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�T�h�e� �C�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �C�a�t�a�l�y�s�t� �s�u�r�f�a�c�e� �B�a�s�i�c�i�t�y� �a�n�d�


�H�y�d�r�o�c�a�r�b�o�n� �S�e�l�e�c�t�i�v�i�t�y� �i�n� �t�h�e� �C�O�2� �h�y�d�r�o�g�e�n�a�t�i�o�n�
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�K�i�m� �H�o�,� �C�h�o�i� �D�a�e�-�H�o�,� �N�a�m� �S�a�n�g�-�S�u�n�g�,� �C�h�o�i� �M�y�u�n�g�-�J�a�e�,� �K�y�u� �W�a�n�-�L�e�e�


�K�o�r�e�a� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �o�f� �C�h�e�m�i�c�a�l� �T�e�c�h�n�o�l�o�g�y�,� �C�h�e�m�i�c�a�l� �T�e�c�h�n�o�l�o�g�y� �D�i�v�i�s�i�o�n�
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�üÀ �¼¼è°ûÀ¸ÀÎ· �öÁ¸±¯Èæ°¡¿ �Îº¤ÁûÀÎÀ �µ¿âÇ»À �Ì¹¡ÄÂ´ �ÌÀê»­ÈºÅÒ¼ÇÀ �®¹¦Á¦¸ �ØÇá°ÏÇÁ·Â´ �ë³Â·¸ÀÎ· �ë´â± �è¹âÃ®·»À �ÙÁÌÀÅ°ª³ �ÌÀ¦¸ �ûÀýÀ÷È �°Èë¿ÏÇÂ´ �â±ú¼³°ß¹»À �ÌÀç·Á· �ÏÇí° �ÖÀÙ´.� �×± �ßÁ �®¼¯À­ÈÐÇÇÀ �ø¿á·¦¸ �¦Áø°ÑÇÙ´Â´ �ü°¡Á¡¿­¼ �ÌÀê»­ÈºÅÒ¼Î·ÎºÍÅ �ºÅ­Èö¼Ò¼¦¸ �ÕÇº¼ÏÇÂ´ �Ý¹ÀÀ¡¿ �ë´ÑÇ �¬¿¸±Â´ �«Å �µµüÀú° �ñÈÁ¸»À �ÖÁÂ´ �¬¿¸±Ðºß¾Î· �ÎÀÄ½Çµí° �ÖÀÙ´.�


�ÌÀê»­ÈºÅÒ¼ÇÀ �ö¼Ò¼­È �Ý¹ÀÀ¸ÀÎ· �ÎºÍÅ �ºÅ­Èö¼Ò¼ÇÀ �¦Á¶ÁÂ´ �ÏÀê»­ÈºÅÒ¼¦¸ �Ý¹ÀÀÇÀ �ø°Þ±ø¿¸ÀÎ· �ÏÇÂ´ �F�i�s�c�h�e�r�-�T�r�o�p�s�c�h� �Ý¹ÀÀú° �×± �Æ¸ô¶»À �°°ÌÀÏÇç¸ �Ý¹ÀÀÇÀ �Þ¸«ÄÏ´òÁ �Ç¶ÑÇ �ÌÀ¦¸ �ôºî¾ �³¼í¸ÏÇí° �ÖÀ¸Àª³ �Ë¾®Ä®¸Ý±Ó¼ÇÀ �·Ã¡°Ã½ �ý»º¼Èµ �ºÅ­Èö¼Ò¼ÇÀ �Ðº÷Æ¡¿ �ÖÀî¾­¼ �ÏÀê»­ÈºÅÒ¼ÇÀ �æ°ì¿Í¿ �Ù´¥¸ �æ°âÇº¼»À �¸ºÌÀí° �ÖÀ­¼ �ÌÀ¡¿ �ë´ÑÇ �Ë°õÁú° �¬¿¸±¡° �ÊÇä¿ÏÇÔ° �Çµú¾Ù´.�


