/�h�r�¸ÀÎ· �êÈÁ·ÖÁí°,� �2�4�Ã½£°ÌÀÄÈ �ý»º¼°¹ÇÀ �ó³µµ¦¸ �Ðº®¼ÏÇ´¿Ù´.� �C�O�Í¿ �C�O�2�,� �H�2�,� �H�2�O�ÇÀ �Ðº®¼¡¿Â´ �P�o�l�a�r� �P�L�O�T� �Q� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n�»À �ç»ë¿ÏÇ´¿í°,� �P�o�r�a�P�a�k� �Q� �c�o�l�u�m�n�»À �ç»ë¿ �C�H�4�,� �C�2�H�4�,� �C�2�H�6�.�.�.�îµÇÀ �ºÅ­Èö¼Ò¼¦¸ �Ðº®¸ÏÇ©¿ �¢°¢°F�I�D�Í¿ �T�C�D� �d�e�t�e�c�t�o�r�¡¿ �ÇÀÏÇ©¿ �Ë°öÁ �ÏÇ´¿Ù´.� �¢° �ý»º¼°¹ú° �Ì¹Ý¹ÀÀ°¹éµ¡¿ �ë´ÑÇ �¤Á®·Ðº®¼»À �§ÀØÇ �¥ÇØÁú°ÐÇ(�¬¿)�¡¿­¼ �¦Á¶ÁÑÇ �¥ÇØÁ³°º½¦¸ �ç»ë¿ÏÇ´¿Ù´.� �ÌÀ �á°ú°¦¸ �äÅë´Î· �üÀ¯È²Àú° �±¼ÃÅµµ¦¸ �è°ê»ÏÇ´¿Ù´.�


�


�á°ú° �×¹ �äÅÐ·


�ÌÀ¯·ÑÇ �Ç½èÇÇÀ �á°ú°Î· �â±¸ÁÇÀ �ÏÀÝ¹ �¡°­¿Ç°¶Áý¹¡¿ �ñºÏÇ©¿ �ô³ºÀ �ñº¥Çé¸ûÀ»À �®°Â´ �ËÃÅ¸¦¸ �ò¾»À �ö¼ �ÖÀú¾Ù´.� �×±¯·ª³ �»º �Ç½èÇ¡¿­¼ �ã´¼ÃÎ·­¼ �ç»ë¿Èµ �ã¥-�A�l�2�O�3�Â´ �Ã½ÇÆ¦Á°Ç¸ÀÎ·­¼ �ÚÀ¼ÃÇÀ �ñº¥Çé¸ûÀÌÀ �1�5�7�m�2�/�g�ÌÀú¾¸Àç¸ �×± �õÁ¡°øÆºÀ �©ÅöÁ �Ê¾Ò¾Ù´.�


�×±³·¡¿µµ �Òº¸±ÏÇí° �»º �Ç½èÇ¡¿­¼Â´ �ÓÀÇÀÇÀ �ñº¥Çé¸ûÀ»À �®°Â´ �ËÃÅ¸ÇÀ �ã´¼Ã¦¸ �ç»ë¿ÑÇ �ÔÇ§Äý¹ �ËÃÅ¸¦Á¶ÁÜ´è°¡¿­¼ÇÀ �Ç°¶Áæ¹Ä½ú° �¶ÁÇ°ÌÀ �ñº¥Çé¸ûÀú° �ËÃÅ¸ÇÀ �°Èº¼îµ¡¿ �à±¤ÁûÀ �µ¿âÇ»À �¢³§Ä»À �®ÈÎÀÏÇ´¿Ù´.� �¯Æ÷È �õÁß¹Ç°¶Á �×¹ �¿µá°Ç°¶Á,� �ÊÃÓÀè°Ç°¶ÁÍ¿ �Ò¼á°¶ÁÇ°¡¿ �ûµ¥¸ �â±ø°ÇÀ �¯º­ÈÍ¿ �ËÃÅ¸°Èº¼îµÌÀ �ñº³±Çµú¾¸Àç¸,� �ëÅó»ÇÀ �¡°­¿Ç°¶Á �×¹ �Ò¼á°¡¿ �ÇÀÏÇ©¿ �¦Á¶ÁÈµ �ËÃÅ¸ÇÀ �B�E�T�¡¿ �ÇÀÑÇ �¥Çé¸ûÀú° �­ÈÐÇíÈøÂ®·ú° �ÌÀ �ËÃÅ¸ó»¡¿­¼ÇÀ �üÀ¯È²À �×¹ �o�l�e�f�i�n�±¼ÃÅ²À»À �T�a�b�l�e� �1�¡¿ �ª³¸Å»³ú¾Ù´.�


�


�T�a�b�l�e� �1�.� �B�E�T� �s�u�r�f�a�c�e� �a�r�e�a� �a�n�d� �c�h�e�m�i�s�o�r�p�t�i�o�n� �a�m�o�u�n�t� �o�f� �c�a�t�a�l�y�s�t�s�


��
�ã¥-�A�l�2�O�3��
�F�e�/�ã¥-�A�l�2�O�3��
�F�e�-�K�/�ã¥-�A�l�2�O�3��
��
�B�E�T�,� �m�2�/�g��
�1�5�7��
�1�2�8��
� �9�2��
��
�C�O�2� �u�p�t�a�k�e�,� �ì¥m�o�l�/�g��
�-��
�1�6�7� � � ��
�5�1�4��
��
�H�2� � �u�p�t�a�k�e�,� �ì¥m�o�l�/�g��
�-��
� �3�1�.�0��
� �2�0�.�1��
��
�C�O�2� �c�o�n�v�e�r�s�i�o�n�,� �%��
�-��
� � �2�2�.�8�4� � � ��
� � �3�0�.�3�7��
��
�C�2�~�C�4� �o�l�e�f�i�n�/�(�o�l�e�f�i�n�+�p�a�r�f�f�i�n�)��
�-��
� � �0�.�5�8��
� � �9�1�.�2�8��
��
�*�T�e�m�p�.�:�3�0�0�É¡,� �P�r�e�s�s�u�r�e�:�1�0� �a�t�m�,� �S�V�:�1�9�0�0� �m�l�/�h�r�


�


�Ç¶ÑÇ �¡°­¿Ç°¶Á¦¸ �Å°ÄÃ �¦Á¶ÁÈµ �ËÃÅ¸¦¸ �ç»ë¿ÏÇ©¿ �Ý¹ÀÀÃ½²Å �á°ú° �C�2� �~� �C�5�º¼Ðºéµ¡¿ �ë´ÑÇ �±¼ÃÅµµ �×¹ �ý»º¼°¹ÇÀ �ºÅ­Èö¼Ò¼ù· �Ðº÷Æ¦¸ �T�a�b�l�e� �2�¡¿ �ª³¸ÅÂ³Ù´.�


�ÑÇíÆ �â±¸Å �Ç°¶Áý¹ �×¹ �Ò¼á°¡¿ �ûµó¶ �¦Á¶ÁÈµ �ËÃÅ¸ÇÀ �°Èº¼á°ú°¡° �ñº³±,�Ðº®¼Çµú¾Ù´.�


�


�T�a�b�l�e� �2�.� �C�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y� �o�f� �F�e�-�K�/�A�l�2�O�3� �c�a�t�a�l�y�s�t�


��
�S�e�l�e�c�t�i�v�i�t�y�(�C� �m�o�l�%�)��
��
�C�O�2� �c�o�n�v�e�r�s�i�o�n�(�%�)��
�C�O��
�H�C��
��
�3�0�.�3�7��
�4�0�.�6�4��
�5�7�.�6�2��
��
�H�y�d�r�o�c�a�r�b�o�n� �d�i�s�t�r�i�b�u�t�i�o�n� �(�C� �m�o�l�%�)��
��
�C�1��
�C�2�=��
�C�2��
�C�3�=��
�C�3��
�C�4�=��
�C�4��
�C�5�>��
��
�1�2�.�7�4��
�9�.�7�1��
�1�.�8�0��
�1�7�.�0�4��
�2�.�0�9��
�1�6�.�9�4��
�0�.�2�8��
�3�9�.�3�9��
��
�C�2�~�C�4� �o�l�e�f�i�n� �/� �(�o�l�e�f�i�n� �+� �p�a�r�a�f�f�i�n�)� �%��
��
�9�1�.�2�8��
��
�


�R�e�f�e�r�e�n�c�e�s�


�1�.� �P�y�o�u�n�g� �H�o� �C�h�o�i�,� �K�i�-�W�o�n� �J�u�n�,� �S�o�o�-�J�a�e� �L�e�e�,� �M�y�o�u�n�g�-�J�a�e� �C�h�o�i� �a�n�d� �K�y�u�-�W�a�n� �L�e�e�,� � �


� � �C�a�t�a�l�y�s�i�s� �L�e�t�t�e�r�,� �4�0� � �(�1�9�9�6�)� �1�1�5�-�1�1�8�.�


�2�.� �J�.�G�.�v�a�n� �L�i�e�r�o�p�,� �A�.�H�u�i�z�i�n�g�,� �W�.�C�.�M�e�e�r�m�a�n�,� �a�n�d� �C�.�A�.�M�.�M�u�l�d�e�r�,� �J�.�N�o�n�-�C�r�y�s�t�.� �S�o�l�i�d�s� �,� �8�2� �


� � �(�1�9�8�6�)� �2�6�5�-�2�7�0�


�3�.�T�.� �W�o�i�g�n�i�e�r�,� �J�.�P�h�a�l�i�p�p�o�u�,� �a�n�d� �J�.� �Z�a�r�z�c�k�i�,� �J�.�N�o�n�-�C�r�y�s�t�.� �S�o�l�i�d�s�,� �6�3� �(�1�9�8�4�)� �1�1�7�-�1�3�0�.�


