¶Áë¿Å¸¡¿ �ÇÀÑÇ �ÊÃÓÀè°ÌÀê»­ÈºÅÒ¼»³¡¿­¼ÇÀ �°¿á·ÇÀ �ë¿ØÇµµ �õÁøÁ(�I�I�)�


�


�º¼¯Èµµ,� �Ú¹ó»¶Ã,� �É½çÀøÁ,� �è¹¿È¤±


�µ¿²³ë´ÐÇ³± �ø°ú°ë´ÐÇ �­ÈÐÇø°ÐÇ×¹ø°÷¾­ÈÐÇÎº


�


�E�n�h�a�n�c�e�m�e�n�t� �o�f� �D�y�e� �S�o�l�u�b�i�l�i�t�y� �i�n� �S�u�p�e�r�c�r�i�t�i�c�a�l� �C�a�r�b�o�n� �D�i�o�x�i�d�e� �


�b�y� �C�o�s�o�l�v�e�n�t�s� �(�I�I�)�


�


�H�w�a�n�-�D�o� �S�u�n�g�,� �S�a�n�g�-�C�h�e�o�l� �P�a�r�k�,� �J�a�e�-�J�i�n� �S�h�i�m�,� �a�n�d� �H�y�o�-�K�w�a�n�g� �B�a�e�


�S�c�h�o�o�l� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� �a�n�d� �T�e�c�h�n�o�l�o�g�y�,� �Y�e�u�n�g�n�a�m� �U�n�i�v�e�r�s�i�t�y� �


�


�­¼Ð·


� � � � �â±¸ÁÇÀ �À½Ä½°¿ö»ý¹¡¿­¼Â´ �Ù´®·ÇÀ �°¹»À �°¿ö»Å¸¼ÃÎ· �ç»ë¿ÔÇ¸ÀÎ·á½ �¹¸ºÀ �ç¾ÇÀ �óÆö¼¡° �ß¹ý»Çµí° �ÖÀÙ´.� �¯Æ÷È �P�o�l�y�e�s�t�e�r�¶¼¯À �îµú° �°°ºÀ �Ò¼ö¼º¼ �¶¼¯ÀÇÀ �æ°ì¿ �°¿á·ÇÀ �í°¥¸ �Ðºê»ú° �íÈøÂ,�íÈö¼¦¸ �§ÀÏÇ©¿ �ý»°¹ÐÇûÀ¸ÀÎ· �­³ÐºØÇº¼ÎÀ �Ðºê»¦ÁÍ¿ �è°é¸°Èº¼¦Á¡° �ç»ë¿ÇµÇ¹Î· �óÆö¼³Ã®¸¦¸ �§ÀÏÇ©¿ �¹¸ºÀ �ñºë¿ÌÀ �Ò¼ä¿Çµí° �ÖÀÙ´.� �ÌÀ¯·ÑÇ �°¿ö»óÆö¼Â´ �«³¿µ­°ÇÀ �ö¼úÁ �À¿°¿ÇÀ �ÖÁü¹¸ÀÎ· �ÎÀÄ½Çµí° �ÖÀ¸Àç¸ �ÌÀÎ· �ÎÀÑÇ �¯Èæ°À¿°¿ �®¹¦ÁÂ´ �ÌÀ¦Á �öÁª¿ûÀÎÀ �¥°îµÇÀ �¹±é¸¡¿î±öÁ �¢Áî¾éµí° �ÖÀÂ´ �Ç½¤ÁÌÀÙ´.� �ÌÀ¯·ÑÇ �À½Ä½°¿ö»ý¹ÇÀ �®¹¦Á¡Á»À �ØÇá°ÏÇâ± �§ÀÑÇ �ë´È¾¸ÀÎ· �ÊÃÓÀè°¯À¼Ã¦¸ �ÌÀë¿ÑÇ �°¿ö»ý¹ÌÀ �¹±»³Ü¿ûÀ¸ÀÎ· �¯ÀÂ·ÏÇÔ° �ë´ÎµÇµí° �ÖÀÙ´[�1�-�3�]�.� �


� � � � �ÊÃÓÀè°¯À¼Ã¦¸ �ÌÀë¿ÑÇ �°¿ö»ý¹ºÀ �ÊÃÓÀè°¯À¼Ã¡¿ �Ðºê»°¿á·¦¸ �ë¿ØÇÃ½ÑÄ �°¿á·¦¸ �¶¼¯À¡¿ �§ÄõÅÃ½°ÅÂ´ �æ¹ý¹¸ÀÎ·­¼ �°¿ö»ø°¤Á �üÀÄÈ¡¿ �°¹»À �üÀôÇ �ç»ë¿ÏÇöÁ �Ê¾â± �§¶®¹¡¿ �â±¸ÁÇÀ �ø°¤Á¡¿­¼Â´ �ÊÇö¼ûÀÎÀ �ö¼³Ã®¸Í¿ �ÏÇö¼³Ã®¸ø°¤ÁÌÀ �ÊÇä¿ø¾Â´ �õÇÅ½ûÀÎÀ �õ»Î·î¿ �ø°¤ÁÌÀÙ´.� �ÌÀ �æ¹ý¹ºÀ �°¿ö» �ÄÈ¡¿ �¶¼¯À¡° �Ç°¶ÁÑÇ �ó»ÂÅÎ· �ÖÀâ± �§¶®¹¡¿ �¡¿Ê³öÁ¡° �¹¸ÌÀ �Ò¼ð¸ÇµÂ´ �Ç°¶Áø°¤Á»À �ÊÇä¿Î· �ÏÇöÁ �Ê¾¸Àç¸ �°¿ö»Ã½£°ÌÀ �ªÂí° �Õ±°¿º¼µµ �Ù¶î¾ª³Ù´í° �Ë¾Á·®Á �ÖÀÙ´[�2�]�.� �ÌÀ¯·ÑÇ �åÀ¡Á¸ÀÎ· �ÎÀÏÇ©¿ �ÖÃÙ± �¶µÏÀ �[�2�]�,� �Ì¹¹±,� �ÑÇ¹±[�3�]�,� �¯À´· �îµ¡¿­¼ �°Èß¹÷È �¬¿¸±,� �³°ß¹Çµí° �ÖÀÙ´.� �ÊÃÓÀè°°¿ö»ý¹ºÀ �ë¿ØÇµµ¡° �Ð¾Â·ú° �Â¿µµ¡¿ �ûµó¶ �¬¿Ó¼ûÀ¸ÀÎ· �¯ºÏÇÂ´ �ÊÃÓÀè°¯À¼ÃÇÀ �åÀ¡Á»À �ÌÀë¿ÏÇç¸,� �1�9�8�0�â³ë´ �ßÁÝ¹ �ÌÀÄÈ¡¿ �ÌÀç·î¾øÁ �S�h�i�m� �a�n�d� �J�o�h�n�s�t�o�n�[�4�]�ú° �B�e�r�e�n�s� �e�t� �a�l�.�[�5�]� �îµÇÀ �ÊÃÓÀè°¯À¼Ã¡¿ �ÇÀÑÇ �í°ÐºÚÀÖÁÔÀ �¬¿¸±¦¸ �è¹æ°¸ÀÎ· �ÏÇí° �ÖÀÙ´.� �


� � � � �ÊÃÓÀè°°¿ö»¡¿ �ü°ÑÇ �»ºÝ°ûÀÎÀ �¬¿¸±Â´ �Ì¹¹±ÇÀ �B�a�t�t�e�l�l�e� �P�a�c�i�f�i�c� �L�a�b�o�r�a�t�o�r�i�e�s�Í¿ �¶µÏÀÇÀ �U�n�i�v�e�r�s�i�t�y� �o�f� �D�u�i�s�b�u�r�g�ÇÀ �S�c�h�o�l�l�m�e�y�e�r�³±ö¼ÀÆÌÀ �1�9�9�0�â³ë´ �ÊÃÝ¹¡¿ �ö¼àÇÏÇ´¿¸Àç¸[�2�]�,� �¶µÏÀÇÀ �U�d�e�h�ç»[�6�]�Í¿ �J�o�s�e�p�h� �J�a�s�p�e�r� �G�m�b�H�ç»¡¿­¼ �P�i�l�o�t� �P�l�a�n�t�Ô±ð¸ÇÀ �ø°åÀ»À �Ç°³¼ÏÇí° �öÇçÀ �üÀÃ½ �×¹ �Ã½èÇ¡°¿µßÁÌÀÙ´.� �¹±»³¡¿­¼Â´ �1�9�9�6�â³ �C�h�a�n�g� �e�t� �a�l�.�[�3�]�ÌÀ �³Ã½À¸ÀÎ· �ÊÃÓÀè°°¿ö»¡¿ �ü°ÑÇ �í³®¹»À �ß¹¥ÇÏÇ´¿Ù´.� �ÊÃÓÀè°°¿ö»ý¹»À �³°ß¹ÏÇâ± �§ÀØÇ­¼Â´ �Õ¸úÀ �°¿á·ÇÀ �ë¿ØÇµµ �îµ¡¿ �ü°ÑÇ �â±»ºûÀÎÀ �¬¿¸±éµÌÀ �ÌÀç·î¾®Áß¾ �ÏÇª³ �Æ¾÷Á �ÌÀ¡¿ �ë´ÑÇ �¬¿¸±Â´ �Ì¹ñºÑÇ �Ç½¤ÁÌÀÙ´.� �ÊÃÓÀè°¯À¼Ã¡¿­¼ÇÀ �Ðºê»°¿á·ÇÀ �ë¿ØÇµµ¡¿ �ü°ÑÇ �¬¿¸±Â´ �1�9�9�4�â³ �è¹Í¿ �ãÇ[�7�]�,� �1�9�9�5�â³¡¿ �¤Á �îµ[�8�]�ÌÀ �ö¼àÇÑÇ �Ù¹ �ÖÀ¸Àç¸ �»º �¬¿¸±ÀÆ¡¿­¼µµ �1�9�9�6�â³ �ÌÀ¡· �Ðºê»°¿á·ÇÀ �ë¿ØÇµµ¡¿ �ü°ÑÇ �¬¿¸±¦¸ �ö¼àÇ �ßÁ¡¿ �ÖÀÙ´[�9�]�.� �»º �¬¿¸±¡¿­¼Â´ �ÊÃÓÀè°¯À¼Ã¡¿ �ë´ÑÇ �Ðºê»°¿á·ÇÀ �ë¿ØÇµµÍ¿ �¶Áë¿Å¸ÇÀ �·Ã¡°¡¿ �ÇÀÑÇ �ë¿ØÇµµõÁøÁ �¿Èú°¦¸ �Ç½èÇûÀ¸ÀÎ· �øÃ¤ÁÏÇ©¿ �ñº³±ÏÇç¸ �ÌÀ¦¸ �ÌÀÐ·ûÀ¸ÀÎ· �ØÇ®¼ÏÇí°ÚÀ �ÑÇÙ´


�


�Ç½èÇ


� � � � �¬¿¸±¡¿ �ç»ë¿ÑÇ �°¿á·Â´ �Ðºê»¦Á¡° �÷ÆÇµöÁ �Ê¾ºÀ �Ðºê»°¿á·ÎÀ �C�.� �I�.� �D�i�s�p�e�r�s�e� �R�e�d� �6�0�¸ÀÎ·­¼ �L�G�Ý±Ó¼(�ÖÁ)�¸ÀÎ·ÎºÍÅ �ø°Þ±Þ¹Ò¾Ù´.� �¶Áë¿Å¸ÎÀ �¡¿¿ÆË¾ÚÄÃ¿ú° �Æ¾¼¼æÅºÀ �¢°¢° �Ã½à¾1�Þ±(�9�9�.�5�%�)�ú° �¯ÆÞ±ÇÀ �ø¼µµ¦¸ �¡°öÁí° �ÖÀ¸Àç¸ �ÏÀ»º �K�a�n�t�o� �C�h�e�m�i�c�a�l� �C�o�.�Í¿ �Y�a�k�u�r�i� �P�u�r�e� �C�h�e�m�i�c�a�l�s� �C�o�.�Î·ÎºÍÅ �¸±ÔÀÏÇ´¿Ù´.� �ë¿Å¸Î·Â´ �9�9� �%� �ÌÀó»ÇÀ �ø¼µµ¦¸ �¡°öÁí° �ÖÀÂ´ �ÌÀê»­ÈºÅÒ¼¦¸ �ç»ë¿ÏÇ´¿Ù´.� �Ç½èÇåÀ¡ÄÇÀ �ÖÁä¿ �ÎºÐº[�9�]�ºÀ �°¿á·¦¸ �æÃüÀØÇ �õ³ºÀ �°¿á·úÀåÀ¶ÁÍ¿ �m�a�g�n�e�t�i�c� �p�u�m�p�¡° �ÎºøÂÈµ �òÆüÇ¶ÁÎ·­¼ �6�0�É¡ÌÀÏÇ¡¿­¼Â´ �¾¡0�.�1�É¡Î· �¶ÁýÀÇµÂ´ �×ÇÂ¿ö¼¶Á �Ó¼¡¿ �³¼¡ÄÏÇ©¿ �Ç½èÇÏÇ´¿í°,� �9�0�É¡ÌÀó»¡¿­¼Â´ �­°¦Áø¼¯È �×ÇÂ¿¶Á¡¿­¼ �Ç½Ã½ÏÇ´¿Ù´.� �Ç½èÇæ¹ý¹ºÀ �üÀíÆ[�9�]�¡¿­¼Í¿ �¿µÏÀÏÇ´¿í° �¶Áë¿Å¸¦¸ �ç»ë¿ÑÇ �Ç½èÇ¡¿­¼Â´ �ÏÀ¤Á®·ÇÀ �¶Áë¿Å¸¦¸ �s�y�s�t�e�m�¡¿ �÷Á¢Á �ÖÁÔÀÏÇí° �m�a�g�n�e�t�i�c� �p�u�m�p�Î· �ø¼¯ÈÃ½ÑÄ �ÌÀê»­ÈºÅÒ¼Í¿ �¥ÈÕÇÃ½²Å �ÄÈ �ë¿ØÇµµ¦¸ �¯Àç»ÑÇ �æ¹ý¹¸ÀÎ· �øÃ¤ÁÏÇ´¿Ù´.�


�á°ú° �×¹ �äÅÐ·


� � � � �»º �¬¿¸±¡¿­¼Â´ �b�a�t�c�h�Ä½ �òÆüÇë¿ØÇµµ �øÃ¤Áæ¹ý¹»À �±¼ÃÅÏÇ©¿ �°¿á·Í¿ �ÌÀê»­ÈºÅÒ¼ÇÀ �Ò¼ð¸®·»À �ÙÁÓÀú° �¿µÃ½¡¿ �»Áõ´ �¤Á®ÈÑÇ �ë¿ØÇµµ¦¸ �ò¾µµÏ· �ÏÇ´¿Ù´.� �ø¼ö¼ÑÇ �ÊÃÓÀè°ÌÀê»­ÈºÅÒ¼¡¿­¼ÇÀ �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0� �°¿á·ÇÀ �ë¿ØÇµµ¦¸ �Â¿µµ3�5�,� �6�0�,� �9�0�É¡¡¿ �ë´ÏÇ©¿ �¢°¢° �Ð¾Â· �8� �-� �3�5� �M�P�a�ÇÀ �ü¹§À»³¡¿­¼ �øÃ¤ÁÏÇ´¿Ù´.� �Ç½èÇ¡¿­¼ �¸±ÑÇ �ë¿ØÇµµîµÂ¿±¼ºÀ �ð¸Îµ �Ð¾Â·¡¿ �ûµó¶ �õÁ¡°ÏÇÂ´ �æ°âÇ»À �¸º´¿¸Àª³ �ÌÀéµ �î°±¼ÌÀ �­¼Î· �³±÷ÂÏÇ©¿ �¹ºâÀÑÇ �ð¸ç¾¸ÀÎ· �ª³¸Åµ³Ù´.� �ûµó¶­¼ �ë¿ØÇµµÇÀ �l�o�g�a�r�i�t�h�m�ª°»À �Ð¾Â· �ë´Å½ �Ð¹µµÇÀ �ÔÇö¼Î· �×±Á· �¸ºÏ´ �F�i�g�u�r�e� �1�ú° �°°ÌÀ �¼¼³°ÇÀ �÷Á±¼¸ÀÎ· �ª³¸Åµ³Ù´.� �ÌÀÎ·á½ �°¿á·ÇÀ �ë¿ØÇµµÂ´ �Ð¹µµÇÀ �õÁ¡°¡¿ �ûµó¶ �öÁö¼ÔÇö¼Î· �õÁ¡°ÔÇ»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �Ç¶ÑÇ �ë¿ØÇµµÂ´ �°°ºÀ �Ð¹µµ¡¿­¼ �Â¿µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �õÁ¡°ÏÇÂ´ �Í°¸ÀÎ· �ª³¸Åµ³Â´¥µ �ë¿ØÇµµÇÀ �õÁ¡°²Àµµ �Â¿µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �õÁ¡°ÏÇÂ´ �Í°»À �¼º �ö¼ �ÖÀú¾Ù´.� �


� � � � �E�t�h�y�l� �a�l�c�o�h�o�l�»À �Ò¼®·(�4�.�3�2� �m�o�l�%�)� �ÌÀê»­ÈºÅÒ¼¡¿ �¥ÈÕÇÑÇ �ÊÃÓÀè°¯À¼Ã¡¿­¼ÇÀ �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0�°¿á·ÇÀ �ë¿ØÇµµ¦¸ �3�5�Í¿ �6�0�É¡¡¿­¼ �¸±ÑÇ �á°ú°¦¸ �F�i�g�u�r�e� �2�Í¿ �F�i�g�u�r�e� �3�¡¿ �ª³¸ÅÂ³Ù´.� �ø¼ö¼ÑÇ �ÌÀê»­ÈºÅÒ¼¡¿­¼Í¿ �°°ÌÀ �¶Áë¿Å¸ÎÀ �e�t�h�y�l� �a�l�c�o�h�o�l�»À �¥ÈÕÇÑÇ �¯À¼Ã¡¿­¼µµ �Ð¾Â·¡¿ �ûµó¶ �ë¿ØÇµµ¡° �õÁ¡°ÏÇÂ´ �Í°¸ÀÎ· �ª³¸Åµ³Ù´.� �¶Áë¿Å¸¦¸ �ç» �ë¿ÑÇ �æ°ì¿ÇÀ �ë¿ØÇµµÇÀ �©Åâ±Â´ �ø¼ö¼ÑÇ �ÊÃÓÀè°ÌÀê»­ÈºÅÒ¼¦¸ �ç»ë¿ÑÇ �æ°ì¿ÇÀ �2�è¹


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


�


��
�F�i�g�u�r�e� �1�.� �L�i�n�e�a�r� �d�e�p�e�n�d�e�n�c�e� �o�f� �s�o�l�u�b�i�l�i�t�y� �o�f� �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0� �d�y�e� �i�n� �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �o�n� �d�e�n�s�i�t�y�.� �


�


�F�i�g�u�r�e� �2�.� �S�o�l�u�b�i�l�i�t�y� �o�f� �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0� �d�y�e� �i�n� �p�u�r�e� �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �a�n�d� �i�n� �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �m�i�x�e�d� �w�i�t�h� �4�.�3�2� �m�o�l� �%� �e�t�h�y�l� �a�l�c�o�h�o�l� �a�t� �3�5�É¡.� �


��
�¤ÁµµÎ·­¼ �Ð¾Â·ÌÀ �õÁ¡°ÏÇ©¿µµ �×± �ñºÂ´ �©ÅÔ° �¯ºÏÇöÁ �Ê¾Â´ �Í°»À �¼º �ö¼ �ÖÀú¾Ù´.� �¶Áë¿Å¸ÎÀ �e�t�h�y�l� �a�l�c�o�h�o�l�ÇÀ �ç¾(�0� �-� �1�0� �m�o�l�%�)�¡¿ �ûµ¥¸ �°¿á·ÇÀ �ë¿ØÇµµ¦¸ �¸±ÏÇ©¿ �¸ºÏ´ �°¿á·ÇÀ �ó³µµ¡¿ �ûµó¶ �öÁö¼ÔÇö¼Î· �Þ±Ý°÷È �õÁ¡°ÔÇ»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �ÌÀ¦¸ �ë¿ØÇµµÇÀ �l�o�g�a�r�i�t�h�m�ª°ú° �ó³µµÇÀ �ÔÇö¼Î· �×±Á·¸ºÏ´ �F�i�g�u�r�e� �4�Í¿ �°°ÌÀ �÷Á±¼ûÀÎÀ �ü°è°Î· �ª³¸Åµ³Ù´.� � �A�c�e�t�o�n�e�»À �¶Áë¿Å¸Î· �ç»ë¿ÑÇ �æ°ì¿¡¿µµ �Å°ÇÀ �¯Àç»ÑÇ �ë¿ØÇµµª°»À �¸º©¿ �ÖÁú¾Ù´.� � �


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


��
�F�i�g�u�r�e� �3�.� �S�o�l�u�b�i�l�i�t�y� �o�f� �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0� �d�y�e� �i�n� �p�u�r�e� �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �a�n�d� �i�n� �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �m�i�x�e�d� �w�i�t�h� �4�.�3�2� �m�o�l� �%� �e�t�h�y�l� �a�l�c�o�h�o�l� �a�t� �6�0�É¡.�


�F�i�g�u�r�e� �4�.� �S�o�l�u�b�i�l�i�t�y� �o�f� �C�.�I�.�D�i�s�p�e�r�s�e� �R�e�d� �6�0� �d�y�e� �i�n� �c�o�s�o�l�v�e�n�t�(�e�t�h�y�l� �a�l�c�o�h�o�l� �o�r� �a�c�e�t�o�n�e�)�-�l�a�d�e�n� � �s�u�p�e�r�c�r�i�t�i�c�a�l� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �a�t� �2�5�.�2� �M�P�a� �a�n�d� �6�0�É¡.�
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