�»º �Ç½èÇ¡¿­¼Â´ �F�i�s�c�h�e�r�-�T�r�o�p�s�c�h� �Ý¹ÀÀú° �R�e�v�e�r�s�e� �W�a�t�e�r� �G�a�s� �S�h�i�f�t� �Ý¹ÀÀ¡¿­¼ �°Èº¼Ý±Ó¼¸ÀÎ· �ç»ë¿ÏÇÂ´ �¶Ã»À �¢°¢° �H�+�Í¿ �K�+�¡° �ÌÀÂ¿³±¯ÈÈµ �¦ÁÃ¿ó¶ÌÀ®Æ-�Y�¡¿ �ã´öÁÏÇ©¿ �ËÃÅ¸è°ÇÀ �°¿â±µµ¦¸ �¶ÁýÀÔÇ¸ÀÎ·­¼ �ÌÀ¡¿ �ûµ¥¸ �Ý¹ÀÀº¼»À �¶Áç»ÔÇú° �¿µÃ½¡¿ �ÌÀÂ¿³±¯ÈÈµ �K�+�ÌÀ �Ý¹ÀÀ¡¿ �î¾»¶Ô° �üÂ©¿ÏÇÂ´öÁ¦¸ �ì»ìÆ¸ºÒ¾Ù´.�


�


�Ç½èÇ


�ËÃÅ¸ÇÀ �°¿â±µµ¦¸ �¶ÁýÀÏÇÂ´ �æ¹ý¹ÇÀ �ÏÀ¯È¸ÀÎ· �ã´¼ÃÎ·­¼ �¢°¢° �H�+�Í¿ �K�+�¡° �ÌÀÂ¿³±¯ÈÈµ �z�e�o�l�i�t�e�-�Y� �¦¸ �¦Á¶Á1�)�ÏÇ´¿Ù´.� �¶Ãã´öÁ �¦ÁÃ¿ó¶ÌÀ®Æ �ËÃÅ¸Â´ �F�e�(�N�O�3�)�3�¦¸ �ç»ë¿ÏÇ©¿ �ÊÃâ±ÔÇ§Äý¹(�F�e� �1�7�w�%� �ã´öÁ)�¸ÀÎ· �¦Á¶ÁÏÇ´¿¸Àç¸ �ËÃÅ¸¥Çé¸ÇÀ �°¿â±µµ¦¸ �õÁ¡°Ã½°Åâ± �§ÀÏÇ©¿ �K�+�¦¸ �·Ã¡°ÑÇ �F�e�-�K�/�H�Y�Í¿ �F�e�-�K�/�H�Y�ËÃÅ¸(�F�e�:�K�=�2�:�1� �a�t�o�m�i�c� �r�a�t�i�o�)�Â´ �F�e�(�N�O�3�)�3�Í¿ �K�(�N�O�3�)�¦¸ �ç»ë¿ÏÇ©¿ �¿µÏÀÑÇ �æ¹ý¹¸ÀÎ· �¦Á¶ÁÏÇ´¿Ù´.� �ð¸çµ �ËÃÅ¸Â´ �¦Á¶Á �ÄÈ �ø°â± �Ðº§Àâ±ÏÇ¡¿­¼ �1�2�Ã½£° �¿µÈ¾ �¢°¢° �1�2�0�É¡Í¿ �5�0�0�É¡¡¿­¼ �Ç°¶ÁÍ¿ �Ò¼º¼»À �ú°¤Á»À �ö¼àÇÏÇ´¿Ù´.�


�¦Á¶ÁÈµ �ËÃÅ¸ÇÀ �¶Áº¼ú° �¸±¶Á¦¸ �®ÈÎÀÏÇâ± �§ÀÏÇ©¿ �p�o�w�d�e�r� �X�R�D�,� �A�A�S�¦¸ �ÌÀë¿ÏÇ´¿¸Àç¸,� �ËÃÅ¸ÇÀ �íÈ·�»ÅøÂ �¯Æº¼»À �¶Áç»ÏÇâ± �§ÀÏÇ©¿ �¢°¢° �i�n�-�s�i�t�u� �C�h�e�m�i�s�o�r�p�t�i�o�n�Ç½èÇú° �T�P�D�C�(�T�e�m�p�e�r�a�t�u�r�e� �P�r�o�g�r�a�m�m�e�d� �D�e�C�a�r�b�u�r�i�z�a�t�i�o�n�)�Ç½èÇ»À �ö¼àÇÏÇ´¿Ù´.� �Ç¶ÑÇ �Ý¹ÀÀ �üÀ �ËÃÅ¸ÇÀ �¯Èø¿µµ¡¿ �ë´ÑÇ �¤Á¸º¦¸ �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �T�P�R�(�T�e�m�p�e�r�a�t�u�r�e� �P�r�o�g�r�a�m�m�e�d� �R�e�d�u�c�t�i�o�n�)�Ç½èÇ»À �´ºàÇÏÇ´¿Ù´.�


�ËÃÅ¸ÇÀ �Ý¹ÀÀÇ½èÇºÀ �o�n�-�l�i�n�e� �G�C�¡° �åÀøÂÈµ �í°¤ÁþÃÝ¹ÀÀâ±¡¿­¼ �ÌÀç·î¾ �³ÁÙ´.�


�Ý¹ÀÀüÀ �ËÃÅ¸ÇÀ �°Èº¼­È¦¸ �§ÀÏÇ©¿ �1�6�Ã½£° �¿µÈ¾ �4�5�0�É¡¡¿­¼ �í°ø¼µµö¼Ò¼¦¸ �1�0�m�l�/�m�i�n�ÇÀ �Ó¼µµ¦¸ �êÈÁ·¸º»³î¾ �¯Èø¿ú°¤Á»À �Å°£Ä �ÄÈ �3�0�0�É¡,� �1�0�a�t�m� �¡¿­¼ �¥ÈÕÇ¡°º½(�C�O�2�/�H�2�=�1�/�3�)�¦¸ �1�9�0�0�m�l�/�(�h�·�g� �ËÃÅ¸)�ÇÀ �ø°£°Ó¼µµÎ· � �Ý¹ÀÀ»À �ö¼àÇÏÇ´¿Ù´.�
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�á°ú° �×¹ �äÅÐ·


�ÕÇº¼Èµ �¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �¥Çé¸ûÀú° �ÌÀÂ¿³±¯È²À»À �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �B�E�T� �s�u�r�f�a�c�e� �a�r�e�a� �m�e�a�s�u�r�e�m�e�n�t�Í¿ �A�A�S�Ðº®¼»À �ö¼àÇÏÇ´¿¸Àç¸ �á°ú°Â´ �T�a�b�l�e� �1�¡¿ �ä¿à¾ÏÇ´¿Ù´.�
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�T�a�b�l�e� �1�.� �A�n�a�l�y�s�i�s� �o�f� �i�o�n�-�e�x�c�h�a�n�g�e�d� �Y� �z�e�o�l�i�t�e�s�.�


�M�Y�z�e�o�l�i�t�e��
�%� �N�a��
�S�u�r�f�a�c�e� �a�r�e�a� �(�m�2�/�g�)��
�%� �E�x�c�h�a�n�g�e�d�*��
��
�H�Y� �z�e�o�l�i�t�e��
� �1�.�3��
�9�0�3��
� �8�8��
��
�K�Y� �z�e�o�l�i�t�e��
� �0�.�4��
�8�6�5��
� �9�5��
��
�*� �I�t� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �N�a�Y� �z�e�o�l�i�t�e�(�p�a�r�e�n�t� �m�a�t�e�r�i�a�l�)� �w�a�s� �1�0�0�%� �i�o�n�-�e�x�c�h�a�n�g�e�d�


�


�§ÀÍ¿ �°°ÌÀ �ÕÇº¼Èµ �¦ÁÃ¿ó¶ÌÀ®Æ¦¸ �ã´öÁ¼ÃÎ· �ÌÀë¿ÏÇ©¿ �F�e�ËÃÅ¸¦¸ �¦Á¶ÁÏÇ´¿¸Àç¸ �ËÃÅ¸Ý¹ÀÀú° �¿µÏÀÑÇ �¶ÁÇ°¡¿­¼ �¯Èø¿ú°¤Á»À �Å°£Ä �ÄÈ �¢°¢° �H�2�Í¿ �C�O�2�¡¿ �ë´ÏÇ©¿ �¢°¢° �i�n�-�s�i�t�u� �æ¹ý¹¸ÀÎ· �­ÈÐÇíÈøÂ �Ç½èÇ»À �Ç½Ã½ÏÇ´¿Ù´.� �ÌÀ¡¿ �ë´ÑÇ �á°ú°¦¸ �T�a�b�l�e� �2�¡¿ �¤Á®¸ÏÇ´¿Ù´.�
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�T�a�b�l�e� �2�.� �T�h�e� �C�h�e�m�i�s�o�r�p�t�i�o�n� �a�m�o�u�n�t�s� �o�f� �C�O�2� �a�n�d� �H�2� �o�n� �p�r�e�p�a�r�e�d� �c�a�t�a�l�y�s�t�s�


�s�a�m�p�l�e�s��
�C�O�2� �u�p�t�a�k�e� �(�ì¥m�o�l�/�g�)��
�H�2� �u�p�t�a�k�e� �(�ì¥m�o�l�/�g�)��
��
�H�Y� �z�e�o�l�i�t�e��
�-��
�2�.�1��
��
�K�Y� �z�e�o�l�i�t�e��
�-��
�1�.�7��
��
�F�e�/�H�Y� ��
�1�3�.�8��
�1�.�7��
��
�F�e�/�K�Y� ��
�5�4�.�2��
�1�.�1��
��
�F�e�-�K�/�H�Y��
�1�7�.�4��
�1�.�5��
��
�F�e�-�K�/�K�Y��
�5�8�.�5��
�1�.�2��
��
�-� �:� �n�o�n�-�o�b�s�e�r�v�e�d� �d�a�t�a�


�


�H�2�­ÈÐÇíÈøÂºÀ �ð¸çµ �Ã½á·¡¿ �ë´ÏÇ©¿ �Å°ÇÀ �øÁàÇÇµöÁ �Ê¾Ò¾½ÀÌÀ �ü°ûÂÇµú¾¸Àª³ �C�O�2�ÇÀ �æ°ì¿Â´ �ÌÀÂ¿³±¯ÈÈµ �K�¡° �¸ÁçÀÒÇ �§¶ �­ÈÐÇíÈøÂ®·ÌÀ �©ÅÔ° �õÁ¡°Çµú¾¸Àç¸ �Ç¶ÑÇ �F�e�ÇÀ �ã´öÁ®·¡¿ �ûµó¶ �õÁ¡°ÏÇ´¿Ù´.� �ÏÀÝ¹ûÀ¸ÀÎ· �C�O�2� �­ÈÐÇíÈøÂºÀ �ËÃÅ¸¥Çé¸ÇÀ �K�+�Í¿ �F�e�¡¿­¼ �øÁàÇÇµç¸ �ÖÁÎ· �K�¡¿ �õ´í¿ �¯À®¸ÑÇ �Í°¸ÀÎ· �Ë¾Á·®Á2�-�3�)� �Ô¿¸Àª³ �»º �Ç½èÇÇÀ �á°ú°,� �¦ÁÃ¿ó¶ÌÀ®Æ¡¿ �ÌÀÂ¿³±¯ÈÈµ �K�¡¿­¼Â´ �­ÈÐÇíÈøÂÌÀ �üÀôÇ �ÌÀç·î¾öÁöÁ �Ê¾Ò¾Ù´.� �ûµó¶­¼ �F�e�/�H�Y�Í¿ �F�e�/�K�Y�ÇÀ �C�O�2�­ÈÐÇíÈøÂ®·»À �ñº³±ÏÇ©¿ �¼º �§¶,� �C�O�2� �­ÈÐÇíÈøÂºÀ �ËÃÅ¸¥Çé¸ÇÀ �K�µ¿ª¿¡¿­¼ �¸ÁçÀÏÇÂ´ �F�e�¡¿ �õ´í¿ �¯À®¸ÏÇÔ° �øÁàÇÇµÂ´ �Í°¸ÀÎ· �ý»¢°ÒÇ �ö¼ �ÖÀÙ´.�


�


�F�e�/�H�Y�Í¿ �F�e�/�K�Y�¡¿ �ë´ÏÇ©¿ �T�P�R�ú° �T�P�D�C�Ç½èÇÇÀ �á°ú°¦¸ �F�i�g� �1�.�¡¿ �ª³¸Å»³ú¾Ù´.�


�T�P�R�Ç½èÇÇÀ �á°ú° �ø°ëÅûÀ¸ÀÎ· �©ÅÔ° �Îµ³°ÇÀ �ÇÇ©Å¡° �ß¹ß°Çµú¾Ù´.� �ÇÇ©ÅÇÀ �§À¡ÄÎ· �ÎºÍÅ �F�e�/�H�Y�ËÃÅ¸¡° �F�e�/�K�Y�ËÃÅ¸ �¸ºÙ´ �·³ºÀ �Â¿µµ¡¿­¼ �¯Èø¿ÌÀ �ÇµÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀ¸Àç¸ �ûµó¶­¼ �°Èº¼Ý±Ó¼ÎÀ �F�e�Í¿ �ã´öÁ¼ÃÎÀ �K�Y�£°ÇÀ �M�e�t�a�l�-�S�u�p�p�o�r�t� �I�n�t�e�r�a�c�t�i�o�n� �¿Èú°¡° �H�Y�Í¿ �ñº³±Ã½ �õ´í¿ �­°ÏÇÔ° �ÏÀî¾²³»À �¹¿øÃÒÇ �ö¼ �ÖÀÙ´.� �Ç¶ÑÇ �ÇÇ©ÅÇÀ �é¸ûÀ �ñº¦¸ �ì»ìÆ �¸ºé¸ �¢°¢° �F�e�/�H�Y�ÇÀ �æ°ì¿ �1�:�0�.�9�,� �F�e�/�K�Y�ÇÀ �æ°ì¿ �1�:�1�.�7�Î·­¼ �t�w�o� �s�t�e�p� �r�e�d�u�c�t�i�o�n� �m�e�c�h�a�n�i�s�m�4�)�¸ÀÎ· �í°ûÂÏÇ©¿ �¼º �§¶ �F�e�/�K�Y�¡¿­¼ �Ý±Ó¼ó»ÂÅÇÀ �F�e�Î· �¸ÁçÀÒÇ �®Èü·ÌÀ �õ´ �­Å»À �ý»¢°ÒÇ �ö¼ �ÖÀÙ´.�


�ËÃÅ¸¥Çé¸¡¿­¼ �ý»º¼Èµ �¥Çé¸ºÅÒ¼ÇÀ �È¾¤Áº¼ú° �ËÃÅ¸Í¿ �Ý¹ÀÀ°¹úÁ£°ÇÀ �ó»£ÈÛÀë¿»À �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �Ý¹ÀÀ �ÄÈ �ö¼Ò¼Ðº§Àâ± �ÏÇ¡¿­¼ �T�P�D�C�Ç½èÇ»À �Ç½Ã½ÑÇ �á°ú° �F�e�/�K�Y�ÇÀ �æ°ì¿ �Þ¸ºÅÇÀ �»ÅøÂÌÀ �ô³ºÀ �Â¿µµÎ· �üÀÌÀÔÇ»À �¼º �ö¼ �ÖÀÙ´.� �ûµó¶­¼ �ËÃÅ¸è°ÇÀ �°¿â±µµ¡° �õÁ¡°ÒÇö¼Ï· �Ý¹ÀÀ°¹ú° �ËÃÅ¸£°ÇÀ �ó»£ÈÛÀë¿ÌÀ �­°ØÇüÁ»À �¹¿øÃÒÇ �ö¼ �ÖÀÙ´.�


� � � � � �[�A�]� �T�P�R� �p�r�o�f�i�l�e�s� � � � � � � � � � � � � � � � � � � � � �[�B�]� �T�P�D�C� �p�r�o�f�i�l�e�s�


���


�F�i�g�.� �1�.� �T�P�R� �&� �T�P�D�C� �p�r�o�f�i�l�e�s� �o�f� �F�e�/�H�Y� �a�n�d� �F�e�/�K�Y� �c�a�t�a�l�y�s�t�s�


�


�ËÃÅ¸ÇÀ �Ý¹ÀÀº¼»À �Ù´½ÀÇÀ �T�a�b�l�e� �2�¡¿ �¤Á®¸ÏÇ´¿Ù´.� �ÌÀ§¶ �ð¸çµ �ËÃÅ¸¡¿ �ë´ÏÇ©¿ �üÀÝ¹ûÀÎÀ �Ý¹ÀÀÇÀ �æ°âÇº¼ºÀ �C�O�2� �­ÈÐÇíÈøÂ �Ç½èÇ,� �T�P�R�,� �T�P�D�C� �Ç½èÇú° �Å°ÇÀ �ÏÀ¡ÄÔÇ»À �¸ºÌÀí° �ÖÀÙ´.�


�


�T�a�b�l�e� �2�.� �C�O�2� �h�y�d�r�o�g�e�n�a�t�i�o�n� �o�v�e�r� �F�e� �a�n�d� �F�e�-�K� �(�2�:�1� �a�t�o�m�i�c� �r�a�t�i�o�)� �c�a�t�a�l�y�s�t�s�a� �s�u�p�p�o�r�t�e�d� �o�n� �i�o�n� �e�x�c�h�a�n�g�e�d� �Y� �z�e�o�l�i�t�e�s�.�


�C�a�t�a�l�y�s�t�s�


�(�F�e� �1�7�w�%�)��
�C�O�2� �c�o�n�v�.��
�S�e�l�e�c�t�i�v�i�t�y�


�(�C� �m�o�l� �%�)��
��
�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� �%�)��
��
�O�l�.� �(�%�)� �b� �
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�Ý¹ÀÀÇÀ �á°ú° �F�e�/�K�Y�ËÃÅ¸¡¿­¼ �ô³ºÀ �ËÃÅ¸°Èº¼µµÍ¿ �Ã¿¹·ÉÇ±¼ÃÅµµ¦¸ �ò¾»À �ö¼ �ÖÀú¾¸Àç¸ �F�e�/�K�Y�¡¿ �K�»À �·Ã¡°ÑÇ �æ°ì¿ �ËÃÅ¸°Èº¼µµÍ¿ �Ã¿¹·ÉÇ±¼ÃÅµµ¡° �Ù´Ò¼ �âÇó»ÊµÌÀ �ü°ûÂÇµú¾Ù´.� �ÌÀÂ´ �C�O�2� �­ÈÐÇíÈøÂ �á°ú°Í¿ �ÏÀ¡ÄÏÇí° �ÖÀÙ´.� �


�F�e�/�H�Y� �ËÃÅ¸ÇÀ �æ°ì¿ �Ý¹ÀÀÇÀ �°Èº¼µµ¡° �öÇúÀÏÇÔ° �¨°Ò¼ÏÇç¸ �ý»º¼Èµ �ºÅ­Èö¼Ò¼ÇÀ �ÖÁý»º¼°¹ºÀ �Þ¸ºÅÌÀú¾Ù´.� �ÌÀÂ´ �H�Y�¦ÁÃ¿ó¶ÌÀ®ÆÇÀ �­°ÑÇ �ê»º¼µµÎ· �ÎÀÏÇ©¿ �C�O�2�­ÈÐÇíÈøÂ®·ÌÀ �¨°Ò¼ÔÇ¸ÀÎ·­¼ �¥Çé¸°Èº¼ºÅÒ¼ÇÀ �ó³µµ¡° �·³Æ¾öÁâ± �§¶®¹¸ÀÎ· �ØÇ®¼ÒÇ �ö¼ �ÖÀ¸Àç¸ �T�P�R�Ç½èÇá°ú°¡¿­¼ �¯Èø¿µµÇÀ �ü°¡Á¸ÀÎ· �¼º �§¶ �ÏÀ¡ÄÏÇí° �ÖÀ½À»À �¼º �ö¼ �ÖÀÙ´.� �Ç¶ÑÇ �F�e�/�H�Y� �ËÃÅ¸¡¿ �K�»À �·Ã¡°ßÇ»À �æ°ì¿¡¿µµ �ËÃÅ¸ÇÀ �°Èº¼µµÍ¿ �ý»º¼Èµ �ºÅ­Èö¼Ò¼ÇÀ �Ðº÷Æ¡° �©ÅÔ° �¯ºÏÇöÁ �Ê¾½ÀÌÀ �ü°ûÂÊµ¸ÀÎ·­¼ �K�ÌÀ �ËÃÅ¸è°¡¿­¼ �¶ÁËÃÅ¸Î· �ÛÀë¿ÏÇâ± �§ÀØÇ­¼Â´ �ã´öÁ¼ÃÇÀ �ê»µµ¦¸ �¶ÁýÀÏÇÂ´ �Í°ÌÀ �Å¸ì¿ �ßÁä¿ÑÇ �ÎÀÚÀÓÀ»À �Ã½ç»ÒÇ �ö¼ �ÖÀÙ´.�


�ûµó¶­¼ �ÌÀÂ¿³±¯ÈÈµ �K�ºÀ �F�e�µ¿ª¿ÇÀ �ËÃÅ¸¥Çé¸ÇÀ �°¿â±µµ¦¸ �õÁ¡°Ã½´Åú° �¿µÃ½¡¿ �ËÃÅ¸¥Çé¸¡¿­¼ �¶ÁËÃÅ¸5�-�6�)�Î· �ÛÀë¿ÏÇ©¿ �ý»º¼Èµ �ºÅ­Èö¼Ò¼ÇÀ �Ðº÷Æ¦¸ �¯º­ÈÃ½ÑÄ �Ã¿¹·ÉÇÇÀ �±¼ÃÅµµ¦¸ �õÁ¡°Ã½´Å»À �Ë¾ �ö¼ �ÖÀú¾Ù´.�
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�Á¢ �T�P�R� �Ç½èÇá°ú° �F�e�/�H�Y�ËÃÅ¸¡° �F�e�/�K�Y�ËÃÅ¸ �¸ºÙ´ �·³ºÀ �Â¿µµ¡¿­¼ �¯Èø¿ÌÀ �ÇµÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀ¸Àç¸ �ûµó¶­¼ �°Èº¼Ý±Ó¼ÎÀ �F�e�Í¿ �ã´öÁ¼ÃÎÀ �K�Y�£°ÇÀ �M�e�t�a�l�-�S�u�p�p�o�r�t� �I�n�t�e�r�a�c�t�i�o�n�¿Èú°¡° �H�Y�Í¿ �ñº³±Ã½ �õ´í¿ �­°ÏÇÔ° �ÏÀî¾²³»À �¹¿øÃÒÇ �ö¼ �ÖÀú¾Ù´


�Á¢ �F�e�/�H�Y�Í¿ �F�e�/�K�Y�ÇÀ �C�O�2�­ÈÐÇíÈøÂ®·»À �ñº³±ÏÇ©¿ �¼º �§¶,� �C�O�2� �­ÈÐÇíÈøÂºÀ �ËÃÅ¸¥Çé¸ÇÀ �K�µ¿ª¿¡¿­¼ �¸ÁçÀÏÇÂ´ �F�e�¡¿ �õ´í¿ �¯À®¸ÏÇÔ° �øÁàÇÇµÂ´ �Í°¸ÀÎ· �ý»¢°ÒÇ �ö¼ �ÖÀÙ´.�


�Á¢ �K�ÌÀ �ËÃÅ¸è°¡¿­¼ �¶ÁËÃÅ¸Î· �ÛÀë¿ÏÇâ± �§ÀØÇ­¼Â´ �ã´öÁ¼ÃÇÀ �ê»µµ¦¸ �¶ÁýÀÏÇÂ´ �Í°ÌÀ �Å¸ì¿ �ßÁä¿ÑÇ �ÎÀÚÀÓÀ»À �Ã½ç»ÒÇ �ö¼ �ÖÀÙ´.�


�Á¢ �ÌÀÂ¿³±¯ÈÈµ �K�ºÀ �F�e�µ¿ª¿ÇÀ �ËÃÅ¸¥Çé¸ÇÀ �°¿â±µµ¦¸ �õÁ¡°Ã½´Åú° �¿µÃ½¡¿ �ËÃÅ¸¥Çé¸¡¿­¼ �¶ÁËÃÅ¸Î· �ÛÀë¿ÏÇ©¿ �ý»º¼Èµ �ºÅ­Èö¼Ò¼ÇÀ �Ðº÷Æ¦¸ �¯º­ÈÃ½ÑÄ �Ã¿¹·ÉÇÇÀ �±¼ÃÅµµ¦¸ �õÁ¡°Ã½´Å»À �Ë¾ �ö¼ �ÖÀú¾Ù´.�
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