úÆ®¸«Ä¸º×³ÌÀ®Æ/�°À¼ÆºÅê» �®Äý· �ÖÈº½¿Ä �¹ºÕÇçÀá·ÇÀ �¦Á¶Á �×¹ �


�â±è°ûÀ �º¼úÁ¡¿ �ü°ÑÇ �¬¿¸±


�


�ÌÀ �Ï¿øÁ,� �Î¹ �¤Áâ±,� �ÌÀ �åÀöÇ,� �í° �¸¸®¼


�üÀ²³ë´ÐÇ³± �ø°ú°ë´ÐÇ �¤ÁÐ¹­ÈÐÇú° �


�


�A� �S�t�u�d�y� �o�n� �P�r�e�p�a�r�a�t�i�o�n� �a�n�d� �M�e�c�h�a�n�i�c�a�l� �P�r�o�p�e�r�t�i�e�s� �o�f� �


�P�o�l�y�c�a�r�b�o�n�a�t�e�/�P�o�t�a�s�s�i�u�m� �H�e�x�a�t�i�t�a�n�a�t�e� �W�h�i�s�k�e�r� �C�o�m�p�o�s�i�t�e�


�


�W�a�n�-�J�i�n� �L�e�e�,� �J�u�n�g�-�K�i� �M�i�n�,� �J�a�n�g�-�H�y�u�n� �L�e�e�,� �M�a�n�-�S�e�o�k� �K�o�


�D�e�p�t�.� �o�f� �F�i�n�e� �C�h�e�m�i�c�a�l�s� �a�n�d� �P�r�o�c�e�s�s� �E�n�g�.�,� �C�h�o�n�n�a�m� �N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y�
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�


�­¼Ð·


� � �¾ÁüÀ¡¿Â´ �ÖÈº½¿ÄÇÀ �°¹®¸ûÀ/�­ÈÐÇûÀ �ÒºÈ¾¤Á,� �í°¡°,� �¶¼¯À¡¿ �ñºÏÇ©¿ �°¹º¼ÌÀ �Úµ³¶î¾öÁÂ´ �®¹¦Á¡Á �îµ¸ÀÎ· �ÎÀÏÇ©¿,� �ÖÈº½¿Ä �­°­È �¹ºÕÇçÀá·Â´ �¶¼¯À­°­È �¹ºÕÇçÀá·¡¿ �ñºÏÇ©¿ �ÌÀë¿ÌÀ �Ì¹íÈÏÇ´¿öÁ¸¸,� �öÇçÀÂ´ �¯À®¸¶¼¯À �îµÇÀ �ë´¼Ã �çÀá·Î·­¼ÇÀ �ô³ºÀ �ÎÀåÀ­°µµ �îµ»À �¡°öÁÂ´ �ÖÈº½¿ÄÇÀ �³°ß¹Î· �ÎÀÏÇ©¿ �©¿¯· �ÀÀë¿Ðºß¾¡¿­¼ �×± �ö¼ä¿¡° �õÁë´Çµí° �ÖÀÙ´[�1�]�.� �


� � �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä(�K�2�T�i�6�O�1�3�)�Â´ �t�u�n�n�e�l�[�2�-�3�]� �¸±¶Á¦¸ �¡°øÁ �§Äó» �üÇÂÅÇÀ �Ü´á°¤Á¸ÀÎ·­¼ �­ÈÐÇûÀ/�°¹®¸ûÀ¸ÀÎ· �È¾¤ÁÏÇÇ¹Î· �ýÀ¬¿º¼ÌÀ �Ù¶î¾ª³ç¸,� �»³­¿º¼ �×¹ �»³­ÈÐÇº¼ÌÀ �Å¸ì¿ �­°ÑÇ �º¼úÁ»À �¡°öÁí° �ÖÀÙ´.� �Ç¶ÑÇ �ÔÀÚÀ¡° �Å¸ì¿ �Îºåµ´·í° �¯À¬¿ÏÇâ± �§¶®¹¡¿ �í°ÐºÚÀÍ¿ÇÀ �¹ºÕÇº¼ÌÀ �ÁÁ¸ÀÇ¹Î· �ÖÈº½¿Ä �­°­È �¹ºÕÇçÀá·,� �­¿úÀ×ÇçÀ,� �Ý±Ó¼¸º­°çÀ,� �Ý°®¸·¸,� �¶¸ûÂçÀá·,� �Ü´­¿çÀá· �îµ¸ÀÎ·­¼ �ç»ë¿ÌÀ �ä¿¸±ÈµÙ´[�4�]�.� �


