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�A� �S�t�u�d�y� �o�n� �t�h�e� �c�a�t�a�l�y�t�i�c� �c�o�m�b�u�s�t�i�o�n� �o�f� �m�e�t�h�a�n�e� �o�v�e�r� �t�h�r�e�e�-�w�a�y� �c�a�t�a�l�y�s�t�s�
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�W�o�n�-�i�h�l� �C�h�o�,�Y�o�u�n�g�-�s�a�m� �O�h�,�D�a�l�-�r�y�u�n�g� �P�a�r�k�,�Y�o�u�n�g�-�s�o�o�n� �B�a�e�k�,�H�y�o�-�s�u�n� �P�a�n�g�


�D�i�v�.� �o�f� �G�a�s� �U�t�i�l�i�z�a�t�i�o�n�,� �K�o�r�e�a� �G�a�s� �C�o�r�p�o�r�a�t�i�o�n� �R� �&� �D� �C�e�n�t�e�r�
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� �¯Èæ°À¿°¿ÇÀ �ÖÁü¹ÎÀ �úÁÒ¼ê»­È°¹ú° �ÌÀê»­ÈºÅÒ¼ÇÀ �è¹âÃ®·»À �ï¾¦ÁÏÇâ± �§ÀÏÇ©¿ �í°¿È²À,� �«¹ø°ØÇ �¬¿Ò¼ �Ã½º½ÛÅ �×¹ �¬¿Ò¼ë¿ �ËÃÅ¸ �³°ß¹ �¬¿¸±¡° �ÖÃÙ±éµî¾ �°Èß¹÷È �øÁàÇÇµí° �ÖÀÙ´.� �ËÃÅ¸¬¿Ò¼ÇÀ �¡°åÀ �«Å �¯Æ¡Â¸ÀÎ·á½ �ËÃÅ¸ÛÀë¿(�c�a�t�a�l�y�s�i�s�)�¡¿ �ÇÀÏÇ©¿ �ñÈ®¼¬¿á·ÇÀ �¿È²ÀûÀÎÀ �È¾¤Á¬¿Ò¼¡° �¡°É´ÏÇ©¿ �Ì¹¬¿Ò¼º¼ÐºÎÀ �N�O�x�ÇÀ �ß¹ý»»À �©ÅÔ° �ÙÁÏÀ �ö¼ �ÖÀÙ´.� �×±¯·ª³ �í°¼Ã¬¿á·¦¸ �ç»ë¿ÒÇ �ö¼ �ø¾¸Àç¸ �¡°Ý°ÌÀ �ñºÎ½Ù´Â´ �Ü´¡ÁÌÀ �ÖÀÙ´.� �ËÃÅ¸¬¿Ò¼Â´ �íÆÇÀó» �×± �ÛÀ¿µÂ¿µµ �ïÁ,� �ÖÃ¾ÁûÀ¸ÀÎ· �ß¹ý»ÏÇÂ´ �­¿¡¿Ê³öÁ �¯À¼ÃÇÀ �Â¿µµ¡¿ �ûµó¶­¼ �úÀÂ¿¬¿Ò¼(�à¾3�0�0�É¡¤ÁµµÌÀÏÇ)�,� �ßÁÂ¿¬¿Ò¼(�à¾3�0�0�­¡1�,�0�0�0�É¡)�,� �í°Â¿¬¿Ò¼(�à¾1�,�0�0�0�­¡1�,�5�0�0�É¡)�Î· �Ðºù·ÑÇÙ´.� �úÀ,�ßÁÂ¿¬¿Ò¼Â´ �ÖÁÎ· �Ì¹¬¿Ò¼º¼Ðº �×¹ �Ç¾ëÃ(�¯ÀØÇ)�º¼Ðº»À �¦ÁÅ°ÏÇÂ´ �»ÅëÃËÃÅ¸,� �ÚÀ¿µ÷Â �è¹â±¡°º½ �¤Á­È �×¹ �ø¿ûÀÜ¿±¼ �æ¹ç»÷È-�¸Å¡¿ �ÀÀë¿ÇµÂ´ �Í°ÌÀ �¿Èú°ûÀÌÀç¸,� �í°Â¿¬¿Ò¼Â´ �ñÈÚ¹¬¿á·ÇÀ �¿È²ÀûÀÎÀ �¬¿Ò¼Í¿ �N�O�x�ÇÀ �ß¹ý»»À �ï¾¦ÁÏÇÂ´¥µ �¿Èú°ûÀÎÀ �¡°º½ÍÅóº,� �¸ºÏÀ¯·,� �¦Á®Æ£¿øÁ �îµ¡¿ �ûÀë¿ÈµÙ´.� �ÏÀÝ¹ûÀ¸ÀÎ· �ËÃÅ¸¬¿Ò¼¡¿­¼ �°Èº¼º¼Ðº¸ÀÎ·Â´ �Í±Ý±Ó¼ÎÀ �P�t�ª³ �P�d� �îµ»À �ç»ë¿Çµí° �ÖÀ¸Àç¸ �ã´¼ÃÎ·Â´ �Ë¾ç·Ì¹ª³¦¸ �ç»ë¿ÏÇí° �ÖÀ¸Àç¸,� �»Ã¤Á¬¿á·ÎÀ �µÃ¬¿¡°º½Â´ �¯Èæ°®¹¦Á¡° �ë´ÎµÈµ �8�0�â³ë´ÌÀÄÈ¡¿ �¹±»³¡¿ �µµÔÀÇµî¾ �üº¥¸ �Ó¼µµÎ· �×± �ö¼ä¿¡° �õÁ¡°ÏÇí° �ÖÀÙ´.� �ûµó¶­¼ �µÃ¬¿¡°º½¦¸ �ÌÀë¿ÏÇ©¿ �ËÃÅ¸¬¿Ò¼ �¬¿¸±¡° �°Èß¹ÏÇÔ° �øÁàÇÇµí° �ÖÀ¸Àç¸,� �»º �¬¿¸±¡¿­¼Â´ �ÚÀ¿µ÷ÂÇÀ �Ì¹¬¿Ò¼º¼ÐºÇÀ �Ç¾ëÃº¼Ðº»À �¦ÁÅ°ÏÇÂ´ �»ÅëÃËÃÅ¸ÎÀ �ï»ø¿ËÃÅ¸¦¸ �Ç½èÇë´ó»¸ÀÎ· �Þ¸ºÅÇÀ �ËÃÅ¸¬¿Ò¼Ý¹ÀÀ»À �ö¼àÇÏÇ´¿Ù´.�
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�Ç½èÇåÀ¡Ä �×¹ �æ¹ý¹