� � �P�C�(�P�o�l�y�c�a�r�b�o�n�a�t�e�)�[�5�]�Â´ �£¿öÁÏ´î¾µ¸ �í°ÐºÚÀÇÀ �ÑÇ¾Áù·Î·­¼ �»³­¿º¼,� �üÀâ±ûÀ �¯Æº¼,� �õÅí¸º¼,� �­°ÎÀº¼,� �üÇÂÅ �È¾¤Áº¼,� �ÚÀ¼Ã �Ò¼­Èº¼ÌÀ �ì¿ö¼ÑÇçÀá·ÌÀÙ´.� �×±¯·ª³ �P�C�Â´ �â±è°ûÀ �­°µµ �é¸¡¿­¼ �n�o�t�c�h�¡¿ �ë´ØÇ �Î¹¨°ÏÇ©¿ �c�r�a�c�k�ÌÀ �±½Ô° �ß¹ý»ÏÇÂ´ �îµÇÀ �»³æÃÝ°º¼ÌÀ �©ÅÔ° �¨°Ò¼ÏÇç¸,� �Ç¶ÑÇ �»³­ÈÐÇº¼ÌÀ �à¾ÑÇ �Ü´¡ÁÌÀ �ÖÀÙ´.� �ûµó¶­¼ �P�C�¡¿ �­°­ÈçÀ(�¶¼¯À,� �ÖÈº½¿Ä �îµ)�¦¸ �¥ÈÕÇÏÇÇ¹Î·­¼ �P�C�ÇÀ �Ü´¡Á»À �¸ºÏ¿ÏÇ©¿ �»³æÃÝ°º¼ �×¹ �»³­ÈÐÇº¼ÌÀ �ì¿ö¼ÏÇí° �¼±î° �­°º¼²Àú° �ÎÀåÀ­°µµ¡° �âÇó»ÇµÂ´ �ÖÈº½¿Ä �­°­È �í°ÐºÚÀ¦¸ �¦Á¶ÁÒÇ �ö¼ �ÖÀÙ´.�


� � �¹ºÕÇçÀá·ÇÀ �â±è°ûÀ �°¹º¼ºÀ �æÃüÀçÀÍ¿ �í°ÐºÚÀ �¢°¢°ÇÀ �°¹º¼µµ �ßÁä¿ÏÇöÁ¸¸,� �è°é¸ �ç»ÌÀÇÀ �á°ÕÇÂ·¡¿ �ÇÀÏÇ©¿ �µ¿âÇ»À �Þ¹â± �§¶®¹¡¿[�6�-�8�]� �è°é¸á°ÕÇÂ·»À �âÇó»»À �§ÀÑÇ �æÃøÁçÀÇÀ �¥Çé¸ �³Ã®¸Â´ �Å¸ì¿ßÁä¿ÏÇÙ´.� �»º �¬¿¸±¡¿­¼Â´ �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä/�úÆ®¸«ÄÆ¾¸º×³ÌÀ®Æ �¹ºÕÇçÀá·¦¸ �¦Á¶ÁÑÇ �ÄÈ,� �Ç½õ¶¿ÄÃÇµ¸¦Á¡¿ �ÇÀÑÇ �ÖÈº½¿ÄÇÀ �¥Çé¸»À �³Ã®¸ÏÇÇ¹Î·­¼ �ÖÈº½¿Ä �¹ºÕÇçÀá·ÇÀ �â±è°ûÀ �°¹º¼ �âÇó»¡¿ �ûµ¥¸ �ÖÃûÀ �³Ã®¸ �¶ÁÇ°»À �¸±ÏÇí°ÚÀ �ÏÇ´¿Ù´.� �
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�Ç½èÇ