� � �ËÃÅ¸¬¿Ò¼ �åÀ¡ÄÎ·Â´ �¡°º½¯À®·¶ÁýÀÎºÐº,� �ø°â±Í¿ �¬¿á·ÇÀ �¥ÈÕÇ �×¹ �¹¿­¿ÎºÐº,� �Ý¹ÀÀâ±ÎºÐº �×¹ �Ý¹ÀÀ¡°º½ÇÀ �Ðº®¼ÎºÐº¸ÀÎ· �ÌÀç·î¾³ÁÙ´.� �¯Æ÷È¬¿Ò¼Ã½ �ç»ë¿ÑÇ �ø°â±Í¿ �¬¿á·ÇÀ �ñº¦¸ �úÁ®· �¯À®· �¶ÁýÀâ±(�m�a�s�s� �f�l�o�w� �c�o�n�t�r�o�l�l�e�r�)�Î· �¤ÁÐ¹ÏÇÔ° �¶ÁýÀÏÇ©¿ �ø°¬¿ñº¦¸ �9�9�:�1� �-� �9�4�:�6�¸ÀÎ· �¯º­ÈÃ½×Ä¸Àç¸,� �¯À®·ºÀ �1�5�,�0�0�0�­¡7�5�,�0�0�0�h�r�-�1�ÇÀ �ø°£°Ó¼µµÎ· �êÈÁ· �Ç½èÇ¡¿ �ö¼àÇÏÇ´¿Ù´.� �Ý¹ÀÀâ±ÇÀ �Â¿µµÂ´ �E�l�e�c�t�r�o�-�L�i�n�n�ç» �ø¿ëÅüÇ �Ý¹ÀÀÎ·¦¸ �ç»ë¿ÏÇ©¿ �2�5�0�­¡7�0�0�É¡¡¿­¼ �Þ¸ºÅÇÀ �¬¿Ò¼¯Æº¼ �Ç½èÇ»À �ö¼àÇÏÇ´¿¸Àç¸,� �Ý¹ÀÀ �¡°º½ÇÀ �Ðº®¼ºÀ �H�e�w�l�e�t�t� �P�a�c�k�a�r�d�ç»ÇÀ �G�C� �5�8�9�0� �s�e�r�i�e�s� �±¥¦¸ �ÌÀë¿ÏÇ©¿ �Ðº®¼ÏÇ´¿¸Àç¸,� �G�C� �®Ä³·ºÀ �P�o�r�a�p�a�k�-�Q�(�1�5�f�t�,� �8�0�-�1�0�0�m�e�s�h�)�¦¸ �æÃøÁÏÇ©¿ �Ý¹ÀÀ¡°º½ �×¹ �Ì¹Ý¹ÀÀ¡°º½¦¸ �Ðº®¼ÏÇ´¿Ù´.�


�


�


�


�á°ú° �×¹ �í°ûÂ


� � �µÃ¬¿¡°º½ÇÀ �ÖÁº¼ÐºÎÀ �Þ¸ºÅÇÀ �ËÃÅ¸¬¿Ò¼ �Ý¹ÀÀÓ¼µµÄ½ºÀ �Þ¸ºÅó³µµ¡¿ �ë´ÑÇ �1�÷ÂÄ½¸ÀÎ· �ª³¸Å¾³ �ö¼ �ÖÀÙ´.�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ������� � � � � � � � � � � � � � � � � � � � �


� � � �©¿â±¡¿­¼ �Ó¼µµó»ö¼ �k�ª°ºÀ �A�r�r�h�e�n�u�i�s� �Ä½¡¿­¼ �ò¾î¾øÁÙ´.� �ïÁ,�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ������� � �Ç¶Â´ � ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ������� � � � � � � � � � � �


� � � �©¿â±­¼ �A�Â´ �óºµµó»ö¼ �ÌÀç¸,� �R�ºÀ �â±¼Ãó»ö¼Î· �1�.�9�8�7�c�a�l�/�m�o�l� �K�ÌÀí° �T�Â´ �Ý¹ÀÀÂ¿µµ¦¸ �ª³¸Å½³Ù´.� �ÌÀÄ½¸ÀÎ· �ÎºÍÅ �ËÃÅ¸ó»¡¿­¼ �Ý¹ÀÀÌÀ �ÌÀï·øÁ �°Èº¼­È �¡¿Ê³öÁ �E� �ª°»À �è°ê»ÒÇ �ö¼ �ÖÀÙ´.�


� � � �»º �¬¿¸±¡¿­¼ �ç»ë¿ÑÇ �ËÃÅ¸Â´ �ó»ë¿­ÈÈµ �ÚÀ¿µ÷Âë¿ �ËÃÅ¸Î·á½,� �Ý¹ÀÀ �°Èº¼¡¿ �¯À¿ÈÑÇ �ÎÀÚÀÎÀ �ñº¥Çé¸ûÀ¡¿ �ë´ÑÇ �ËÃÅ¸ �¯Æº¼Ã½èÇ»À �§ÀÏÇ©¿ �1�,�5�0�0�É¡¡¿­¼ �1�5�Ã½£° �Ò¼º¼Ã½²Å �Ë¾ç·Ì¹ª³(�A�l�2�O�3�)�,� �Ù¹ý· �íÇç»Ë¾ç·Ì¹×³ÌÀ®Æ(�B�a�O�.�6�A�l�2�O�3�)� �×¹ �º½¼ÆÎ·½´ú° �õ¶ºÅý·»À �¡Ä¯ÈÑÇ �íÇç»Ë¾ç·Ì¹×³ÌÀ®Æ(�S�r�0�.�8�L�a�0�.�2�M�n�A�l�1�1�O�1�9�)� �ã´¼Ã¡¿ �1�w�t�%� �P�d�ËÃÅ¸¦¸ �ã´öÁÃ½²Å �çÀá·éµú°ÇÀ �ñº¥Çé¸ûÀ»À �øÃ¤Á �ñº³±ÏÇ©¿ �¥Ç �1�¡¿ �ª³¸ÅÂ³Ù´.� �


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


�C�a�t�a�l�y�s�t��
�S�u�r�f�a�c�e� �a�r�e�a�(�m�2�/�g�)��
�R�e�m�a�r�k��
��
��
�P�d�/�A�l�2�O�3��
�5�.�5��
� � �1�w�t�%� �P�d�,��
��
��
�P�d�/�B�a�O�.�6�A�l�2�O�3��
�5�2�.�6��
�C�a�l�c�i�n�a�t�i�o�n� �a�t� �1�2�0�0�É¡,� �1�5�h�r��
��
��
�P�d�/�S�r�0�.�8�L�a�0�.�2�M�n�A�l�1�1�O�1�9��
�2�1�.�1��
��
��
��
�P�d�/�C�o�r�d�i�e�r�i�t�e��
�1�8�.�7��
�C�o�m�m�e�r�c�i�a�l� �t�h�r�e�e�-�w�a�y� �c�a�t�a�l�y�s�t��
��
��
� � �ßÁúÀÂ¿µ¿ª¿¡¿­¼ �ñº³±ûÀ �È¾¤ÁÇµí° �¥Çé¸ûÀÌÀ �«Å �P�d�/�A�l�2�O�3�¡° �í°Â¿µ¿ª¿¡¿­¼ �ñº¥Çé¸ûÀÌÀ �ÛÀºÀ �ø¿ÎÀºÀ �ËÃÅ¸ �P�d�Í¿ �Ë¾ç·Ì¹ª³ÇÀ � �s�i�n�t�e�r�i�n�g� �öÇó»¸ÀÎ· �Ë¾Á·®Á �ÖÀ¸Àç¸,� �ßÁí°Â¿ �ËÃÅ¸¬¿Ò¼ë¿¸ÀÎ·Â´ �Ù¹ý·»À �·Ã¡°ÏÇ©¿ �h�e�x�a�g�o�n�a�l�¸±¶Á¦¸ �üÇº¼ÏÇÔ° �ÏÇí° �¸ºÙ´ �õ´ �È¾¤ÁûÀÎÀ �¸±¶Á¦¸ �®°µµÏ· �ÏÇ´¿í° �º½¼ÆÐ·¬Æú° �õ¶ºÅý· �îµ �üÀÌÀÝ±Ó¼»À �¡Ä¯ÈÃ½ÑÄ �°Èº¼ÌÀ �âÇó»Èµ �íÇç»Ë¾ç·Ì¹×³ÌÀ®Æè° �ËÃÅ¸¡° �ì¿ö¼ÑÇ �¬¿Ò¼¯Æº¼»À �®°¸Àç¸,� �P�d�/�c�o�r�d�i�e�r�i�t�e�ÇÀ �æ°ì¿ �w�a�s�h�c�o�a�t�i�n�g� �¸ÀÎ· �ÎÀÏÇ©¿ �Ù´Ò¼ �¥Çé¸ûÀÌÀ �ÛÀöÁ¸¸ �ßÁí°Â¿ �ËÃÅ¸¬¿Ò¼¡¿ �ûÀÕÇÑÇ �¥Çé¸ûÀ»À �®°Â´Ù´í° �ç»á·ÈµÙ´.�


� � �A�r�r�h�e�n�i�u�s�Ä½¸ÀÎ· �ÎºÍÅ �«¹ËÃÅ¸ �¬¿Ò¼ÇÀ �æ°ì¿ �°Èº¼­È �¡¿Ê³öÁ¡° �à¾ �1�0�0�k�c�a�l�/�m�o�l�ÌÀç¸,� �é¹ �îµ[�1�0�]�ÇÀ �üÀÌÀÝ±Ó¼ÌÀ �¡Ä¯ÈÈµ �íÇç»Ë¾ç·Ì¹×³ÌÀ®ÆÇÀ �æ°ì¿ �9�­¡1�1�k�c�a�l�/�m�o�l�¤ÁµµÌÀç¸,� �P�d�/�c�o�r�d�i�e�r�i�t�e�ÇÀ �æ°ì¿ �1�9�.�2�k�c�a�l�/�m�o�l� �¤ÁµµÎ· �ñº³±ûÀ �ô³Ô° �ª³¸Åª³ �ßÁÂ¿¬¿Ò¼¡¿ �Ë¾Â¸ºÀ �ËÃÅ¸Î· �¸º©¿öÁç¸,� � �B�a�l�d�w�i�n� �îµ[�1�1�]�ÇÀ �1�w�t�%� �P�d�/�A�l�2�O�3� �ËÃÅ¸¡° �3�0�k�c�a�l�/�m�o�l�ÎÀ¥µ �ñºØÇ �ñº³±ûÀ �È¾¤ÁûÀÎÀ �°Èº¼­È �¡¿Ê³öÁ¦¸ �®°í° �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �ßÁí°Â¿ �ËÃÅ¸¬¿Ò¼¡¿­¼ �°Èë¿óºµµ¡° �ô³ºÀ �ËÃÅ¸éµ»À �ë´ó»¸ÀÎ· �Þ¸ºÅÇÀ �¬¿Ò¼¯Æº¼Ã½èÇ»À �àÇÏÇ©¿ �P�d�/�c�o�r�d�i�e�r�i�t�e�Í¿ �×± �¬¿Ò¼¯Æº¼»À �ñº³±ÑÇ �×±²¸ �1�¡¿­¼ �¸ºé¸ �ñº¥Çé¸ûÀÌÀ �ô³ºÀ �P�d�/�S�r�0�.�8�L�a�0�.�2�M�n�A�l�1�1�O�1�9�¡° �¡°åÀ �Ù¶î¾­³ �¬¿Ò¼¯Æº¼»À �¸º©¿ÖÁú¾¸Àç¸,� �ËÃÅ¸Â´ �°°¸Àª³ �ËÃÅ¸¼Ã¸¸ �Ù´¥¸ �P�d�/�A�l�2�O�3�ÇÀ �æ°ì¿ �Ù´¥¸ �ËÃÅ¸¡¿ �ñºØÇ­¼ �¬¿Ò¼¯Æº¼ �æ°âÇºÀ �ñºÁ½ÏÇª³ �P�d�/�c�o�r�d�i�e�r�i�t�e�¡° �¸ºÙ´ �ì¿ö¼ÑÇ �ËÃÅ¸¯Æº¼»À �¸º©¿ÖÁí° �ÖÀÙ´.� �ïÁ,� �T�9�0�%�¡¿­¼ �P�d�/�c�o�r�d�i�e�r�i�t�e�Â´ �5�8�0�É¡ÇÀ �¬¿Ò¼Â¿µµ¡° �ä¿¸±Çµç¸,� �P�d�/�A�l�2�O�3�ÇÀ �æ°ì¿Â´ �7�5�0�É¡ÇÀ �¬¿Ò¼Â¿µµ¡° �ä¿¸±Êµ»À �Ë¾ �ö¼ �ÖÀú¾Ù´.�


� �Þ¸ºÅÇÀ �¬¿Ò¼ü¹§ÀÍ¿ �ËÃÅ¸¬¿Ò¼â±ÇÀ �³¼è°Ã½ �ßÁä¿ÑÇ �ÎÀÚÀÎÀ �¬¿á·ÇÀ �¯À®·»À �1�8�,�0�0�0�­¡5�4�,�0�0�0�h�r�-�1�ÇÀ �ø°£°Ó¼µµ �ü¹§À¡¿­¼ �¬¿Ò¼Ã½èÇ»À �àÇÏÇ´¿Ù´.� �Õ¾ÇÀ �¸ºí°ÚÀéµÇÀ �á°ú°Í¿ �°°ÌÀ �Þ¸ºÅÇÀ �üÀ¯È²ÀÌÀ �¬¿á·ÇÀ �ø°£°Ó¼µµ¡¿ �öÁè¹¦¸ �Þ¹í° �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀ¸Àª³,� �çÆ¿·üÇÇÀ �ËÃÅ¸¸ºÙ´ �ð¸ë³®¸º½üÇÇÀ �ËÃÅ¸¡° �µ¿âÇ»À �ûÀÔ° �Þ¹½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �ËÃÅ¸¬¿Ò¼ÇÀ �æ°ì¿ �úÀÂ¿ �×¹ �ÊÃñÈÚ¹ �ó»ÂÅ¡¿­¼µµ �¬¿Ò¼¡° �¡°É´ÏÇÇ¹Î· �ø°¬¿ñº¡¿ �ûµó¶­¼ �Þ¸ºÅÇÀ �¬¿Ò¼¯Æº¼»À �í°ûÂÏÇ´¿Ù´.� �6�v�o�l�%�ÌÀÏÇ¡¿­¼ �ð¸Îµ �¬¿Ò¼Êµ»À �Ë¾ �ö¼ �ÖÀ¸Àç¸ �ÊÃñÈÚ¹ �ó»ÂÅÎÀ �1�v�o�l�%�¡¿­¼µµ �¬¿Ò¼¡° �Êµ»À �®ÈÎÀÒÇ �ö¼ �ÖÀ¸Àç¸,� �¿µÏÀ �Ý¹ÀÀÂ¿µµ¡¿­¼ �Þ¸ºÅÇÀ �ó³µµ¡° �ñÈÚ¹ÒÇö¼Ï· �üÀ­È²ÀÌÀ �õÁ¡°ÏÇÂ´ �Í°¸ÀÎ· �ª³¸Åµ³Ù´.� �ÌÀÂ´ �ËÃÅ¸þÃÇÀ �â±¼Ã®Èê»µ¿ª¿¡¿­¼ �úÀó³µµÇÀ �æ°ì¿Â´ �¬¿á·Í¿ �ËÃÅ¸ �°Èº¼¡Áú° �íÈ»ÅøÂÏÇÂ´ �Ó¼µµ¡° �ñº³±ûÀ �¡»®¸ �øÁàÇÇµÇ¹Î· �üÀ¯È²ÀÌÀ �õÁ¡°ÏÇí° �í°ó³µµ¡¿­¼Â´ �®Èê»µ¿ª¿ÌÀ �÷Æ­ÈÈµ �ó»ÂÅ¡¿­¼ �íÈ»ÅøÂÃ½ �Ý¹ÀÀ¡¿ �üÂ©¿ÏÇ©¿ �ý»º¼Èµ �Ý¹ÀÀ°¹ú° �®Èê»ÏÇ©¿ �éµî¾À¿Â´ �â±¼Ãó»£È£°¡¿ �æÃ¹µ½Èö¼¡° �õÁ¡°ÏÇ©¿ �Ý¹ÀÀ¡¿ �üÂ©¿ÏÇÂ´ �â±¼Ã¡° �ó»ë´ûÀ¸ÀÎ· �ÛÀÆ¾øÁÙ´í° �ç»á·Çµç¸,� �ûµó¶­¼ �úÀó³µµÇÀ �ËÃÅ¸ �¬¿Ò¼Ý¹ÀÀÌÀ �üÀ¯È²ÀÌÀ �ô³ºÀ �Í°¸ÀÎ· �¸º©¿øÁÙ´.�
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