�1�.� �Ç½èÇçÀá·


� � �»º �Ç½èÇ¡¿­¼ �ç»ë¿ÑÇ �P�C�(�P�o�l�y�c�a�r�b�o�n�a�t�e�)�Â´ �D�o�w� �p�l�a�s�t�i�c� �C�o�.�ÇÀ �C�a�l�i�b�r�e� �2�0�0�-�1�5� �g�r�a�d�e�ÌÀú¾¸Àç¸,� �ç»ë¿Ã½ �ö¼Ðº �§ÄõÅ¦¸ �·¸â± �§ÀØÇ �1�2�0�o�C�¡¿­¼ �4�Ã½£° �¿µÈ¾ �Ç°¶ÁÏÇ©¿ �ç»ë¿ÏÇ´¿Ù´.� �


�


�


�


�


� � �°À¼ÆºÅê»®Äý· �ÖÈº½¿ÄÂ´ �O�t�s�u�k�a� �C�h�e�m�i�c�a�l� �C�o�.�ÇÀ �¦Á°Ç¸ÀÎ·­¼ �÷Áæ°ºÀ �0�.�3�-�0�.�6�m�m�ÌÀí° �æ±ÌÀ �1�0�-�2�0�m�m�ÌÀú¾Ù´.� �Ç½õ¶ �«ÄÃÇµ¸¦ÁÂ´ �ÏÀ»º �Å½ù¿­ÈÐÇ(�ÖÁ)�ÇÀ �¦Á°ÇÌÀç¸,� �°À¼ÆºÅê»®Äý· �ÖÈº½¿ÄÂ´ �è°é¸á°ÕÇÂ· �âÇó»»À �§ÀÏÇ©¿ �Ç½õ¶ �«ÄÃÇµ¸¦Á¦¸ �³Ã®¸ÏÇ´¿Ù´.� �Ç½õ¶ �«ÄÃÇµ¸¦ÁÎ·Â´ �g�-�A�m�i�n�o�-�p�r�o�p�y�l�t�r�i�e�t�h�o�x�y� �S�i�l�a�n�e� �(�g�-�A�P�S�,� �(�C�2�H�5�O�)�3�S�i�C�3�H�6�N�H�2�)�»À �ç»ë¿ÏÇ´¿¸Àç¸ �ç»ë¿Èµ �Ç½õ¶ �«ÄÃÇµ¸¦ÁÇÀ �ó³µµÂ´ �0�.�2�,� �0�.�4�,� �0�.�6�,� �0�.�8�,� �1�.�0� �w�t�%�´¿Ù´.� �Ç½õ¶ �«ÄÃÇµ¸¦Á �³Ã®¸æ¹ý¹¸ÀÎ·Â´ �p�H� �1�0�.�0�ÎÀ �ö¼ë¿×¾ÏÇ¡¿­¼ �ÏÀ¤Áó³µµÇÀ �Ç½õ¶ �«ÄÃÇµ¸¦Á¦¸ �Ö³í° �2�Ã½£° �¿µÈ¾ �¡°ö¼ÐºØÇÑÇ �ÄÈ �æÃüÀçÀ �¥Çé¸¡¿ �µµÔÀÏÇ©¿ �æÃüÀçÀ �¥Çé¸»À �³°úÁ­È �ÏÇ´¿Ù´.� �¥Çé¸³Ã®¸Èµ �æÃüÀçÀÂ´ �4�0�o�C�ÇÀ �À¿ìº¡¿­¼ �4�Ã½£° �¿µÈ¾ �Ï¿üÀ �Ç°¶Á¦¸ �Ã½²Å �ÄÈ �úÆ®¸«ÄÆ¾¸º×³ÌÀ®Æ �ö¼öÁ¡¿ �ûÀë¿ÏÇ©¿ �ç»ë¿ÏÇ´¿Ù´.� �¥Çé¸³Ã®¸Èµ �©¿¯·¾Áù·ÇÀ �æÃüÀçÀ¦¸ �P�C�¡¿ �2�,� �4�,� �6� �w�t�%� �µµÔÀÏÇ©¿ �æÃÐº÷È �ë¿¶À¥ÈÕÇ»À �ÑÇÄÈ �2�5�0�o�C�¡¿­¼ �4�0�Ðº �¿µÈ¾ �Ý±üÇÈ¾¡¿­¼ �¹ºÕÇçÀ¦¸ �¦Á¶ÁÏÇ´¿Ù´.� �¦Á¶ÁÈµ �¹ºÕÇçÀÂ´ �c�r�a�c�k�»À �æ¹öÁÏÇâ± �§ÀÏÇ©¿ �1�2�0�o�C�¡¿­¼ �3�Ã½£° �a�n�n�e�a�l�i�n�g�ÏÇ´¿Ù´.�


�


�2�.� �â±è°ûÀ �°¹º¼


� � �¦Á¶ÁÈµ �¹ºÕÇçÀÇÀ �â±è°ûÀ �°¹º¼ �òÆ¡°¦¸ �§ÀÏÇ©¿ �I�n�s�t�r�o�n�»À �ÌÀë¿ÏÇ©¿ �ÎÀåÀ­°µµÍ¿ �¼±î°­°µµ¦¸ �øÃ¤ÁÏÇ´¿Ù´.� �ÎÀåÀ­°µµ¦¸ �§ÀÑÇ �Ã½íÆºÀ �A�S�T�M� �6�3�8�D�ÇÀ �Ô±Ý°¡¿ �ÇÀØÇ � �¦Á¶ÁÇµú¾¸Àç¸,� �ç»ë¿Èµ �l�o�a�d� �c�e�l�l�:� �2�0�0�0�k�g�,� �c�r�o�s�s�h�e�a�d� �s�p�e�e�d�:� �5�.�0�m�m�/�m�i�n�ÌÀú¾Ù´.� �¼±î°­°µµÇÀ �Ã½íÆºÀ �A�S�T�M� �7�9�0�ÇÀ �Ô±Ý°¡¿ �ÇÀØÇ �¦Á¶ÁÇµú¾¸Àç¸,� �U�T�M� �(�U�n�i�v�e�r�s�a�l� �T�e�s�t�i�n�g� �M�a�c�h�i�n�e�,� �A�G�S�-�5�0�0�D�,� �S�h�i�m�a�d�z�u�,� �J�a�p�a�n�)�»À �ç»ë¿ÏÇ©¿ �t�h�r�e�e� �p�o�i�n�t� �b�e�n�d�i�n�g� �t�e�s�t�¡¿ �ÇÀØÇ �øÃ¤ÁÏÇ´¿Ù´.� �ç»ë¿Èµ �s�u�p�p�o�r�t� �s�p�a�n�ºÀ �4�0�m�m�Î· �í°¤ÁÏÇ´¿¸Àç¸,� �s�u�p�p�o�r�t� �s�p�a�n�ú° �Ã½íÆÎµ²²ÇÀ �ñºÂ´ �1�6�¸ÀÎ· �ÏÇ´¿Ù´.� �øÃ¤Á¡¿ �ç»ë¿Èµ �l�o�a�d� �c�e�l�l�:� �1�0�0�k�g�,� �h�e�a�d� �s�p�e�e�d�:� �1�.�7� �m�m�/�m�i�n�ÌÀú¾Ù´.�


�


�


�á°ú° �×¹ �í°ûÂ


� � �F�i�g�.� �1�ºÀ �P�C�¡¿ �­°­ÈçÀÎ· �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä¦¸ �µµÔÀÑÇ �¹ºÕÇçÀÇÀ �¼±î°­°µµ¦¸ �ª³¸Å½³Ù´.� �2�,� �4�,� �6� �w�t�%�ÇÀ �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä¦¸ �0�.�0�,� �0�.�2�,� �0�.�4�,� �0�.�6�,� �0�.�8�,� �1�.�0� �w�t�%�ÇÀ �Ç½õ¶ �«ÄÃÇµ¸¦ÁÎ· �¢°¢° �¥Çé¸³Ã®¸ÑÇ �P�C�Í¿ÇÀ �¹ºÕÇçÀ �Ã½íÆ¦¸ �¦Á¶ÁÏÇ©¿ �°¹º¼»À �øÃ¤ÁÏÇ´¿Ù´(�0�.�0� �w�t�%�:�Ì¹¥Çé¸³Ã®¸)�.� �­°­ÈçÀ¦¸ �Ç½õ¶ �á°ÕÇ¦ÁÎ· �¥Çé¸³Ã®¸ÏÇöÁ �Ê¾Ò¾»À �§¶,� �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä �ÔÇ®·ÇÀ �µµÔÀ¡¿ �ûµó¶ �¼±î°­°µµÂ´ �¡ÁøÁûÀ¸ÀÎ· �õÁ¡°ÏÇÂ´ �æ°âÇ»À �¸ºÎÀÙ´.� �Ç½õ¶ �«ÄÃÇµ¸¦Á¡¿ �ÇÀÑÇ �¥Çé¸ �³Ã®¸Ã½ �¹ºÕÇçÀÇÀ �¼±î°­°µµÂ´ �õÁ¡°ÏÇ´¿¸Àç¸ �Ç½õ¶ �³Ã®¸ó³µµ �0�.�6�w�t�%�¡¿­¼ �ÖÃë´ª°»À �ª³¸Å½³Ù´.� �ÌÀÂ´ �Æ¾Ì¹ë³Ç½õ¶ �á°ÕÇ¦Á¡° �°À¼ÆºÅê»®Äý· �ÖÈº½¿ÄÇÀ �¥Çé¸¡¿ �µµÔÀÇµÇ¹Î·­¼ �P�C�Í¿ �¿Èú°ûÀÎÀ �­ÈÐÇá°ÕÇ»À �ÒÇ �ö¼ �ÖÀÂ´ �ü°É´â±¡° �­°­ÈçÀÇÀ �¥Çé¸¡¿ �Îº©¿Çµú¾â± �§¶®¹ÌÀÙ´.� �×±®¸í°,� �°À¼ÆºÅê»®Äý· �ÖÈº½¿ÄÇÀ �ÔÇ®·ÌÀ �õÁ¡°ÒÇö¼Ï· �¼±î°­°µµ¡° �õÁ¡°ÏÇÂ´ �Í°ºÀ �Ì¹³Ã®¸ �Ã½á·ÇÀ �æ°ì¿Í¿ �¯Àç»ÑÇ �æ°âÇ»À �ª³¸Å»³í° �ÖÀÙ´.�


� � �F�i�g�.� �2�ºÀ �P�C�¡¿ �­°­ÈçÀÎ· �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä¦¸ �µµÔÀÑÇ �¹ºÕÇçÀÇÀ �ÎÀåÀ­°µµ¦¸ �ª³¸Å½³Ù´.� �2�,� �4�,� �6� �w�t�%�ÇÀ �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä¦¸ �0�.�0�,� �0�.�2�,� �0�.�4�,� �0�.�6�,� �0�.�8�,� �1�.�0� �w�t�%�ÇÀ �Ç½õ¶ �«ÄÃÇµ¸¦ÁÎ· �¢°¢° �¥Çé¸³Ã®¸ÑÇ �P�C�Í¿ÇÀ �¹ºÕÇçÀ �Ã½íÆ¦¸ �¦Á¶ÁÏÇ©¿ �°¹º¼»À �øÃ¤ÁÏÇ´¿Ù´(�0�.�0� �w�t�%�:�Ì¹¥Çé¸³Ã®¸)�.� �­°­ÈçÀ¦¸ �Ç½õ¶ �á°ÕÇ¦ÁÎ· �¥Çé¸³Ã®¸ÏÇöÁ �Ê¾Ò¾»À �§¶,� �°À¼ÆºÅê»®Äý· �ÖÈº½¿ÄÇÀ �µµÔÀ¡¿ �ûµó¶ �ÎÀåÀ­°µµÂ´ �¡ÁøÁûÀ¸ÀÎ· �õÁ¡°ÏÇÂ´ �æ°âÇ»À �¸ºÎÀÙ´.� �Ç½õ¶ �«ÄÃÇµ¸¦Á¡¿ �ÇÀÑÇ �¥Çé¸ �³Ã®¸Ã½ �¹ºÕÇçÀÇÀ �ÎÀåÀ­°µµÂ´ �F�i�g�.� �1�ÇÀ �¼±î°­°µµÇÀ �öÇó»ú° �¯Àç»ÑÇ �æ°âÇ»À �ª³¸Å»³í° �ÖÀÙ´.�
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� � �F�i�g�.� �3�ºÀ �¹ºÕÇçÀÇÀ �ÄÆÜ´é¸¡¿­¼ �P�C�Í¿ �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä£° �æ°è°ÎºÐº»À �ÖÁç»üÀÚÀ �öÇÌ¹æ°(�S�E�M�)�¸ÀÎ· �ü°ûÂÑÇ �Í°ÌÀÙ´.� �(�a�)�Â´ �Ç½õ¶ �á°ÕÇ¦ÁÎ· �³Ã®¸ÏÇöÁ �Ê¾ºÀ �Ã½íÆÌÀç¸,� �(�b�)�-�(�f�)�Â´ �0�.�2�,� �0�.�4�,� �0�.�6�,� �0�.�8�,� �1�.�0�w�t�%�ÇÀ �Ç½õ¶ �á°ÕÇ¦ÁÎ· �°À¼ÆºÅê»®Äý· �ÖÈº½¿Ä¦¸ �¥Çé¸³Ã®¸ÑÇ �æ°ì¿ÇÀ �Ã½íÆ¡¿ �ë´ÑÇ �S�E�M�ÇÀ �á°ú°ÌÀÙ´.� �¥Çé¸»À �Ç½õ¶ �á°ÕÇ¦ÁÎ· �³Ã®¸ÏÇöÁ �Ê¾Ò¾»À �Ã½,� �­°­ÈçÀÍ¿ �P�C�Â´ �­¼Î· �Ðº®¸Çµî¾ �ø°Ø±ÌÀ �üÇº¼Çµî¾ �ÖÀ½À»À �¸º©¿ØÁÙ´.� �Ý¹é¸¡¿,� �Ç½õ¶ �á°ÕÇ¦ÁÎ· �¥Çé¸»À �³Ã®¸ÏÇ´¿»À �§¶,� �P�C�Í¿ �­°­ÈçÀÍ¿ÇÀ �æ°è°¡° �ÒºÐºí¸ØÇöÁÂ´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� �×±¯·Ç¹Î·,� �â±è°ûÀ �°¹º¼ �âÇó»ºÀ �P�C�Í¿ �­°­ÈçÀ£° �è°é¸ÇÀ �¢ÁøÂÂ· �õÁ¡°Î· �â±ÎÀÈµ �Í°ÌÀÙ´.�
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�¨°ç»


� � �»º �¬¿¸±Â´ �1�9�9�5�â³µµ �üÀ²³ë´ÐÇ³± �ÚÀ¿µ÷Âø°ÐÇ �ÐÇú¼ñºÎ· �ö¼àÇÇµú¾¸Àç¸ �¬¿¸±ñº �öÁø¿¡¿ �¨°ç»åµ³¸Ï´Ù´.�
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